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ABSTRACT 

CHART 0 is a very flexible code for computing coupled hydrodynamic motion 

and radiation diffusion. The finite difference analogs of the Lagrangian equations of 

motion with energy transport terms are solved in one-dimensional rectangular, 

cylindrical, or spherical coordinates. Elastic-plastic, porous, and high-explosive 

materials are treated. Thermal and electron conduction, spall, and rejOin calcu­

lations are provided. Realistic equations of state and means for coupling to external­

ly generated energy deposition profiles are included. Complete input instructions 

and details of code models and structure are given. 
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IMPROVEMENTS IN THE CHART D 
RADIATION-HYDRODYNAMIC CODE II: A REVISED PROGRAM 

1. INTRODUCTION 

CHART D is a FORTRAN code for computing hydrodynamic motion when coupled to 

energy transport. One-dimensional geometry with either plane, cylindrical, or spherical sym­

metry is available. Somewhat conventional Lagrangian finite difference methods are employed, 

but the program contains many features not found in other production codes. One outstanding 

characteristic is the equation-of-state calculations. 

The main formulation for energy movement within material is based on the radiation 

diffusion approximation. However, any transport phenomenon which is determined by the temper­

ature gradient can easily be treated. Provisions are included for both phonon and hot electron 

conduction. 

Three previous reports have been issued concerning CHART D and its equations of 
1-3 

state. Henceforth, these reports are referred to as R1, R2, and R3. Unfortunately, the first 

two of these are obsolete to the extent that they have little relation to the present code. Many 

modifications have been made to both the physical content and numerical methods. One indication 

of this can be rioted by comparing the program listings in Rl and in Appendix G of this report. 

The original version was 3030 cards in length while the current listing is 7338 cards. Further­

more, a large fraction of the 3030 has been replaced. 

This report is intended to replace both R1 and R3. The material in nearly every section 

of Rl has been modified to some extent and several new calculations have been included. Elastic­

plastic and porous material computations are now available. Since the porous material compu­

tation is like no other existing calculation, it is examined in greater detail than are the other 

sections. In general, it was felt that more efficient code use could be achieved with a completely 

revised manual. As a result, some sections of the current paper are similar to those in Rl. 

Two additional reports are being issued. 4, 5 The first of these is a replacement for R2. 

A much improved set of analytic equation-of-state subroutines has been developed. Several new 

features are included and the reliability is greatly improved. As before, the construction is such 

that the entire package can easily be installed in other hydrodynamic codes. The last of the 

accompanying reports describes several user aid programs. 
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Considerable effort has been devoted to insure that a very flexible code was produced. 

The inputs are designed to accept as large a range of problems as possible without undue com­

plexity. 

In some of the models employed, rather arbitrary decisions have been forced by a lack 

of complete understanding of the physics. Future developments could prove many of these in 

error. However, it is important that the current coding provide the mechanisms for treatment. 

More often than not, this requires much more effort than changing the exact details of the model. 

-The code has been extensively tested but, because of the many available options, some 

errors might still exist due to interaction of the lesser used features. If such errors are located, 

corrections will be issued to all known users. 

An attempt has been made to keep all sections of this report as- independent as possible. 

However, the material in Section II and the appropriate part of Section III should be studied before 

proceeding to the others. These detail the basic relations and numerical methods expanded on in 

the following sections. 

The units employed throughout the code are cgs with temperature in electron volts 

(1 eV ~ 11605D K). Because of the stored numerical data tables and many physical constants_ 

involved, this feature cannot easily bc changed. The notation will be as follolVs except as nutcd 

in the text. 

6 

p density (gm/ cc) 

T temperature (eV) 

x 

v 

p 
m 

p 
r 

p 

Q 

F: 
m 

F 
r 

F 

S 

/J' :: 

time (sec) 

position (em) 

velocity (em/ scc) 

2 
material pressure (elvnes/cm ) 

radiation pressure (dynes/cm
2

) 

? 
P + P = total pressure (d,nes/cm-) 

n1 r " 

artificial viscosity (dynes/ cm 
2

) 

specific material internal energy (Cl'gS/ gm) 

radiation energy density (ergs/ ec) 

radiation flux (ergs!cm
2 

sec) 

specific entropy (ergs! gm eV) 

specific internal energy production rate (ergs/ gm sec) 



C = sound speed (cm/ sec) 
s 

6 = geometry switch 

6 = 1 for plane geometry 

6 = 2 for cylindrical geometry 

6 = 3 for spherical geometry 

2 
M = mass (gm/cm , 6 = 1; gm/cm, 6 = 2; gm, 6 3) 

A = Rosseland mean free path (em) 

K = Rosseland mean opacity (em 
2

/ gm) 

II. RADIA TION - HYDRODYNAMIC CONSERVA TION LAWS 

The three conservation laws which control nonrelativistic flows of a fluid with energy 

transport are: 

and 

conservation of mass, 

op = -p'V. V 
ot 

conservation of momentum, 

conservation of energy, 

2..~E + Er/ 
ot ~ m p \ 

oV _..!. 'V (P + P + Q) at'"- p m r 

(P + P + Q) 0 (..!.) _ ..!. 'V. F + .rf 
m r ot p p 

(2. 1) 

(2.2) 

(2.3) 

where the subscript m refers to material and r to radiation field. Except as noted below, all 

quantities are as defined in Section 1. The specific energy production rate .7 provides a mechanism 

for the introduction or removal of energy in a material. For example, this could describe the 

deposition of energy incurred from an electron beam generator. 

The artificial viscosity Q is a convenience first introduced by Von Neumann and Richtmyer 

for numerical treatment of shock waves. Without this term, the above expressions could not treat 
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shock waves in a continuous manner. Complete details are given in the text of Richtmyer and 

Morton.
6 

The form employed in CHART Dis 

Q = B C op + B 2 I.!. op 12 
f. s ot q PIp ot 

_ op 
O,lf 2t ';O, 

-f op > ° , 1 irt 

where Bf. and Bq are constants. Modifications required for numerical calculations are given 

below. 

(2.4) 

Throughout this paper it is assumed that the material is in a state of local thermodynamic 

equilibrium (LTE). Under this approximation, Er and P r depend only on the local temperature, 

F 
40- T4 4rrB 

(2.5) =---
r c c 

and 

P 
40- T4 1 

F (2.6) 
r 3c = "3 r 

with c the velocity of light, 0- the Stcfan- Boltzmann constant, and B the blackbody intensity function. 

These forms are particularly convenient, since the radiation terms may be added to the material 

terms in the equation-of-state calculation and not considereel elsewhere. The notation can be: 

shortened by defining 

E(P, T) E (p, T) + F (T)!p 
111 r 

(2.7) 

and 

P(p, T) P (p, T) + P (T) 
111 r 

(2.8) 

Similar relations exist for heat capacities, entropies, etc. 

II-I. Fnergy Transport Relations 

The transport term in the energy conservatiun relation ('V • F) describes the flow of energy 

within the material. While the form given by (2.3) is quite general, it is assumed in the present 

work that the flux F can be related to a gradient of the material temperature. In particular, under 

the radiation diffusion approximation, the flux is given by 

F = 4 rr A vB -"3 r (2.9) 
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where A is the Rosseland mean free path. 
r 

Since (2.9) is an approximation, it can sometimes 

yield physically unrealistic results. Flux limiters to treat this problem are detailed in Section III. 

The Rosseland mean opacity is defined as 

K " r 

co aB 

1 __ II dll 

o aT 
(2. 10) 

where II is the frequency, KII is the true absorption coefficient, K II is the true scattering coef-
a s 

ficient, and 

2hll
3 

B ,,--:------.:=---
II C 

3 
!exp(h.1I /kT) - Il 

Planck IS and Boltzmann IS constants are hand k, respectively. It follows that 

in agreement with (2.5). The Rosseland mean free path is related to K by the expression 
r 

1 
Ar = PK

r 
• 

(2. 11) 

(2. 12) 

(2. 13) 

By suitable redefinition of the mean free path in (2.9), other energy transport mechanisms 

may be included in the same formulation. Consider, for example, normal thermal conduction and 

hot electron conduction in a plasma, described by the characteristic functions Hand L. The total 

energy flux is given by 

F if +F +F 
tot rad H L 

4 4 --A O"'VT -H'VT-LV'T 3 r . (2.14) 

This expression can be rewritten as 

(2. 15) 
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where 

(2. 16) 

and 

(2. 17) 

Then, by defining an effective Rosseland mean as 

1 _1_ + _1_ + _1_ 
Keff = Kr KH KL P Aeff ' 

(2. 18) 

Eq. (2.9) may be used to treat the additional phenomena without greatly changing the mathematical 

structure of the equations. Unfortunately this method does have some problems with regard to 

flux limiters as related in Section III. 

Il-2. Additional Relations 

In addition to the above relations, several other functions mllst be defined. An equation 

of state (FOS) must be given for each material. In CHART D two types of "[OS are available. 

These are tabular and in-line analytic forms. In both it is assumed that all thermodynamic functions 

can be calculated when the temperature and density are defined. In the sense employed here, 

K
eff

, given by (2.18), is also assumed to be part of the FOS. Complete details of the FOS calcu­

lations are presented elsewhere. The computation is so constructed that many of the hydrodynamic 

and transport calculations are independent of the exad forms of the FOS. 

As with any set of differential equations such as the above conservation laws. initial and 

boundary conditions must be provided to define the problem. The function .'/' is of this type. 

Several quantities relating to the edges of tl1(' m::lterial mllst also be considered. Details of the 

options available are given in Sedion VIII ~1l1d ell other pOlllts \\"h('re they Cln' required in the 

analysis. 

II-3. Space-Time lVlcsh 

In order to consider the above relations in finite difference form. it is necessary to 

define a space-time mesh. In plane geonwtry the spaticLl part of the mesh is a set of parallel 

planes perpendicular to the X axis. Under the Lagrangian formulation, these planes move in 

space in order to maintain the same positiun in the nlOving material. The region between adjacent 

planes or boundaries is called a zone. In cylindrical geometry these boundaries form concentric 

cylinders. in spherical geometry. concentric spher",s. 
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The time part of the mesh is defined as follows. The conditions at one time (t.) are com-
J 

pletely known. The finite difference equations are then used to compute the conditions at some 

slightly later time (t
j
+ I)' The procedure is then repeated for the next time (t

j
+2 ). The resulting 

mesh is illustrated in Fig. 2.1. Note in the scheme employed in CHART D that Xl > X2 > . 

> Xi >. • • > X
N 

> XN+ l' where N is the total number of zones in the calculation. 

t. 
J+2 

t t. J+1 ... 

t. 
J 

t. 
J-1 

Zone i 
f I , 

L 
I 

Xi+2 Xi+ 1 Xi Xi _1 

x-

I 

Fig. 2. 1 The space-time mesh. 

I I 

-

A mesh point is defined as the pair (Xi' tjl. Zone i lies between boundaries Xi and X
it 

l' 

Some quantities are calculated at mesh points while others are centered between mesh points. 

The notation is as follows. A quantity <pcomputed at the mesh point (X., t.l is labeled as <P. j . Those 
·+1/2· , ·+1/2 1 J 1 

centered between mesh points could be <PiJ , cpJi+1/2' or ~+1/2 

The main advantage of the Lagrangian form of the equations of motion is that of automatic 

mass conservation and knowing exactly what material is contained in a given zone. As the bounda­

ries move with the material, the same material is always in the zone. Hence mass and order are 

conserved. The mass of zone i will be denoted by Mi. The appropriate EOS is known by the 

index i. Further details are given in Section VIII. 

II-4. Difference Equations 

The logic of proper centering of the difference equations is discussed in detail elsewhere 

and will not be repeated here. 6, 7 Only the forms employed are given in their order of use. Define 

tlot n = t. - t. 1 ' 
J J-

(2. 19) 

1 
tlot l ="2 (tlot + tlot") 

The computation of the time step tlot is given below. 
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The acceleration at each normal interior boundary is first computed by 

where the Ai are geometry factors given by 

A = 1 , 
i 

6 = 1 , 

211X. ,6 2, 
1 

6 3. 

" 

(2.20) 

(2.21) 

In the case where there is no material adjacent to boundary i on the right (either the edge of the 

problem or spall), Eq. (2.20) is replaced by 

a~ = 2A. Ipj + Qr1/2 pj 1/1\1 
1 1 1 i+ 1 12 i + 1/2 - i \ i' 

Alternately, if there is no material on the left, 

a j = 2A \ ~j - pJ Qj-1 /2 Ijl\1 
i i 1 i-1/2 - i-1/2\' ; i-I' 

The new velocities and positions are then determined by 

and 

j+ 1 
X. 

1 
x·i + V~+l/2 tot . 

1 1 

(2.22 ) 

(2.23) 

(2.24) 

(2.25 ) 

Note that X in (2.25) is the space fixcd Fulcl'ian coordinate and not the Lagrangiap coordinate. 

Since the zone mass is constani, the ncw dl"nsiLy is 

.i+1 _ ,', r . .1+ 1 6 .j+ 1 6J I 
p. - 1\1. I G. (X ) - (X. + 1) , 

1 1 1 1 1 I 

where G
i 

is also a geom<ctry factor given by 

12 

G. = 1 , 6 = 1 
1 

= IT 6 = 2 , 

6 = 3 

(2.26 ) 

(2.27) 



Eq. (2.26) is subject to excessive roundoff error when Ii = 2 or 3. This problem is resolved by 

factoring the difference term on the right-hand side. 

The new viscosities are 

if tN < 0 ; (2.28) 

0, if t:.V;;, 0 , 

where 

AV = VJ.·+ 1/ 2 _ Vj +1/ 2 
1 i+ 1 

(2.29) 

This form results from combining (2.1) and (2.4) and scaling B.e and Bq by the zone thickness so 

that their numerical values are problem-independent. 7 

After review of these expressions it should be clear that all quantities necessary for 

consecutive use to advance the solution are known except for pj
1 and pk+ l' They are required in 

(2.22) and (2.23) at the front and back surfaces. Input values must be supplied as problem 

boundary conditions to relate the material to its environment. The methods are discussed in 

Section VIII. 

At this point all of the conservation laws except the energy relation have been employed. 

Most of the physics of the solutionis involved in the remaining expression. It should be noted that 

up to this point the solution has not involved energy transport or the specifics of the material. No 

reference has yet been made to the EOS. If the EOS is sufficiently simple, it can be substituted 

into (2.3) or its difference form and solved for the remaining unknown when transport effects are 

ignored. This normally requires an elementary closed analytic expression. Unfortunately, real 

materials are seldom so simple. The details of several methods of treatment are found in the 

next section. Later modifications required for elastic and porous materials are covered. 

III. METHODS OF SOLUTION OF THE ENERGY 
CONSERVATION RELATION 

In this section the numerical methods and physical constraints necessary for solution of 

(2.3) are developed. There are four systems contained in CHART D, three with radiation and one 

without it. The differences in these calculations and regions of applicability are detailed, below. 
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None of the radiation computations is as related in Rl. The method given in the earlier 

report had been designed to work in the multigroup radiation transport version of CHART D and 

performed well under conditions where the diffusion approximation was exact. However, con­

vergence difficulties were soon encountered. The following improvements were made before the 

distribution of R 1. 

It is necessary to assume that the material is in a state of local thermodynamic equi­

librium (LTE) as previously mentioned. This is not only required for the radiation calculation 

but for the thermodynamics as well. Without LTE, equations of state are meaningless concepts. 

This EOS is used with (2. 3) to complete the advance of the solution to the new time (t
j
+ 1 as related 

in Section II). Here, a new set of zone temperatures is determined, and from the EOS all 

thermodynamic functions are known. The pure hydrodynamic case (ignoring the \l . If term) is by 

far the simplest and is considered first to illustrate the properties of the CHART D equations of 

state. 

III -1. Pure Hydrodynamic Solution (No Radiation Terms) 

If radiation flow terms are not important, Eq. (2.3) is written as 

-= ot 
'- 11) - (P i" Q) 7- -
"t P 

+ .'1' (3. 1) 

The finite difference form of this expression 1S 

, j+ 1 j 1 
. 11 ('+1 ') '+1/ 2!)P - p, _ E J = _ pJ + pJ + QJ 1 1 

" 2' . , ~"+ 1 ~ 1 1 1 1 J J 
P P 

1 1 

+ .i~+1/2 6t . 
1 

(3.2) 

All quantities at time t, are known and all have been determined at time tJ't 1 as related in Section II 
j+ 1 j+ 1 J 

except Ei and Pi . 

It is clear that each zone may be cunsidered indc'penckntly with (3.2), since only zone i 

quantities are referenc(:d. The index i cuuld Ix: suppressed. Bowever, for consistency with the 

following material. the i subscript is retained. 

1+ 1 it 1 
The variables F', Gilli p, Grc not independent since tllC,)' are related b~· the r:02l. As 

't 1 1 1 F 1 
the new density P; is known, the problem is to df:termine the new zone ternperature Ti which 

will produce energy and pressure values which satisfy (3.2). With definition of the constants 

14 

Q:, 
1 

\ 
+ 1 ' I , )1' '+1/2( pJ -p]( 

E J + ~ 1 + QJ 1 1 + 
i '2 li, i l j j+ 1 1 p. p, 

1 1, 

,',j+1(2 6t (3.3) 



and 

(3.4) 

Eq. (3.2) can be written as 

·+1 .+ 1 
E.J = f3.P.J + Q!. , 

1 1 1 1 
(3.5) 

which can easily be solved by a Newton iteration. If T 1 is the .eth iterative value of the temperature, 

the (1 + 1) th value is 

E(T.e) - f3
i
P (T.e) -a

i 

~~)p I T.e - ~i(~~)p I T.e 

(3.6) 

J+1 with all functions evaluated at density p The derivatives in (3.6) are normally returned from 
1 

a call to the equation-of-state subroutines. The convergence condition is 

and is usually satisfied even in very strong shocks in one or two iterations. The initial guess for 

the temperature is obtained by a constant entropy projection from the previous zone temperature 

T.j , with corrections for sources and artificial viscosity as given in Rl: 
1 

T = T + (aT) toP + I.~ht - Q'V(.!.) / f(aE) , 
new ap sIp \ aT p 

(3.8) 

where all quantities on the right-hand side are evaluated from previous values and 

(aT) _ T(~~) P - -llm (3.9) 
ap S 2 aE) 

p aT 
p 

As with all iterations of this type, it is possible that (3.6) will not converge. This occurs 

very infrequently and is usually associated with the melt transition. Since, as a rule, anything 

that can go wrong will, the above iteration is backed up by a slower but. dependable upper and 

lower bound method. 
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IlI-2. Solution of a Tri-Diagonal Set of Equations 

Before considering Eq. (2. 3) with radiation terms, it is useful to develop the mathe­

matical prescription used to attack the system of coupled equations. The form of (2.3) will 

result in a set of tri-diagonal equations which can be solved with a backward-forward substitution 

method as developed by Richtmyer and Morton. 6 

Consider the system of N equations 

with the set of Xi being the N unknowns. 

assllmed that 

'('., and G. are known constants. 
1 1 

.,J.;:OO, .fl.;:O 0, '('.;:0 0 
1 1 1 

(3. 10) 

It is 

(3.11) 

for all i. The solution is obtained by two passes through the set of equations. In a forward pass 

(i increasing) the quantities 

and 

F 
1 

'(' i 
F = -:------:-_=_-

i .1]. - .,J. F. 

F. 
1 

1 1 1-1 

"i 1'i_1 - G i 
.11 -. ,J F 
iii - 1 

are determined inductively to i = N - 1. It then loUllws that 

and in a backward pass that 

16 

(3. 12) 

(3. 13) 

(3. 14) 

(3. 15) 

(3. 16) 



In principle, this method will always determine the solution of (3.10). However, diffi­

culties can be encountered with the magnitudes of the numbers generated by (3.13), and bounds 

must be employed to ensure against computer overflows. The usefulness of the above solution can 

be guaranteed by requiring in addition to (3. 11) that 

flJ. ;, A. + 'e. (3.17) 

Since J'/1 = 0, it follows that 

and if E
i
_

1 
,;; 1, then Ei ,;; 1 for 

111 

'e. rei 
E,;; 1 ';;7, 1. 

i :.JjJ. -A. '1' 
1 1 

(3. 18) 

(3. 19) 

In two of the following calculations, (3.17) will be considered in the radiation time-step 

control. This time step will have nothing to do with stabilitY'or accuracy but only ensures solution 

of the coupled zone energy equations without computer overflows. 

I1I-3. Radiation Boundary Conditions 

As with the boundary pressures discussed in Section II-4, the user must furnish boundary 

conditions that specify the radiation terms at the front and back surfaces. Either may be treated 

as a perfect reflector or by allowing radiation to flow both into and out of the problem. Under the 

reflection option the flux at the surface is zero. 

If energy flow at the surface is allowed, the outward flux per unit area is 

4 
F out = aT , 

where T is the boundary temperature. The incident flux must be specified by the user. At 

boundary 1 the inward flux is taken to be of the form 

F. 
1n 

(3.20) 

(3.21) 

where Sf and Tbf are user-controlled. Normally, Sf is unity but can be used to scale input fluxes 

from a time-varying blackbody source of temperature Tbf' The quantities Sb and Tbb serve the 

same purpose at boundary N + 1. If no values are specified, T bf and T bb are given the value zero, 

meaning that there is no incident flux. The reflecting option is formally included by setting S to a 

negative number. 
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Insofar as CHART D is concerned, the extremities of the problem are the first and last 

material boundaries. Special care must be taken in cylindrical and spherical problems with 

central voids. Such a void is not considered as a part of the region of interest. Any radiation 

entering the void exits the problem and is lost to further calculations. Realistically, any radi­

ation energy entering the void would reenter the material after transversing the void. To properly 

treat this case the interior surface should be made reflecting. 

1II-4. Implicit Diffusion Method 

The difference form of (2. 3) is 

where (3. 3) and (3. 4) are used and M. is the mass of zone i. A is a geometry factor given by 
1 

A 1 1 , 

2rrX 6 2, 

6 = :3 • 

In the implicit scheme, the difference form of (2.9) is 

where 

Sa 

(3.22) 

(3.23) 

(3.24) 

(3.25) 

The expression for 7]i should be evaluated at t
j
+

1
/

2
. However, it has becn found·that a consider­

able amount of computation con be s<)ved by using values at t. without affecting the results, since 
4 J 

the dominant features in (3.24) arc the T terms. 

Fqs. (3. 24) and (3. 25) are appropriate only for continuous material. At an interior void 

or fracture, (3.24) can be used with 

a . (3.26) 
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This follows by applying (3.20) in both directions where, of course, zero transit time across the 

void is assumed. Inactive material regions can be treated by setting T/. to zero, 
1 

When used in optically thin material regions (A
R 

;:: t-X), the diffusion approximation may 

yield unreasonably large fluxes. Flux limiters are employed to ensure physically believable 

values. The details are discussed below with the result that the values of \ and ~ must be 

bounded. In the case of pure radiation flow (A = A
R

), use of the limiter implies that AR cannot 

exceed some value on the order of t-X. A larger A could result in a flux in excess of cE
r

. Dif­

ferent forms are necessary when thermal conduction effects are included. 

To shorten the notation, define 

j+ 1/2 
'JI.=A. nt-t/16 

1 J 1. 
(3.27) 

j 
and 'T i = T i' The superscript j+ 1 can be dropped and (3,22) written as 

(3.28) 

where, if all T i are properly chosen, all Gi will vanish. 

The boundary zones (i = 1 and N) are controlled by slightly different expressions contain­

ing the user input parameters. Where the functions presented in III-3 are used, the corresponding 

expressions are 

(3.29) 
(')I +y) yS 

+ 2 1 (T + )4 1 f 4 
M 1 'T1 -~(Tbf+7'bf) , 

1 1 

and 

(3.30) 

with 7) 1 = 7)N+ 1 = 0'. The reflecting option is included by setting 7) = y = O. 
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The above expressions form a set of N equations with N unknowns. Since the heat capacity 

is not constant, no simple method of solution is possible. An N variable Newton iteration is 

employed. The defining expressions are 

aG
l 

aG
l 

G + -- t.T + -- t.T 0, 
1 aT 1 1 eT 2 2 

eG. eG. aG. 
G. + ~ t.Ti _1 + aT

l 
t.T. +;:;-T 1 t.T'+

1 
0, i=2 , .•. , N-I , 

1 i-Ill i+l 1 

(3.31 ) 

with t.T the change in T from one iteration to the next. This system of equations may be treated 

by the method presented in Section III-2, where 

and 

:JG 
i 

- --- J i=2 J ••• I N J 

2:T. 1 
1-

~G 

.11. = ~Ti , i= I , '" , N , 
1 CJ • 

1 

"G " i 
i - i=1 , N 1 - - 'JT

i
+

1 
' ... , - . 

(3. 32) 

This iteration is continued until all temperatures have converged under a condition similar to that 

of Eq. (3.7). Care is taken to suppress unnecessary equation-of-state calcLllatiol1s. In tll(' event 

that the iteration will not converge, the calculation is recycled with a smaller time step. 

The time step allowed uy this method is obtained by substitution of Fq. (3.32) into 

Eg. (3.17). Unfortunately, this result involves buth the m·w densiiles and tempc'ratures which 

cannot be .determined until the time increment is known. A praqtical solution to this difficulty is 
"Pi .F i 

to drop the term f3
1 

"ITi ' which is normally small c()mpareci to :. T i' and to use the old zone 

temperatures in place of the new values. The' result is 

(3.33) 
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and 

1 
--~ 
bot. 

1 

(3.34) 

i=2, .•• , N-1 • 

The expression for zone N is not required. The radiation time step botrad is the smallest value 

given by these relations. No difficulty has ever occurred with this method. 

The numerical values of the fluxes are not normally required. However, on special 

cycles the values are computed from (3.24) for edit purposes. They are also required in a periodic 

calculation to determine whether the radiation computation is important and if the method of 

Section III-l could be used equally well. 

III - 5. Explicit Diffusion Method 

In many problems of interest, the effects of transport processes are small within a given 

computational cycle but, when viewed over many cycles, may drastically alter the situation. The 

implicit method could be used, although it would be inefficient in terms of computational effort. 

The explicit method is best suited for this type of problem and, if properly employed, can result 

in considerable savings. 

In the explicit method, the treatment is as in the implicit calculation, except that the 

flUxes are centered at tj instead of at t
j
+1/ 2. Equation (3.24) is replaced by 

.+1/2 . ~. 4 . 4! 
F~ = F~ = -77· (T~ 1) - (T~) • 

1 1 1 1- 1 
(3.35) 

The advantage of this method is that the new zone temperatures are computationally uncoupled. A 

set of equations similar to (3.5), with an additional known term, is obtained for the energy balance 

calculation. By replacemen~ of O/i in (3.3) by 

(3.36) 

the solution can be determined by the same calculation used in the pure hydrodynamic case. 
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The difficulty with this method is that the associated time step required is normally much 

smaller than that used in the implicit method. However, if the time step for the entire calculation 

is controlled by the Courant hydrodynamic condition and not by the radiation value, the explicit 

method should be employed. Unfortunately, the time step appropriate to this situation is difficult 

to obtain and is determined completely by accuracy requirements. It has been found that the 

relation 

1 
--2 
6.t. 

1 

I AiFi - Ai+1 F i+1 1 

~M.(E. + E ) 
1 1 0 

works well, where all functions are determined at t., t, is a constant (~ = O. 01 is currently 
J 

(3.37) 

employed), and Eo allows for rapid heating of cold zones. This condition requires the net energy 

flux in or out of a zone to be a small fraction of the total zone energy. 

smallest value given by Eq. (3.37). 

As before, tot d is the 
ra 

III-5. Approximate Implicit Diffusion Method 

The principal difficulty with the implicit solution is that the coupled equations which must be 

solved are nonlinear in the new temperatures. The heat capacity is generally not constant over a 

given time increment. Under the method described here several approximations are made' to ease 

the solution. Unfortunately with these apprOXimations, energy is not exactly conserved and final 

corrections are necessary. In the process some of the speed of computation over the implicit 

method is lost. 

Consider the flux given by Fq. (2.9). Here, this is written as 

F 
16 3 

-TO'AT'VT (3.38) 

with a difference form of 

F
j+l/ 2 

= -4
1

1).(T. + T. 1)3 \ (T. 1 + T. 1) - (T. + T.) t , 
ill 1- 1- 1- 1 1 \ 

(3. 39) 

:3 
where 1). and T. are defined in Section IIl-4. Note that the T term in Eq. (3.38) has been evalu-

1 1 

ated at t.. The corn,sponding expressions at the frunt and back buundaries arc 
] 
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F j + 1/2 
1 

if 3 
7') 1 \ 2' T 1 (T 1 + T 1 ) (3.40) 



and 

F j+1 / 2 
N+1 

4 

1)N+1 i- ~ T N
3 

(TN + TN) + 116 Sb (Tbb + Tbb ) I 

Boundary options are treated as before. 

Approximations must also be used on the energy conservation relation. Define 

.+1 
w. = P. (T ., p. J ) 

1 1 1 1 

(3.41) 

(3.42) 

(3.43) 

Note that these energy and pressure values are obtained from the new zone density but with the old 

temperature. In general, q>. is not the same as E~. The approximate values are 
1 1 

and 

where 

and 

·+1 I 

E~ "" q>. + q>. (T. - T.) 
1 1 1 1 1 

.+ 1 I 

p J
1
· "" >II. + IV. (T. - T.) , 

I 

q>. = 
1 

III 1 

When the above expressions are substituted into (3.22), the result is 

'Y. I 1)1· + y.+ 1 
- M1 T. 1 + I q>. - f3.IV. + 1 MIT. 

. 1- I 1 1 1 . 1 
1 1 

(3.44) 

(3.45) 

(3.46) 

(3.47) 

(3.48) 
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where 

1 3 
Y. = -4 A.T). (T. + T. 1) L\t , 

1 1 1 1 1-
(3.49) 

, 
G. = <P. - <P. T. - 0:. - ~. ('It. - 'It. T . ) 
111111111 

(3.50) 

and 0:. and ~. are given by (3,3) and (3.4). The expressions at the front and back are 
1 1 

(3. 51) 

(3. 52) 

(3. 53) 

and 

, , 
GN = <PN - <PNT N - aN - PN(Wi\' - 'ltNT 1\') 

+ 1, ( ) '" [1 4 1 S ( )~I 
MNIYNTN - TN _1 -. N+IT)N+1.6.t "2Ti\' -16 b Tbb + Tbb \ 

(3.54) 

In this case, G
i 

is a known constant and the method of solution developed in Section III-2 may be 

used to directly dctermine the new temperatures. 

The next s1ep is 10 determine the' allowcd time increme'n1 frum (3.17). As before, 1he 

pressure term is dropped and one finds 1ha1 the cundition is always satisfied regardless of .6.t, since' 
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, 
.Y1. = "I. + '('. + <P, 

1 1 1 1 
(3.55) 



, , 
and 4>. is positive (4). is a heat capacity). Thus far this method looks very good, since it can be 

1 1 

used at the Courant hydrodynamic stability limit. Unfortunately, when the approximations given 

by (3.44) and (3.45) are examined, it is clear that this calculation will not conserve energy since 

the heat capacities are in general not constant. 

The scheme used with the above method is to complete the calculation as outlined above. 

The flux values are then calculated and used as in the explicit computation to exactly conserve 

energy. Normally, this method will allow a much larger time step than will the explicit method. 

The time increment allowed for the next cycle is determined by the differences in temperatures 

resulting from the above calculation and those obtained after the final correction. The value 

~trad is increased slightly if all errors are 2 percent or less; otherwise, it is decreased slightly. 

The amount of the increase or decrease is a variable function of the error. 

III-7. Selection of the Fastest Method 

At any given time in a given problem. one of the previous methods would prove superior 

to the others in the sense of advancing the solution the furthest for the same computational effort. 

In general. the implicit method is best for radiation-dominated problems. and the explicit method 

is best when energy flow is a small perturbation to the hydrodynamic motion. The third method 

fits somewhere between the two. 

An option is provided in CHART D in which the code will perform each calculation every 

250 cycles and attempt to determine which one will progress the solution the furthest in time for 

the same computational time. Unfortunately, the rules are not well defined and the best method 

can only be determined in extreme cases. Intermediately. some switching back and forth can be 

found. 

There are some dangers in this method. If the explicit method is being used and a drastic 

contingency occurs. ~trad can be cut many orders of magnitude before the comparison check 

determines that another method should be used. For example. consider a wave diffusing through 

a very dense material where the explicit calculation is sufficient. If the wave advanced to the edge 

of the dense material and then began traveling in a nearly transparent material (air for example). 

large time-step cuts would result before it would be discovered that an implicit method should be 

used. To guard against this difficulty. the code always selects the implicit method for the first 

250 cycles. 

Ill-B. Flux Limiters 

In optically thin materials <AR ;;: ~X) where large temperature gradients exist, the dif­

fusion approximation may yield unreasonably large values of flux. The question here is how to 
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limit the fluxes to physically attainable values. 

maximum flux possible 

The radiation energy density (ergs/cc) is E . The 
r 

F cE 
max r 

would occur if all energy was flowing in the same direction. By employing (2.5), (2.9), and 

(3.56), the result is that 

4>-. (j 
--,;; 
3t.X 

cE 
r 

If ' , d h T 4 , f h d 4 h d It IS assume t at t. 1S 0 t e or er of T , t is yiel s 

1'/, ,;;4(j 
1 

(3.56) 

(3. 57) 

(3.58) 

where ~ is given by (3.25). Equation (3.20), on the other hand, would lead to the condition that 

(j . (3.59) 

It has also been mentioned that the Rosseland mean free paths can be modified to include 

forms of energy transport, i. e., electronic and phonon conduction. The use of (3.57) would in 

effect suppress these phenomena. The decision was made to employ (3.57) in CI:-IART D, but with 

the total energy denSity (material plus radiation) instead of only the radiation term. This is a 

change from the method in Rl and was made to stop the suppression of thermal conduction.' The 

result in difference form is 

(3.60) 

It is suggested, however, that the results of this calculation be observed with care. Situations can 

be constructed in which (3.60) will not limit the flux properl:-r. Jlmvever, at both high and low 

temperature, it will approximately trcat the problem Clll'l'CCtly. Other C'xpressions can simply be 

included as the need arises. 

26 



IV. ELASTIC-PLASTIC MATERIAL 

Thus far. it has been assumed that the material under consideration is isotropic. 

Unfortunately, solids, unlike liquids and gases, do not demon'strate isotropic response to all 

stimuli. Accordingly, the preceding method is correct only when pressures are sufficiently high 

that the effects connected with the strength of the solid are not important. If loads are small, it 

becomes necessary to take into account the elastic properties of the solid which distinguish it from 

a liqUid. Many codes have been written to consider such effects. However, there exists a large 

class of problems in which both transport and strength phenomena are important. This area 

has been largely ignored. 

An elastic, perfectly plastic model similar to that employed in the production forms of 

the code WONDY 7, 8 is used in CHART D. Since many code users are familiar with the notation 

in the WONDY manual and because of the wide availability of required constants, the following 

development will be patterned after that of Herrmann et a!. 7 There are, however, many differences 

in both physical content and numerical detail. It should be noted from the development in Section III 

that each zone cannot be considered independently of the rest. The 'V. IF term forces simultaneous 

solution. For this reason, the calculation in this section is treated as an add -on or perturbation to 

the principle solution. 

Define ai. as the stress in the i. th direction taken positive on compression. As in the 

development given by Herrmann, the tensor nature of a is suppressed; reference is made only to 

the diagonal elements. It should be noted that [Ji. is defined as the negative of that of Herrmann 
7 

et al, The pressure is taken to be 

1 
p = - (a + a + a

z
) , 

3 x Y 
(4.1) 

where x is the coordinate of motion. For any of the three allowed geometries and one-dimensional 

motion, the generalized form of (2.2) is written as 

oV 
p~ 

where 6 is the geometry switch and 

a 
- - (a + Q) + (6 

OX x 

cp=a -a y . x 

It is convenient to define the stress deviators by 

l)~ (4.2) 
x 

(4.3) 

(4.4) 
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From observation of (4. 1), it is evident that 

In terms of these deviators, Eqs. (4.2) and (4.3) may be expressed as 

and 

oV 
Pat o (P + Q _ rr d) + (6 - 1) ~ 

ex x x 

rr 
y 

d 21] d + a d 
x z 

In plane and spherical geometry there is an inherent symmetry for 

so that the simplifications 

and 

[J 

y 
d 

[J [J 
y z 

a 
z 

d 

are possible for 6 1 or 3. The stretching is clefincocl as 
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:V 
d =-

x ::'x 

d = cl 0 
Y z 

d 
2JV 

=-
x :Ox 

d 
V 

- -
y x 

cI = 0 
z 

, 6 = 1 , 

) 
t 6 2 

J 

, 

(4. 5) 

(4.6) 

(4.7) 

(4.8) 

(4.9) 

(4. 10) 

(4.11) 

(4. 12) 



and 

d = d 
Y z 

The volumetric strain rate or dilatation is 

(4. 13) 

(4.14) 

where (2. 1) and the definition of V" V have been employed. The stretching deviators are defined 

as 

do d = do - .!. d = d + J:.. ap 
.... .... 3 i. 3p at (4.15) 

where 

(4.16) 

From the above expressions, it is evident that, for all fJ , 

d d = av + J:.. ap 
x ax 3p at (4. 17) 

The rate at which mechanical work is performed per unit mass by the stress is given by 

(4. 18) 

If the quantity 

(4.19) 

is introduced, it is clear that the appropriate generalization of (2. 3) is 

aE all . 
(p + Q) - (-) - - V" F + :j + P

d 
' at p p 

(4.20) -= -at 
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where the notation is that of (2.7) and (2.8). The deviator stress power may be written in the more 

concise form 

by considering (4.5) and (4.16). Again, sufficient simplification arises when 6" 1 or 3, 

and 

IV-I. Constitutive Relations 

3a d d d 
x x 
2p 

(4.21) 

(4.22 ) 

(4.23) 

Constitutive relations must now be considered. As previously mentioned. the thermo­

dynamic equations of state employed in CHART D are of the fOrm 

P = P(P, T) (4.24) 

and 

F E(P. T) , (4.25) 

where T is the temperature. The problem here is the description of the deviator terms. The 

general form is 

an d Hd d, d eI, cI d, p, T, ..... ) , 
... x y z 

where ..•.• represents any number of things. 

As in Herrmann et al. , 7 the form 

~ (J d 
x 

:'1 
2C d d 

x 

(4.26) 

(4.27) 

is used, where C(P, T) is the shear modulus ~lnd is a function of state of the sulid. For 5 " 2, a 

similar relation is used for a d. At sufficientlv high pressures, the material will yield and exhibit z J 

plasticity. This is reflected as an upper boune! to the magnitude of the deviators. The Von Mises 

yield condition is 

(4.28) 
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where Y(P, T) is a state function of the solid known as the flow stress. Examination of (4.5) reveals 

that 

(4.29) 

and for 6 = 1 or 3, 

(4.30) 

The sound speed appropriate to elastic material is 

C = \ 3(1 - II) 11/2 C 
s (I + II ts ' 

(4.31) 

where C
ts 

is the thermodynamic or bulk sound speed and II is Poisson IS ratio. An exact definition. 

of II is found in the text of Zel'dovich and Raizer. 9 For most materials, 

O<II~..!.. (4.32) 
2 

with the upper limit appropriate for hydrodynamic media. In general, II is also a function of state 

with a form similar to that of (4.26). 

A common assumption is that the shear modulus may be related to the thermodynamic 

sound speed and Poisson IS ratio by the expression 

2 
3(1 - 211) P C

ts 
G= 2(1+11) 

(4.33) 
2 

(1 - 211) p C 
s 

2(1 - II) 

where (4.31) is employed. This is the only form currently available in CHART D, although others 

may be included if the need arises. 

The remaining problem is to specify the two state functions, II and Y. - Because of past 

work in the field, both are assumed to have the form II (p, E) and yep, E). 

values of these functions at the normal reference point and 

Let II and Y be the 
o 0 

(4.34) 
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It is then assumed that 

(4.35) 

and 

V(P,E) Vo F(E) + ~ 11 - F(E)! , (4.36) 

where Y 1 is a constant. Lef ~m be the specific energy at the point of melt at zero pressure, O! be 

the fraction of the melt energy Where the material starts to lose its strength (O! :s: 1), and 

F(E) 

F (E) = 1, E:s: O! 0' 
m 

- Ej~· 
m 

- O! 

F(F) = 0, 

O!f," <E<tf 
m m 

E;"" 
m 

(4.37) 

There is an additional requirement that F (E) = 0 whenever the material is in a mixed­

phase state. The forms of these expressions are admittedly arbitrary. On the other hand, they 

do approach the correct limits and are well-behaved between limits. Again, these expressions 

are easily modified if the need arises. 

IV-2. Coding, Inputs, and Storage 

The difference forms of the above expressions employed in CHART D are similar to 

those given by Herrmann et al. 7 and will not be repeated in detail here. There are three principal 

additions to the previously reportcd code. 1 

1. The addition terms in the momentum equation, (4. G), are included directly in the 

finite difference expression. 

2. The sound speed is corrected by (4.31). 

3. The deviators are updated and the additions to the energy equation are de termined. 

All coding for Steps 2 and 3 is included in an add-on subroutine callcd FLPL. Step 3 forms the 

main body of the calcLllation. For each zone, the deviator work (P
d

6t) is added to the old zone 

energy so that the main energy balance calculation neC'd not be modified. 
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There are six input parameters for each material which exhibits elastic-plastic behavior. 

In the initialization edit, the variables are named YIELD (I), I = 1,6. In the notation of the last 

section, 

YIELD (1) = Y , Eq. (4.35) , 
o 

YIELD (2) = Y l' Eq. (4.35) , 

YIELD (3) =,g , Eq. (4.37) , 
m 

YIELD (4) = p , Eq. (4. 34) , 
o 

YIELD (5) = 1/ , Eq. (4.36) , 
o 

YIELD (6) = 01, Eq. (4.37) , 

(4.38) 

Standard default values are available for dl and p by inputing zero values. Under normal con-
m 0 

ditions both should be used. To properly understand the variable 8
m

, it must be pOinted out that 

in all of the CHART D equations of state, the zero point of energy is defined at zero pressure and 

temperature so that the standard reference point (room temperature) will have a positive internal 

energy; 8 should reflect this reference value. If the default value is used, 8 is set equal to 
m m 

the energy of the liquid at the triple line. YIELD (3) should not be set to a negative quantity, since 

the code will interpret the material as distended media as shown in Section V. 

During the problem initialization, the above variables are modified and finally stored in 

an array YIELD (J,1), 1=1,8, where J is the material layer number. The stored variables for the 

Jth layer are 

where 

YIELD (J, 1) = Y 
o 

YIELD (J,2) = Y
1 

' 

YIELD (J, 3) = {1 
m 

YIELD (J, 4) = lip , 
o 

YIELD (J, 5) = 1/ , 
o 

YIELD (J, 6) = 01 , 

YIELD (J, 7) = T , 
m 

YIELD (J, 8) = not used, 

Tm is the melt or triple line temperature. 

(4.39) 

Even in the case that the material is treated hydrodynamically, T m is still determined and stored, 

since it is used to suppress unnecessary calculations in the fracture computations. 

To complete the description, the variables (]' d and (]' d are stored for each zone in the 
x z 

arrays SXD(I) and SZD(I), where I is the zone number. Since the P array contains the pressure, 

all stresses can be determined from (4.4). 
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V. POROUS MATERIALS 

The porous material model employed in CHART D is in some respects similar to that 
10 11 

developed by Herrmann. ' However, there are several fundamental differences which yield 

vastly different responses under certain conditions. The largest deviations occur in problems 

involving constant volume heating and melting. 

CHART D and other radiation hydrodynamic codes which employ density and temperature 

as independent material variables possess some inherent advantages over the normal wave propa­

gation codes in treating distended materials. A knowledge of the temperature and related improve­

ments in equations of state are necessary to properly describe the melt and transition to a mixed 

liquid-vapor state. The model presented here will treat this phenomenon. Some examples are 

given in Section V-5. 

As in Herrmann IS model, the one presented here is hydrodynamic in the sense that no 

attempt is made to compute transverse components of the stress; the pressure and all stress com­

ponents are identical. Elastic wave propagation is determined by a special computation developed 

below. In most cases involving temperatures below melt, the model reduces to a calculation 

similar to that of the earlier method. (It is assumed that the reader is familiar with Herrmann IS 
10 11 

reports. ' ). 

One important difference is that the current model does not seem to require an additional 

artificial viscosity term for numerical stability. It has also been determined that entropy change'S 

are properly included without it. As a result, the shock widths are generally smaller with the 

present model. approximately the same or slightly greater than normal shock waves. However, 

in some problems, numerical oscillations can occur behind a medium stl'ength shock wave. These 

oscillations are not numerically unstable in that they arc of the same nature and are damped in the 

same manner as oscillations behind shocks in normal materials as calculated by finite difference 

methods. If the size of these oscillations is unsatisfying to the USl'r, an increase in the linear 

viscosity coefficient or decrease in the time step will smooth the results. This will also increase 

the wavefront width or computational time, respectively. 

The entire porous material computation is treated as an add-on calculation performed 

after the main energy balance. This is done so that the method of solution of the coupled zone 

energy relations necessitated by the transport terms need not be modified. This procedure is 

somewhat inefficient in that more computations are rcquired. On the other hand, it does save a 

large amount of coding. Each hydrodynamic zone can be considered independently in this manner. 

Hence the zone index is suppressed in all of the following relations. 

34 



Consider a distended material of average density p and temperature T •. The solid ma­

terial forming this substance is of density P. The distention ratio is defined as s 

(5.1) 

As suggested by Herrmann and thermodynamic logic, the thermodynamic properties of the dis­

tended material are calculated from the equation of state of the solid material by 

Ed(P, T) = E (P , T) = E (exp, T) 
s ss 

(5.2) 

and 

Pd(P, T) = P (P ,T) = P (aP, T) , 
s s s 

(5.3) 

where E is the specific energy, P is the pressure, T is the temperature, d refers to the distended 

properties, and s refers to solid. Alternate forms have been suggested for (5.3); however, (5.3) 

seems to possess the best theoretical basis. Only thermodynamic quantities referring to the solid 

equation of state will be used below so that the s subscript is suppressed. 

The first problem is to determine a modified form of the energy conservation law for this 

correction method. The set of equations solved in the main energy balance calculation (2.3) is 

CiE 0 (1) 1 ... . -=-ip+Q\-- --Y'·F+.9' Cit Cit p p , (5.4) 

as previously related. To shorten the notation, let n refer to new zone quantities (at end of time 

increment c:.t), 0 refer to old zone quantities (at beginning of time increment c:.t), and write the 

finite difference form of (5.4) as 

(5.5) 

" " with En the new value of E, P n the new value of P, and R representing the remainder of the terms 

in the finite difference expression. The new density p is a known constant for this calculation. 
n 

In regions where porous material effects are important, R is only weakly dependent on the dis­

tention. The old distention ratio a: is used in the main energy balance solution of (5.5), as 
o 

discussed in Section III, so that 

(5.6) 

and 

(5.7) 
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A 

where Tn is_the solution temperature. The correct form of (5.5) that should have been used is 

where 

and 0'. is the new distention ratio. 
n 

E 
1 1 

- - p ~(-) + R 
n 2 n P 

(5.8) 

E E kxnP n , T) 
n m n 

(5. 9) 

p P (0: P , T ) 
n m n n n 

(5. 10) 

The only difference in (5.5) and (5.8) is the change in distention 

in the time element ~t. Subtracting (5.5) from (5.8), the result is 

with 

E E + y(P 
n n n 

P) 
n 

p -p 
n 0 

2p P 
n 0 

(5. 11) 

(5. 12) 

Equation (5.11) expresses the conservation of energy and forms one of the constraint relations 

used in all of the correction methods found below. Upon entering the porous material subroutines, 
A A A 

the values of En' P n' Tn' and Pn are known. The quantities to be determined are En' P n' Tn' 

and 0/ • 
n 

As in Herrmann's model, porous materials are considered to exhibit bOlh regions of 

elastic and plastic deformations. Below some pressure' determined by the local distenlion and 

temperature, the material is elastic. Small recoverable change's in distention are allowed, At 

higher pressures nonrecoverable crushing is C'ncountertCd. Separating tlwse regions is the "crush 

pressure" ·1'k(O'.' T) which is a statC' function of the distendC'd material. 

At higher temperatures and energy densities as the material melts, an alternate method 

must be employed. Letting the crush pressure approach zero as the material l11C'ltS will not 

correctly describe the process. For sufficiently large distentions (0/ 2: 1. 1, determined by thermal 

expansion), the end product of the melt of a porous material is a mixed-phase liquid-vapor state 

properly described by the CHART D equations of state. When a porous material melts, all that is 

required is to set the distention ratio to unity (the total density is constant) and it is then treated 

as a porous liqUid with the pores filled with vapor. This bit of material is not considered further 

in the porous material calculation. 
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V -1. Elastic Region 

One of the main problems in the elastic calculation is to ensure the correct elastic wave 

velocity. The sound speed in the distended material is written as 

C = h(cdC 
o 

(5. 13) 

where Co is the bulk sound speed in the solid material of density p s and appropriate temperature. 

In some sense, h(a) is a state function of the foam. Following Herrmann, it is assumed that h(a) 

is linear in a: 

h(a) = (Ceo)!~l +!ae -a I , 
C a -lj a -1( 

00 e e) 

(5. 14) 

where e refers to the initial or reference state of distention, C is the elastic wave velocity at the 
eo 

initial distention and C is the bulk sound speed in the solid part of the initial foam. There is little 
00 

justification for the form of (5.14) except that it approaches the correct limits, is well-behaved 

between limits, and fits the available data as well as any other function. On the other hand, most 

calculations are not particularly sensitive to the assumed form, and it can easily be modified if 

the need arises. 

It is now noted that 

ap 
C 2 s 

o ap 
(5.15) 

and 

(5.16) 

so that, under adiabatic conditions, 

(5.17) 

by comparison with (5.13). This relation is used in finite difference form to compute changes in 

distention in the elastic region: 

(5.18) 
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In this manner the proper wave velocity is ensured under conditions of abiabatic loading. It 

should be noted that this expression is slightly different from that used in the method of Herrmann 
dO! 

(ClO! ~ dP LoP). To first order, the two expressions are identical in adiabatic situations. However, 

nonadiabatic stimulus can lead to quite different response. This point is discussed in Section V - 4. 

Under normal conditions, (5.18) yields small changes in distention in any given time 

increment. However, large changes in O! could be computed for high shock pressures. In this 

case, one would find that the local crush pressure has been exceeded and further corrections are 

reqUired, Therefore, changes in O! computed by (5.18) are limited to 5 percent of 0/. 

With this new value of distention; a solution of (5,9). (5. 10), and (5,11) may be found to 

determine the temperature Tn' A Newton iteration quickly yields the solution, since Tn is always 

near Tn' If the new pressure P n is smaller than the crush pressure, the computation for this 

zone is complete. Otherwise, another method must be employed, 

For most materials, the bulk sound speed of the solid Co is greater than the wave velocity 

in the porous state C e' However, in some cases the reverse is true. This will not cause any 

problems with the numerical calculation. On the other hand, if 

(5. 19) 

strange behavior will result. From (5.14) and (5.17) it then follows that 

80' > 0, (5.20) 
dp 

which indicates that the voids tend to enlarge relative to the solid under elastic compression, The 

same oddity is encountered in 1:-1 errmann 's calculation since, from (5. 19), it follow s that 

cet 
~p > 0 . 

No check for (5.19) has been included in CHART D since, under some conditions, it might be 

necessary to describe a substance. However, the user is warned of this response. 

V-2. Crush Pressure 

The crush pressure ·i'k is assumed to be describable by the form 

, 
.' k(a, T) .1'k·· (et) K(F) 
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* The energy dependence was chosen for historical reasons. Two analytic forms of &'k (0:) are cur-

rently available in CHART D. The quadratic form, similar to that employed in WONDY (written 

in inverse form), is 

J 
0: - 1 

0: - 1 e 
(5. 23) 

where ;>j' is the pressure required to completely crush the distended material. ;>j' is close to but 
s e 

not exactly the elastic wave precursor ,amplitude in this expression. Between P = 0 and the initial 

yield pressure under adiabatic loading g> . (the precursor amplitude), there is a small change in 
I el 

distention. Define this initial yield distention as Ct ; then, approximately, from (5.18) and (5.23) 
P 

C 2 

,9 .. (~\ 
el I C - O:eJ 

Ct = Ct + __ ,:.....:.......:0:;.;0:;.;.-::-_......:;.;... 

p e C 2 
Pe eo 

(5.24) 

and 

(5.25) 

The quantity P . is easily measured and is used as an input parameter. The quantities 0: and 9' 
el p e 

can then be determined from the above relations. Neither Ct nor fJ' . are required after this 
p el 

computation and are not retained. The parameter fJ' is more important than this manipulation 
e 

indicates. It is shown below that ,'7' determines the initial yield and pressure generated in a foam 
e 

by constant volume heating under the present model. 

At a later point in the numerical solution, the derivative of (5.,23) is required: 

(5.26) 

Unfortunately, this expression is not bounded as Ct -1. This condition was imposed in the analysis 

given by Herrmann. In the present analysis, this feature would cause grave numerical problems. 

To eliminate the difficulty, in a small region near Ct = 1 Eq. (5.23) is replaced by a linear section 

with bounded derivative. Define a distention Ct..e by 

(5.27) 
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where f3 is a constant greater than unity. The value of :1'k'" (0:
1

) is given the notation :1'1' where 

.0/' 
s 

(.9' - .9' ) 
s e 

(5.28) 

In the range 0: < C/
1 

the expression 

(5.29) 

is employed in place of (5.23). The value of B is set in a data statement (/3 = 25 is in current use). 

The resulting function is shown in Fig. 5. 1. 

t 
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An alternate to (5.23) is 

(5,30) 

which has been shown by Boade 12 to represent many materials better than does (5.23). In Boade's 

notation 12 the relation 

~ = - 1/ a (5. 31) 

is assumed, where a is the required input parameter. A correction similar to (5.25) is necessary. 

The result is 

with 0: given by (5.24). 
p 

(5.32) 

The analytical nature of (5.30) is even more aggravating than that of (5.23), since 0: -1, 

in that the function as well as its derivative are unbounded. Here, a linear function is used 

between o:~ and 1, determined so that the function and its derivative are continuous at CY.~, 

The result is 

:1J> - a ~n{3 , 
e 

(5.33) 

(5.34) 

This yields an ultimate crush ~trength [p k ~'(1)] .of 

.q>~ - a. = .~ - a(1 + ~n {j) • (5.35) 

Admittedly, this procedure is arbitrary; it is, however, no more so than either (5.23) or (5.30). 

By increasing the value of {3, the linear section can be made as small as desired. 
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We now return to (5.22) to consider the function K(E). Unfortunately, little is known 

about the energy or temperature dependence of .J'k' since most experimental data are limited to 

the Hugoniot. It is even doubtful that the functional dependence of (5.22) is correct. One might 

suspect that K(E) = 1 is a good approximation until incipient melt and that K(E) -+0 rapidly as melt 

is completed. This question deserves investigation, since the function K(E) (or the correct form 

of .9'k (0: ,T)) may dominate the pressure generated in heating processes. 

then 

Two forms are currently available and controlled by the input parameter k'. If 
o 

k' > 0 , (5.36) 
o 

K(E) '" 1 (5.37) 

until completed melt. Generally, this is the form preferred by the authors. The other form is 

defined for 

since 

K(E) = 1 -

and 

K(F) 

-2 ,; k~ ,; -1 , 

(1 + k' ) 
o 

1 for F ,; 6 , 
;. 

rn 

F 
~>6 

m 

(5.38) 

(5.39) 

(5.40) 

where 1m is the energy of completed melt anel 6 is a constant. The reason for the change in (5,39) 

from Herrmann's paper is related to the nature of the CHART D equations of state. In all avail­

able types, the zero point of energy is taken to be at zero temperature and pressure. The normal 

room temperature reference point has a positive internal energy, To relate energies to the 

reference point would require additional storage. The value of 6 is set in a data statement (6 = 0.5 

is in current use), 

No true melt transition was included in the early forms of the CHART D FOS, Such an 

option is available in the current forms and can create a problem with the above model. If the 

material is maintained at pressure, a temperature considerably above the zero pressure melt 

temperature could result while the internal energy was less than f m' While the dynamic crushing 
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behavior in this region is not well known, local melting should occur around the voids, and it 

would seem that the material could not be very strong. Clearly, further modifications are neces-

sary. 

At first glance one might be tempted to use (5.39) to describe this behavior. However, 

the relatively large volume changes incurred in constant pressure melting result in a decreased 

* value of O! and a greatly increased value of .¥k (0/). This might indicate a stronger material even 

though K(E) was .decreasing. As this behavior seems unrealistic, a cutoff has been coded which 

limits the value of .¥k (0/,. T) to be no larger than 1 atm for any material having a temperature in 

excess of that of reference melt. The 1-atm value was chosen for numerical reasons. The 

iteration schemes have trouble computing small values. 

V-3. Plastic Region 

If the value of P determined in the elastic calculation is in excess of the local crush 
n 

pressure .¥.k(O! ,T ), the material has yielded and further calculations are necessary. The n n . 
material is now required to lie on the crush pressure curve for some as yet unknown value of 0/. 

Let 

P =.¥ (P s E) n k p' • (5.41) 
n 

This expression must now be solved with (5. U) where the two unknowns are p and T , with P 
s n n 

a known constant. A two-variable Newton method is employed. At this point, (5.26) is used. 

While the E in (5.41) should be E as in (5.11), it has been found that it is not necessary to change 
n 

K(E) for each iteration. Recalculating (5.39) and its derivative for each iteration seems to do 

little except slow the process when the results of several computational cycles are observed. 

Upon completion of this iteration, a new distention is obtained from 

(5. 42) 

If O/n > 1,' the computation is complete. In the case that (5.42) yields a value of 0/ :s; 1, complete 
n . 

crushing is assumed. The distention is then set to unity and anew solution of (5. 11) is determined. 

* It should be noted that the linear section of ,9'k provides a convenient extension to Q( < 1 for the 

above iteration. 
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V -4. Constant Volume Heating and Melt of Porous Material 

In many interesting problems, the porous material is heated to melt and above before 

being crushed by thermal pressures. Herrmann has pointed out that his model was not designed 

h ' h 11 T h d f d to treat t 1S P enomenon. he met 0 0 inclusion in CHART D is quite elementary an is 

possible only because of the improved equations of state. 

If the energy En is greater than the melt energy, the distention ratio is set to unity. Since 

the total density is constant, the net effect of this procedure is to change at melt from a porous 

solid to a porous liquid model where the pores are filled with vapor. The fractions of vapor and 

liquid are determined by thermodynamic equilibrium relations. Another solution of (5.11) is 

determined where P n is known and Tn is computed. 

The path followed by a porous material undergoing constant volume heating is shown in 

Fig. 5.2. The points 1, 2, 3, and 4 represent porous solid states which really should not be 

shown on the thermodynamic diagram. The thermodynamic functions are determined from the 

solid equation of state at points 1', 2', 3', and 4'. Sufficient thermal pressure is generated at 

point 2 to begin closing the pores. When the form of (5. 18) is examined, it is clear that during 

the heating stage between 1 and 2 neither the distention ratio nor the solid material density change. 

At point 2 the pressure is ;'f'k(a ,E) = pJ' K(E). The additional specific energy over reference is . e e 
approximately PI' / r p , where r is the Griineisen coefficient of the solid. , e 0 s 0 

Between points 2 and 4 the computation in Section V- 3 will yield small changes in distention 

even though the average matecrial density remains constant. The solid material is expanding into 

the pores. In the model the function K(E) and the change in distention control the gecnerated pres­

sures. It is safe to say that thec response in real materials is not particularly well understood in 

this region but it must be similar to that of thec model. 

At point 4 the material becgins'to melt. Following the discussion at the ecnd of Section V-2, 

the pressure is now constrained to not exceed 1 atm. The temperature remains approximately 

constant until the melt is complected. 

On completion of melt, the distention ratio is set to unity. and this bit of material is 

no longer treated as a porous material, At 5 and 6 the material is in a mixed-phase liquid-vapor 

state. Details of the equation of state in lhis recgion are discussed elsewhere. 4,13 Thec pressure 

is determined by the vapor pressure of the liqUid; In general, near melt the vapor pressure is 

essentially zero insofar as hydrodynamic processecs are conccrnecd. Relatively large amounts of 

energy can be added between points 5 and 6 with no, or very small, pressure increases. This is 

attributable to the energy sink in the melt transition and changing mass fractions of vapor and 

liquid at higher temperatures. Continued heating will condensc' the vapor and, at point 7 and above, 

the situation returns to normal in 'that only 01W phase exists. High pressures may be generated in 

this region. 
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It should be clear that the preceding example is a highly idealized situation. In any real 

problem, gradients in heating rates would cause large departures from the assumption of constant 

volume. In Section V-6, the results of calculations of this type are discussed. 

The employment of (5. 18) in the current model instead of the corresponding expression 

given by HerrmannlO was originally for numerical reasons. The new density Pn is known, while 

the new pressure P is not. An iteration is thereby eliminated and, to first-order under adiabatic 
n -----

loading, the methods are the same. However, slightly different response below the elastic yield 

point is encountered under nonadiabatic conditions. As previously pOinted· out, the current method 

yields the ratio of PIE at constant volume that is independent of distention below initial yield. i 

Under Herrmann's method this ratio is dependent on the elastic wave velocity. 11 In Fig. 5.2 this 

corresponds to tilting the line 1'-2' slightly to, the left (between 2' and the P = 0 curve). At present, 

there is little evidence to suggest that one form is superior to the other. Models can be con­

structed to yield qualitatively either behavior. However, it does not seem reasonable that pIE 

should be strongly dependent on the elastic wave velocity, with other material characteristics 

disregarded. This point deserves study. It is likely that (5.18) should be modified to include the 
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effects of void shape, relaxation time, and static solid properties. One possible solution might 

be to add to the right-hand side of (5.18) a term depending on entropy differentials. This approach 

would require additional input information and has not been studied in detail. 

V-5. Inputs, Storage, and Computational Procedure 

Since the porous material calculation and the elastic-plastic calculation discussed in 

Section IV cannot be used for a particular material at the same time, the input variables for both 

are entered in the same location. As in Section IV, the input variables are named YIELD(!), 

I= 1,6 where, in the present situation, 

YIELD(l) = P ,Solid material density , 
so 

YIELD(2) = k' , Section V-2 , 
a 

YIELD(3) = -1 , Switch to distinguish as porous material , 

YIELD(4) = :'l'. , Eq. (5.25) or (5.32) , 
el 

{

:7' For Eq. (5.23) , 
YIELD(5) = s, 

-a , For Eq. (5.30) , 

YIELD(6) = C ,Eq. (5.14) , 
eo 

\ 

with p the initial solid material density and in agreement with the solid equation of state. During 
so 

the initialization these inputs are modified and stored in the array YIELD(J, 1), 1= I, 8, where J is 

the material layer number. For the Jth porous material layer, the stored variables are 

YIELD(J, 1) = Co! , Eq. (5.14) , 
e 

YIELD(J, 2) = k' , Section V-2 , 
a 
C 

YIELD(J, 3) = - Ceo 
00 

Fq. (5.14) , 

YIELD(J, 4) = .1' 
C ' 

Eq. (5.25) or (5.32) , 

\
1' () YIELD(J, 5) =' s , for Eq. 5.23 , 

t a, for Eq. (5.30) , 

YIELD(J, 6) = P
TL 

' 

YIF:LD(J, 7) = T , 
111 

YIELD(J, 8) = f' ,Eq. (5.39) , 
m 

where p L is the density of the liqUid at the triple temperature T . The distention ratio for each T m 
zone is stored in an array DRATIO(I), where I is the zone number. The principal part of the 

coding is contained in a subroutine called FOAl\L The flow of the calculation for each zone in a 

porous layer is shown in Fig. 5.3. 
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There is one limitation in CHART D that has nothing to do with the model. Because of a 

need to conserve storage, the array containing the burn fraction for high explosives was equiva­

lenced to the array DRA TIO. This means that porous high explosives are not allowed. With slight 

recoding this situation can be treated. 

V-B. Sample Calculations 

In order to illustrate the method, the results of two sample calculations are presented. 

These problems were run in the normal manner from the user LGO tape and the results given 

here were produced by the first attempt. No smoothing or polishing of the output was attempted. 

The results are similar to what should be expected in production runs. 

The material chosen is pure aluminum with an analytic equation of state, including a 

melt transition. The features of the equation of state are discussed elsewhere. 4 In the listing in 

the appendix, these material data are stored under library number B. The initial density of the 
10 

foam is 2 gm/cc (0: = 1. 35), and the porous constants are taken from one of Herrmann's papers. 
e ,., 

The quadratic form of :?i'k'" (0:), Eqs. (5.23) and (5.37), are employed. The required inputs are: 

P
so 

= 2.7 gm/cc , 

k' = 1 , 
0 

8 2 
'J' = 5 x 10 dynes/ em , 

e1 (5.43) 

6.5x10
9 

dynes/em 
2 

,;/'s 

5 
em/sec C 4.2 x 10 

eo 

The specific energy and pressure at the initial foam and .solid densities are shown in 

Figs. 5.4 and 5.5. The zero pressure melt transition can be seen slightly above 0.08 ev. Com­

plete details are given in the authors' accompanying paper. 4 

The pressure below melt at 2. gm/ cc is determined b~' the dynamic behavior. The values 

of ,0/' and .'j' are shown in Fig. 5.5 since they control the pressure, The initial yield occurs near 
e s 

'J' It should be noted that K(F) also affects the result. ' e' 

The Hllgoniot may be determined fro111 the state functions. In the present situation therc 

are several cases to be considered. Either a one- or two-wave structure will be encountered, 

depending on the pressures involved. At sufficiently high pressures, the velocity of the plastic 

wave is greater than that of the elastic wave and, as Cl result, no elastic wave is formed. On the 

other extreme, with pressures less than the initial yield, no compaction wave exists. Intermediately, 

waves of complete and partial compaction are found. 
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First consider the single-wave condition. The solution to the conservation laws is well 

known (the Rankine-Hugoniot relations): 

t~ - p 1 E _ E "..!. (P + P) 2 0 
2 0 2 2 0 PP , 

o 2 
(5.44) 

(5.45) 

and 

u = V (1 _ Po) 
2 2 P

2
' 

(5,46) 

where 0 refers to initial conditions, 2 refers to postshock, U is the material velocity, and V is 

the shock velocity. Following the initial yield, this solution is correct only if V 2' given by (5.45), 

is greater than Ceo' Otherwise~ an elastic wave will precede the compressional wave. 

When pressures are in excess of yield but insufficient for the previous solution, a two­

wave shock structure exists. The jump conditions must be applied at each front. With 1 referring 

to the immediate state, the result is also well-known: 

(5.47) 

V = C 
1 eo 

(5.48) 

(5.49) 

(.:1' + P ) U 
e 0 1 

2po Ceo 
(5.50) 

(5.51) 

(5.52) 

\ 
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and 

E -E =([1'e+
P

o)U 1 +..!.(P + 
2 0 2p C 2 2 

(5.53) 
o eo 

This solution is ap. propriate only if V
2 

s: C • 
eo 

The solutions of the above expressions can be obtained from the test program CKEOS for 

types of CHART D equations of state. 5 The explicit forms of gok * (a) are not included, so that 

points with final states below complete crushing are not valid (P < go). The results for the ma-
s 

terial under consideration are given in Tables 5.1 and 5.2. 

The first problem chosen was that of a plane slab of the above material impacting a rigid 

wali with an initial velocity of 8.52966 x 10
4 

cm/sec. This corresponds to one of the 'data sets 

shown in Table 5.2. In the space-fixed reference frame, the velocities of the elastic and plastic 

waves are 3.347 x 105 and 2. 1245 x 105 cm/ sec, respectively. The total thickness is 1. 35 cm, 
. 5 

with 300 equal-size zones. The results were plotted by the MASPLT program, and samples are 

shown in Figs. 5.6 through 5.8. They are in good agreement with the exact solutions. The 

oscillations discussed earlier in this section may be observed in Fig. 5. 6. As previously 

mentioned,-an increase in the linear viscosity coefficient or a decrease in the time step will smooth 

the results. However, the first method of smoothing will increase the width of the shock front. 

The second will be costly in terms of computing time. 

The second problem illustrates the nearly constant volume heating and melting of the 

same slab of material used in the previous example, although the slab is initially at rest. An 

energy deposition profile is assumed of the form 

Os: X s:0. 3375 cm , 

E = 2 ' 1010 {x- O. 3375} (ergs) '0 3375 s: X s: 1 35 
d x 1. 0125 gm" . cm. 

This shape was chosen to space somewhat equally the plotted data. A total of 200 zones was used. 

A constant deposition rate was employed over 10-
7 

seconds. Sample results are shown in Figs. 5.9 

through 5.12 and are as discussed in Section V-4. It should be noted that the shape of the pressure 

pulse after the initial yield at go is quite depende'nt on the exact form of K(E). Since K(E) = 1 in 
e ' , 

this case, the maximum pressure generated was determined solely by the changing value of a in 

(5.23). 
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Fig. 5,6 Sample results from test problem 1. X s ' Xe 
and XB are the exact values of the positions of 
the shock front, elastic wave, and back surface. 
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Fig. 5.7 Sample results from test problem 1. A and B 
are zones being crushed. 
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Fig. 5. 8 Sample results from test problem 1. 
A and B are zones being crushed. 
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Fig. 5.9 Sample results from test problem 2. 
No material has melted at this time. 
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Fig. 5. 10 Sample results from test problem 2. 
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Fig. 5. 11 Sample results from test problem 2. 
A represents the material at X= 1. 35 em 
and B the initial state. The point of 
initial yield is near B. 
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Fig. 5. 12 Sample results from test problem 2. 
A represents the material at X= 1. 35 cm 
and B the initial state. The time is the 
same as that in Fig. 5. 10 

/ 

VI. TABULAR EQUATIONS OF STATE AND OPACITIES 

V 
/ 

3.0 

Two forms of equations of state (EOS) are available in CHART D. The inline or analytic 

EOS is described in an accompanying report. 4 These forms are easy to use and input and are 

very flexible. However, there are several disadvantages. For complex calculations the tabular 

form discussed here may increase the total computational speed by a factor of two or more. It is 

also impossible to represent data which are too complex in the in-line calculation. The best 

possible radiation opacities are an example. The tabular form fills this need. On the other hand, 

the tables are difficult to produce and are quite inflexible. The user has no control over the 

thermodynamic properties and generally must depend on someone else to produce the table. 

The actual numbers employed for the thermodynamic functions are generated, edited, and 

stored on tape external to CHART D. CHART D simply reads the tape and interpolates for the 

appropriate values. Here, the interpolation methods and storage arrangements are given. Details 

of the sources of the numbers are found elsewhere. Figures 6.1 and 6.2 illustrate a typical 

thermodynamic surface for a material which is a solid at standard conditions. 
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Fig. 6. 1 A typical P, p, T thermodynamic surface. 
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Fig. 6.2 A typical E. p~ T thermodynamic surface. 
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Ideally, all thermodynamic information could be obtained from a single fitted function if 

the appropriate variables were employed. For a code using p and T as independent variables, the 

natural choice would be the Helmholtz free energy F. All of the required quantities could then be 

computed by using the relations 

and 

ap 
cp 

S 
of 
aT 

E = F + TS , 

where S is the specific entropy. The bulk sound speed is defined as 

From various thermodynamic relations, it can be shown that 

c 
s 

(6. 1) 

(6.2) 

(6.3) 

(6.4) 

(6.5) 

(6.6) 

(6. 7) 

(6.8) 

It then follows, from the function F(p, T), that all desired information is available. A fit of this 

type was included in the code reported on in RI. However, the mathematical problem of fitting 

a function in two dimensions is difficult enough in itself. The above problem also places strong 
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requirements on all five of the first and second derivatives of this function •. As a result, the 

method of Rl was discarded as the complexity of the data was increased and more effort was 

required to fit the data. Generation of the input data is still done in the above manner. Now, 

however, separate and considerably simpler fits are used for P, E, S, and C
s

' 

It is first convenient to separate the thermodynamic functions into two parts in which one 

part describes the zero temperature isotherm, or cold component, and the other describes the 

complete temperature dependence. This has several advantages that will later be apparent. Let 

the subscript c represent the cold functions and t the thermal components. The free energy is 

written as 

It then follows that 

and 

where the relation 

aE 
aT C 

v 

2 dEc 
P (P) = p -

c dp 

(6.9) 

(6. 10) 

(6.11) 

(6. 12) 

(6. 13) 

(6. 14) 

(6, 15) 

(6,16) 

is assumed. The thermal component functions vanish as T -0. In fact, all of the functions shown 

by Eqs, (6.10) through (6.15) are positive for T> O. As can be observed in Section VI-I, this is 

useful for logarithmic interpolation. The cold terms are detailed in Section VI-2. 
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VI-I. Thermal Components 

The first step is to define a density-temperature mesh. The size and spacing of the mesh 

is determined by the region of interest and the accuracy desired of the interpolated values. Such 

a grid is shown in Fig. 6.3, with the index i representing the density P. and j representing the 
1 

temperature T.. A mesh point is given by the pair 
J 

(P., T.l. For storage purposes it is convenient 
1 J 

to give each mesh point a single index k defined by 

k = (i - 1) NT + j , (6. 17) 

where 

i = 1, ... , Np (6. 18) 

and 

1, ..• , NT . (6. 19) 

The value NTiS the total number of T mesh lines and Np is the total number of p mesh lines. By 

sweeping through the mesh, k takes on all values from 1 to N NT' At each of these mesh pOints, 
. p 

values of £n{P
t
), £n{E

t
), St' £n{C

s
)' and ..en{K

r
) are stored in one-dimensional arrays referenced by 

the index k. 

E-< 
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Fig. 6.3 p-T m.esh for tabular EOS. 



When the EOS subroutine is called with p and T values, a fast search system first locates 

the grid lines bounding the given numbers. The method remembers the last known position in the 

mesh of this bit of material and searches outward from that point. Let 

x =..en (T) (6.20) 

and 

Y =..en (p) • (6.21) 

The interpolation formula is a bilinear form in X and Y. For a function cZ> the result is 

cZ> = [i cP. " (X"+l - X) +cZ>"+1 "(X - X) (Y"+l' - Y) t 1, J 1 1 , J 1 j J 

(6.22) 

where the true index of q, in the storage array is determined by (6. 17). 

Five independent interpolations are made, one each for ..en(P
t
), ..en(E

t
), St' ..en(C ), and . oP s 

..en(K). The required derivatives Cvt and ~ can easily be determined from the appropriate 
r oP up 

interpolation. The value of ~ is not required because of the independent interpolation for C . op S 

,For some materials, the results are improved if the energy is shifted upward before 

storage and interpolation, and downward after. This function is performed by the variable E 
mov 

and has only been used on EOS with large groups of molecules. 

VI-2. Zero-Temperature Isotherm 

The dependences of E and P are easier to treat than those of the thermal components. 
c c 

Several systems were tried and found usable. The best system, however, seemed to be the 

analytic forms contained in the EOS program THERMOS, 13 which is the main source of EOS data 

for CHART D. These expressions are somewhat similar to those contained in the analytic EOS 

package.
4 

The coefficients in the relations are calculated in THERMOS and passed to CHART D 

in an array called A. Methods of determining the coefficients and justification of the expressions 

are given elsewhere. Here, only the forms are detailed;' however, it should be pointed out that 

they are flexible enough to fit nearly any experimental data. 
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Let p be the density at zero temperature and pressure. The compression is 
00 

11 = p/p
oo 

. (6.23) 

Three compression regions are defined: 

Region 2. 11 > 112 • 

Region 3. 11 < 111 ' 

where 11 1 < 1 and 11 2 > 1. In each re gion a different form is taken for Pc' 

determined by integration of (6.16). The expressions are: 

Region 1 

Region 2 

Region 3 
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The value E may be 
c 

(6.24) 

(6.25) 

(6.26) 

(6.27) 

(6.28) 



where 

and 

8
3 

(x) = f t- 3 e-xt dt 

1 

(6.29) 

(6.30) 

(6. 31) 

(6.32 ) 

(6.33) 

(6.34) 

(6.35) 

is the third exponential integral. It should be noted that in Region 1 a Morse type of interaction 

is assumed. In Region 3, the additional term can be used to yield a Van der Waals interaction at 

low densities. As stated before, justification of these forms is given elsewhere. 4, 13 Currently, 

no other forms are available. There is, however, a dummy array in the tape format and storage 

system so that modifications can be easily included if the need arises. 

VI-3. Mixed-Phase Regions 

A typical phase diagram of a simple materiai is shown in Fig. 6. 4. The largest and 

most difficult to treat in the sense of fitting of the mixed-phase regions on the state surface are 

the liquid-vapor and solid-vapor coexistent regions. The liquid-solid (melting) and any solid­

solid phase transitions normally involve volume changes of less than 5 or 10 percent. On the 

other hand, boiling of liquid or solid (sublimation) typically involves volume differentials of 

many orders of magnitude. For this reason a much mci"re detailed treatment is given. 



T 
c 

(23 Tension region 

Liquid- Vapor 

Triple line 

Solid-Vapor 

p 
c 

p " mIn 
p 
00 

Solid 

Fig. 6.4 Phase diagram of a simple material. 

The procedure chosen to attack this problem is similar to that employed in the analytic 

EOS package. 4 Fits are generated to the phase boundary densities in the form PI" "d = P n (T) 
Iqtll "-

and P = P (T). The points used to determine the fit are calculated by matching the Gibbs 
vapor v 

potentials and pressures of the vapor and liquid (or solid) phases at the same temperature. The 

density and temperature at the critical point are P and T " 
c c 

The temperature mesh used for this is related to that of Section VI-I. Each interval 

Xi < X s; X
i
+ 1 is divided into four equal parts, where X = £n(T). At each of these temperatures, 

the values of £n(p..e) are stored in arrays f3 1i , f32i , f3 3i , and f:i4i' with £n(P) in f3
Si

' {:l6i' f3 7i, and 

f3
Si

' A linear logarithmic interpolation is employed for intermediate temperatures. 

When Ti < T < Tc < T
i
+

l
, another interpolation is necessary. Here the forms are 

P +{3 (T _T)1/3 
c 10 c ' 

(6.36) 

and 

P = P - f3 (T - T)1/3 
v c 12 c ' 

(6.37) 
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where 

and 

1/3 
(310 = !Pn (T.) - P I / (T - T.) 

'" 1 c C 1 

(3 ! P - P (T.) I / (T - T.) 
1 

/ 3 
12 = c V 1 C 1 

At lower temperature when 0 < T < T l' the expressions are 

P£ = Poo + (39 T 

and 

Pv = P
11 

T , 

where 

(39 = !P£(T1) - PooliTI 

and 

Pll = pv(T l)/T 1 

Clearly, no relations are necessary for the region T ~ T • 
. c 

When the EOS subroutines are called with P and T defined, a quick check is made to 

determine if the values are anywhere near the mixed-phase region. If they are, the proper 

interpolation and component phase densities are determined. The inequality 

must be satisfied for the mixed-phase relations to apply. 

The mass fractions of vapor and liquid are 

and 

(6.38) 

(6.39) 

(6.40) 

(6.41 ) 

(6.42) 

(6.43) 

(6.44) 

(6.45) 

(6.46) 
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The mixed-phase thermodynamic functions are 

and 

p = p = p 
v f.' 

aE 
C =­

v aT 

(iP ap = 0 • 

(6.47) 

(6.48) 

(6.49) 

(6.50) 

(6.51 ) 

(6.52) 

Equation (6.51) is the Clausius-Clapeyron relation. The total derivatives in (6.52) are determined 

along the two-phase boundaries. With some effort, it can be shown that 

dE. 
1 

dT = (6.53) 

dp. 
where i represents either f. or v, and dT

l 
is determined from the boundary interpolation, and 

(6.54) 

This completes the evaluation of the two-phase thermodynamics. 

By thermodynamic logic. the tension region (P < 0) shown in Fig. 6.4 should be a part of 

the solid-vapor area of the state surface. However, for 

T < TTL (6.55) 
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and 

P > Pmin ' (6.56) 

the solid and liquid functions are employed to yield tensions. This is necessary to ensure proper 

unloading behavior in solids in which relaxation times are too large to be of interest. In all 

realistic situations, the discontinuity in the state functions produced by this method cannot be 

reached. The material will fracture first. The fracture models are discussed in Section VII. 

VI-4. Extrapolation Outside of Table Mesh 

It seems that, no matter how large the mesh of a table, sooner or later the code will 

request a point external to the outer mesh boundaries. This problem becomes more apparent by 

observing that the calculation in Section VI-3 might require a vapor-phase density much smaller 

than the true material density. Extrapolation expressions have been developed to extend the 

thermodynamic functions outside the mesh in any direction. Different relations are used in each 

of the eight regions shown in Fig. 6.5. The following list provides the expressions. They, of 

course, apply only to the thermal components of Section VI-I. The cold terms can be evaluated 

at all densities from the expressions in Section VI-2. The functions 'are continuous at each line 

separating the different areas. It is necessary to define one new constant. The term C
vh 

is the 

heat capacity to be employed at high temperatures. In most cases, 

C h = -2
3 

(Z + 1) k N v ' 0 
(6.57) 

where Z is the average atomic number of the material, No is the number of atoms per gram, and 

k is the Boltzmann constant. To shorten the notation, the argument variables on the left-hand side 

of all expressions are suppressed. This means for example that E = E(p, T). 

6 

i 1 ' 
Eo< 

T.f 

5, 
0 

~ 

2 

4 

p-

7 

8 

Fig. 6. 5 Regions for extrapolation 
outside of table mesh. 
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Region 1 

(6.58) 

E = E (Pi' T) , (6.59) 

p = 2- p (p , T) , 
P£ £ 

(6.60) 

(6.61) 

c = C (Pn' T) , 
v v x.. 

(6.62) 

(6.63) 

(6.64) 

K = K (Pn' T) r r x.. 
(6.65) 

Region 2 

(6.66) 

E = E(p, T ) + C h (T - T ) , 
u v u 

(6. 67) 

p = p(p, T ) + ~3 C h p(T - T ) , 
u v u 

(6. 68) 

S= S(p,T )+C h£n(T/T), 
u v u 

(6.69) 

(6.70) 

oP 2 
oT = '3 Cvh P , (6.71 ) 

C = C (P,T)..JTTT 
s s u u 

(6.72) 

(6.73) 
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Region 3 

p>p I Tns;Ts;T I 

U '" U 

E = E (p I T) I 
u 

P = .E.... P (p T) P u' I 

U 

Pep ,T) 
S = S(p T) _ u 

u' P T 
u 

c = C (p I T) I 
v v U 

K = K (p T) 
r r u' 

Region 4 

T 
P = - Pep To) I 

T..e I" 

c 
v 

K = K (p,T..e) 
r r 

(6. 74) 

(6. 75) 

(6.76) 

i.n (~) I 
(6.77) 

(6.78) 

(6. 79) 

(6.80) 

(6.81) 

(6.82) 

(6.83) 

(6.84) 

(6.85) 

(6.86) 

(6.87) 

(6.88) 

(6.89) 



Region 5 

(6.90) 

(6. 91) 

(6.92) 

S = S(P.e- T.e) - P~.e~:.e) .en (~) - E(P;~ T.e) .en C;) , (6.93) 

\ 

C 
v 

(6.94) 

(6.95) 

(6.96) 

(6.97) 

Region 6 

(6.98) 

E = E (P " ,T ) + C h (T - T ) , 
x U v u 

(6.99) 

P = ...E.... P(p T) + ~3 C hP (T - T ) , 
p .e' u v u 

.e 
(6.100) 

(6.101) 

(6.102) 

aP 2 
aT = 3" Cvh P , (6.103) 

C = C (p",T ) v'TTT , 
s s "- u u 

(6.104) 

K = IK (p",T ) - 0.2} .ITulj3't 0.2 ~ MINIK (P ,T ), 0.2 t . 
r I r "- U ) IT I r .e u \ 

(6.105) 
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Region 7 

(6. 106) 

E = E (p ,T) + C h (T - T ) • 
u u v u 

(6. 107) 

P =..E... P (P T) + ~ C P (T - T ) 
p u' u 3 vh u • 

u 
(6. 108) 

P(p • T ) T 
S = S(p T) - u U £n ~..E...) + C £n (-) u· u P T P vh T 

u u u u 
(6. 109) 

C = C h • v v 
(6.110) 

OP 2 
oT = '3 Cv p • (6. lll) 

C =C (P,T) ~ • s s U U U 
(6.112) 

(6.113) 

Region S 

(6. ll4) 

(6. llo) 

pT 
P=-T PCp ,Tn) • 

Pu £ u" 
(6. ll6) 

.en (~) (6.ll7) 

(6.llS) 

~6. 119) 

(6. 120) 

K =K(p,T) 
r r u " 

(6. 121) 
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The formulas used in Regions 3, 7, and 8 are not too important since they are almost never used. 

On the other hand, the Region 1 expressions are frequently required in the mixed-phase calcu­

lation. For this reason, special coding is included in the mixed-phase calculation to treat this 

case rapidly. 

VI-5. Radiation Field Terms 

For problems in which the radiation calculation is included, the radiation field thermo­

dynamic functions must be added to the material terms. Under the local thermodynamic 

equilibrium assumption, the field properties are determined solely by the temperature and density .. 

The required expressions are 

and 

E 
40" T4 

=---r cp 

C 
160" T3 

vr cP 

P 
40" T4 

r =~ 

oP 

S 
r 

opr = 0 , 

160" T3 
3cp 

(6. 122) 

(6. 123) 

(6.124) 

(6.125) 

(6.126) 

(6. 127) 

where energy and entropy have units of per-unit mass in contrast to (2.5), which is per-unit 

volume. As before, 0" [= 1. 0283 x 10
12 

erg/cm
2 

sec ev
4
] is the Stefan-Boltzmann constant and 

c [ = 2.997929 x 10
10 

em/sec] is the velocity of light. 

Calculation of the sound speed by (6.8) presents a problem since the (O~m)T is not easily 

available. Independent tabular values were retained in mesh for C ,the material sound speed. 
sm 

As a result, the approximate expression 
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C 
s { 

2 2 } 1/2 
C + C 

sm sr 
(6. 128) 



is employed, where 

4 
160" T = i E 

9cp 9 r 
(6.129) 

is determined by substitution of (6.123), (6.125), and (6.126) into (6.8). Because of the approxi­

mate nature of (6. 128), a safety factor has been included by replacing the ~ = 0.4444 ••• by 

0.45 in (6. 129). 

VI-6. Coding and Storage 

In the generation of the master data tape, each EOS is assigned a unique number. Request 

in CHART D for a given material must be made with this number. The code selects all of the 

required information from the tape automatically and stores it for future use in one of two ways. 

All tabular data can be stored in continuous arrays in machine fast core. This method has the 

disadvantage of requiring large storage blocks for the data tables. In the other method, only one 

table is retained in core. All tables required in the calculation are kept in the larger (and slower) 

memory systems, and only the one currently necessary is brought into fast core. On the 

CDC 6600, the extended core storage (ECS) system is used. However, provisions have been made 

for other systems which do not have ECS to use disk or tapes or whatever is available. For 

non-ECS machine modification, see Appendix C. 

The listing in Appendix G contains the switch setting for ECS use. A single variable 

change in a data statement will force entire fast core storage. The instructions are included as 

comments. However, it is likely that dimensions will have to be increased. 

VII. VOIDS, SPALL, AND JOIN 

Voids or gaps between layers of material can appear in CHART D in one of two ways. 

They may be zoned into the initial configuration or be formed during the calculation as the result 

of material failure. Complete material separation is allowed, and provisions are included for a 

void to close and the material to join together. The means to treat these conditions form two 

completely unrelated computations. By far the largest part of .the calculation involves the 

mechanism of determining the motion and related properties of the extra free surfaces in the 

interior of the material. The fracture models, on the other hand, form a small and isolated 

section of coding. 

For storage reasons, material is only allowed to fracture and a void exist at a zone 

boundary. The situations before and after a fracture in zone i are shown in Fig. 7. 1. Clearly, 

at least two new variables must be defined to describe the extra position and velocity. When a 
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Fig. 7. 1 Situation before and after fracture. 

separation occurs between zones i and i+ 1 (position X
i
+ 1)' the right-hand side of zone i+ 1 is 

followed by the previously defined variables X
i
+ 1 and V i+ l' The information concerning the left-

hand side of zone i is retained in XL. and VL .• 
1 1 

It is now necessary to return to the calculations 

of Sections II through V and make provisions for this situation. In the momentum computation 

(2.20), each void boundary is treated as a free surface, with zero vapor pressure except for 

radiation pressure in the void area. Complete details are lengthy but obvious and will not be 

given here. 

Voids appear in the standard edit as breaks in the normal printed order, with the appro­

priate XL and VL values inserted. A single-line gap is also inserted in the void position. 

VII-I. Fracture Models 

Three fracture models are available in CHART D. It is important that they be used and 

proper input parameters be defined. Unrealistically large spall thresholds can force the code into 

the regions with the thermodynamic discontinuities mentioned in Section VI-3 and in the authors I 

accompanying report 
4 

with catastrophic results. 

All stress values in the following subsections are boundary-interpolated. When a fracture 

is located, the values of XL and VL are initialized to those of X and V. 
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Stress Gradient Model 

The stress gradient criteria were developed by Thurston and Mudd. 14 Simple modifi-- . 
cations are made for treating temperature effects. The reference temperature spall threshold 

is given by the function 

(7. 1) 

where ao is the static tensile strength, au is the ultimate or absolute .maximum strength, A and B 

are material constants, and a is the tensile stress at which spallation occurs. While only a very 
s 

limited amount of temperature-dependent data is available, a simple multiplicative factor can be 

employed to approximate the effects: 

(7.2) 

where a is the spallation stress', T is the temperature at which strength vanishes (usually the 
~ . .... s 

melt temperature), T is room temperature, and C is a constant. The value C = 1/2 seems to fit 
o 

some of the available data. The minus sign in (7.2) is included so that the input of values of a 
o 

and au are positive. 

Cumulative Damage Model 

In the cumulative damage criteria of Tuler and Butcher, 15 the quantity of interest is 

t 
K(t) = f f(a) d t , (7.3) 

where 

o 

f(a) = (-a - a /-
o ' 

O,a~-a 
o 

a < - a 
o 

(7.4) 

A is a material constant and, as before, a is the static tensile strength and a posifive number. 
o 

Failure is assumed to occur when K(t) exceeds a given value. A temperature dependence similar 

to that of (7.2) is given. If K is the reference temperature value, the spallation occurs when 
s 

K(t) > K 
s 

(7.5) 

77 



In both of the above models, it is assumed that the numerical value of C is positive. The 

switch to distinguish between the two calculations is contained in the input value of C. If a positive 

or zero value is given, the stress gradient is employed. A negative value will result in the 

cumulative damage criteria with the negative of the input number assumed to be C. See Appendix H 

for complete input details. 

Tensile Strength Model 

In many practical problems, sufficient information to employ the above models is simply 

not available. By far the most widely used criterion is that of maximum tensile strength. Here, 

the material fails when the stress exceeds (in a negative sense) some given value. Unfortunately, 

this value is often treated arbitrarily. In this situation one should not be surprised if the code 

produces somewhat arbitrary results. 

Observing the relations for the stress gradient model, it is clear that the present calcu­

lation is a special case of the former. If A is set to zero and 0'0 = O'u' the model is that of the 

tensile limit. The same type of reduction is possible with the cumulative damage criteria. Note 

the similarity in input form for this calculation and that for the stress gradient in Appendix H. 

Vll-2. Join 

When two free surfaces collide, the material is said to rejoin. The condition is easily 

recognized when 

(7.6) 

as related to Fig. 7. 1. When this situation is found, a new velocity of the new single boundary is 

computed to conserve momentum: 

(7.7) 

with the value of the rejoin velocity on the left-hand side and those on the right-hand side the free 

surface values. The new position is taken as the average of Xi+ 1 and XLi' 

By forcing these relations to conserve momentum, kinetic energy will not be conserved. 

This is to be expected from phYSical arguments. The small amount of energy that would otherwise 

be lost to the calculation is introduced into the two colliding zones as internal energy. 

The future behavior at this interface must also be considered. To prevent a welding 

effect, appropriate parameters in each of the above models are set so that no tensile wave can be 

supported at any interface where a void has previously existed. Clearly, this procedure will only 
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relate to solid materials below the melt temperature. Hopefully, there exist no regions in the 

EOS wtth tensions above the melt temperature. If there is such an area on the thermodynamic 

surface, the EOS -is improperly defined. 

VIII. INITIAL AND BOUNDARY CONDITIONS 

VIII -1. Zone and Material Numbering 

In the initial definition of a problem, the position of each of the zone boundaries or spatial 

mesh points as referenced in Section 11-4 must be specified. A material identification is also 

required. While most of this is done automatically by the code, the user must possess a clear 

knowledge of the numbering scheme and input order for satisfying results. All input starts with 

the largest position and consecutively works to smaller positions. 

An example of a three-material problem is shown in Fig. 8.1. The zone and boundary 

numbers start with 1 at the largest position and increase with decreasing position. The material 

layers are defined by the material boundary positions. Material numbering is automatically 

produced and is internally related to the equation-of-state identification code. It is not necessary 

to zone an entire material layer with a single set of zoning input parameters. Each layer can be 

zoned in one or more regions. However, the material layer boundaries must lie on zoning region 

boundaries; i. e., the former must be a subset of the latter, and the entire layer must have the 

same EOS number, fracture, and elastic or porous properties. If this is not the desired result, 

the layer must be divided into two or more layers. In the standard versions of the code there is 

a maximum of 20 layers. There is no limit to the number of zoning regions except it cannot 

exceed the total number of zones in the problem and must at least be as large as the number of 

materials. 

If several layers of the same material are found in a problem but these layers are 

separated by a different material, the various layers must be individually treated. The same 

EOS number can be used for all, however, and no extra EOS storage is reqUired. For example, 

in Fig. 8. I, materials 1 and 3 could be the same substance with the same EOS but would be treated 

elsewhere in the code as different. 

One of the zoning options can be-used to produce voids in the initial-configuration. 

These gaps can lie inside of a layer or between two layers. In the latter case, the materia1 

boundary is taken to be the left-hand side of the void. Another example similar to the first, 

except that it has two voids, is shown in Fig. 8.2. While still having three materials, this prob­

lem would require at least six zoning regions, in contrast to a minimum of three for Fig. 8.1. 
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The principal part of the zoning is accomplished by use of card set 11 as related in 

Appendix H. The fine points of mass ratio zoning are discussed in Appendix B. Care must be 

taken to define any equations of state referenced in the zoning. A set of cards must be included 

for each analytic EOS. If tabular data are requested, the master data tape must be supplied. 

VIII-2. Boundary Pressures and Temperatures 

As mentioned in Sections II-4 and III-3, the user must supply external pressures and 

temperatures to couple the material under consideration to its environment. 

The pressures can be provided in either of two ways. In the first, the exterior boundary 

can be fixed in space. This is equivalent to requiring the exterior pressure to equal the interior 

pressure (plus artificial viscosity). Under the second option, a time-dependent external pressure 

can be defined by giving the magnitude at specified times. For intermediate values, a linear 

interpolation is applieq. An example is shown in Fig. 8. 3. If no values are provided, the code 

assumes zero boundary pressures. Separate curves must be defined for both the inner and outer 

boundaries with the use of the same time values. Note, however, for cylindrical and spherical 

geometry problems without a central void that there is no inner surface; thus this input is ignored • 

• Input 

4 values 

~ /.,./\ 
~ ......... -... 
~~---------------------

Time ____ 

Fig. 8.3 A boundary pressure-time history. 

Boundary temperatures are treated in much the same manner. Values linearly interpo­

lated from input points are used to compute incident fluxes as related in Section III-3. The scale 

factors Sf and Sb can be set to yield reflecting boundaries. 

VIII-3. Zone Activation 

In many problems the motion is restricted to small parts of the entire problem for a 

significant portion of the calculation. In order to save computer time, an activity test is incorpo­

rated. Tests are made on both the material velocities and radiation fluxes •. If either exceeds a 

specified value, the adjacent zones are activated. 
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Initially, any zone with a moving boundary or energy source is assumed to be active. 

Other zones may be activated by the card inputs. There are no restrictions on numerical order 

of active and inactive zones. Any zone, once activated, remains active until completion of the 

calculation. 

It must be pointed out, however, that no zone in the problem is ever completely inactive. 

In some of the calculations, the inactive zones must at least be parti~lly included, e. g., the 

matrix inversions in Section Ill. The reasoning behind this requires a detailed study of the 

structure of the relations and will not be given here. The important point is that problems 

should not be defined with large numbers of zones which will not be activated in the time period 

of interest, since the calculation will be unnecessarily slowed. 

VIlI-4. Energy Sources 

CHART D contains provisions for several types of energy sources. All are used to 

define the ,rj> function in Eq. (2.3). No matter which type of source is employed, the data are 

reduced to the following form for internal use. The coupling to externally produced deposition 

profiles is discussed in Section VIlI- 5. This calculation is also employed in the description of 

high-explosive materials as related in Section X. 

Basically, the code requires a four-point deposition time history for each zone, as 

shown in Fig. 8.4. Each history can be independent of the rest. Storage is required for the 

four time values and two ,<j' values. At the first and fourth value, ii'is zero. A linear interpo­

lation is used for intermediate time s between 

/J' 
2i r 2i , 

(8.1) 

i/3i t = r 3i , 

:/4i = 0 t ;e 
'T4i , 

with 

o ,; r li :;; r 2 i < 'T 3i ,; 'T 4i • (8.2) 

For accuracy, any nonzero interval r .. - 'T. 1 . should be large compared to t.t. As. a result, 
J1 J - ,1 

during deposition the value of t.t is not allowed to exceed 1/200 of the largest value of r 4i' In 

most problems this condition is sufficient to ensure resolution. 
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Fig. 8.4 Source strength-time history for zone i. 

The total energy added to zone i through time t is 

t 

td: .(t) = M. f 07.
1
0 d t , 

ep 1 1 

o 

while the total source strength is 

Isou (t) = "" {d·· ep 10 (t) • rce L.J 

When t > 1"4i' the deposition in zone i is complete with the result 

(8.3) 

(8.4) 

(8.5) 

Clearly, this. scheme requires six times the number of zone storage locations to retain the source 

histories. Except when required, these data are retained out of fast memory. As with excess 

tabular EOS data, the CDC 6600 extended core storage (ECS) system is employed. Modifications 

for machines without ECS are given in Appendix C. 
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This external storage of source histories would make it easy to include much more com­

plex data. While it has not been done, a simple routine could be added to edit the data as time 

progresses to yield any desired form. One would only have to force the current values of T 2i and 

T 3i to encompass the correct time. No other code modifications would be necessary. The natural 

place for these changes would be at the beginning of subroutine SOURCE. 

VIII-5. Coupling to Externally Generated Energy Profiles 

One of the energy source options provides a mechanism for coupling to energy deposition 

profiles produced externally to CHART D. Possible sources of these profiles at Sandia include 
16 17 18 .. . . 19 

DTF and BUCKL' for electromagnehc radlatlOn and ETRAN for electron beam problems. 

In general, most deposition codes fall in one of two classes. In the first, a zoning scheme 

similar to that employed in the hydro codes is used. The computed information consists of the 

total energy deposited in each zone. The result is a histogram as shown in Fig. 8.5. The codes 

DTF and ETRAN are of this type. 

The other form of deposition profile is shown in Fig. 8.6. Here, the speciiic deposition 

at various points in the material is determined. BUCKL produces information using this system. 

A calculation provided in the subroutine ZAPPER can accept either of the two forms and 

convert them into a form usable in CHART D. For historical reasons, the first form is referred 

to as DTF formatted data and the second as BUCKL formatted data,. Both forms are converted to 

a histogram profile for CHART D by use of CHART D material zoning. There are no require­

ments that force similar zoning in the deposition code. Any zoning acceptable in the deposition 

is acceptable to ZAPPER. To eliminate requirements for common units, it is assumed that the 

given deposition profiles are for unit fluence, i. e., divided by the total incident flux. Provisions 

are in cluded for renormalization. 

There are two restrictions to the acceptable data: 

(1) Only plane geometry is allowed. 

(2) There are no provisions for interior voids in the· material on input. 

This latter condition applies only to the input deposition format and, because of the former con­

dition, this does not affect the energy profile. Voids may be zoned into the hydrodynamic calcu­

lation by a special rezoning after the ZAPPER computation has been completed. 
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Fig. 8. 5 A histogram energy deposition profile. 
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Fig. 8. 6 A point energy deposition profile. 



The above procedure determines the value of 6}d . ("') as defined in (8.5). Input param-
ep 1 

eters complete determination of the quantities in (8.1). Provisions have also been made to retard 

the deposition in each zone by the transit time of light from the front surface to the zone in 

question. It is assumed that the flux is incident from the right (on zone 1) as defined in Figs. 2. 1 

and 8. 1. 

Details of the input data formats are given in Appendix D. 

IX. TIME STEP CONTROLS 

Finite difference methods as employed here are frequently subject to mathematical 

limitations which place upper bounds on the integration time increment that can be used without 

unstable growth of spurious signals. A simple statement of the condition for integration of the 

hydrodynamic equations is that a sound wave should not be capable of propagating across any zone 

in the given interval of time; i. e. ,. 

Clt < ClX 
C s 

where ClX is the zone width and C the sound velocity. 6 This expression is obtained for the 
s 

equations without artificial vis cosity. A more exact criterion in the present situation is (see 

Appendix A of Reference 7) 

< 

Clt < ClX 
C 

s 

ClX 

ClV "' 0 , 

ClV < 0 , 

(9. 1) 

(9.2) 

where eN is the velocity differential across the zone, Bjl and B q are the viscosity coefficients 

defined in Section II, and 

2 
<P = B n C - B ClV . 

JC. S q 

The hydrodynamic time step Clt is taken to be the smallest value obtained from (9.2) for all 
cS 

active zones; 
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(9.4) 



where the factor f
1

is included so that the time increment may be reduced from the strict stability 

limit. This factor is an input parameter and is normally chosen as 0.8. In no case should it be 

greater than 1. 

Provisions have also been included to limit the rate of increase of Ll.t. With f2 an input 

parameter, the time increment Ll.t..e is defined as 

(9.5) 

where 6t" is the Ll.t of the last cycle, as in Section II-4. Normally, f2 is taken as 1. 05. If the 

temperature of a zone seems to be changing too rapidly or an excess of matrix inversions is 

required in the Section III calculation, Ll.t..e is reduced slightly. 

Input parameters are provided so that upper and lower bounds to the allowed increment 

may be given. 

time step. 

The. values are denoted as Ll.t and 6t . . These are useful in forcing a given 
max mm 

The final expression employed to determine the new time increment is given by 

(9.6) 

where 6t d and 6t are given in Sections III and VIII. Obviously, if one of the 6t values in 
ra source 

(9.6) does not apply to the problem under consideration, it is not included. For a safety factor, 

only 1/10 the value given by (9.6) is used on the first cycle of each problem. In some calculations 

this might not be sufficient, and the initial 6t should be controlled for a short time by 6t . 
max 

There are two sections of the code that may decrease the value of 6t after a cycle calcu­

lation has begun. Reasons for the radiation computation recycle are given in Section III. The 

other involves only the hydrodynamics. For reasons of accuracy, the density changes in a given 

time step are required to not exceed 10 percent. This calculation is sometimes forced by the 

rejoin procedure of Section VII. If too large a change is found, a recycle is performed with a 

reduced ~t value. In problems where an excess of recycles are encountered, the value of f1 in 

(9.4) should be decreased. 

X. HIGH EXPLOSIVES 

The treatment of high explosives in CHART D is different from the methods employed in 

most hydrodynamic codes. In one sense they are considered just as is any other substance. All 

of the computations previously discussed, including the elastic calculation of Section IV, can be 
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used. The only restriction to this is a result of storage arrangements. For reasons explained 

below the porous material computation carinot be employed with explosives. This has nothing to 

do with the models and, with slight recoding, can be treated. 

Basically, the code only requires the detonation wave velocity D and either the chemical 

energy release per unit mass Q or the postdetonation pressure P . to function. There are, 
CJ 

however, very strong requirements on the equation of state for proper burning behavior. These 

conditions are discussed in detail below. CHART D assumes that the given EOS -data satisfy 

them. A section in the test program CKEOS is provided to test the data.
4 

A simple self­

detonation calculation is also provided. 

X-l. Equations of State for High Explosives 

It is assumed that explosives have an EOS similar in form to any other material. 

Generally, there are two interesting regions. The undetonated material is not greatly different 

from normal solid and plastics. Detonated material on the other hand is similar to gas. These 

two regions are sufficiently separated that the treatment by a single EOS is possible. There are, 

however, several relations that must be satisfied for proper burning behavior. These conditions 

follow. It is the code user's responsibility to ensure that they are satisfied. The actual mechanics 

of the burning are given in the next section. 

and 

The three conservation relations which describe a detonation front are 

P(D - U) = p (D - U ) 
o 0' 

2 
P + p(D - U) P + p (D - U )2 

o 0 0 

111 
E - F - Q = - (P + p ) (- - -) 

o 2 0 Po P 

(10. 1) 

(10.2) 

(10.3) 

where quantities with subscript 0 refer to conditions before detonation and those without the sub­

script refer to conditions after detonation. 20 The symbols P, p, U, and F are pressure, density, 

material velocity. and internal energy. As previously mentioned, Q is the chemical energy 

released per unit mass and, unfortunately, a somewhat ill-defined quantity. To simplify the 

expressions it is assumed that both Po and U 0 vanish. 
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The above expressions do not consider the stability of the detonation wave. The question 

here is whether the front will propagate without increasing or decreasing in strength. The 

Chapman-Jouguet condition expresses the situation reached in stable propagation. This relation is 

C. D - U , 
cJ 

where C . is the sound velocity behind the detonation front. 20 The explosive can burn under 
cJ . 

conditions not satisfying (10.4) but will only stabilize when (10.4) is satisfied. To obtain the 

desired forms of the above expressions, substitute (10.4) into (10. 1), 

and (10.1) into (10.2), 

C . = P D/p , 
cJ 0 

(10.4) 

(10.5) 

(10.6) 

These two relations impose rather strong conditions on the equation of state when an attempt is 

made to match the experimental data. Equation (10.3) serves more as a definition of Q which 

depends heavily on the form of the EOS. 

Let us assume that experimental information concerning a given explosive is available. 

All normal properties of the undetonated material are given and, at a minimum, the values of 

C ., P ., and D. Information relating to the burn temperature is also helpful but not necessary. 
cJ cJ 

The first step in testing a candidate EOS is to calculate, as a function of density, the 

solution of (10.6). Because of the form of the EOS, this involves determining a temperature 

which with the given density will yield a pressure satisfying (10.6). An example is presented in 

Fig. 10.1. The numerical values are appropriate for RDX with p = 1. 82 gm/ cc and D = 8.75 x 
o 

10
5 

cm/ sec. In general this curve will have a maximum at some density greater than p and 
o 

decrease thereafter reaching T = a at p = p • Clearly the solution, iJ it exists, must lie some-
max 

where between p and p • The sound speed at each point on the curve is determined from the 
o max 

EOS and is shown in Fig. 10~ 2. There is also the value given by Eq. (10.5). To avoid confusion, 

this relation is written as 

A 

C = P D/p 
s 0 

and is also shown in Fig. 10.2. The point of intersection is the C-J point for this EOS. 

(10.7) 

It is possible that the two C
s 

curves will not intersect. This situation indicates that this 

material cannot form a stable detonation wave and usually results when the given detonation 

velocity D is grossly inconsistent with realistic values. 
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Fig. 10.2 Solutions of Eqs. (10.6) and (10.7) for RDX. 



This intersection determines all of the detonation parameters which may be compared to 

the desired properties. If the agreement is not sufficient, the EOS parameters must be adjusted 

and the computation repeated. Normally, a favorable comparison is possible in a few iterations. 

The Q value can then be determined from (10. 3) since. the energy E is known. The results for 

RDX are shown in Fig. 10.3. 

One of the obvious but sometimes overlooked requirements on the EOS is that the refer­

ence point sound speed must be less than the detonation velocity. If the condition is riot satisfied, 

no amount of juggling of other parameters will produce a usable EOS. 

In some problems other features of the EOS may be important. Release adiabats from 

the C-J point might require study. Unfortunately no general rules are available, and each problem 

must be considered independently. 
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Fig. 10.3 Solutions of Eqs. (10.3) and (10.6) for RDX. 
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X-2. Inputs, Coding, and Storage 

Seven input parameters are required to treat a burn of high-explosive material in addition 

to the EOS and are listed as source type 6. Two of these are the detonation velocity D and either 

the chemical energy release per unit mass Q or the Chapman-Jouguet pressure P .. If P . is 
cJ cJ 

given, a short computation is performed to determine a Q value. The C-J density is calculated 

from (10.6) in addition to a temperature appropriate to P .• Q is then determined by (10.3). 
CJ 

Even if both are known, there is an advantage to giving P . instead of Q. If P . is defined, it is 
CJ cJ 

saved to serve as a switch for a self-detonation calculation. This is discussed further below. 

In terms of the energy source calculation of Section VIII-4, Q can be considered as 

8
d
' .("')/M., as given by (8.5). It is assumed in the present situation that 

ep 1 1 

'T 3i = 'T 4i ' 

and 

so that 

(10.8) 

(10.9) 

(10.11) 

The'T values are determined by the other input parameters. Let Xo be the point of initiation of 

burn at time t . The start of burn in zone i is then taken as 
o 

where X. is the zone center. 
1 

(10. 12) 

The other 'T value is computed from the number of zones N desired 

in the front. The input parameter N is normally taken as about 3. The desired result is 

(10.13) 

where c, X. is the zone width. 
1 

This determines all of the terms necessary for the source compu-

tation. The result is a narrow source region sweeping through the material with velocity D. 

Because of the finite size of 6t, it was found that the above system would tend to put 

slightly more or less than average energy in each zone. Small waves in the burn profile were the 

result. For this reason, a special computation was added in subroutine SOURCE to keep track of 
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exactly the energy generated in each zone. This quantity is compared to the correct total amount. 

and small adjustments are made as required. For zone i. the negative of the total generated 

energy is stored in an array called THESE(i). In order to save storage locations. this array is 

equivalenced to the array containing the distention ratios for the porous material calculation. As 

a result. the porous material and high-explosive calculations cannot be used for the same material 

at the same time. On the other hand. there is no reason that a given problem can not have both 

high-explosive and porous materials. In the subroutine FOAM, any zero or negative distention 

ratio is treated as unity. If it is really desired. this case can be treated by removing the equiva­

lence statement, setting the proper dimension for THESE (in the main program and SOURCE). 

and modifying the eighth variable in the YIELD array as stated below. However. the restart 

calculation is not likely to operate correctly until after the burn is completed. 

In cylindrical and spherical geometries. convergence of detonation waves can be 

encountered. In certain situations the wave will tend to propagate faster than D. To treat this 

case and possibly others, a self-detonation computation is provided. If P . is defined as an input 
cJ 

parameter. it is stored in the location YIELD (J.8). where J is the material layer number. Note 

that this variable is not used in the elastic computation in Section IV but is in the porous material 

storage as discussed in Section V. If the pressure in a zone exceeds the value of P . before the 
cJ 

zone should start to burn, the T values above are shifted to the current time. It is realized that 

this simple method does not cover all interesting situations of this type. However. the code can 

easily be modified to treat special cases as the need arises. 

XI. INPUT, OUTPUT, AND ACCOUNTING 

Complete details concerning the input parameters and their functions are given in 

Appendix H. Hopefully. no additional information is required other than the knowledge that each 

and every input does affect the function of the code and its computed results. The program can 

only be expected to solve the problem exactly as defined to it. Obviously, it is the users 

responsibility to make sure that this problem and the phYSical one in question have some corre­

spondence. 

XI-I. Standard Editing 

The standard editing may be divided into two parts: information generated to initialize 

the calculation and cycl~-by-cycle data produced during the running mode. The frequency of the 

cycle edits is controlled by several input parameters. All printed output is labeled with easily 

recognizable names. provided the appropriate sections of this report have been covered. 
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The format of the output changes to fit the problem at hand. When porous material is 

present, the distention ratios are listed. The linear momentum is printed in plane symmetry 

,?alculations and all three stress components in cylindrical geometry. These types of functions 

are completely automatic. The user has no control over such features. 

In some problems it might be desirable to obtain more values of a given function than 

would be possible with the standard output because of the length of the printed information. For 

example, a finely detailed stress history at a given point- in the material could be required. There 

are no provisions built into the code for this type of output. The bookkeeping and linkage would be 

extremely complex. On the other hand. it is quite simple to insert several cards into the deck 

to obtain any desired data. In most cases the natural point in the code for this insertion is after 

card number 1006 in the listing supplied in Appendix G. 

XI-2. Binary Tape Output 

Two binary output tapes are available. These are principally designed for plot and movie 

programs. The program MASPLT, described by the authors, 5 uses these tapes for input. 

The standard cycle edit data may be written on output unit 2 at the same frequency as the 

printed data. A more dense set of data can be generated by special output onto unit 3, This feature 

is useful for movies. The frequency of these dumps should be quite frequent for movies, since 

MASPLT interpolates between dumps. The format of the information on both output units is the 

same and is detailed in Appendix E. 

XI-3. Restart Input-Output 

It is sometimes desirable to complete a long-running problem after evaluating the early 

part of the calculation. A binary tape dump containing sufficient information to restart the calcu­

lation can be generated. The frequency of these dumps is controlled by an input parameter re­

lating to the internal computer clock. A dump is automatically produced and the code exits 5 

seconds short of the job card time limit. Fntire common blocks are written on the output tape 

during these dumps. For this reason, care must be used when changing the dimensions of sub­

scripted variables. 

The restart input tape is always unit 10. The restart output unit can be either 10 or 11. 

If unit 11 is used, information on tape 10 after the restart point is not destroyed. Multiple 

restarts are permitted by use of a single tape with new data added during each run. 

It should be obvious that the power of this feature will be lost if the user does not request 

tapes on the appropriate drives. Failure to use this option has probably resulted in more lost 

computing time than is caused by any other feature in the code. 
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XI-4. Accounting 

The features in this section do not affect the problem computation in any way. The 

following expressions relate only the method by which the code evaluates its results. 

The total energy contained in a calculation is the sum of the kinetic and internal (including 

radiation field) energies, The internal energy is 

N 

6int (t j + 1) = L: 
i= I 

j+ 1 
M. E. , 

1 1 
(11. 1) 

where E. is given by (2.7) and N is the number of zones. The kinetic energy cannot be evaluated 
1 

exactly at the same time because of the centering procedure explained in Section II. Within a half 

time step of (11. 1), the result is 

( ) I ~ M. (V~+1/2 + v j +I / 2 )2 
6k t j + l ="8 £..J 1 1 i+l (11.2) 

i= I 

The appropriate modifications for fractures are obvious, The current total energy in the problem 

is then 

(11. 3) 

In general, (11. 3) will not yield a value which is independent of time. Energy may enter 

or leave the material under consideration by several methods, Those easily included are PdV 

work at both external boundaries, radiation leakage, and internal energy sources. For each of 

these, a current value is computed during each cycle and a running tab is retained. The work 

performed at the front surface is 

(11.4) 

where the Al is given by (2.21), At the back surface the result is 

(11. 5) 

The net radiation energy gains are 

(11.6) 
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and 

(11.7) 

The total source energy is 

<£: (t.) + ~ M . .'f~+ 1 / 2 
sJ L...J 11 

6t • (11. 8) 

i= 1 

The correct value of the total energy that should be in the problem is 

(11. 9) 

where 

f,f = 8' (0) 
o totl 

(11. 10) 

is the initial energy. At each standard edit the current values of (11.1) through (11. 3) are calcu­

lated. The total energy error is defined as 

and the percent energy error as 

/; 
totl 

c· (0 

tot2 
(11.11) 

%6,9' = 100 6/;/(," tot2 (11. 12) 

The allowable error limits are not well defined in general. Even if the calculation were exactly 

conserving, (11. 12) might be nonzero because of the centering error of (11. 2). Normal calcu­

lations give typical errors of 0.001 to O. 1 percent. In problems where ~ rf and /;'rb are large and 

negative, larger errors are acceptable. 

In plane geometry problems, a momentum calculation is provided. The equations are 

differenced in such a form as to exactly conserve momentum. All errors result from machine 

round-off. However, because of boundary pressures, the net momentum need not be constant. 

For each zone the momentum is given by 

= .!. M (Vj + 1 / 2 + V j+ 1 /2) 
. Iii 2 i i i+ 1 

(11. 13) 
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Necessary changes for a fracture are obvious. The total momentum summed to zone i from the 

front surface is 

i 

SMV(i) = E .At. (11. 14) 
j= 1 J 

This quantity is contained in the standard edit data for each zone. Impulse delivered to a given 

layer is then easily determined. 

The specific entropy of each zone is provided in the standard edit. The total entropy in 

the problem is also computed to provide an additional error check. 
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Appendix A 

STORAGE, SUBROUTINES, AND TAPE UNITS 

Storage Reguirements 

In the listing given in Appendix G, the dimensions are set for a maximum of 20 materials 

and 400 zones. These dimensions can be easily modified up to about 1700 zones by using the pro­

gram ZCHART. 5 For the 400-zone code, the central memory storage required is 200000 octal on 

the CDC 6600 with the FUN compiler and somewhat less with the FTN compiler. 

The extended core storage depends on both the number of zones and the number of tabular 

equations of state (NEOS) retained in the given problem. The following table applies to the 400-

zone version. ZCHART produces a similar table for each new dimension set. 

___ --NEO~S ______ __ _ECS 
DECIMAL OCTAL 

___________ -0 _____ ~ ________ 48 05 ___ Jl 0 0 011-305 _____ _ 
1 4805 000011305 

___________ 2- __________ 1./35 01-- __ 0 !) a U 44J.13 _____ _ 

3 25351l OOn061416 
4 32209--DDnO~b~k2~1----
5 39060 000114224 

----------6------------45911---00 [J~. 3152 7--
7 52762 000147032 

---- -------8------------ 5 % 13 ---- 00 0 16":5 3 5---- ---
9 66464 000201640 

_____ 1 0 .7 331S __ .D 00217..1 1 • .3 __ _ 

11 OD166 Oa0234446 
--.------12------------ll70 17----0 C D 2 51 i" 51-------

13 93866 000267254 
_________ j_ I. -----------1 007.i 9 ___ a 0 -0 30 It ~ 51- _____ _ 

1S 10757J 000322C62 
_____ ---1.6 11442L-nD0.331....365 __ 

17 121272 000354670 
---------18-------------1211123-- 0.103 7217--J------

19 134974 D004D747& 
_______ 20 __________ .141625 ___ 0 00 42500L ____ _ 
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List of Subroutines 

These subroutines and entry points are defined: 

CHART D 

EDIT 

ELPL 

FOAM 

EDGE 

TEDGE 

SOURCE 

FRACT 

EOS 

TPLINE 

ANEOS 

ANEOSI 

ANEOS2 

ANION1 

ANION2 

ANION3 

EPlNT3 

ANTWOPH 

ANPHASE 

ANMAXW 

ANLS 

ANHUG 

ANPHTR 

ANDATA 

ZAPPER 

ZONE 

~:~ 

Part of ANEOS package. 
from EOS. 

104 

Main program 

Standard output 

Elastic -plastic calculation 

Porous material calculation 

Boundary pressures 

Boundary temperatures (entry point in EDGE) 

Energy sources 

Fracture calculations 

Tabular equations of state and calls to ANEOS 
package 

Determines triple line data 

-,- Evaluates the third exponential integral 

Conversion of DTF and BUCKL formatted 
input data 

Mass ratio zoning 

See Reference 4 for complete description. EPINT3 is also called 



The machine library functions for exponential (EXP), squar"e root (SQRT), and natural 

logarithm (ALOG) are used. Calls to the CDC 6600 clocks SECOND and HOROLOG are also 

present. 

Logical Tape Units 

These logical tape units are defined on the program card: 

1. Standard edit output tape. It is usually equivalenced to the printer. 

2. Optional binary edit output tape for plot programs, etc. (see note below). 

3. Optional binary movie output tape. 

7. Standard DTF or BUCKL input tape. 

10. Standard restart output and input tape. 

11. Optional restart output tape. 

12. EOS input tape. 

17. Optional DTF or BUCKL input tape. It is usually equivalenced to the card reader. 

NOTE: It is almost never desirable to produce both the binary dumps on units 2 and 3 at the 

same time. Accordingly, in the listing given in Appendix G, unit 2 has been equivalenced to unit 3 

on the program card to save buffer storage. Any output on 2 will appear on unit 3 unless the pro­

gram card is changed. When the program is used on machines without extended core storage, 

additional units must be defined (see Appendix C). 
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Appendix B 

MASS. RA TIO ZONING 

For a calculation of this type, it is advisable that the masses of adjacent zones be nearly 

equal. However, it is not always possible to use exactly the same mass for all zones in a given 

problem; in fact, it is sometimes necessary that they differ by many orders of magnitude in 

various parts of the material. This is accomplished by use of variable mass zoning that slowly 

increases or decreases the masses from one zone to the next. In CHART D this is done auto­

matically, but the various inputs must be consistent with reality. It should be remembered that 

this discussion applies to a zoning region and not to a material layer as defined in Section VIII. 

There may be many zoning regions in a material layer. 

Consider a material. layer of mass .J!. In this region there are £ zones, with Mi the mass 

of zone i and R the adjacent zone mass ratio: 

The total mass .J! is then 

R = M./M. 1 • M·+ 1/M .. 
1 1- 1 1 

i= 1 i= 1 

= £M
1 

if R = 1 • 

i-1 
R • 

From the above expressions, it is easily shown that the mass ratio R is given by 

and the number of zones £ by 

£ = in {1 - (1 - R)./II/M 1 }/lnR if R 1- 1 

= uti / M 1 if R = 1 • 

Preceding pagtlJlank 

(B. 1) 

(B.2) 

(E.3) 

(E.4) 
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Equations (B. 3) and (B. 4) may be combined to show that 

(B. 5) 

and 

Q.. 

M ) i-I 

vlf = 
(M~ -

MI 1 

(:~r-l -1 

(B.6) 

As a zoning aid, plots of the functions are given in Figs. (B. 1) through (B. 6). 

There are several impossible situations that can be' generated by careless input. One of 

the more obscure may result when the values of Jf, M
I
, and R < 1 are being defined. The value 

of .e is required. However, consider (B. 2) in the limit as .Q ~ "'. This yields an upper bound on the 

allowed value of the total mass, 

, If < ,If = M 1 / (1 - R) , 
max 

(B.7) 

that may be used with the given values of R and MI' If a value of ~/r> ~lfmax is given, an error 

message will be generated and the code will exit. 
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Appendix C 

MODIFICATIONS FOR MACHINES WITHOUT EXTENDED CORE STORAGE 

In the program listed in Appendix G, the CDC 6600 extended core storage (ECS) is 

employed. This creates a problem on machines which do not have this feature. Disk or tape 

storage must be substituted. The following subroutine can be inserted in the program for this 

purpose. The method employed is not the most efficient that r::an be imagined, but no modifi­

cations in the main program except for the program card are necessary. 

Each call to ECS is replaced by reference to a tape unit. The dimensions are set through 

COMMON/ECSD/ to those in subroutine EOS. The additional tape units must be defined on the 

program card. While the subroutine itself is small, provisions must be made in the central 

memory storage request to allow for the additional buffers. Computational speed will also suffer. 

If sufficient central memory is available, the subroutine can be reworked to use the faster 

storage. 

In the example shown below, the code is limited to a maximum of five tabular equations 

of state. 
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***************00.. REPLACE CONTINIJATION PART OF PROGPA~ CARD 
lTAPF10,TAPF1] .T~I?lAPFI7-INPUT,TAPEIR,TAPEI9,TAPE20,TAPF21._ 
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C MFOST IS THE t-'l\ql"UI~ l'ilJM8Fp OF lAf',IILI\Q F{JIJATIO~IS nF STATF l 3 

_c.... .. _ ... _IfLESLA~0_. t.< .l_Af:i~~~ 'f_ .. .Y_~.L!JE_'2._.10._1_~~L!:!.I) ... ~~f.~5.. . .0N._lJjL_!" .. ~ 9.Ci~.A~\ .. !::.~!"g ._ ....... Z _____ ~ 
CO~1MO~; IE c:cJ\1 ;!FrSA .1\1[(5 10 Z '" 

. ____ .. ____ D.lK H,J 5.lD! 1 __ ~_ 8.~i'!:L l_L L· __ !'...i!.!.'n_!.....!':. I .l~..L ___ .. __ . __ .. __ ._ .. ___ .. ______ .... __ . _____ . ..... ..... __ 2 ....... _L_ .. 
DATA ~FOST.J.KA/s.I.g*nl 7 7 
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K=[) 7 9 
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Cll1 
__ . _______ ENI£~'t_'::L/)I'!:.L. ____ .... __ . __ . ___ ..... _ .. __ ... __ ... ___ .... __ ... _________ . ____ . _____ .. _ .. _ ........... J.. ___ L?~._ 
c Z J:J 

1<=1 Z 14 
10 IF (J) 2 n .c:,O.?O ? I~ 

.2.0 .. __ .. _J.=_fl_ .. _____ ._. ___ ._. __ . ____________ . ____ . ____ ...... _ ... ____ . ____ .. ___ . __ ._ . _________ . __ .. _ . _____ . ____ Z _.! t ...... 
rK=(NECS~-~)/12 Z 17 
KA(?)=6*kr 7 1~ ·· .. ·-······-·><C;·(~)-·;l-r;<;·~-v······--·-·-- ... -· .... --··-.---.... --... -- .. ·· .. · .. ·--··-·-···-··· .. ··-· .. ··-··--·····-.. ···--·7 .. -1·" . 
K~(4)=11<f~"+l 7 ?(l 
n() 'In 1=1. ~.'~(lST -------- -------·---7-----"1-·· 

:1 0 K II ( T .4) =~, F c: SA'> ( I - I ) • '.j F c: <, R Z ?? ... -... -... ;;;-F' i) ~C;T-;-I:; -{ i'i·c;-l'·. -4 --. --... -.-..... ----------.. -.... - -.... ----.--.-- .... -... --- -.. --.... -. --..... -. -. -.. . . "j ..... ?]-.. 

___ .. _ ... _ .. D_Q .. :':.0 __ L=..l_"...'~£.,,~I. ___ ... _ .. _. __ ... ___ ._. __ ._ .. _. __ ._ ... _ .. ___ '. __ .. __ . __ ........ _._ . __ ...... _. __ .. __ ! ..... _C _4.._. 

4() 
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KK=KT(I) Z 2"> 
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Appendix D 

EXTERNAL ENERGY DEPOSITION TAPE FORMATS 

The coupling to externally generated energy deposition profiles is discussed in Section VIII. 

Two input formats are available. The input tape drive is 7. Either format can also be used with 

punch cards. In this case, the cards follow those of card set 13, type 5, as discussed in 

Appendix H. 

DTF Formatted Data 

Card 1 Format (9A8, 18) 

Variables 1 to 9. An identification label - any BCD information. 

Variable 10. The integer zero. This informs the code that a DTF formatted 
tape is to follow. 

Card 2 Format (215) 

Variable 1. NZDTF - The number of zones. 

Variable 2. NMATDTF - The number of materials. 

Card 3 Format (1615) 

Variable. NBDTF(I), I = 1, (NMATDTF+ 1) - The zone boundary numbers 
between the various material layers. 

All Following Cards Format (2E20. 10) 

Variables. (DO (I), VO(I), I = 1, NZDTF) - The mass and energy deposited in zone I. 

BUCKL Formatted Data 

Card 1 Same as card 1 above (DTF Format) except Variable 10 is greater than zero. 
There is then one set of the following cards for each material or layer in the problem, 
starting from the right and proceeding to the left. 

Preceding page31lant' ! I :AfJJ.:i--
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Card 2 Format (14, E16.7, 14) 

Variable 1. JL - The material layer numbers except for the last. 
JL is negative for the last to discontinue the reading of data. 

Variable 2. TEMPH - The total mass of this layer. This must be the same 
as the CHART value. 

Variable 3. JJ - The number of points in this layer. The first and last 
points coincide with the right and left layer boundaries. 

All Following Cards Format (5E16. 5) 

Variables. (XO(l), VO(I), 1= 1, JJ) - The mass depth in layer and specific 
deposition at point I. 
XO(l) = D. 
XO(JJ) = TEMPH (above), 

Return to card 2 for next layer if JL > D, 
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Appendix E 

BINARY OUTPUT TAPE FORMA T 

The purpose and control of binary output tapes 2 and 3 are discussed in Section XI. The 

format of the information on both units is as follows: 

Record 1: 

(A NAME (I), I = I, 13) - the problem identification 

All following records: 

NZ, NZP, ICYCLE, NCOUNT, TIME, X(NZP), V(NZP), (X (I), V (I), XL(I), 

VL(I), ISPALL(I), T(I), D(I), P(I), Q(I), E(I), ENTSV(I), SXD(I), SZD(I), DRATIO(I), 

I = I, NZ), 

where 

NZ = number of zones 

NZP = NZ+ 1 = number of zone boundaries 

ICYCLE = cycle number 

NCOUNT = tape record number 

TIME = problem 

X (I) = position of boundary I 

V(I) = velocity of boundary I 

XL(I) = position of left boundary of zone I if fractured 

VL(I) = velocity of left boundary of zone I if fractured 

ISPA LL(I) = 0 if zone I is not fractured 

1 if zone I is fractured 

T(I) = temperature of zone I 

D(I) = density of zone I 

P(I) = pressure of zone I 

Q(I) = artificial viscosity in zone I 

E (I) = specific internal energy of zone I 

Preceding pagi9lank I d.-5 -I;). ~ 
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ENTSV(I) '" specific entropy of zone I 

SXD(I) '" X stress deviator of zone I 

SZD(I) '" Z stress deviator of zone I 

DRA TIO(I) '" distention ratio of zone I 
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Appendix F 

FLOW CHART OF MAIN PROGRAM 

Entry program CHART D 

Set initial values 

Read data cards 1 and 2 

NO ,....----..... ---....., YES 
,....----....;.;~ Restart? ~;.;;...;.....---~ 

Generate new problem Read restart tape header 

Write restart tape header Check problem name 

Zone Read and store EOS data 

Set up EOS data Read and store energy source data 

Add EOS data to restart tape Read and store proper cycle dump 

Determine triple line properties 

Initialize zone thermodynamic variables 

Initialize elastic variables 

Initialize porous variables 

Setup energy sources 

Add energy source data to restart tape 

Rezone for initial voids with type 5 source 

Set initial zone activity t----.t Set assigned GO TO values 

~--------------~------------~ 
Initial edit Initialize boundary temperatures 

and pressures 

Preceding page9ilank 131 



132 

1~--------------~~ 

Nor-----~--------------------------------~ 
2~------------------~ 

Edit last cycle and 
restart tape dump 

4 

Select fastest 
radiation calculation. 
When required, set 
NORAD = 1,2 or 3 

Is there sufficient time for another cycle? 

2 

2 

Yes 

1, 3 
~~----.l3 

Explicit flux calculation 



4 

Calculate new velocities and positions 

Check for rejoin and closing central void 

Cut time step 
Calculate new densities 

Are density checks satisfied? ...... N ... O ______ +t 5 

YES 

Zone activity test 

Calculate energy sources 

Calculate artificial viscosities 

Project new temperatures 

Elastic -plastic calculation 

1,2,3 

alculate boundary temperatures 
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7~------------~~ 

1 

Implicit energy balance 

If NORAD = 4 and current value of 
NORAD :f 3, do type 3 calculation 
to determine time step data 

3 

~-----""""~9 

YES 
Is recycle required? 

NO 

Calculate flux values if 
later required 

Read ECS data 

5 

Add net energy flux 
to old zone value 

>oII~------------I Hydrodynamic - single zone 
energy balance 

Save time step data 6 



Approximate implicit energy balance .... -------19 

Calculate flux values I--------t..,f 8 

Radiation and boundary energy accounting.,. ______ -(l0 

Correct sound speed for elastic material 

Porous material calculation 

Calculate new boundary pressure 

Save time step data for next cycle 

Complete energy accounting 

Check for new fractures 

Edit when required 

Check end of problem time 
Not finished 

Finished 

Check for radiation 
turn -off as re quired 

Generate movie tape 
dump as required 
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C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * 
C * 
C * 

ISSUED BY SANDIA CORPORATION. 

A PRlME CONTRACTOR TO THE 

UNITED STATES ATOMIC ENERGY COMMISSION 

C * * * * * * * * * * * * * * NOTICE * * * * * * * * * * * * * * * * 
C * THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE 

C * UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE 

C * UNITED STATES ATOMIC ENERGY COMMISSION, NOR ANY OF THEIR 

C * EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, SUBCONTRACTORS, OR THEIR 

C * EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY 

C * LEGAL LIABILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS 

C * OR USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT OR PROCESS 

C * DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE 

C * PRIVATELY OWNED RIGHTS 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * THE BASIC REFERENCE rocUMENT FOR THIS CODE IS SC-RR-H on:' 

C * FEBRUARY, 1972. 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * THIS CODE IS FOR SPEI:IFIED DISTRIBUTION ONLY. NO 

C * FURTHER DISSEMINATION IS PERMITTED WITHOUT SPECIFIC PERMISSION 

C * FROM SANDIA CORPORATION, P.O. BOX 5800, ALBUQUERQUE, N. M. 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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P~)GR~~ C~A~r) IIN~UT,JUTP~~~rAPE1=OUTPUT,TAPEJ,TAPE2=TAPE3,TAPE7,CHO 
1 U PEL 0, rAPE 11 , T A" E 12, TAP E 17':;' I NP UTI C HO 

, . CHO 

SE~TE~3ER,1371 THIS D~c~-[JA~EO g/1/71 
W~RNI~~ ECS VERSION 
FJ~ MA:MI~ES WITHOUT EXTEN~ED CORE STORAGE 
ANJ THE D:.JMMY ~CS SUBROUTINE MUST BE ADDED, 

GHD 
CHD 

MORE TAPES A~E REQUIREDCHD 
CHO 
C HD 

S.L.THJ'1PSO~ 5A~OIA ALBUQUERQUE,N.M. 51&2 CHf) 
S:-RR-710713, 5C-RR-71U714 AND SC~TH-710715 CHD 
RA1IATIJN DI~=JSION HYDRO COD~ CHO 
PL4NE,:YLINOE~ICAL,OR SPHERICAL GEOHETRY CHO 
E_ASTI>,lLA5rr:; AND DISTENDED '1ATERIAL RounNES CHJ 
TEMPEHTURE u.~J rtENSITY ARE nOEPENOENT "VARIABLES CHO 
TAPE 1 IS STA~)ARD EDIT OUTPUT TAPE CHO 
TA~E 2 IS OifIbN_C EbtT Oaf~OY T~~t CHO 
T~~E 3 IS MJVI~ TAPE CHO 
TPE 10 IS 5TA'IOA-RD RESTART OUTPUT -AND INPUT TAPE eHD 
T~~E 11 IS OPTIONAL R~5TART DJTPUT TAPE CHO 
TA'E 12 IS E05 INPUT rAPE - R~AO ONLY CHO 
TA'E 7 IS STA~DARO OE~JSITION INPUT TAPE - READ ONLY CHO 
TQ~E 17 IS OPTIONAL DEPOSITION IN~UT TAPE- :;HD 
COMMON IAI JBNDI7.11,ITRIEDI4001,IZPTLI4001,IZPRLI400l,KPHASE(400),CH0 
lKA:;T(4011,ISPALL(400l,NSPALL,OQS,IBS,ICYCLE,IDT~AX,IDTMIN,JPRIN,NCC~D 
20J~T,~'1TRLS,NZN,~Z,NZP,NDUMP,~BPRES,NOSOUR,NACTION,NO~AO,IGM,NRAUCCHD 
3K,~OVI~,IMPEXP,I~PA,K~D4,NOHYO CHO 

C J !~ M 0 ,II ) ( 4 a 0 1 , ') 0 1 40 0 I , T 1 4 a a 1 , T a ( 4 a a I ,P (4 a a I , X M 1 4 a 0) , X H 2 1 4 a 1 I ,X ( 4 a 1 C H 0 
11 , X 0 140 1 I-,V 14 n I ;-V:) (40 il ,x LI 40-0 I , XL 0 14 a a I , V L -I "0 0 1 , V L 0 (4 a 1 ) ; C SO 0 ( 4 OC H 0 
201 , Q 140 a 1 ,S X) ( 4 a 0 1 , S Z,) 14 a 0 1 ,F ~ AT H 140 a I ,F LUX ( 4 U 11 , E ( 40 a 1 • P PP T (4 00 1 • C H,) 
3 P:: P T IN I 4 a 0 1 , ~ 5 ) Al L ( 4 a a I ,S 0"(40 01 , T E H P 140 a I , T SA V Ell. J a I ,P S A VEl 4 0 0 1 , ESC HO 
4AIJ:' (4001 ,TE~PR 14011 ,P~5PALL (20 1 ,DT, JTHAX, DTHIN, 0 T TEMP, DTRAD, TIME, TeHO 
5 P 'I , T E ~ ') , 0 T R ~ D T , B L , u Q , JT I ME P.(2 5 r -; -0 C T T M x 12 5 1 • 0 T i1 INN (25 I , T 1'1 E P ( 25' , Toe H D 
5T'1INNI?51 ,TIH::51251 ,WORKF,WDR<B,ENO,ESOURS,TBPRES(Z51 ,PINNERI2S1 ,PCHO 
7 OJ TE R -12:;' , XM4 T J P {21 I; 5Tc s, Df p ;rn rn 2 S I ,n:: I NTH 125 I , r:: OU T H (25 I ,FLI NFC HO 
~,~LIN~O,FLI'I3,~LINBO,~LOUF,FLOUFO,FLOU9,FLOUBJ,RAOEB,RAOEF,SCRAOF,CHO 
'3S:; H 03, :; ~ L A 120 I , S PL () 120 ) ,SP L::: ( 2 a I ,sn 0120 I ,EN T S V (4 a a I , THO VIla I ,[HMC HO 
$ 0 VII 0 I , r R A Q 0 F = , 5 W E P , VI EL 0 ( 2 0 , 8 I ,ORA T IO 140 a I ,S,~ P 0 R C HO 

COMMON 1:;1 T~MPA,TEHP9,TEHPC,TEHPD,TEHPE,TEMPF,TEMPG,TEHPH,TEMPI,TCHD 
lE'1~J,T~~PK,rEHPL,TEMPH,TEMPN,TEMPA3,TBPU,PBORYO,PADRYr,TRAOMIN,RAUCHD 
2Kl, RA)(?, RA')K3;-~-AOK4 ,RAJK5,-R:A::;K6-,-fE8:ilTt ,TEBIN, TTHlu cHO 

COMMON 101 IS,I51,ICALL,ITLOW,JTLOW,INES CHD 
CJ,'1HON lEi IZETL(211.IlE.RL(211,ITLI211,IRLI211,IEOS(400l,IEOSS(20ICHD 

1 , < T P 1211 , :-,j R 05 I 21 I ,,II U H T EH 120 I , I GA S 120 I ,'II 0 A NED S , N I SEa S C HD 
COHHON ~NAM::I ANAHEI131 ,MAXZONE~NTS1,NTS2,NTS3,ITTMP.CYMESH CHO 
CJ'1MO~ ITAP::SI I,IIN,IOUT,IEJ5TP,ITWD CHO 
OI'1E-NSIJ-N 502(11.503(1); TSOiiRl/U, TSOUR2(1I, TSOUR311l, TSOUR4(CHD 

111, TH::5E(1l CHO 
E:J,JIVA.::'I:;E (502(11,5)(111, (50311',TEHP(I11, ITSOURllll,TSAVEll11CHD 

1, ITSOJ~2(1I,~SAVE(lll, (TSDUR3(11,ESAVEI1l1. (TSOUR4(1',TEMPR(1IlCHO 
2, (T H:: :; ~ I 1 I , ') ~ A T I 0 ( 1 1 I C H 0 

OI'1ENSIJN GG(I', GGAll', GG9(1', GGC(ll, GGE(ll, GGF(ll CHO 
E:J.JIVA~::NCE (GGli),n'1P(I»), i"GGA(1) ,GGF(ll,FLUX(ll) CHO 
E:J.JIVA_~N:::E (GGB(U,T5AVE(1l), (GGC(ll,GGElll,PSAVE(ll) CHD 
INTEG~~ OBS CHO 
T~::SE VARIA3L:::; AR~ DIMENSION OF ABOVE COHMON:; AND VARIABLES CHO 

1 
2 
3 
'+ 
5 
o 
7 
11 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1d 
13 
20 
21 

23 
24 
25 
26 
27 
21:1 
2'3 
30 
.31 
32 
33 
34 
35 
3& 
37 
3i:1 
39 
40 
41 
42 
43 
44 
45 
4& 
47 
4d 
43 
50 
51 
52 
53 
54 
55 

139 



DATA KOMMONA,KOMMONB,MAXZONE,MAXNMT/2440,13841,400,2DI 
DATA MAXTHI,MAXNPRI,MAXDTMA,MAXDTMI,MAXBPRIS.241 

C TAPE NUMBERS 
DATA IIN,IOUT,IEOSTP,ITHO/lD,lD,12,01 
CALL SECOND (TEMPA) 

C SAVE JOB CARD TIME LIMIT 
CALL HOROLOG (TEMPB,JJ,JJJ) 
NDX=TE MPA+ TE HPB +.5 
PRINT 5590, TEMPA,JJJ,JJ 

C ZERO THE VARIABLES 
DO 10 I=l,KOHMONA 

10 JBNDII)=O 
DO 20 I=l.KOMHONB 

20 0(1)=0. 
DO 30 I=l,MAXZONE 

30 DRATIOIII=l. 
C HISCELL ANEOUS CONSTANTS 

C 

PIE=3.1415920S36 
FOURP IE=4. "PIE 
PI E .. 3 =FOURPI EI3. 
TWOPIE=2.·PIE 
RADK6=S.oe9E-5·(1.60207E4/1.36046) .... 4 
CLIGHT=2.9979Z9E10 
RAOKS=RADK6/CLIGHT 
RADK2=10."RAOKS 
RADK1=RADK2I3. 
RADK4=4."RADK5 
RAOK3=RADK4/J. 
RADK5=4."RADKo/J. 
RA DK7=2 .·RADK5 
NDUMPC=JPRIN=JMOV=l 
ISTOPN=ICYCLE=NCOUNT=HOVFRM=TTOMOV=TIME=TSOURM=O. 
NCKA=35 
TEMINT=.OOl 
CK=1.E-6 
CKA=.l 
CKB=.5 
CKC=1.E-4 
CKR=.OOl 
TCONR=10. 
TRADMIN=.02& 
HITTHP=40 
KTTMP1=10 
FLUXMIN=RADK& .. TRAOHIN· .... 
OTRA OT=l. 
NCKRD4=250 
NCKR=O 

READ 5&00, IANAMEII),I=1,13) 
00 40 J=1,50 

40 PRINT 5620, (ANAMECIl,I=l,13) 
PRINT 5610 
READ 5&30, ITIMEL,NG,NDUHP,IS,IS1,NEDREJ,FRACDT,DTINCR,TEND· 
IF !TEND.LE.D.) TEND=1.El0 
IF II S • G T • 0) I au T = 11-

140 

C~D 50 
CHD 57 
CHD 58 
C~D 5<:1 
C~D 60 
CHD 61 
CHD &2 
CHD &3 
CHD 6 .. 
CHD &5 
CHD 0& 
C~D &7 
CHD 06 
CHO 6<:1 
CHD 70 
CHD 71 
C HD 72 
CHD 73 
CHD 7 .. 
CHD 75 
CHO 76 
C HD 77 
CHO 78 
CHD 7<:1 
C HD 80 
CHD 81 
CHD 82 
CHD 63 
CrlD 84 
CHD 85 
CHD 80 
CHD 87 
CHO 88 
CHD 89 
CHD 90 
CHD 91 
CHO '32 
CHO '33 
CHD '34 
CHD 95 
CHD '30 
C HD 97 
CfiD 98 
CHD 99 
C HD 100 
C HD 101 
CfiD 102 
C HD 103 
CHD 104 
C HD 105 
CHD 106 
CHD 107 
CHD 108 
CHD 10'3 
CHO 110 



C 

C 

C 
C 
C 

IF (lSl.GT.O) ITWO=l CHO 
IF (FRACOT.LE.O.) FRACOT=.6 CHO 
IF 10TINCR.LE.O.) OTINCR=1.05 CHO 
OTINCI=1./OTINCR CHO 
OTTEMT=OTINCR CHO 
IF IITIHEL.EQ.O.OR.ITIMEL.GT.NOX) ITIMEL=NOX CHO 
PRINT 5&50, ITIMEL,NG,NOUMP,IIN,IOUT,IEDSTP,ITWD,NEOREJ,FRACOT,OTICHO 

INCR,TENO 
IF IITWD.EQ.lI WRITE (2) CANAMEII) ,1=1,13) 
IF (NDUHP.EQ.O) NOUMP=9999 
lOT DMP=NDUHP 
IF ING.GE.O) GD TO 120 
READ RESTART TAPE 
NG=-NG 
ZAV=TENO 
READ IlIN) (XIII,I=1,13) 
OD SO 1=1,13 
IF IXII).EQ.ANAMEII») GD TD SO 
PRINT 5&60 
PRINT 5&20, IANAMEIJ) ,J=1,13), IX IJ) ,J=1,13) 
STDP 7& 

SO CONTINUE 
CALL EDS RESTART SET UP 
ICALL=3 
CALL EDS 
JJ=&4HAXZONE 
READ IIIN) ISOII),I=l,JJ) 
CALL WRITEC ISO,O,JJ) 
IF IIIN.EO.IOUT) GO TO &0 
WRITE IIDUTI IANAHEII),I=1,13) 
ICALL= .. 
CALL EOS 
WRITE 1I0un ISOII),I=l,JJ) 

&0 OD 110 I=l,NG 
READ IlIN) IJBNO IJ) ,J=l,KDMHONA) 
IF IEDF,lIN) 70,60 

70 PRINT 5670, I,NG 
STDP 5007 

60 READ I lIN) 10 IJ), J= 1, KOMMON8) 
IF IEDF,IIN) 90,100 

90 PRINT 5670, I,NG 
STDP 500& 

100 PRINT 5&60, I,NG,ICYCLE 
110 CONTINUE 

NCOUNT=NCDUNT-l 
IF IIIN.NE.IOUTI NG=O 
NOUI'1P=IOTOMP 
TENO=ZAV 
GO TO 1760 
END OF RESTART READ 

REID NEW PRDlLEM INPUT CARDS 
120 CONTINUE 

NG=O 
WRITE IIDUT) IANAHEII),I=l,13) 

CHO 
CHO 
C HO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
C HO 
CHO 
CHO 
C HO 
CHO 
CHO 
CHO 
CHO 
C HO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
C HO 
CHO 
CHO 
C HO 
CHO 
CHO 
C HO 
CHO 
CHO 
CHO 
CHO 

111 
112 
113 
11'-
115 
11& 
117 
116 
119 
120 
121 
122 
123 
124 
125 
126 
127 
126 
129 
130 
131 
132 
133 
13 .. 
135 
136 
137 
136 
139 
1 .. 0 
1 .. 1 
142 
143 
1 .... 
145 
146 
147 
146 
149 
150 
151 
152 
153 
154 
155 
15& 
157 
158 
159 
16 a 
101 
162 
163 
1610 
1&5 

141 



READ 5690, IGH,NRZC,NHTRLS,NPRIN,NDTHA~,NDTMINN,NBPRES,NOSOUR,IBS,CHO 166 
10BS,NSPALl,NACTIC~,NORAD,NTHI5T,NRADCK,HOVIE CHD 167 

PRINT 5700, IGM,NORAD CHD 168 
IF (NORAD.LT.OI NOHYO=l CHD 169 
IF INORAO.LT.O) NORAO=-NORAD CHO 170 
IF INORAO.GE./tl KRO/t=l CHD 171 
IF INORAO. GE.4 1 NORAO=l CtiO 172 
IF INORAO.GE.31 IMPA= 1 C HO 17 3 
IF INORAO.GEdl NORClO=l CHO 174 
IMPEXP=NORAO-l CHO 175 
IF I NORA O.NE. 0) NORAO=l C HO 176 
PRINT 5710, NRZC,NMTRLS,NPRIN,NOTHAX,NDTMINN.NBPRES,NOSOUR,IBS,OBSCHO 177 

l,NSPALL,NACTION,NTHIST,NRAOCK,HOVIE CHO 178 
IF I (IGM+21 13.EQ.l) GO TO 130 CHD 179 
PRINT 5750,IGM CtiO 180 
STOP 2002 CHO 181 

130 ,<SQSP=NSPALL CHO 182 
NSPALL=O CHD 183 
IF (MOVIE.GE .10) GO TO 140 CHO 1~4 
IF (NMTRLS.GT.MAXNtH) GO TO 140 CHD 185 
IF INPRIN.GT.MAXNPRII GO TO 140 CHO 186 
IF (NOTMAX.GT.MAXOTMAI GO TO 140 CHO 187 
IF (NTHIST.GT.HAXTHI) GO TO 140 CtiD 188 
IF INDTMINN. GT. HAXOTMI 1 GO TO 140 CHO 189 
IF INBPRES.LE.HAXBPR) GO TO lSD CHO 190 

140 PRINT 5760 CHD 191 
STOP 571;1; CHD 192 

150 CONTINUE CHD 193 
READ 5770, BL,BQ,XH211l,XM2(2),SCRADF,SCRADBtTRAOOFF,SWEP CHO 191; 
IF (SL+BQ) 170,160,170 . CHO 195 

160 BL=.l CHD 196 
B Q= 2. C HO 197 

170 CONTINUE CHO 198 
PRINT 5780, BL,Sa,XH2(1l ,XH2(ZI,SCRAOF.5CR.ADB,TR.ADOFF,5WEP CHO 199 
IF ITRAOOFF.LT.O.) TRAOOFF=1.El00 CHO 200 
IF (SCRADS.Ea.O.1 SCRADB=l. CHO 201 
IF (SCRAOF.Ea.O.) SCRAOF=l. CHO 202 
READ 5770, (TIMEPII),DTIMEPIII,I=l,NPRIN) CHO 203 
PRINT 5790, (I,TIMEPIIl,OTIHEP(II,I=l,NPRIN) CHO 2il4 
I FIN 0 T M A X. L E • 0 I GOT 0 180 C HO 205 
READ 5770, ITlMESIII,OLTTMXIII,I=l,NOTHAXI CHO Z06 
PRINT 5800, (I,TIMES(II,OLTTMXIII,I=l,NOT"1AXI CHO 207 
GO TO 190 CHO 206 

160 NOTMAX=l CHD 209 
o LT T H X ( 11 = 1. E 10 C HO 210 

190 IF INOTMINN.LE.OI GO TO 200 CHO 211 
READ 5770, ITDTMINNIIl.OTHINNII),I=l,NDTMINNI CtiD 212 
PRINT 5610, II,TOTMINNII) ,OTHINNIII ,I=l,NOTHINNI CHD 213 
GO TO 210 CHO 214 

200 NOTMINN= 1 CHO 215 
210 IF IMOVIE.LEoOI GO TO 220 CHD 216 

READ 5770, ITMOVIII,OTHOVIII,I=l,MOVIE) .CHD 217 
TMOVIHOVIE+ll=OTMQVIMOVIEI=1.E100 CHO 218 
PRINT 5720, II,TM(V(I) ,DTMOVIII .I=l,MOVIE) CHO 219 

220 IF INBPRES.LE.O) GO TO 230 CHO 220 
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C 

READ 5820, ITBPRESIII,PINNERIII,POUTER(II,I=l,NBPRESI 
TBPRESI 11 =0. 
TBPRESINBPRES+11=1.El00 
PINNERINBPRES+ll=PINNERINBPRESI 
POUTERINBPRES+ll=POUTERINBPRESI 
J=N BPRES+ 1 
PRINT 5830, II,TBPRESU),PINNERII),POUTER<I),I=l,J) 

230 CONTINUE 
IF INORAD.EQ.O) GO TO 250 
IF INTHIST.LE.O I GO TO 2ltO 
READ 5820, IHTHI!) ,TEINTHII) ,TEOUTHII) ,I=l,NTHISTI 
TITHllI=O. 
J=NTHIST+1 
TITHIJI=l.E1CO 
TEINTHIJI=TEINTHIJ-ll 
TEOUTHIJI=TEOUTHIJ-11 
PRINT 5840, II,TITHIII ,TEINTHIII,TEOUTHIII,I=l,JI 
GO TO 250 

240 TITHI21=1.E100 
TEINTHlll=TEINTH(2)=TEOUTHlll=TEOUTH(2)=TITH(11=O. 

250 CONTINUE 
8L= 0 .S·BL 
BO=.S·80··2 
OTMAX=DL TTHX I 11 
DT HI N= DTHINN III 
TPN=OTIHEPllI 
TIMEPINPRIN+1)=TIHESINOTHAX+11=TOTHINN(NDTHINN+11=1.E300 
OTIHEPINPRIN+11=DTIHEPINPRIN) 
DTHINNINDTHINN+1)=OTHINNINOTHINNI 
DLTTHXINDTHAX+1)=DLTTHXINDTHAX) 
IDTHIN=IDTHAX=l 
DT= DL TTM)( 111 
IH1=HAXZONE+l 
00- 260 1=1,11'11 

260 KACTIII=l 

C ZONING AND PROBLEM SET UP 
J8AD=0 
PRINT 5850, NMTRLS 
IA=NHTRLS+1 
READ 5710, IXHATUPU) ,I=l,IA) 
PRINT 5860, II,XHATUPII).r=l,IA) 
J= 1 
JJ=2 
00 880 I=l,NRZC 
IS=10H .. • • .... 
PRINT 5880, I, IIS,L=1,8) 
READ 5870, ITYPE,TEHPD,TEHPE,TEHPA,TEHPB,TEMPC,IES 
IF ITEMPB.LE.O.) TEHPB=.02567785 
PRINT 5890, 1TYPE,TEMPD,TEHPE,TEHPA,TEMPB,TEMPC,IES 
READ 5770, lTEHPIL) ,L=1,81 
IF (TEMP (6) .LE.0 •• AND.TEMP(3).GE.O.1 TEHP(6)=.8 
IF ITEHP(4).LE.0 •• AND.TEMP(3) .GE.O.) TEMPlIt) =TE'1PA 
PRINT 5910, IL,TEMPILI,L=1,8) 
REA 0 5770, IT E MP Ill, L = 9,16) 

CtiD 
C tiD 
OtiO 
CtiO 
CHD 
CHO 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
C HD 
C HD 

221 
222 
223 
221t 
225 
226 
227 
226 
229 
2JO 
231 
232 
2JJ 
234 
235 
236 
237 
238 
239 
2ltO 
241 
2lt2 
243 
241t 
2lt5 
246 
247 
2lt8 
2lt9 
250 
251 
252 
253 
251t 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 

143_ 



C 

PRINT 5920. IL,TEMPIL+8IiL:1,81 
IF (ITYPE.EQ.97) GO TO 310 
IS:9H MATERIAL 
IF (TEMP(3) 280,270,270 

270 TEHP(41=1./TEHP(4) 
IF (TEMP(ll.EQ.O.) PRINT 5530, IS 
IF (TEMPllI.NE.o.1 PRHT 5540, IS 
r,0 TO 290 

280 TEMPll)=TEMPll)/TEMPA 
IF ITEMP(2).EQ.O.1 TEHP(2)=-2. 
IF 1 TEMP(5) .GE.O •• AND.TEMP IS) .LT.TEf'1PI41 I TEMP (5)=TEMPI4) 
IF ITEMP(5).LT.0.) TEHP(5)=1./TEMP(5) 
PRINT 5550, IS 
SWPOR=1. 

290 CONTINUE 
00 300 L=1.8 

300 YIELDIJJ-l,LI=TEMP(L) 
IF (TEHP(101.LE.O.) TEHP(10)=1000. 
IF ITEHP(13) .EQ.O.) TEHP(13) =1. 
IF ITEMP(13).GT.0 •• AND.TEMPI1'+).EQ.0.) TEMPIHI=TEMPI91 
TMSPALL (JJ-l) =TEHP (10 I 
SPLAIJJ-l)=TEMPlll) 
SPL B (JJ-ll=T EMP 1 12) 
SPLCIJJ-11=TEMP(131 
SPLDIJJ-11=TEHP(14) 
ZAI/=TEHP(9) 
IEOSSIJJ-1)=IES 

310 CONTINUE 
IF IIGH.EQ.l.0R.TEMPE.GEoO.) GO TO 320 
PR.INT 5930 
STOP 2374 

320 CONTINUE 
IF lloEQ.1) X(lI=TEMPD 
IF II.EQ.l) GO TO 330 
IF IREGL.EQ.TEHPD) GO TO 330 
JBAD= 1 
PRINT 5940, TEMPD,REGL 
)( IJ) =R.EGL 

330 REGL=TEMPE 
IF IITYPE.LT.90) STOP 47 
I TV PE=I TYPE-9 0 
INES=O 
GO TO 1340,400,550,610,630,710,870,9001, ITYPE 

C TYPE 1 ZONING 
340 READ 5870. NDXC 

PRINT 5950, NDXC 
DO 350 II=l.NOXC 
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READ 5870, ND:>: ,TEMPD,TEHPE,TEMPF ,TEMPG 
PRINT 5960, NDX,TEHPD,TEHPE,TEMPF,TEMPG,II 
IF lTEHPE.LE.D.1 TE'1PE=TEHPA 
IF ITEHPF.LE.O.l TEMPF=TEMPB 
IF (TEMPG. EQ. il. 1 TEMPG= TEMPe 
TEMPH= x 1 J) 
DO 350 K=l,NDX 

CHD 27& 
C HD 277 
CHD 278 
CHD 279 
CHO 280 
CHO 281 
C HO 262 
CHD 283 
CHD 284 
C HO 285 
CHD 286 
CHD 287 
C HD 288 
CHD 289 
C HD 230 
CHD 291 
CHD 292 
CHD 293 
C HD 294 
C..tD 235 
CHD 236 
CHD 297 
CHD 238 
CHD 239 
CHD ]00 
CHD 301 
C HD 3 02 
C HD .3 J 3 
CHD 304 
C 1"10 305 
CHO 3.16 
CHO 307 
CHO 308 
CHO 309 
CHD 31 0 
CHD 311 
CHD 312 
CHO 313 
C HO 31 .. 
CHO 315 
C HO 31 & 
CHO 317 
C HD 318 
C HO 319 
CHO 320 
CHD 321 
C HO 322 
CHO 323 
CHO 324 
C HD 325 
CHO 32& 
CHD 327 
CHO 328 
CHO 32" 
C 1"10 330 



C 

OIJI=TEMPE 
TIJI=TEHPF 
PSPALL IJ 1 =ZAV 
V (J 1 =TEMPG 
J=J+1 
XIJI=TEHPH-K-TEHPO 

350 CONTINUE 
360 CONTINUE 

IF (ABSIX(J)-REGU.LE.l.E-6"ABSIREGLII GO TO 380 
IF IREGL.NE.O.) GO TO 370 
IF IABSIX(J).GT.1.E-6) GO TO 370 
XIJ)=O. 
GO TO 380 

370 PRINT 5970, REGL 
PRINT 5980, X (J) ,REGL 
JBAO=l 

380 IF IABSIXMATUPIJJ)-REGLI.GT.1.E-6) GO TO 390 
JBNOIJJ)=J 
JJ=JJ+l 
GO TO 880 

390 IF IREGL.GE.XMATUPIJJII GO TO 880 
PRINT 5990, REGL, XHATUP( JJI 
JBAD=l 
GO TO 880 

C TYPE 2 ZONING 
400 READ 5770, TEHPJ,TEHPH,TEHPG 

PRINT 600~, TEHPJ,TEHP~,TEHPG 
IF ITEMPJ) 410,900,430 

410 IF II.GT.lI GO TO 420 
PRINT 6050 
STOP 2377 

420 PSP=XIJI 
IF IISPALLlJ-lI.EQ.lI PSP=Xl(J-f) 
TEHPJ=-TEHPJ-IX(J-1)-PSP)-DIJ-1)/TEHPA 

1030 RATIO=-l. 
INES= 1 
KCUTM=JBAD 
ZEBOUT=TEMPJ 
ZEBIN=TEMPH 
IF (TEMPG.GT.O.) GO TO 1080 

1040 I NE S=O 
AHAX=TEHPD-TEMPE 
TEHPM=TEHPJ 
TEHPN=TEHPH 
TEHPJ=TEMPD-TEMPJ 
TEM P H= TEM PE + T EMPH 
IF IIGH-21 1070,450,1060 

450 AHAX=AHAX- CTEHPO+TEHPE) 
TEHPH=TEHPH"(TEHPO+TEHPJI 
TEHPN=TEMPN"ITEHPE+TEHFHI 
GO TO 470 

460 AHAX=AMAX"ITEHPO""2+TEMPO"TEHPE+TEHPE""21 
TEHPH=TEHPH-(TEHPD--2+TEMPD-TEHPJ+TEMPJ""21 
TE HPN=TE HPN- I TE MPE H 2 +TEHPE"TEHPH+ TEHPHH 21 

CHO 
CHD 
CHD 
C HO 
CHD 
CHO 
CHD 
CHD 
CHO 
CHD 
CHD 
CHD 
C HO 
CHD 
CHD 
CHD 
CHO 
CHD 
CHO 
CHD 
CHD 
CHO 
CIo1D 
CHO 
CHD 
CHO 
CHD 
CHO 
CHD 
CHD 
C HO 
CHD 
C HO 
CHO 
CHD 
C HD 
CHO 
CHD 
C HD 
CHO 
CHD 
CHD 
CHO 
CHD 
CHO 
CHO 
CHD 
CHO 
CHO 
CHO 
CHO 
CHO 
C HO 
C HD 
CHD 

331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
3'+ 7 
348 
349 
350 
351 
352 
353 
354 
355 
35& 
357 
358 
359 
3&0 
3& 1 
3&2 
3&3 
3&4 
3&5 
3&6 
3&7 
3& 8 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
H4 
385 
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470 RATIO=IAHAX-TEMPNI/IAHAX-TEMPHI CHD 380 
IF (RATIO.NE.l.) TEHPM=ALOG(1.-ll.-RATIO)·AMAX/TEMPN)/ALOGIRATIO) CHD 367 
IF (RATIO.EQ.l.) TEMPM=AMAX/TEMPN CHD 388 
IS=TEMPH+.5 CHD 389 
GO TO 040 CHD 3'30 

480 CALL ZONE (IGM,J,IS,HAXZONE,JaAD,TEHPD,TEMPE,TEMPJ,TEHPH,RATIO,TEMCHD 3gl 
lPG,X,XO,VO) CHD 3'32 

IF lINES) 490,510,490 CHD 3'33 
490 IF (JBAD-KCUTH) 500,510,500 CHD 3glt 
500 PRINT 5900 CHD 395 

TEMPJ=ZEBOUT CHD 396 
TEHPH=ZEBIN CHD 3'31 
JBAD=KCUTM CHD 3gB 
GO TO 440 CHD 399 

510 IF (JBAD.LT.3) GO TO 520 CriD 400 
JBAD=JBAD-3 CHD 401 
ITIMEL=O CHD 402 

520 K=J CHCl Ita 3 
J=IS CHD 1t04 

530 JJJ=J-l CHO 10:15 
DO 540 L=K,JJJ CHD 1t0o 
OIU=TEMPA CHD ltu7 
TIL)=TEHPB CHO 408 
PSPALLIL)=ZAW CHO ItO '3 

51t0 VIL)=TEMPC CHO Itl0 
L=J-K CHD Itl1 
PRINT 0010, L CriO 1t12 
GOT 0 300 C HD 413 

C CHO 414 
C TYPE 3 ZONING CHD 415 

550 READ 5770, AM AX, RATIO C HO 410 
PRINT 6020, AMAX,RATIO CHD 417 
IF IAMAX) 500,900,580 CHD 418 

500 IF IJ.GT.1) GO TO 570 CHO 419 
PRINT 0030 CHO 420 
GO TO 910 CHO 421 

570 AMAX=AMAX·(XIJ)-XIJ-U) CHD 422' 
5BO TEMPD=X(Jl-REGL CHO 423 

TEMPE=.5"'TEHPD CHD 421t 
TEHPF=AlOG<TEHPE"'RATIC-l.I/AHAX+l.) IALOGIRATIOI CHD 425 
JJJ=J CHO 420 
K=TE MPF CHO 1027 
TEHPG=K CHD 426 
NUM=K+1 CHQ 42'3 
IF lTEMPG.EQ.TEMPFI NUH=NUH-l CHO 1030 
TEMPD=TEHPE·IRATIO-l.IIlRClTIOHNUH-1.1 CHD 431 
DO 590 K=l,NUM CHD 432 

590 XIJ+Kl=X(J+K-1l-TEMPD·RATIO".(K-11 CHD 1033 
J=J+NUM CHD 434 
DO 6CO K=l,NUM CHO 435 

600 XIJ+KI=XIJ+K-ll-TEMPO·RATIO··INUM-KI CHO 436 
J=JtNUM CHD 437 
K=JJJ CHO 438 
GO TO 530 CHO 1039 

C CHD It It a 
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C 

C 
C 

C 
C 

610 

620 

E:30 
640 

660 

TYPE 4 ZONING 
READ 5770, TEMPJ,TEMPH,RATIO,TEMPG 
PRINT 6040, TEMPJ,TEMPH,RATIO,TEMPG 
IF ITEMPJ.GE.().1 GO TO 480 
IF II. GT. 11 GO TO 620 
PRINT 6050 
STOP 2017 
PSP=X IJ) 
IF IISPALLlJ-1I.Ea.1I PSP=XLlJ-lI 
TEMPJ=RATIO·(XIJ-11-PSPI·DIJ-1)/TEHPA 
GO TO 480 

CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 

TYPE 5 ZONING CHD 
READ 5870, IS,RATIO CHD 
PRINT 6070, IS,RATIO CHD 
IF (IGM-2) 650,660,670 CHD 
TEMP H=TEMPD-TE MPE C HD 
GO TO 680 CHD 
TEMPH= ITE MPD-TE MPE). (TEMPD+TEMPE) CHD 
GO TO 680 CHD 

67D TEMPH=(TEMPO-TEMPE).(TEMPO •• 2+TEMPO.TEMPE+TEMPE.·2) CHO 680- '(nfpJ= is· , ... -.~ , .~ ..... ,_... _ ................. " .... _- ... . . CHD 

E:90 

700 

710 

720 

730 

IF (RATIO.NE.1) TEMPH=TEMPH·(1.-RATIO)/11.-EXPITEMPJ·ALOG(RATIOI»CHO 
IF (RATIO.Ea.lI TEMPH=TEMPHITEMPJ CHD 
TEMPJ=O CHD 
TEMPG=.Ool CHD 
IF IIGM-2) 480,690,700 CHD 
TEMPH=SaRT(TEMPH+TEMPE •• 2)-TEHPE CHD 
GO TO 480 CHD 
TEMPH= ITEMPH+TEMPE"3)" 11.13. )-TEMPE CHD 
GO TO 480 CHD 

TYPE 6 ZONING 
IF II.Ea.leOR.I.Ea.NRZC) GO TO 720 
PRINT 6060 
STOP 2023 
READ 5870, IS,RATIO,TEHPG,TEMPH 
PRINT 6070, IS,RATIO 
PRINT 6080, TEMPG,TEMPH 
IF IIS.GT.O) GO TO 730 
IS=HAXZONE-J 
IF !TEHPG.NE.O.) GO TO 740 
IF (I.Ea.1) TEMPG=1.El00 
IF U.Ea.NRZC) TEHPG=-1.E100 

740 T E M P N= 1. 13. 

CHD 
CHD 
CHD 
CHD 
CHD 
CI'D 
C HD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 

750 

760 
170 

'IF (t.EQ~NRZC) GO·TO'830-·"· 
X(MAXZONE)=TEMPE 
XIHAXZONE-11=TEMPE+TEHPH 
KL=MAXZONE-l 
KKK=KL 
KK=KL+1 
KL=KL-l 
TEHPAB=X (KK) IX IKKK) 
IF (IGM-2) 770,780,790 
X I KLl = X ( KKK) ·11. + RA TI O· (1. - TEMPA Bl I 

441 
442 
4~3 

444 
445 
4~£1 

447 
It48 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
It60 
461 
4-6-2 
4&3 
4&4 
465 
466 
467 
468 
469 
470 
,.71 
472 
473 
47'+ 
1t75 
476 
~7 7 
478 
479 
480 
It81 
482 
483 
484 
485 
48&· 
487 
488 
It89 
490 
491 
492 
Itg 3 
4g4 
495 
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C 
C 

780 

790 
600 

81a 

820 

830 

8ltO 

850 

860 

870 

860 

a90 
900 
910 

920 
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GO TO 800 
XIKL)=XIKKK)·SQRT(l.+RATIO-(l.-TEHPAB)-Cl.+TEHPAB» 
GO TO 800 
iCKL)=XIKKK)·ci.+RATIO~(l.-TEMPAB)·(l.+TE~PAB+TEH~AB-·2»··TEHPN 
IF II.EQ.NRZC) GO TO 850 
IF IMAXZONE-KKK.GE.IS) GO TO 810 
IF IX(KLl.GE.TEHPG) GO TO 610 
GO TO 75G 
DO 620 KK=KL,HAXZONE 
KKK=KK-KL+l 
XCKKK)=X(KK) 
J=KKK 
K=l 
XMCoTUP(1)=XllI 
GO TO 530 
XIJ+l)=TEHPD-TEMPH 
KL=J+l 
KKK= KL 
KK= KL-l 
KL=KL+1 
TEHPA8=X I KK) IX (KKK) 
GO TO 760 
IF (KKK-J.GEolSI GO TO 600 
IF (XCKU.LE.TEHPG) GO TO 860 
GO TO 6ltO 
K=J 
J=KL 
XMCoTUP(NMTRLS~ll=REGL=XCKL) 

GO TO 530 

TYPE 7 ZONING 
IF (I.LE.l.0R.I.GE.NRZC) STOP 2007 
ISPALL (J-ll=l 
PSPCoLL IJ-ll=O. 
XllJ-lI =X( J) 
VL (J-1'=V (J-1I 
X(J)=TEHPE 
PRINT 0090, X (J) , XL (J-lI 
KACT(J-l)=KCoCTIJ)=KACTIJ+1):KACTIJ-2)=0 
N 5 PAL L = NS PAL L ~ 1 
GO TO 360 
CONTINUE 
NZP=J 
I F I JJ-2 • EQ. NH TRL S. CoN D. X (11 • EQ. X H AT UP (1 ) • CoND. J BND (J J-l ) • EQ. NZ P) 

1 TO 890 
PRINT 6100 
J8AO=1 
IF IJ8AO.LE. CI GO TO 920 
CONTINUE 
PRINT 6110 
PRINT 0120, J,JJ,JSCoO, IXCIS),IS=l,J) 
STOP 67 
CONTINUE 
NZ=NZP-1 
VINZPI=VINZ) 

CHO 
CHO 
CHD 
CHO 
CriD 
C HD 
CHD 
CHO 
CriD 
CHD 
GHD 
CHD 
C riO 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CriD 
C HO 
CHD 
CHD 
C HD 
CriD 
CHD 
C HD 
CHD 
C HD 
CHD 
C HD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 

GQCHD 
CriD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 

490 
"97 
496 
'099 
500 
501 
502 
503 
504 
505 
50e. 
507 
5u8 
509 
51J 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 

52 " 
525 
520 
527 
528 
529 
530 
531 
532 
533 
534 
535 
53e. 
537 
538 
539 
540 
541 
542 
5'03 
544 
545 
5 .. e. 
5'07 
5'08 
549 
550 



C 
C 

C 

930 

940 

950 

960 

970 

960 
990 

1000 
1010 

1020 
1030 

C 
11140 

1050 

10&0 

1070 

IF IIBS.EQ.U VINZP)=O. 
IF (OBS.EQ.!) VllI=O. 
IF (lGH.EQ.lI GO TO 930 
IF IXINZP).GT.O.) GO TO 930 
I BS=l 
VINlP)=O. 
X(NlP)=O. 
NZN=NZ-l 
IF (NZ.LE.HAXZONEJ GO TO 940 
PRINT 6130, NZ,HAXZONE 
STOP 744 
CONTINUE 
END OF ZONING 

JJJ=l 
JBNDIU=l 
DO 950 JJ=l,NZ 
IF IJJ.EQ.JBND IJJJ+1)) JJJ=JJJ+l 
IF IYIELDIJJJ,31.LT.O.) DRATIOIJJ)=YIELDIJJJ,11 
IEOSIJJI=IEOSSIJJJI 
TEHPB=XH2121 
DO 1010 r"'-f,NZ---" 
TEHPM=X 1I.1I 
IF IISPULlII.EO.lI TEHPH=XLiIl 
IF IIGM-2) 960,970,980 
XHII)=DII'·IX(I'-TEHPH) 
GO TO 990 
XH I I I = D I I) .p I E. I X I I 1- T EH PM) • I X I I I + TE MPM I 
GO TO 9CJO 
X M I I 1= 0 I I) .p I E4 3. ( X ( I I - TEMPMI • ( X II I "Z+ X ( I I ·T E MP M+ T E MPM" 2) 
IF (I.GT .1) GO TO 1000 
XM2 (II =2.1 IXH I 1) +XM2 I 111 
GO TO 1010 
XH2II)=2./IXHIII+XHII-111 
CONTINUE 
XH2 INlP) =2.1 I XHI NZ) +TEMPB) 
SETUP EOS TAeLES 
ICALL=2 
CALL EOS 
IF INSPALLI 1020,1040,1040 
IF ISWEPI 1040,1030,1040 
IF ISWPOR) 1040,1090,1040 
CALCULATE TRIPLE LINE PROPERTIES 
JJJ=O 
DO 1080 JJ=l,NZ 
IF-IJJ.-NE .JBND IJJJ+l)i - GO n --1 080' 
JJJ=JJJ+l 
IF IYIELDIJJJ,3)) 1050,10&0,1070 
YIELDIJJJ,3)=-YIELDIJJJ,6) 
IF IYIELOIJJJ,3) .EO.O.) YIELOIJJJ,3)=-7.777E-7 
CALL TPLINE IIEOSIJJ) ,YIELDIJJJ,&1 ,YIELDIJJJ,7) ,YIELDIJJJ, 81) 
GO TO 1080 
CALL TPLHE IIEOSIJJI ,TEHPA,YIELDIJJJ,7) ,YIELD IJJJ,3» 
GO TO 1080 
CALL TPLINE (IEOSIJJI,TEHPA, YIELDIJJJ,71 ,TEMPB) 

CHO 
CHO 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CND 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CND 
CHO 
C HD 
CHD 
eHD 
CHD 

551 
552 
553 
554 
555 
556 
557 
558 
559 
5&0 
5&1 
5&2 
5&3 
5&4 
565 
5&6 
567 
5&8 
569 
570 
571 
572 
573 
574 
575 
57& 
577 
578 
579 
580 
561 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
532 
593 
594 
S9S 
596 
S97 
598 
599 
&00 
601 
&02 
&03 
&04 
& OS 
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1080 
109 a 

C 

CONTINUE CHO 
CONTINUE CHO 
INITIALIZE THERMODYNAMIC FUNCTIONS CHO 
ICALL= 1 CHO 
FLUXINZPJ=O. CHO 
JJ=l CHO 
PRINT 6150 CHO 
00 1120 I=l,NZ CHO 
TEMPA=OII) CfiO 
OOIIJ=TEMPA CrlD 
TEI1PJ=TIIJ CHO 
CALL EOS CHO 
PIIJ=TEMPO CHD 
EIIJ=TEMPC CHO 
PPPTIIJ=TEMPH CHO 
PEPTINIII=l./TEMPG CHD 
ITRIEOIIJ=O CH~ 
FLUX 1 I) =0. CfiD 
IF CI.NE.JBNO IJJ+ll J GO TO 1100 CHO 
IF 1 ISPALLI 1-11. EO.ll PRINT 6180, XL 1I-1l CHD 
JJJ=JJ+l CHO 
PRINT 6160, JJ,JJJ CHO 
JJ=JJJ CHO 

1100 IF II. GT.l J GO TO 1110 CrlO 
PRINT 6170, XII) ,I,X11111 ,PPPTIII ,TEMPG,IEOSSIJJI ,IEOSIII ,IZPTLIIJ,CHO 

lIZPRLlIJ CHO 
GO TO 1120 CHD 

l11J TEMPI=XMIII/XMtl-ll CHO 
PRINT 6180, XIII,TEMPI,I,XMIII,PPPTIII,TEMPG,EOSSIJJI,IEOSIII,IZPCrl0 

1TLlI),IZPRUII CHD 
1120 CONTINUE C HD 

PRINT 6170, X INZPJ ,NZP CHD 
C CORRECT SOUND SPEED ELASTIC-PLASTIC CASE CrlD 

IF ISWEP.EO.O.) GO TO 1150 CHD 
DO 1130 JJ=l,NZ CHD 
XLOIJJJ=KACTtJJI CHD 

1130 KACTIJJJ=O CHD 
IS=l CrlD 
CALL ELPL CHD 
DO 1140 JJ=l,NZ CHD 

1140 
1150 

C 

KACTIJJI=XLOIJJI CHO 
CONTINUE CHD 
FOR POROUS MATERIALS ONLY CHD 
IF tSWPORI 1160,1210,1160 CHD 

1160 JJJ= 0 CHD 
DO 1180 JJ=l,NZ CHD 
IF IJJ.NE.JBNDIJJJ+1)) GO TO 1180 CrlD 
JJJ=JJJ+1 CrlD 
IF IYIELDIJJJ,311 1170,1180,1160 CrlD 

1170 TEMPA=YIELOIJJJ,31 CrlD 
IF ITEMPA.EO.-7.717E-7) TEMPA=-CSOOtJJ) CHD 
TSAVEIJJJI=-TEMPA CHO 
YIELOIJJJ,31=TEMPA/CSOCIJJI CHD 
IF IYIELDIJJJ,3) .GE.D.) STOP 7405 CHD 
TEMPE=YIELOtJJJ,ll+YIELOIJJJ,4J·IYIELDIJJJ,31··2-YIELOIJJJ,l))/IOICHO 
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606 
S07 
&06 
609 
&10 
&11 
&12 
513 
514 
&15 
&1& 
517 
&16 
519 
520 
&21 
522 
523 
524 
&25 
52& 
;"27 
&26 
529 
530 
531 
532 
&33 
534 
535 
535 
537 
538 
&39 
&40 
641 
642 
6"3 
544 
6"5 
545 
547 
648 
549 
&50 
651 
SS2 
&53 
554 
555 
&5& 
657 

.556 
559 
550 



lJJI"TEMPA"'21 CHO· 6U 
IF ITEMPS.LE.l.1 GO TO 1180 CHO 662 
TEMPC=YIELOCJJJ,_,+CVIELOCJJJ,_,-VIELOCJJJ,S,I"CSQRTCCYIELO CJJJ,lICHO &&3 

1-101ICTEMPD-l.I'-lo1 CHO &6_ 
IF IVIEUJlJJJ,S,.LT.D.1 TEMPCIIIYIELOIJJJ, .. '-UELOCJJJ,S)"ALOGIITEMPCHO US 

lB-l.I/IVIELOIJJJ,11-1.11 CHO 666 
YIELOeJJJ,_,=TEMPC CHO &67 

1180 CONTINUE CHO ;08 
JJJ=O CHO 669 
00 1200 JJ=l,NZ CHO 670 
IF IJJ.NE.JBNOIJJJ+l)l GO TO 1190 CHO &71 
JJJ=JJJ+l CHO 672 

1190 IF IORATIOIJJI.LE.l.1 GO TO 1200 CHO 673 
CSOOIJJI=TSAVEIJJJI CHO 67~ 

1200 CONTINUE CHO 675 
1210 CONTINUE CHO 67& 

C CHO 677 
C SETUP ANY INTERNAL SOURCES. CHO 678 

00 1220 I=l,NZ CHO 679 
1220 S02III=S03II)=TSOUR1II)=TSOUR2III=TSOUR3III=TSOUR~III=o. CHO 680 

IF INOSOUR.LE.oI GO TO 1680 CHO 681 
JJJ=Nosouir------ ,-- --. -- ---- -------- CHO-&82 . 

PRINT 6190, JJJ CHO &83 
GO TO U2~0,132il,1320,1380,1510,1520,12301, JJJ CHO 684 

1230 STOP 5221 CHO 685 
12~0 READ 5640, NOSOUR CHO &86 

C TYPE 1 INTERNAL SOURCE CHO &87 
JJ=l CHO 086 

1250 READ 6200, I,IVOIKI,K=1,61 CHO 669 
TSOUR1II'=VOC11 CHO &qO 
TSOUR2!II=VOC21 CHO 091 
TSOUR3CI'=VOC31 CHO &92 
TSOUR4III=VOC4' CHO &93 
S02III=VOI51 CHO 09~ 
.S03II'=VOI61 CHO 695 
IF II.GE.JJI GO TO 1270 CHO 696 

1260 PRINT 6210, I,JJ,NOSOUR,IVOIKI,K=1,61 CHO 697 
STOP 5237 CHO 696 

1270 JJ=I+l CHO 099 
IF II-NOSOURI 1250,1260,1260 CHO 700 

1280 TEI'1PB=o. CHO 701 
PRINT 6220 CHO 702 
DO 1300 I=l,NOSOUR CHO 703 
IF ITSOUR41I).LE.0) GO TO 1290 CHO 704 
KACTII'=O CHO 705 

- T EI'1PA =.5-. xHlfl.-C-stfiHI. ITsOUR3~1I I - T SOUR i I II I +-503 I II "ITS OUR~ (I 1- T50C HO- 706-
lUR2 I I I I I . C HO 707 

TEMPB=TEMPB+TEMPA CHO 706 
PRINT 6230, TSOURlll1 ,TSOUR2tI I ,TSOUR3II I ,TSOUR41I1 ,S021 II, S031 II, CHO 709 

1I,TEI'1PA,TEMPB - CHO 710 
1290 CONTINUE CHO 711 

IF ITSOUR11I1.GT.TSOUR2III1 GO TO 1310 C~O 712 
IF ITSOUR21I).GT.T50UR3III) GO TO 1310 CHO 713 
IF ITSOUR3III.GT.TSOUR4III1 GO TO 1310 CHO 71~ 
IF ITSOUR~III.GT.O,) GO TO 1300 CHO 715 
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1300 

1310 

1320 
C 

1330 

1340 

1350 

13&0 

137 ° 
1380 

C 
C 

1390 

1400 

1410 

1420 
C 

1430 

1440 

1450 

1460 

152 

TSOUR3II)=TSOUR4II)=-1. 
CONTINUE 
KACTINOSOUR+l)=O 
GO TO 1&80 
PRINT &240, I, ITSOURlIU ,TSOUR.2II) ,TSOUR31I) ,TSOUR41I)1 
5TOP 5211 
READ 5&40, NOSOUR 
TY~ES 2 AND 3 INTERNAL SOURCE 
JJ= 1 
READ &200, I,IVOIIO,K=1,31 
T SO URiC II = VO 1 11 
TSOUR4II)=VOI2) 
S02111=1I0131/1110(2)-\l011l1 
IF IJJJ.EO.2) SD2(II=5D2111/XHIII 
IF (I.GE.JJI GO TO 1350 
PRINT &210, I,JJ,NOSOUR, (1I0IK) ,K=1,31 
STOP 5254 
JJ=I+1 
IF (I-NOSOUR) 1330,13&0,1340 
DO 1370 I=l,NOSOUR 
TSOUR2(I)=TSOUR1IIl 
T50UR3III=TSOUR4(II 
SD3(I)=SD2CII 
GO TO 1280 
RE AD 5 & 4 0, K K 
TYPE 4 INTERNAL 50URCE 
KK IS THE NUMBER OF SOURCE REGIONS 
DO 1480 I=l,KK 
READ 5770, IIIOIKI,+<=1,5) 
IF (VO(1l.GT.VOI21) GO TO 1400 
PRINT &250, I 
PRINT 62&0, 1,(1I0(K),K=1,51 
STOP 5353 
DO 1410 K=l,NZ 
JJ=N ZP-K 
IF (VO(ll.LE.X(JJ)) GO TO 1It2Q 
CONTINUE 
PRINT &2&0, JJ,X(JJ) 
GO TO 1390 
KKK=JJ 
KKK IS FIRST ZONE, IN REGION 
JJ=JJ+1 
DO 1430 K=JJ ,NZP 
ILOW=K-l 
IF (VOI21.GE.)(CK)) GO TO 1440 
CONTINUE 
PRINT &2&0, K,)(IK) 
GO TO 1390 
IF CILOW.GE.KKK) GO TO 1450 
PRINT &270, ILOW, KKK 
STOP 53&4 
TEMPA=O. 
DO 14&0 K=KKK,ILOW 
TEMPA=TEHPA+XH(KI 
TEMPB=CIIO(5)-VOC411·TEMP~ 

CHO 
CHD 
CHO 
CHO 
CHD 
CHD 
CHO 
CHD 
CHD 
CHD 
C HO 
CHO 
G HO 
GHD 
CriO 
G HD 
CHO 
GHD 
CHD 
CHD 
CHD 
Cf-'O 
CHD 
CHD 
GHO 
C'10 
CHO 
GHO 
GriD 
C HO 
C rlD 
CHD 
C HD 
C HD 
GriD 
G HD 
GHD 
CHD 
CHD 
CHD 
C HD 
GHD 
GHD 
GHD 
CHO 
CHD 
GriD 
GHO 
GHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 

71& 
717 
718 
71'3 
720 
721 
722 
723 
724 
725 
72& 
727 
726 
729 
730 
731 
732 
733 
734 
735 
73& 
737 
738 
73'3 
740 
741 
742 
743 
744 
745 
74& 
747 
74B 
74g 
750 
751 
752 
753 
754 
755 
756 
757 
756 
759 
760 
7&1 
7&2 
7&3 
764 
7&5 
7&6 
7&7 
768 
7&9 
770 



DO 1~70 K=KKK,ILOW 
TSOURl (K) =VO(~' 
TSOURIt(K'=VO(5) 
IF IS02IK).NE.0.1 PRINT &280, K 

llt70 S02 IK) =VO( 3) ITEMPS 
1~80 PRINT &290, I,KKK,ILOW,VO(:3) 

DO 11t90 I=l,NZ 
JJ=NZP- I 
IF IS02IJJ).NE.0.) GO TO 1500 

1~90 CONTINUE 
1500 NOSOUR= JJ 

GO TO 13&0 
C TYPE 5 INTERNAL SCURCE 

C 

1510 IF IIGH.NE.lI STOP 5400 

1520 
1530 

CALL ZAPPE R 
GO TO 1280 
TYPE & INTERNAL SOURCE 
NOSOUR=O 
READ 5770, I TOI I) ,1=1,8' 
TEHPN=O. 
I FIT 0 (& ) • LT. 0.) T E H P N= - T 0 1& ) 

-I F -IT 0 HT ~L T ~ 2. 5 , TO I 71 = 2 • 5 
INES=IS=O 
DO 1540 I=l,NZP 
IF IXII'.GE.TO(3») IS=I 
IF (XIII.GT.TO(~)1 GO TO 15~O 

INES=I 
GO TO 1550 

1540 CONTINUE 
1550 IF lIS) 15&0,15&0,1570 
l~&O PRINT &270, IS,INES 

STOP 
1570 IF (INES) 1560,15&0,1580 
1580 IS1=INES-1 

IF ITEHPN.EQ.O.1 GO TO 1&30 
I =1 S 
1CALL=l 
TEHPA=0(1)/11.-TEHPN/IO(I)·TOI5,··2)) 
ZLOW=.OOl 
ZUP=1000. 
TO(9)=ENTSVIII 
TO(10)=FPATHII) 
TO(11)=CSOOIIl 
TOI121=KPjo,ASEII) 

1590 TEMPJ=.5·(ZLQW+ZUPI 
---C-AlL EOS--

IF (ZUP-ZLOW.LE.l.E-4·TEHPJI GO TO 1&20 
IF-ITEHPO-TEHPN) 1600,1&20,1&10 

1&00 ZLOW=TEMPJ 
GO TO 1590 

1&10 ZUP=TEMPJ 
GO TO 1590 

1620 TQ(&I=TEMPC-EII'-.5·(TOI5)·ll.-0II,/TEMPA)I··2 
TEHPAS=CSCO( II 
ENTSV (II =TOI~j) 

C HO 771 
CHO 772 
CH 0 77:3 
CHO 77~ 
C HO 775 
CHO 77& 
CHO 777 
c .. O 77 8 
CHO 779 
CHO 780 
C"O , 781 
CHO 782 
CHO 783 
CHO 784 
CHO 785 
C HO 78& 
C HO 737 
CHO 788 
C HO 789 
CHO 790 
CHO 791 
CHO 792 
CHO 793 
CHO 79~ 
C HO 795 
CHO 79& 
CHO 797 
CHO 79 B 
CHO 799 
CHO 800 
CHO 801 
CH 0 802 
C HO 80:5 
CHD 804 
CHO 805 
CHO 80& 
CHO 807 
CHO 808 
CHO 809 
C HO 810 
C .. 0 11 11 
CHO 812 
C HO 813 
CfiO 81~ 

CHO 815 
C HO 81& 
CHO 817 
CHO 818 
CHO 819 
CHO 820 
CHO 821 
CHO 822 
CHO 823 
CHO 824 
CHO 825 
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FPATHII1=TOI1D) 
CSOD III =T0(111 
KPHASEIII=TOI121 

1~30 PRINT ~30D, ITOIII,I=1.81,IS,ISl 
IF lTEHPN.Ea.O.) GO TO 1650 
PRINT 6310, TEHPA,TEMPJ,TEMPD,TEMPAB 
IF ITOI61.Ll.0.1 STOP 

C SET PREDETO~ATION PRESSURE 
DO 1640 JJ=2,21 
IF IIS.GE.JBND(JJII GO TO 1640 
YIELDIJJ-1.81=TEMPN 
GO TO 1650 

1640 CONT INUE 
GO TO 1560 

1650 IF I IS1- lSI 15&0,1660.1060 
1660 IF INOSOUR.L T. IS11 NOSOUR=IS1 

00 1670 I=IS.ISl 
IF CTHESEII).LE.1.1 THESEUI=O. 
T SO URi <I ) = T SOU R 2 ( II = TO ( 2 I + A B S ( • 5. I X I 1+ 11 + X I II I - To ( 1) ) ITO (5 I 
T SO UR3 I 11 =TSO UR4 II) =TSO UR 1 II I + T 0 171· (X (I 1- X I I + 11 liT 0 (51 

1670 S02II'=SD3II'=TO(61/ITSOUR3(II-TSOUR1(I)) 
IF ITO(8)1 1530.1280,1530 

1680 CONTINUE 
JJ= 6· MAX ZONE 
CALL WRITEC (SO,O,JJ) 
WRITE tIOUTI (SDIII,I=l,JJI 

C INITIAL ZONE ACTIVATION OF INACTIVE ZONES 
IF (V(1I.NE.O.I KACHlI=O 

C 

IF (V (NZPI.NE. 0.) KACT (NZI=O 
DO 1690 1=2,NZ 
IF (V(II.Ea.o.1 GO TO 1690 
KACT 1I-1I =KACT II )=0 

lE.90 CONTINUE 
IF (NACTION.LE.OJ GO TO 1700 
IM1=2"'NACTIOl' 
READ 5770. (X~III,I=1,IH11 
PRINT 6330, NACTION,(I,XOI2·1-1l ,XO(2·II ,I=l.NACTIONI 
GO TO 1710 

1700 NACTION=l 
XO(ll=o. 
XO(21=-1. 

1710 11'11=0 
00 1730 1= 1. NZP 
TE 1'1 P A B= X III 
00 1720 KK=l.NACTION 
KKK: 2·1<1< 
IF (TEHPAe.LT.XO(Kt<K-1l.0R.TEHPAB.GT.XOIKI<KI) GO TO 1720 
KACTlII=O 

1720 CONTINUE 
IF IKACT(II.EQ.OJ IH1=IM1+1 

1730 CONTINUE 
IF IIH1.EQ.NZPJ NACTION=O 
PRINT E.34o, 11'11 

C SLIGHT REZONE FOR INITIAL VOID OR FRACTURE 
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CHO 826 
C HO 827 
CHD 828 
C HO 829 
C HD 831) 
CriO 831 
C~D 832 
CriD 833 
CHD [134 
CHD 835 
CriO 836 
C riO 637 
CHD 838 
CHD 339 
CriD 840 
CHD 641 
CHD 842 
CriD 843 
C HD 844 
CHD 845 
CrlO 846 
C riO 847 
CriD 848 
GHO 849 
CriD 850 
CHD 851 
CHD 852 
G HD 853 
CrlD 854 
CHD 855 
CHD 856 
CHD 857 
C HD 858 
C HD 85 9 
GHD 8E. 0 
C HO 861 
C HD 862 
GHD 863 
C HD 864 
CHD 80? 
GrlD B66 
C HD 867 
CHO 868 
CHD 86'3 
CHD 870 
CHD 871 
CHD 872 
C HD 873 
CHD 874 
CHD 875 
CHO 870 
GHD 677 
CHD 878 
GHD 879 
CHD 860 



IF IKSQSP.LE.OI GO TO 1770 CHD 881 
IF IIGH.EQ.l) GO TO 17~0 C HD 88 Z 
PRINT 6350 CHD 833 
STOP Z050 CriD 88~ 

17~0 READ 6360, JJJ C HD 885 
NSPALL=NSPALL+JJJ CHD 886 
DO 1760 K=l,JJJ CHD 887 
READ 6360, JJ, TEHPA CHD 888 
TEHPA=ABSITEMPA) CHD 889 
IF IJJ.L E.l) STOP 6 ZO 3 C HD 890 
IF IJJ.GT.NHTRLS) STOP 6Z0~ CHD 891 
IA=JeNDIJJI-l CHD 83Z 
ISPALLIIA)=l CHD 8'B 
PSPALlI rAJ =0. CHD 89~ 

KKK=JBND IJJ) GHD 895 
XlIIA)=XIKKKI CHD 896 
VLIIA)=VIIAI CHD 897 
KACTIIAJ=KACTIIA+1J=KACTIIA+Z)=0 CHD 898 
IF IIA.GT.lI KAGT lIA-1J=O C"iD 899 
DO 1750 I=l,1A GHD 900 
XLIII=XLII)+TEHPA CriD 9111 

17S0 X(l)=XII)+TEMPA CHD 902 
1760 PRINT 6370, JBN DI JJ) , TEMPA C HD 903 
1770 IF IKSQSP.LT.O.AND.NSPALL.EQ.O) NSPALL=-l CHD 90~ 

C CHD 9as 
1780 IF IIGM-Z) 1790,1800,1810 GHD 90 e. 
1790 ASSIGN 2910 TO NGi'11 GrlD 907 

A SSI GN Z910 TO NGi'1Z CHD goa 
ASSIGN 29~0 TO NGM3 CHD 909 
ASSIGN 3080 TO NGM~ CriD 910 
ASSIGN 31 (0 TO NGH5 CriD 911 
ASSIGN 3150 TO NGH6 G HD 'HZ 
ASSIGN 3Z00 TO NGI17 CHD 913 
ASSI GN 3Z40 TO NGH6 CriD 91~ 

ASSIGN 3300 TO NGI19 CHD H5 
GO TO 1820 CHD 910 

1800 ASSIGN 2820 TO NGI11 CHD 917 
ASSIGN 2670 TO NGI12 CHD 918 
ASSIGN 2950 TO NGI13 C riD 319 
ASSIGN 30100 TO NGI1~ CriD 920 
ASSIGN 3110 TO NGM5 C HD gz 1 
ASSIGN 3160 TO NGH6 CHD 9Z 2 
ASSIGN 3210 TO NGM7 CHD 923 
ASSIGN 32S0 TO NGI18 CriD 924 
ASSIGN 3310 TO NGM9 CHD 925 
GO TO 1820 CHD 92& 

1610 ASSIGN 28~0 TO NGHl CI'ID 927 
ASSIGN -2890 TO NGH2 CHD 9Z8 
ASSIGN 2960 TO NGH3 CHD 9Z 9 
A SS I GN 3060 TO NGH4 CriD 930 
ASSIGN 3120 TO NGI15 C HD 931 
ASS IGN 3170 TO NGH6 CHD 932 
ASSI GN 3 Z 20 TO NGM7 CHD 933 
ASSIGN 3260 TO NGI18 C HD 931o 
ASSIGN 3320 TO NGM9 CriD 935 
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1820 ASSIGN 2760 TO KSWA 
IF (SWEP.EQ.O •• OR.IGM.Ea.l) ASSIGN 2790 TO KSWA 
IF (SWEP) 1840,1630,1840 

1830 ASSIGN 2910 TO KSWB 
ASSIGN 2910 TO KSWC 
ASSIGN 2910 TO KSWO 
ASSIGN 2910 TO KSWE 
ASSIGN 3080 TO KSWF 
ASSIGN 3080 TO KSWG 
GO TO 1850 

1840 ASSIGN 2830 TO KSWB 
ASSIGN 2850 TO KSWC 
ASSIGN 2860 TO KSWO 
ASSIGN 2900 TO KSWE 
ASSIGN 3050 TO KSWF 
ASSIGN 3070 TO KSWG 

1850 IF INORAO) 16&0,181:0,1670 
1860 ASSIGN 3550 TO NRA02 

ASSIGN 37&0 TO NRAD3 
IF INORAD.NE.-&&61 GO TO 1880 
NORAD=O 
GO TO 2040 

1870 ASSIGN 3540 TO NRAD2 
ASSIGN 3610 TO NRA03 
JTLOW=O 
T THIU= o. 
TEHPJ=TIME 
CALL TEDGE 

1880 ASSIGN 3520 TO NOBl 
IF (BL. GT. 0.) GO TO 1690 
ASSIGN 3510 TO NOBl 

1890 IF (NBPRE~.LE.G) GO TO 1900 
ITLOW=Q 
TBPU=O. 
ASSIGN 5120 TO NOBP 
TEHPJ=T IHE 
CALL EDGE 
GO TO 1910 

1900 ASSIGN 5130 TO NOBP 
PBORY I=PBORV 0=0. 

1910 IF INORAD) 1920,1980,1920 
1920 IF ISCRADF) 1930,19ljO,1940 
1930 PBDRVO=PBORVC+RAOK3·T(U H 4 

GO TO 1950 
1940 PBDRVO=PBORVC+.S·RAOK3·(SCRADF-TEBOUT·.4+Tl1) •• 4) 
1950 IF (SCRADB) 19&0,1970,1970 
1960 PBORVI=PB[RVI+RAOK3·TINZI··" 
1970 PBORYI=PBDRV!+.S·RAOK3.(SCRAOB·TEBIN.·"+TINZI·.41 
1 9 8 0 I FIN 0 SO U R • L E • 0) GOT 0 20 a 0 

ASSIGN 3480 TO ISOUR 
TEHPJ=TIHE 
CALL SOURCE 
TSOURH=TSOUR4(1) 
00 1990 I=2,NOSOUR 

1990 TSOURH=AHAX1ITSOURH,TSOURljlI)) 
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CHD 
CHO 
GHO 
GHD 
GHD 
G HD 
GHO 
CHD 
CHO 
CHO 
CHO 
CHO 
GHD 
CHO 
CHD 
CHO 
CHO 
G HO 
CHO 
GHD 
CHO 
CHD 
GHO 
C HO 
CHO 
G HO 
C HO 
GHO 
C HD 
CHO 
GHO 
C-10 
CHO 
CHO 
CHD 
CHO 
CHO 
GHD 
C HO 
CHO 
GHO 
CHD 
CHD 
C HD 
CHD 
GHD 
C HD 
CHO 
C HO 
CHO 
CHO 
GHO 
CHO 
GHO 
CHO 

93& 
937 
936 
3]9 
940 
3lt1 
942 
91j 3 
9lj4 
9ltS 
34& 
91t 7 
348 
g49 

95 ° 
951 
952 
353 
954 
955 
g<;6 
957 
958 
959 
3& 0 
'161 
962 
963 
964 
905. 
'356 
107 
968 
'369 
370 
971 
972 
973 
37 It 
375 
976 
'177 
978 
979 
980 
961 
982 
983 
984 
985 
B& 
987 
988 
989 
990 



C 

TSOURH=1.0001-TSOURH 
GO TO 2010 

2000 ASSIGN 3490 TO ISOUR 
2010 DO 2020 I=l,NZP 

IF INOHYD.NE.Ol IIII)=O. 
IF INOHYD.NE.O.AND.I.LT.NZPl IIL(I)=O. 
XO(Il=KACTU) 

2020 KACT I II = 0 
CALL EDIT 
DO 2030 I=l,NZP 

2030 KACTI II =XO(l) 
IF (HOIlIE.GT.Ol GO TO 5420 

CHAIN LOOP RETURN 
20ltO CONTINUE 

C 
CALL SECOND CTSC:Cl 
NDUMPC= TSEC 
IF INDUMPC.GE.ITIMEL-51 GO TO 2050 
IF INDUMPC.L T.NOUriPl GO TO 2070 
GO TO 20&0 

2050 I STOPN=i- . 
IF IICALL.NE.441 CALL EDIT 

20&0 NOUMP~NOUHP+IOTDHP 
NG=NG+l 

C WRITE RESTART TAPE 
WRITE ClOUT> IJ8NDIJ1,J=1,KOMr10NAI 
io/RITE IIOUT> (01 J), J=l, KOHHONBI 
PRINT 6380, NG,TIHE,ICYCLE 
IF (ISTOPN.NE.lI GO TO 2070 
END FILE lOUT 

C NORHAL EXIT FOR TIHE LIMIT 
RETURN 

C 
2070 

C 

2Q80 

2090 

2100 

2110 

CONTINUE 
RESET 
DO 2080 I=l,NZ 
DOII,=DCII 
TOII)=TIII 
XOII,=XII) 
110111=11111 
CONTINUE 
XOINZP)=XCNZP) 
1I0INZP)=IIINZPl 
ZEBOUT=TEBOUT 

·ZE B H.r=TE BIN -
IF (NCKR. Ea. 11 GO TO 2090 
IF IIHPEXP) 2100,2090, aDo 
CALL WRITEC (CSOD, &-MAXZONE, It-MAXZ ONE) 
CALL WRlTEC 'ISPALL, lO·,.1AXZONE ,HAX ZONE+ 3) 
IF (NCKR.NE.ll GO TO 2110 
IMPEXP=l 
IMPA=O 
KCUTI1=O 
IF IIMPEXP) 2280,2130,2120 

CHD 991 
C HD 9qz 
CHD 993 
C HD 9'34 
C"4D '395 
CHO 99& 
CHD 997 
CHO 9'38 
CHD 9'39 
CHD 1000 
CHD 1001 
CHD 1002 
CHD 100 3 
CHD 1004 
CHD 1005 
CHD 1 0 ~ & 
CHO 1007 
CHD 1008 
CHO 1009 
CHO 1010 
CHD 1011 
tHO 1012 
CHO 1013 
CHO 1014 
CHO 1015 
C HD 10 1 & 
C'iO lat7 
C HD 1 J 18 
CHD 1019 
CHD 1020 
CHD 1021 
CHD 1022 
CHD .1023 
CHD 1021t 
CHD 1025 
CHD 102& 
CHO 1027 
CHD 1028 
CHD 1029 
CHD 1030 
CHD 1031 
CHD 1032 
CHD 1033 
CHD 1034 
CHD 1035 
CHD 103& 
C HO 1037 
CHO 1038 
C HO 1039 
CHO 10ltO 
CHO 1041 
CHD 1042 
CHO 1043 
CHD Ult4 
CHO 1045 
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2120 

2130 
C 

21toO 
2150 

21&0 
2170 

2180 

2190 
2200 
2210 

2220 
C 

2230 

2240 
2250 

C 
22&0 

2270 

2280 

C 

2290 
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IP1=-1 
GO TO 2140 
I Pl= 0 
C~LCUL~TE BOUND~RY AVERAGE MEAN FREE PATH 
IF (ISP~LL(l" 2160,2150,2160 
TEMPA=(X (lI-x (2' '/FPATI'(l' 
GO TO 2170 
TEMPA=(X( ii-XL III ./FPATHlll 
DO 2230 I=2,NZ 
TEMP8=TEMPA 
IF (ISP~LL(t)1 2190 p 2180,2190 
T EM PA= (X I I. - X II + 11 ) IF P ~ T H ( I> 
GO TO 2200 
TE M P A= (X II) - X L ( I I I IF PA 1 H II I 
IF IISPALLlI-lll 2210,222']'2210 
TE M P R I I, I = R ~ D K & 
GO TO 2230 
TEMPR(II=RADK7/(TEMP~+TEMPB) 

FLUX LIMITER 
IF INRADCK.NE.O' GO TO 2230 
TEMPC=~BSI1.-(TOII-ll/TO<I) I "to) 
IF !TEMPC. LT. 1. E- g) GO TO 2230 
TEMPC=CLIGHT4(DO(I)·EII)+DO(I-1'·EII-1)'/(2.·TEHPC·TOIII··to) 
IF (TEMPRII'.GT~TEMPC' TEf'1PRII)=TEHPC 
CONTINUE 
TEMPR(1'=TEMFRINZP'=RADK6 
IF (SCRADF.L T. 0.' TEMPR( 11 =0. 
IF (SCRADB.Ll.D.) TEI'1PR(NZPI=O. 
DO 2250 I=l,NZ 
IF (KACTIII' 2240,2250,2240 
TEMPR(I,=TEMPRII+l)=O. 
CONTINUE 
IF IIPll 2260,2280,3910 
EXPLICIT DIFFUSIO,," FLUX CALCULATION 
TEMPA= ZEBOUT H 44 SCRADF 
FLINF=TEMPRll'·TEMP~ 
FLOUF=TEMPRll)·TO(1)·44 
DO 2270 I=l,NZ 
TEMPEl=TEHPA 
TEHP~=TO 1I1··to 
FL ux ( I' = T E HPR CI ) • ( TEMP ~ - T EHP B) 
FLIN8=TEMPRI"'ZP)·SCRADB"ZEBIN··4 
FLOU8=TEMPR(NZP)·TEHPA 
FLUXINZP'=FLINB-FLOUB 
I CYCL E=I CVCLE+l 
NTS1=NTS2=NTS3=0 
SEL ECT TIME STE P 
DTPP=DTP 
DTP=DT 
DTTEHP=DT·DTTEMT 
IF (TIME.LT.TIMESIlDTH~X"l" GO TO 2290 
IDTHAX=IDlHAX+l 
DTM~X=DLTTMX(IDTMAX) 
CONTINUE 
IF ITIME.LT.TDTI1INNIIOTMIN+ll' GO TO 2300 

CHO 
CHD 
CHD 
CHO 
CHD 
CHD 
C HD 
CHD 
Cf1D 
C HD 
CYD 
CHD 
C HD 
CHD 
CHD 
C HD 
C'iD 
C HD 
CHD 
CrlD 
CHD 
CHD 
CHD 
CHD 
C riD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
C HD 
CriD 
Cf1D 
CHD 
CHD 
Cf1D 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 

1046 
1047 
1048 
1049 
1050 
lD51 
1052 
ltl53 
1054 
U55 
105& 
1057 
1056 
1059 
1060 
1061 
1062 
10& 3 
10&'+ 
10&5 
10&& 
1067 
!G&8 
10&9 
1070 
1071 
1072 
1073 
lQ 74 
1075 
1076 
1077 
1 )78 
1079 
laso 
lG81 
1082 
ta 83 
10 1:\ to 
10!!:; 
lHo 
taB7 
1088 
1089 
1090 
1091 
1092 
10H 
1094 
1095 
1 ()'3 & 
1097 
1098 
1099 
110 D 



1 DTMIN=I DTMI N+l 
DTMIN=OTMINNI IOTMIN) 

2300 CONTINUE 
C COURANT CONDITION 

DTCS= 1.El00 
TEMPA=XO I 11 
TEMPI=VOIU 
DO 23'+0 I=l,NZ 
TEMPB=TEMPA 
TEMPA=XO C 1+1) 
TEMPJ=TEMPI 
TE MPI=VO C 1+1) 
IF (KACTCII.EQ.1I GO TO 2340 
IF IISPALLlIJ.EQ.ll GO TO 23'+0 
TEMPK=TEMPI-TEMPJ 
IF (TEMPKI 2310,2310,2320 

2310 TEMPC=CTEMPB-TEMPAI/CSOOIII 
GO TO 2330 

2320 TEMPC=2.·IBL·CSOOIII+BC·TEMPK) 
TEMPC=ITEMPB-TEMPA)/(TEMPC+SQRTITEMPC··2+CSODCI)··2» 

2330 IF CTEMPC.GE.OTCSI GO TO 2340 
OTCS=TEMPC 
NTS 1=1 

2340 CONTINUE 
IF INSPALL.LE.O) GO TO 2360 
DO 2350 I=l,NZN 
IF CISPALLlI).EQ.O) GO TO 2350 
XLOII)=XLlI) 
VLOII'=VLII) 
TEMPC= (XO (Il-XLO( Ill/CSOO( II 
IF (TEMPC.L T. DTC S) DTCS=TEMPC 

2350 CONT INUE 
2360 CONTINUE 

DTC S=FRAC C T· eTC S 
IF IICYCLE.EQ.1J OTCS=0.1·0TC5 
IF (NOHYO.NE.OI DTCS=1.El0 

C RADIATION CONDITION 
IF INCKR.EQ.O) GO TO 2450 

C SELECT FASTEST METHOD 
C CHECK TYPE 2 

GO TO 2590 
2370 IF (DTRAO.GT .10.·0Tl GO TO 2400 

TEMPI=DTRAO 
ZUP=NTS2 

C CHECK TYPE 3 
. GO TO 2580 

2380 TEMPJ=OTRAO 
Z LOW= NTS2 

C CHECK TYPE 1 
GO TO 2480 

2390 TEMPA=O.75·TEMPJ 
TEMPB=O.65·0TRAD 
IF ITEMPI.LT.TEMPA) GO TO 2440 
IF ITEMPI. LT. TEMPB) GO TO 2430 

C EXPLICIT SEL.ECTEO 

CHO 1101 
C HD 1102 
CHD 1103 
CHD 1104 
CHO 1105 
C-iD 1106 
CHO 1107 
CHD 1108 
CHD 1109 
CHD 1110 
C HO 1111 
CHO 1112 
C HD 1113 
CHD 111'+ 
CHD 1115 
CriD 1116 
CHO 1117 
CHO 1118 
CHD 1119 
CHO 1120 
CHD 1121 
CHD 1122 
CHO 1123 
CHO 1124 
CHD 1125 
CHO 1126 
CHD 1127 
CHI) 1128 
CHD 1129 
CHD 1130 
CMD 1131 
CMD 1132 
C HO 1133 
CHO 113'+ 
CMD 1135 
CHD 1136 
CHD 1137 
CHD 1138 
C HD 1139 
CHO 1140 
CHO 11 .. 1 
CHD 1142 
CHO 1143 
CHD 11'+'+ 
CHD 11,+5 
CHD 11,+6 
CHD 1147 
Cr-D 1148 
CHD 11'+9 
CHD 1150 
C H0115 1 
CHD 1152 
CHD 1153 
CHD 1154 
CMO 1155 

159 



DTRAD=TEMPI CHD 115& -NTS2=ZUP CHD 1157 
2ltO 0 TEMPA=2. CHD 1156 

IMPEXP=l CriD 1159 
2ltl0 I MPA =0 C riD 1160 
2lt20 PRINT 61ltO, ICYCLE,TIME,TEMPA CriD 1151 

GO TO 2730 CHD 1162 
C IMPLICIT SELEC TEO CriD l1S3 

2430 IMPEXP= 0 CHD 1164 
TEMPA=l. CriD 1165 
GO TO 2410 CHD 11&& 

2ltltO IF ( TEMPA.L T. TEMP B) GO TO 2430 C riD 1167 
C APPROX IMATE IHPLICIT SELEC TEO CriD 11&6 

IMPEXP=O C riO 1169 
I MPA =1 CriD 1170 
TEHPA=3. CriD 1171 
OTRAD=TEHPJ G HD 1172 
NTS2=ZLOW GriD 1173 
GO TO 2lt20 CriD 117'+ 

2lt50 IF ( IHPEXPI 24&0,2"70,2590 CriO 1175 
2lt60 OTRAD= 1. E50 CHD 117 & 

GO TO 2730 CHO 1177 
2"70 IF ( IMPA) 21t 60,2480,2560 GHD 117 8 

C IHPL ICIT DIFFUSION CriD 1179 
2460 DTRAO=1.E-50 CHO 1160 

TEMPG=E>. GriD 1161 
T EHPG=TO (11·" 3 GriD 1182 
IF (IGH-2) 2lt90,2500.2510 GriD 1183 

2490 TEHPA= 1. GriD 1184 
GO TO 2520 CHD 1165 

2500 TEHPA=XO(ll CHD 1186 
TEMPG=TWOPIE·TEHPG GriD 1187 
GO TO 2520 GriD 1188 

2510 T EM PA = XO ( 11 n· 2 C HD 11~9 

TEHPG=FOURPIE·TEHPG C riD 1190 
2520 TEHPD=-TEHPG·TEHPA~TEHPR(l)·TEMPC GriD 11 91 

DO 2570 I=l,NZN C HD 11'32 
IP1=I+1 CriD 11'33 
TEHPB=TEHPC C HD 1191t 
TEHPC=TO lIP 11 "3 G HO iUS 
TEMPE=TEHPD GriD 1196 
IF (! GH - 2) 2550,2530,25ltO C HD 1197 

2530 TE H P A = X 0 ( I Pl 1 C HD 1198 
GO TO 2550 GriD 1199 

2540 TEHPA=XOIIP11· 9 2 CHD 1200 
2550 TEHPO=TEHPG·TEMPA·TEMPR(IP11·(TEMPB-TEHPCI CriD 1201 

IF (KACT (I) 1 2570,2560,2570 CHO 1202 
2560 TEMPF=PEFTIN(IJ·(TEMPE-TEMPDJtXHII) GHD. 1203 

IF (TEHPF.LE.OTRAO) GO TO 2570 C HO 1204 
NTS2=I CHD 1205 
OTRAD= TEMPF ChD 1206 

2570 CONTINUE C riD 1207 
DTRAD=l. teTRAD CHD 1208 
IF (NCKRI 2730,2730,2390 C HD 1209 

G APPROX IMATE IMPLICIT DIFFUSION CHD 1210 
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C 

2580 

2590 

2600 
2610 

2620 

2&30 
26'+0 
2650 

2&60 

2670 

2680 
2690 

C 

C 

27 00 
2710 

2720 

2730 

27'+0 

2750 

27&0 

DTRA D= DTRIl. DP D TP GriD 
NTS2= I MPA CHD 
IF (NCKR) 2730,2730,2380 ·CHD 
EXPLICIT CIFFUSICN CHO 
TEHPB=100. CHO 
TEMPIl.=O. CHD 
DO 2720 I=l,NZ CHD 
IF (KIl.CTIIII 2720,2600,2720 CHO 
IF (IGH-2) 2630,2610,2620 CHD 
TEHPC=TWOPIP (XO (1+ lI·FLU)( (1+11-XO (I I·FLUXC II) CHD 
GO TO 2640 CHD 
TEHPC=FOURPIE.(FLUXCI+1I.)(0(I+lI H 2-FLUX(I).XO(I)H2) CHD 
GO TO 2640 GHD 
TE"1PC=FLUX(I+lI-FlU)«II CHu 
IF (TEMPC) 2~50,2720,2E60 GHD 
TEHPC=ABS(TEHPC).TEHPB/CXM(II.E(I)) CHD 
GO TO 2710 CHO 
IF (I.EO.l) GO TO 2670 CHO 
IF (I.EO. NZ) GO TO 2680 CHO 
TEMPH=TOCI-lI+TO(I+lI CHO 
GO TO 2690 CHO 
TEHPH=TO(2l+ZEBOUT CHO 
GO TO 2690 CHD 
TEHPH=Tb(NZI+ZEBIN CHO 
IF (lO.·TOCII-TEMPHI 2700,2650,2&50 CHO 
THIS PATH FOR RAPID HEATING OF COLO ZONES CHQ 
TE'1PG=ABS(TEHPC).2./(XHIII.CECI.)+1.El0)1 C>10 
IF (TEHPC.LE.TEHPAIGO TO 2720 GriD 
TEHPA=TEHPC CHO 
NTS2=I C~10 
CON TINUE r:: HD 
DTRAD=1./(TEHPIl.+l.E-50) CHD 
IF (NCKR) 2730,2730,2370 CHO 
OT=AHAX1(CTMIN,A~IN1CDTHIl.X,OTCS,OTRIl.O,OTTEHP)1 CHO 
IF (ICYCLE.GT .11 GO TO 2740 CHO 
OTP=1.E-25 CHO 
OTPP =OT CHO 
TEHPIl.=0~095.0TPP CHO 
IF COT.GE.TEHPIl.I GO TO 2750 CHO 
IF COT.NE.DTTEHPI GO TO 2750 CHO 
PRINT &320, ICYCLE,TIHE,OT,OTP,DTPP,OTTEHP,OTCS,OTRAO,OTMIl.X,OTHIN,CHO 

lTEHPIl. CHO 
OTTEHP=TEHPIl. CHO 
GOT 0 2730 C HO 
IF (NOSOUR.LE.O) GO TO 2760 CHO 
IF ITIHE.GE.TSOURH) GO TO 2760 CHO 
IF (OT.LE.TSOURH/200.) GO TO 2760 CrlD 
OT=TSOURH/200~ CHO 
NE W 0 T DE TE R H I NE 0 C HO 
I EOREJ=O C HO 
IF L P R.= 0 C rl 0 
IF CTIHE·l.E-9.LE.OT) GO TO 2770 CHO 
PRINT 6390, ICYCLE,TIHE,OT,KCUTH,DTHIN,DTHAX,OTCS,DTTEMP CHD 
IF ITIHE.l.E-ll.GT.CT) IFLPR=l CHO 
IF (TIHE.l.E-12.GT.DTI STOP 77 C-iD 

1211 
1212 
1213 
1214 
1215 
1216 
1217 
121d 
121'3 
1220 
1221 
1222 
1223 
122'+ 
1225 
1226 
1227 
1228 
122 9 
1230 
1231 
1232 
1233 
1234 
1235 
123., 
1237 
t 218 
1219 
121.t0 
1241 
12'+2 
1243 
1244 
1245 
1246 
1247 
12'+8 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
125& 
1257 
1258 
1259 
1200 
12& 1 
12'52 
1263 
1264 
1265 
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27700TH=.5"IDT+DTP) CHO 120& 
C CALCULATE NEW VELOCITIES AND POSITIONS CriD 12&7 

IF (NOHYD.NE.O) GO TO 33&0 CHD 1268 
DO 2990 I=l,NZ CHD 1209 
'TEP'lPA=TEMPB CHD 1270 
TEMPB=XOII) CHD 1271 
TEMPG=TEMPE CHD 1272 
TEt1PF=TEMPD CHD 1273 
TEMPC=PII)+QII)-S)(O(I) CHD 1271+ 
It11=I-1 CriD 1275 
IF IKACTII).EQ.lI GO TO 2980 CHD 1276 
GO TO KSWA, (2790,2780) CHO 1277 

2780 TEMPH=)(0(I+1) CHD 1278 
IF (ISPALLlI).EQ.ll TEMPH=XLOII) CHD 1279 

2790 IF II.GT.l1 GO TO 2860 CHD 1280 
IF lOBS) 2810,2810,2800 GHD 1281 

2800 Vll)=TEMPC=O. CHD 1262 
GO TO 2920 CHD 1283 

2810 TEt1PC=XH2 (1)" (TEMPO-PBCRYO) CHD 1281+ 
GO TO NGM1, 12910,2820,281+0) eHD 1265 

2820 TEMPC=TEMPC·HIOPIPTEMPB CHD 1260 
GO TO KSWB, 12910,28301 CriD 1267 

2830 TEMPC='TEMPC+2."(2.·SXDI1I+SZO(11)/(IXO(1)+TEMPM)·DO(1l) GHD 1268 
GOT 0 29 1 0 C H 0 1 269 

2840 TEMPC=TEMPC·FOURPIE·TEMPS"2 GHO 1290 
GO TO KSHC, (2910,2850) CHD 1291 

2850 TEHPC=TEMPC+6. ·SXO (UI (IXO (1) +TEMPMI ·00 (11) CHD 12n 
GO TO 2910 GHD 1293 

2860 TEMPG=XH2 (1).( TEMPD-TEHPF) GHD 1294 
GO TO NGM2, 12910,2870,2890) GHD 1295 

2870 TEMPG=TEMPC·TWOPIE·TEHPB GHD 129b 
GO TO KSWD, 12910,28801 GHD 1297 

2860 TEMPC=TEHPG+2.·12.· ISXDII)+SXOII-1»+5ZDII)+SZDII-1l 1/(0011) ·(XOIlCHD 1298 
1l+TEMPHI+DOII-1I·(x0IIl+XQ(I-1) I I GHD 1299 

GO TO 2910 CHD 1300 
2890 TEHPC=TEHfC·FOURPIE·TEMPB··2 CHD 1301 

GO TO KSWE, (2910,2900)CHD 1302 
2900 TEMPC=TEMPG+6.·(SXOII)+SXDII-1)/IDOIII.(XO(I)+TEMPM)+DO(I-1)·(XO(CrlO 1303 

11I+X0<1-1)) GHD 130" 
2910 TEMPC=VOII)+TEMPC·DTH GHO 1305 

IF IABSlTEMPCI.LT.CKCI TEHPC=O. CriD 1306 
VII)=TEMPC CHD 1307 

2920 XII)=TEMPE=TEMPB+TEMPC·DT CHD 1308 
IF II.EQo1) GO TO 2990 CHD 1309 

2930 GO TO NGM3, 129 .. 0,2950,29&0) CHO 131 0 
2940 DIIM1)~XMIIM1)/(TEMPG-TEHPE) CHD 1311 

GO TO 2970 CHD 1312 
2950 0 I I M 1 ) = X H CI H 111 ( I TE H PG - TE H PE ) • ( T EM PG + T E H PE) • PIE) C HD 131 3 

GO TO 2970 CHD 1314 
2960 OIIM1)=XMIIM1)/( (TEMPG-TEHPE)·(TEMPG··2+TEMPG·TEMPE+TEMPE··2)·PIE4GHD 1315 

13) CHD 131& 
2970 IF IABSIO(1Ml)-OOIIMlI).LE.CKA·OO(!MlI) GO TO 2990 CHO 1317 

IF (ISPALlIIMlI.EQ.ll GO TO 2990 CHD 1318 
IF (1.EQ.2) GO TO 2990 CHD 1319 
IF IISPALLII-2» 3020,3020,2990 CHD 1320 
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2960 TEMPE=X(I) C~O 1321 
IF (I. EQ.·l) GO TO 29'30 C~O 1322 
IF IKACTIIH1).EQ.OI r;o To 2930 CHO 1.323 

Zg90 CONTINUE CHO 132~ 
IF II(ACT IN2P I.Eel. C) CO TO 3000 CHD 1325 
IF IKACT(NZ)) 3090,3090,3140 CHD 132& 

3000 IF lIeS) 3030,3030,3010 CHO 1327 
3013 V INZP'=TEMPC=O. C~O 1328 

GO TO 3090 C~O 1329 
3020 OT=OT.OTINCI C~D 1330 

PRINT 6~00, OT,ICYCLE,TIME,IM1,O(IM1',OOIIM1) CHO 1331 
GO TO 2760 CHO 1332 

3030 TEMPC=XHZ(NZP)·(TEMPD-PBORYI) CrlD 1333 
GO TO NGM~, 13080,3040,3060) CHLl 113,+ 

30~0 TEMPC=TEHPC·TWOPIE.XO(NZP) CHD 1335 
GO TO KSWF, 13080,3050) CrjO 1336 

3050 TEMPC=TEHFC-2.·(2 •• SXO(NZ)+SZOINZ)I/«XOINZ)HO(NZP»·OO(NZ») Ci-IO 1337 
GO TO 3080 CHO 1336 

3060 TEMPC=TEMPC.FOURPIE.XOINZP)·.Z CHO 1339 
GO TO KSWG, (3080,3070) CHO 1340 

3070 TEHPC:TEMPC-6 •• SXOINZ)/I(XOINZ)+XO(NZP»·OOINZ)) CHO 1341 
3080 TEMPC=VOINZPI-TEMPC.DT~ CHD 1342 

IF IABSITEHPC).LT.CKC) TEHPC=O. CHO 1343 
V(NZP)=TEMPC CHO 1344 
XINZP'=XO(NZP)+TEMPC.OT CrlO 13'+5 
IF (IGM.EQ.ll GO TO 3090 CHD 13lt6 

C CHECK FOR CLCSING CENTRAL VOID CHO 1347 
IF IXINZP'.GT.O.) GO TO 3090 CHD 134B 
SDINZ)=.S.TEMPC •• Z/IXH2(NZP).XMINZ,.OTI CHD 1349 
X(NZP'=VINZP)=U. CHD 1350 
ISS=1 GrlD 13<;1 
IEDREJ=1 C~D 1352 
1=-1 CrlO 1353 
PRINT 6410, ICYCLE, TIHE C~D 135'+ 

3e90 GO TO NGM5, (31UO,3110,31201 CHO 1355 
31000INZI=XM(NZI/IX(NZ)-)«NZP)1 CHD 13<;6 

GO TO 3130 CrlD 1357 
3110 D(NZI=XHINZ) II(XINZI-)«NZP)1 4 IXINZItXINZP»·PIEI Ci-ID 1358 

GO TO 3130 CHO 13Sg 
3120 DINZ)=XHINZI/IIXINZ)-)(INZP)I.IXINZl"2+X(NZ)·X(NZP)+X(>lZP)··2)·PIECHD 1360 

llt3) C riD 1361 
3130 IF IISPALLlNZNI.EQ.ll GO TO 3140 CHD 13.62 

IF IABS(Q(NZ)-OOINZ)).LT.CKPOOINZII GO TO 3140 CHO 1363 
IF II.EQ.-1I GO TO 3140 CHD 13&4 
DT=OT 4 0TINCI CrlO 1365 
IM1=NZ CHD 1366 
GO TO 3020 CHO 13<:>7 

3140 CONTINUE CHD 1368 
C SPALL SURFACE VELOCITY AND POSITION eHD 13&g 

IF INSPALL. LE. 0 I GO TO 33&0 CHD 1370 
DO 3190 I=l,NZN CHO 1371 
I F I I SPA L LI I) • E Q. 0 I GOT 0 3 1 g a C HO 1 37 Z 
1H1:I+1 CHD 1373 
TEMPB=PIII+QII)-SXDIII CHD 1374 
TEMPC=P( 1Hll +QI 1Hl) -SXD (lHlI CIoiO 1375 
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IF INORAO.EO.O) GO TO 3150 GriD 1376 
TEHPO= 0 0625" RADK 3" eTO I I I +TO IIMlIlHIt GriD 1377 
TEMPB=TEHPB-TEMPD GriD 1378 
TEHPC=TEHPC-TEHPD CHD 1379 

3150 TEMP8=TEHPB/XMIII GHD 1380 
TEMPC=TEHPGI XHI 11'111 GHD 1381 
IF (IGH.EO.1) GO TO 3180 GHD 1382 
TEHPA=XOII+21 CriD 1383 
IF IISPALLlI+lI.EO.lI TEHPA=XLOII+1) GHD 1381t 
GO TO NGH6. 13150,3160,3170) GHD 1365 

3160 TEMPB=TWOPIE"TEHPB"XLOIII-12."SXOIII+SZDIII)/I(XOI1I+XLOlli I.DO(1IGriD 1386 
11 C HO 1387 

TEMPC=TWOPIE·TEHPC·XO(IMlI+12."SXD(lMlI +SZOI1Hll II I( XOI 11'111 +TEMPAI CHD 1388 
1"DO 111'11» CHO 1389 

GO TO 3180 CHD 1390 
317 0 T EH P B=F OU RP IE· T E HPB" XL C (1 I'" 2- 3. • S XO II) I ( (XO (1 I + XL 0 II I I • DO 111 ) C H 0 1391 

TE M PG =F 0 URPI E" T EHPC" XO (11'111 " .. 2+ 3 •• S XO (11'1111 I I XO ( I I'll I + TE HPA I • DO ( I ~1 C H D 13'32 
11 I GHD 1393 

3180 TEMPB=VLOIII-2."DTH"TEMPB CriD 1391t 
TEMPG=VO(1Hl)+2."01H"TEMPC CHD 1395 
IF (ABSeTEMP81.LT.GKG) TEHPB=O. CHD 1396 
IF IABSITEMPC) .Ll.CKG) TEHPC=O. GriD 1397 
VLlII=TEHPB CHD 1398 
V(IM11=TEHPG GriD 1399 
XLIII=XLO(Il+VL(II"DT CHO 1400 
X(IH11=XO(IMll+VI1H11"OT CHD Ilt01 

3190 CONTINUE CHO 1~02 
DO 3290 I=l,NZN CHD Ilt03 
IF IISPALLlII.EO.OI GO TO 3290 GHD 14il4 
GO TO NGM7, 13200,3210,32201 GHD 14J 5 

3200DIII=XMIJ)/(X(II-XLlIII CrlD 1Lt06 
GO TO 3230 C rl') 1407 

32100111=XM(!I/((X(II-XLIII'''(XIII+XLlIII·PIEI CHD 1408 
GO TO 3230 CriO 1409 

3220 DIII=XMIIII( IX(I1-XLlIII "IX!II"·2+X(lI·XL (1I+XLlI'·"21·PIELt31 CHD 1410 
3230 IF (ABSIDIII-DO(III.GT.GKA"DO(III GO TO 3280 CHD 1411 

11'11=1+1 GHD 1'+12 
IF 1 IS PAL LI I 1'11) • E Q. 1) GOT 0 3290 C HD lit 13 
GO TO NGHt, (32LtO,3250,32601 GHO 1Ltl1t 

3240 D(IMll=XHIIM11/()(IIHlI-X(IM1+1» GHD Ilt15 
GO TO 3270 CHD lLt16 

3250 OIIHlI=XHIIM1)/(XIIHll-X(HH+1I1·1)(I1Hll+XIIH1+1l1"PIEI GHD 1417 
GOT a 3270 C HD 1 It 18 

3260 DIIMll=XHIIH11/1IXIIMll-)(IIM1+111.I)(C!I'l1l"'2+)(IIH11·XCIM1+1l+XIIHICI1D 1419 
1+11""2'''PIE43) GHD 1420 

3270 IF CABS(OIIHll-DOIlMlll.LE.CKA·DOIIMll) GO TO 3290 CHD 1421 
PRINT 6420, IH1.I,DIIH11,DOCIM1I,XIIP11l,XOIIHll,XCIH1+1),XOIIM1+1IGHD 1'+22 

1,VIIH11,VOIIHll,VIIH1+ll,VDIIM1+1l CHD 1423 
GO TO 3020 GHD 1424 

3280 PRINT 6"30, I,I,OII),OOIII,XIII,XOCII,XLI1),XLOIII,VIII,VOIII,VLlICI1D 1425 
11 ,V L a II I C HD 1 4 2 6 

11'11=1 CI10 1427 
GO TO 3020 GI1D 1"28 

3290 CONTINUE CHD 1"29 
C CI1ECK FOR REJOIN C~D 1*30 
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3300 

3310 

3~20 

3330 

3340 

3350 
3360 

G 

3370 
3380 
3390 
3400 

3410 
3420 
3430 
3440 
3450 

DO 3350 I=l,NZN CHo 
IF CISPALL II I.EQ.O' GO TO 3350 GI-Io 
IF IXLlII.GT.XII+1)1 GO TO 3350 C"iD 
IF IXII+ll.GT.I.q·XL(II+.l'X(I)J1 GO TO 3330 GHD 
TEMPAB=X (1+2' GHD 
IF (ISPALLII+ll.Ea.U TEMPAR=XLlI+1) CHD 
IF IXUII.LT.I.Q'XIl+lI+ol·TEMPAB)) GO TO 333:1 CHD 
TEMPE=TIME+Dl GHO 
IEOREJ=I+l GHO 
IF INEDREJ.NE.OI PRINT 6440, IEoREJ,ICYGLE,TE'1PE CHD 
IEDREJ=l CHD 
ISPALLll)=O GHD 
NSPALL=NSPALL-l CHD 
TEMPE=V(I+l1 GHO 
V(I+lI=IXMIII.VLII)+XMIl+lI'VII+1lI/IXMII)+XMll+l» GHO 
T EM PJ= • 25' (X'" ( I ) • VL I I I·"' 2 +X M II + 1 I • TEMPE"''' Z - ( XM I I I + X 1'1 II + 1) ) " II ( 1+ U "CI1 0 

I' Z) CYO 
XlItl)=.S'IXLII)tX(l+1») GHD 
SOlll=.5"TEMPJ/IXMIII'OTI CHD 
SOll+l)=.5'TEMPJ/IXMlltl)'OTI CHD 
GO TO NGMQ, (3300,3310,33Z0) GHD 
OIIl=XMIl)f()(lr'I-)II+lli CHD 
OIItll=XMII+l)/IXII+l)-TEMPABI CHD 
GO TO· 3350· CHO 
o I I I = X M I I ) / I (X I I I - X I 1+11 I • I X I I I + X I I + 11 I 'P I E I C 101 0 
D(I+ll=XMII+ll/(IX(!+1I-TEMPA~I'IX(l+ll+TEMPAfI).PlEI GrfD 
GO TO 3350 CI1D 
D I I ) = XM ( I ) / ( I X ( II - X ( 1+ 11 I '( X ( I I .. z +)( I II "X I I +1 I +X (I + 1 I'" Z I" PIE I. 31 C Hf) 
o ( I + 11 = X M I I + 11 / ( (X II + 1) - TEMP AB)' I X (I + 11' t- Z + X (1+ 1 tt- T E MPA B + E 1'1 PAS' "2 C H 0 

llt-PlE43) CHO 
GO TO 33!'0 GHD 
PRINT 0450 CHO 
DO 3340 KKK=l,NZ CHO 
SoIKKKI=O. CHD 
GO TO 3020 CHD 
CONTINUE CHO 
CONTINUE CHD 
CHECK FOR ZONE ACTIVATION CHD 
IF (NACTION.EQ.O) GO TO 3470 CrlD 
IF (KCUTM.GT.OI GO TO 3470 CHD 
IF (VILli 33QO,3370,33'l0 CHO 
IF (NORAD) 3400,3400,3380 CHD 
IF (ABS(FLUX(lll-FLUXMINI 3400,3400,3390 CHD 
KACT(1I=KACTI2)=O CHD 
NACTION=IM1=0 GHD 
IP1=2 CHD 
DO 346D I=2,NZ CHD 
IM1=H11+1 CHD 
IP1=IP1+1 CHD 
IF (VII)) 3440,3410,3440 CHD 
IF INORAO) 3450,3450,3"20 C"iD 
IF (ABS(FLUX (III-FLLXMINI 3"50,3450,3430 GHD 
IF (I.GT.') KACTII-ZI=O CHD 
KIICT IIMll =KACTI I) =KACT< IP1) =0 CHD 
IF IKACTIIMll.EQ.OI NACTION=NACTION+l CHi) 

1 It 31 
1432 
1433 
143,+ 
14:35 
1436 
1437 
1438 
1439 
144LJ 
1441 
1!j42 
1,+43 
1,+44 
Ilt45 
1144& 
1"47 
144 ~ 
1449 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1455 
145 9 
146~ 

1461 
14~ 2 
14 Ed 
1'+54 
1465 
11+66 
1467 
1468 
1469 
14 7 0 
1471 
1472 
1473 
1474 
1475 
147& 
1477 
1"78 
147 9 
1480 
1 "81 
1482 
1483 
1'+84 
1485 
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3460 CONTINUE CHD 1486 
CHD 1487 
CHD 1488 
CHD 1489 
CHD 11+90 
C HD 1491 
CHD 11092 
CHD 1493 
CHD 1494 
CHD 14'35 
C HD 14'36 
CHD 11+'37' 
GHO 1"'38 
CHD 1499 
CHD 1500 
C'iD 1501 
CHD 1502 
C HD 1503 
CHD 15010 
CHD 1505 
CHD 150& 
CHD 1507 
CHD 1508 
C HD 150 '3 
CHD 1510 

IF IKACT INZ). EQ. 0) NACTION=NACTION+1 
IF IKACTlNZPI.EQ.OI NACTION=NACTION+1 
IF 1 NACTION. Ea. 0) STOp· 3333 
IF INACTION.NE.NZP) GO TO 3470 
NACTION=O 
PRINT 6460, TIHE,ICYCLE 

3470 CONTINUE 
C CALCULATE ENERGY SOURCES 

GO TO ISOUR, 13490,34801 
3480 TEHPJ~TIHE+0.5.DT 

CALL SOURCE 
IF ITEHPJ.LE. TSOURH) GO TO 3490 
ASSIGN 3490 TO ISOUR 
NOSOUR=O 

C CALCULATE NE~ VISCOSITIES ANO PROJECT NE~ TEMPERATURES 
3490 TEHPA=VIU 

3500 

3510 

3520 
3530 

3540 
3550 

35&0 
C 

3570 
3580 

35'30 
3£:00 

C 
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DO 3500 I =1, NZ 
TEHPe=TEHPA 
TEHPA=V 11+ 1) 

IF (KACf( II. Ea.1I GO TO 3560 
IF (ISPALLlI).Ea.ll GO TO 3500 
TEHPE=DII) 
TEHPF=DOI ]) 
IF CTEHPA.GT .TEMPS) GO TO 3500 
QII)=O. CHD 
GO TO 3530 C HD 
TEHPC=TEHPB-TEMPA CHD 
GO TO NOB1, 13520,3510) CHD 
alII=ITEMPE+TEMPF)·BQ·TEMPC··Z CHO 
GO TO 3530 CHu 
QII)=ITEHPE+TEHPF)·TEHPC.IBQ·TEHPC-BL·CSODII» CHO 
TEMPI I) =TEMPE= I TEHPF-TEMPEI/ITEMPF·TEHPE I C HO 
T I I) = T 0 I I I· 11. - PPPT II)· PE PT I N I I I • TEM PEl + I SO I I '··0 T -al Ii" TEMP E) ·P·EPT CH D 

lINII) GHD 
GO TO NRAD2, 13550,3540) GHD 
IF CTII).GTd.·(TOII)+5.11 T(1)=3.-ITOII)+5.) GHD 
IF (TII).GT.o.) GO TO 3500 GHD 
TII)=TOII) CHD 
CONTINUE CHD 
CALCULATE VISCOSITIES AND PROJECT NE~ TEMPERATURES NEAR 5PALLS CHD 
IF INSPALL.LE.O) GO TO 3&00 GHD 
DO 3590 I=l,NZN CHD 
IF 1 ISPALL< 1) • Ea. 0) GO TO 35'30 CHD 
IF IVII).GE.VLlI» GO TO 3570 CHD 
Q I I) = 10 II) + 0 01 I J ) ·1 VL (I I - V II) ) • ( B a· ( VL ( I) - v ( I) ) + BL· CSOD ( I) ) C HD 
GO TO 3580 CHD 
Q(!)=O. CHD 
TEMPIlI=TEHPE= IDOnl-D(!) II (DOlI) -01 II I CHD 
T I I ) = TO (1 I • I 1. -P PPT I I I- PE PT IN ( I I·T E M PE) - Q ( I) - TE M PE- PE PT I N I I I C HO 
IF ITIlI.GT.O.) GO TO 3590 CHD 
T(1)=TOIII CHD 
CONTINUE CHD 
CONT INUE CHD 
UPDATE STRESS DEVIATORS AND CALCULATE CORRECTION TO ENERGY CI-ID 

1511 
1512 
1513 
1514 
1515 
1516 
1517 
1 :;10 
151'3 
1520 
1521 
1522 
1523 
1524 
1525 
152& 
i527 
1:')28 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
1538 
153'3 
1540 



C 

C 
361J 

C 

3620 

3630 

31040 

3650 

I S= 0 
DEVIATOR STRESS WORK ACCEC TO E ARRAY 
IF (SWEP.NE.O.) CALL ELPL 
o TTE MT =DTINCR 
ICALL =1 
NCKR =0 
GO TO NRA03, 1376(),3610) 
CALCULATE NEW BOUNDARY T~~PERATURE5 
TEMPJ=TIME+OT 
CALL TEDGE 
IF (KRD4.NEol) GO TO 3670 
TYPE 4 RADIATION CHECK PATH 
IF IICYCLE.NE.NCKRD4.IICYCLE/NCKR04)) GO TO 3671] 
IF IIMPEXP.Eaol.ANO.OTRAO.GT.10.·0T) GO TO 3670 
IF IIMPA. Ea. 11 GO TO 3660 
NCKR=20+IMPEXP 
1MPA=l 
IMPExp=O 
IF' NC K R • E Q • 2 0 I GOT 0 3620 
CALL WRITEC (FLUX,11·MAXZONE+3,HAXZONE+1I 
GO TO 3680 
CALL WRITEC IFPATH,11·MAXZONE+3,MAXZONE) 
GO TO 3680 
IMPA=O 
IF (NCKR.EQ.20) GO TO 3640 
CALL REA DEC IFL UX, 11·I'1A XlONE+ 3, H AXZONE+ 11 
IMPExP=l 
GO TO 3650 
CALL READEC IFPATH,1PHAXlONE+3,MAXlONE) 
IMPEXP=O 
CALL WRITEC (TSAVE,11·MAXZONE+3,HAXZONE) 
GO TO 3670 

3660 NCKR=l 
3670 ITTMP=O 

C 

3&80 

3690 
3700 
3710 

3720 

3730 

371+0 

J750 
C 
C 

3760 

IF IIHPEXP) :!760,3680,36'30 
I Pi =1 
GO TO 2140 
EXPLICIT DIFFUSION ADO ENERGY FLUX TO E ARRAY 
IF IIGM-2) 3700,3720,3740 
DO 371G I=l,NZ 
E I I) =E II) tOP I FLUXI 1+1) -FLUX I I» IXH( I) 
GO TO 3760 
TEMP .. =TWOPIE· DT 
00 3730 1=1, NZ 
I P 1 =1 + 1 
E (I) = ElI) + TEHP"4- I FL U X II P 11 • XO (I P 11 - FLU x ( I) • XO I I)·) I X H (I) 
GO TO 3760 
TEHPA=FOURPIE·OT 
00 3750 l=l,NZ 
IP1=1+1 
E (I) = E ( I ) HE HP ... (FL U x (IP 1). x 0 II P 1) •• 2-FL U X ( I) • x 0 ( I) "2) I XH I I) 
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ~ $ $ $ $ $ $ $ $ $ "$$ f ~ 
HYDRO ONLY AND EXPLICIT DIFFUSION ENERGY BALA~CE 
DO 3'300 I=l,NZ 
IF (KACTlr)) 3900,3770,3'300 

i $ 

CHD 151+1 
CHO 1542 
CHD 1543 
C HD 1544 
CHD 1545 
CHO 15,+6 
GHD 1547 
G HO 1548 
CHD 1549 
CI-'C 1550 
CHD 1551 
CHO 1552 
CHD 1553 
GriD 1554 
C HD 1555 
C HD 1556 
C"'O 1557 
C HD 1558 
CHD 155 <; 
C HO 156 a 
CrlD 1561 
CHD 1562 
CHD 1553 
CHD 1554 
eHf) 1555 
GHO 1:;06 
C HO 1%7 
C>1D 1:;b9 
GrlD lS09 
Gt'O 1570 

"CHD 1571 
CHO 1572 
CrlO 1573 
CrlO t 574 
C riD 1575 
CHD 157& 
C.-iD 1577 
CHD 1578 
CHD 157g 
CrlO 1560 
CrlD 151'11 
GHD 1562 
CHD 15i3 
C HD 156'+ 
C rl 0 1585 
eriC 15116 
CHO 1587 
CHD 1533 
CHD 1539 
C HD 1590 
CriD 15'31 
C riD .15'32 
CHD 15g3 
C riD 159'+ 
CHD 1595 

167 



C 

3770 

3780 

3791J 

3800 

3810 

3820 

3 B3 0 

3840 
3850 

3B60 
3870 
3B60 

3890 

3900 

3<310 
C 

3<320 

3<330 

168 

ITRY=O 
TEHPA=OIII 
TEHPL=-.S·TEHPII) 
TEHPB=EII) +IPIII+2. ·QIIII.TEHPL+SOI I).OT 
TEHPJ=T II) 
CALL EOS 
TEHPI=TEHPG-TEHPL"'TEHPH 
IF (TEHPI.LE.O') GO TO 3620 
TEHPI=ITEHPC-TEHPB-TEHPL·TEHPDI/TEHPI 
IF I ABSITEHPIl.LE.CK"TEHPJI GO TO 3611J 
TEHPK=T EHPJ 
TEHPJ=TEHPJ-TEHPI 
IF ITEMPJ.LT.l0."TEHPKI GO TO 37<30 
TEHPJ= 10 ."TEHPK 
IF ITEMPJ.GE.TEMINTI GO TO 3600 
TEMPJ=.<3~TEHPK+.l·TEMINT 
IT RY = IT RY +1 
IF IITRY-NCKAI 3780,37BO,3820 
HI'=TEMPJ 
EIII=TEHPC 
P II I =TEHPD 
PPPT I I I = TEHPH 
PEPT IN (I I = 1. ITE I1PG 
!TRIED I I) =ITRY 
GO TO 390C 
TROUBLE SECTION 
ZLOH=TEHINT 
ZUP=10."'TO II) 
TEHPJ=.S'" (ZLOH+ZUPI 
CALL EOS 
ITRY=ITRY+l 
ZAv=TEI1PC-TEHPB-TEHPL·TEHPO 
IF (ABS IZAVI. LE. CK"TEHPCI GO TO 3810 
IF IITRY.LT~500-1 GOTa 3840 
IF (ITRY.GT.<3971 GO TO 3840 
IF (ZUP-ZLOH.LEol.E-PTEHPJ) GO TO 3Bl0 
IF (ZAV I 3800 ,3Bl0 ,3850 
ZUP=TEMPJ 
GO TO 3870 
ZLOH=TEHPJ 
IF IITRY-99BI 3B31J,36BO,3B90 
ZLOH=ZUP=TOI II 
GO TO 3B30 
PRINT 5500, I,ICYCLE,TII1E,TOIII,ZAV,TEMPC 
GO TO 3811J 
CONTINUE 
IF INCKR.GT.ll GO TO 4900 
IF IIHPAI 5000,5000,4840 
IF IIHPA) 3920,3920,~480 
IMPLICIT DIFFUSION ENERGY BALANCE 
TEHPA=DT/lo. 
TEHPRINZP)=TEHPRINZP)·TEHPA 
IF IIGM-2) 3950,3930,3940 
TEHPA=THOP IE "TE HPA 
TEHPRINZP)=TEHPRINZPI"THOPIE"'XOINZPI 

CHO 
CHO 
CHO 
C HO 
CHO 
CHO 
C HO 
CHO 
C HO 
CHO 
CHO 
CHD 
CHO 
CHD 
CHO 
C HO 
CHO 
CHO 
C HO 
CHO 
C HO 
CHO 
CHO 
CHO 
CHD 
CHO 
CHO 
CfjO 
CHO 
CHO 
CHO 
CHD 
CHO 
CflO 
CHO 
C HO 
CfjO 
C HO 
CfjO 
C'iO 
C HO 
CHO 
CHO 
CHO 
C HO 
CHO 
CHO 
C HD 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
CHD 

159& 
1597 
1598 
1599 
16ilO 
1&01 
1602 
1&03 . 
1&04 
1&05 
1&00 
1507 
l&OB 
1&09 
1&10 
1511 
1&12 
1&13 
1& 14 
1&15 
1&1& 
1&17 
1&18 
1&19 
1&20 
1&21 
1&22 
1&23 
1&24 
1&25 
1&2& 
1&27 
1&28 
1&29 
1&30 
1&31 
1&32 
1&33 
1&34 
1&35 
1&3& 
1&37 
1036 
1&3<3 
1&40 
1&41 
1042 
1&43 
1&44 
1&~S 
1&4& 
1&47 
1&4B 
1&49 
1650 



GO TO 3950 
3g~0 TEMPA=FOURPIE·TEMPA 

TEMPR(NZP)=TEMPR(NZF)·FOURPI~·XO(NZPI·X(NZP) 

3950 DO 4010 I=1,NZ 
IF (KACT(I)) 3960,3970,3960 

3%0 TSAVEIII=ITRIED(I1=O 
GO TO ~010 

3970 ESAVE(I)=E(II-(PIIl+Z.·Q(I))·.5·TEMPII)+SDII)·OT 
TSAVE(I)=ITRIED(I)=-1 
IF (IGH-Z) 3980,3990,4000 

3980 TEHPRIII=TEMPRII)·TEMPA 
GO TO 4010 

3990 TEHPR(II=1EMPR(II·TEHPA·XO(IJ 
GO TO '+010 

,+OUO TEMPR(IJ=TEHFR(II·TEHPA·XO(II·X(I) 
4C10 C.ONTINUE 

TEMPH=SCRADF·(TE80UT+ZE80UT)··4 
TEMPN=SCRADA· (TE8IN+ZE8INI··4 

~020 00 ~050 I=l,NZ 
IF (TSAVElII) 4030,4050,4030 

'+030 TEMPA=DII) 
TEHPj=T( I) 
CALL EOS 
ITRIEDIII=ITRIEDIII+l 
E(II=TEHPC 
P(I)=TEMPD 
PPPT <IJ=TEMPI" 
IF (TEHPG) ~':50, "':50,4040 

4040 P~PTIN(I)=TEMPG 

4050 CO~ITINUE 

TE HPE=O. 
TEMP8=TEMPH 
TEHPG=T(l}+TO(1) 
TEHPF=TEHPG··3 
TEMPC=TEHPF·TEHPG 
TEMPF=4.·TE"1FF 
00 4100 I=1,NZ 
TEHPA=TEHF8 
TEHP8=TEHPC 
TEMPD=TEMPE 
TEMPE=TEMPF 
IP1=I+1 
IF (I. EQ.NZ) GO TO 4060 
TEHPG=T(IP11+TO(IP11 
TEHPF=TEHPG·~3 
-TEMPe= TEi·fF;:' TEHPG 
TEMPF=4.'"TEMFF 
GO TO 4070 

40&0 TEMPF=O. 
TEMPC= TEMPN 

4elO IF IKACT(I)) 4080,4090,4080 
4e80 GGA (II =GGC(II =GGIII =0. 

GG8(I'=1. 
GO TO ~100 

~090 GGA (II =TEHPR II I'"TEHPD/XH II I 

C HO 1&51 
CHD 1&52 
CHD 11;53 
CHD 1&54 
CHD 1&55 
CHD 1&56 
C ,,0 1657 
C HO 1656 
CHO 1659 
C~Q 1&&0 
CHD 1661 
CHD 1 &6 2 
CHD 1&63 
CHD 1&64 
CHO 1&65 
CHO 1000 
CHI) 1&&7 
C"';D 16b8 
CI-'O 16!"'i 
C"';O 1570 
CHO 1671 
CHD 1672 
CHD 1673 
CHD 1674 
CHo 1675 
CHo lS16 
CHD 16?7 
C"';f} 1678 
GriD 1&79 
C~O 1680 
C"D 1681 
CHO 16ilZ 
CHD 1083 
C~D 1&64 
CHD 1&65 
CriD 163& 
CHD 16~7 
C~D 1688 
CI-!D 1689 
C"O 1690 
CHD 1691 
CHD 1692 
C:-fD 1633 
C>10 1694 
Cl1D 1&'35 
CHo 1696 
CHD 1697 
C>1D 16'38 
CHD 16C; 9 
C~D 1700 
C riD 17 J 1 
CHD 1702 
CHD 1703 
CHD 170lt 
CHD 1705 

169 



GGCCII=TE~PRIIP11·TEMPF/XHCII CHO.170& 
TEMPG=.5· (OCII-OOCIIII(OIII-OOCI)) CHO 1707 
GG8( I I =PEPTI N C I I -TEMP G·PPPT CIl+ (TE HPRCI P1l +TE HPR CI I I "TEHPEI XM I I I C HO 1708 
GGIII=EIIJ-ESAVEIII-TEHPG·P(II-CTEHPRIIPll"TEHPC-CTEMPRIII+TEMPRCICHO 170Q 

lP 1l1-TEHPB+T EHPRC II "TEHPAII )(HI II 
4100 CONTINUE 

C BACKWARD-FORWARD SOLUTION 
GGEC 11 =GGCI 1I/GGBC 11 
GGFC1'=-GGllI/GGBlll 
00 4120 1= 2, NZN 
IP1=I-l 
TEHPG=GGBCII-GGACII"GGE IIP11 
I F I TEH P G 1 4110. 427 0,4110 

4110 GGEII'=GGCIIIITEHPG 
IF IABSIGGECII).GTo1.E41 GO T042&0 

4120 GGF II 1= (G GA Cl I" G GF II P 11 - GG HIli TEHPG 
TEHPG=GGB(NZI-GGAINZI"GGEINZNI 
IF !TEMPGJ 4130,4260,4130 

4130 TSAVEINZI=TEHPG=(GGA(NZI"GGFCNZNI-GG(NZII/TEMPG 

4140 
4150 

C 

TEMPAB= CK 
NO)(=l 
IF (ITTMP-MITTMP+21 41&0,4150,4140 
TEHPAB=100."TEMPAB 
TEMPAB=10."TEHPAB 
LAST TWO STATEMENTS RELA)( CONVERGENCE CONDITION 
N OX= 0 

4160 IF IABSITEHPG).LE.TEMPAB"TINZ)) TSAVEINZ)=O. 
00 4170 IP1=1,NZN 
I=NZ-IP1 
TSAVE(IJ=TEMPG=GGEII)"TEHPG+GGFIII 
IF (ABSITEMPG) .LE.TEMPAB.TCII) TSAVEIII=O. 

4170 CONT INUE 
00 4200 I=l,NZ 
IF ITSAVEII)) 4160,4200,4160 

4160 IF CNOX) 41qO, 41QO ,4210 
41QO NO)(=NOX+l 

IF (ABSCTSAVEII)).GT.O.Ol"TCIIl GO TO 4210 
4200 CONTINUE 

C ALL TEMPERATURES CONVERGED 
GO TO 4340 

C 

4210 DO 4240 I=l,NZ 
IF IT SAVE C II) 4220,4240,4230 

4220 TEHPG=T C I) 
TCII=TCII+TSAVECII 
IF IT II) .GE •• 6"TEMPG) GO TO 4240 
T I I I = .6" T EM P G 
GO TO 4240 

4230 TEMPG=TlII 
TCII=TIII+TSAVECII 
IF 1T1I1.LE.3."TEMPGI GO TO 4240 
T 1I1=3."TEMPG 

4240 CONTINUE 

170 

I TTMP=I TTMP+ 1 
IF (ITTMP-MITTMPI 4020,4020,42QO 
TROU BLE HERE 

CHO 1710 
CHO 1711 
CHO.1712 
CHO 1713 
CHO 17110 
CHO 1715 
CHO 171& 
CHO 1717 
CHO 1718 
C HO 171 '3 
CHO 1720 
CHO. 1721 
CH01722 
CHO 1723 
CHO 1724 
CHO 1725 
CHO 172& 
CHO 1727 
CHO 1726 
CHO 172 9 
CHO 173 0 
CHO 17'31 
CHO 1732 
CHO 1733 
CHO 1734 
C HO 1735 
CHO 173& 
CHO 1737 
CHO 1736 
CHO 173'3 
GHO 1740 
C HO 1741 
CHO 1742 
CHO 1743 
CHO 1744 
CHO 1745 
GHO 174& 
C HO 1747 
GHO 1748 
CHO 174'3 
GHO 1750 
CHO 1751 
GHO 1752 
GHO 1753 
GHO 1754 
CHO 1755 
CHO 175& 
CHO 1757 
GHO 1758 
CHO 175'3 
GHO 1760 



1025Q IP1=5290 CHD 
GO TO 10300 CHO 

4200 IP1= 5291 CflD 
GO TO 43eo CHO 

10 2 7 0 I P 1 = 5292 C HO 
GO TO "300 CHO 

4280 IPl =5293 CHD 

10 29 0 
C 

4300 

GO TO" 3 (j 0 C HO 
IP1=5294 CHD 
FOR RECYCLE PRINT CHANGE NEXT CARD CHD 
JJ=O CHO 
IF INCKR.GT.l.AND.IHPA.EQ.ll GO TO 10770 CHD 
IF (JJ) 4310,4320,10310 CHD 

4310 PRINT 5570, ICYCLE,TIHE,OT,I,IP1,TEHPG,TEHPA,TEHPJ,TEHPC,TEHPO,TEHCflO 
lPH,T[HPB,TEHFL,I1THP CHD 

P R I N T 5580, I I, TE HP I I) , FL U)( I II , T SA VE I I I , PS 4 VE I I I , T I I I , T a I I I ,0 (I I , DC HO 
10111 ,SOIII ,EIII ,I=l,NZI CHO 

4320 KCUTH=KCUTH+1 CI-fO 
IF IKCUTH.GT.51 STOP 5210 CHD 
OT=0.5-0T CHO 
DO 4330 I=l,NZ CHO 
o II >=TEHPA=DO II I C HO 
TIII=TEMP~::;TOIII CHO 
CALL EOS CHD 
E(II=TEHPC CHD 
P(I>=TEMPD CHD 
PPPTCII=TEMPH CHD 

10330 PEPTINIII=l./TEHPG CI-fO 
C4LL READEC (C50D,0-H4)(ZONE,Io-HA)(ZONEI CHO 
CALL READEC tISPALL,10-HAXZONE,HA)(ZONE+31 CHO 
GO TO 2760 CHD 

10340 DO 4360 I=l,NZ CHO 

4350 
4360 

C 

IF (KACT (III 4360,"350,"360 CHD 
PEPTINtII=1./PEPTIN(I) CHD 
CONT INUE CHD 
CALCULATE FLUX IF LIlTER REQUIRED CHD 
IF IICYCLE.EQ.50-IICYCLEl5011 GO TO 4370 CHD 
IF INCOUNT+l.NE.10-I(NCOUNT+1I/1011 GO TO 10471) CHD 

10370 TEHPe=1. CHD 
DO 101060 1=1, NZP C HD 
TEHPL=TEHPH CrlO 
IF INZP-II 10380,10390,10380 CHD 

4380 TEMPH= IT I II +TO I 111"10 CHD 
GO TO 101000 CHO 

10390 TEHPH=TEMPN CHO 
4400 IF lTEHPRIII) 101020,101010,10420 C'iD 
10"10 FLUXCII=O. CHO 

GO TO 10460 CHO 
101020 IF IIGH-21 41050,4430,"4100 CHD 
10430 TEMPB=TWOPIE-XOCI) CHO 

GO TO 4450 C HD 
1010100 TEMPB=FOU~PIE-XOIII-)(CII CHO 
101050 FLUX I II= TE HPR II I- CTEHPM-TEMPLJI (DT-TEMPBI CHD 
4'+00 CONTINUE CHO 
4470 CONTINUE CHO 

1761 
1762 
1763 
17610 
1765 
1766 
1757 
1768 
1759 
1770 
1771 
177 Z 
177 3 
17710 
1775 
1776 
1777 
177 8 
1779 
1780 
1781 
1782 
1783 
1784 
1785 
17116 
1787 
178 B 
1789 
1790 
1731 
1792 
1793 
17' 94 
17':35 
179 I:> 
1797 
1798 
1799 
180 a 
18H 
13,J2 
18J3 
113 04 
1805 
1806 
1807 
1808 
1809 
B10 
1811 
1812 
1813 
1614 
1815 

171 



I FIN C K R- 1) It 920 • 4920 ,490 a C H 0 1 81 & 
C APPROXIMATE IMPLICIT DIFFUSION FIRST PASS TEHPERATURES CHD 1817 

4480 I F I I G 1'1- 2 ) 4 It 9 0 , 450 0 .4510 C HD 181 8 
4490 TEHP8=DT CHD 1819 

GO TO 4520 CHD 1820 
4500 TEMPA=TWOPIE4DT CHD 1821 

GO TO 4520 CHD 1022 
4510 TEHPA=FOURPIE4DT CHD 1823 
4520 DO 4580 I=2,NZ CHD 1821t 

IF ITEMPRU)I 4540,4530,4540 CHD 1825 
It530 PSAV(II):O. GHD la2E> 

GO TO It580 GHD 1827 
4540 TEHPRII)=.25.TEHPRII)~ITOII)+TOII-1»443 GHD 1828 

IF I IGH- 2) 4570,4550,4560 G HO 1829 
4550 TEHPE=TEMPA·XOII) GHO 1830 

GO TO '+570 CHO l>i31 
'+560 TEHPB=TEHPA4XOII)·XII) CHO 1832 
'+570 PSAVEII)=TEHPB4TEMPRII) CHO 1833 
It580 CONTINUE CHD 1~31t 

DO '+700 I=l,NZ CHO 1635 
IF IKACT(I» 4590,4600,'+590 CHO 1836 

4590 ESAVEII)=-TOII) GHO 1837 
GGBII)=l. CHD 1838 
GGAII)=GGGII)=O. GHD 1839 
GO TO 4700 CHD 1840 

41:>00 TEHPJ=T(I) CHO 1341 
TEMPA=OII) CHD 1842 
GALL EOS CHO 181+3 
TEMPB=.5 4 TEHPII)·TEHPH CHO 184'+ 
ESA VE I I I = TEM FC -E I 1) - T EM PG. TEHP J- SO I I I .0 T + T E HP I I I 4 I a II) + .5 4 I TE HP 0+ PC H 0 1 845 

lIII-TEMPH4TEMPJI) CHO 184& 
GGBII)=TEMPG+TEI'1PB CHD H4T 
IF (I. Ea. 11 GO TO '+620 CHO 1846 
IF I I. ED. NZl GO TO It630 C HD lB49 
GGAII)=PSAVEII)/XMII) CHO 1850 
GGCII)=PSAVEII+lI/XHIII CHO 1851 
E S A V E I I I = E SA V E I II + I G GA fI I • (l0 II I - TO II -1 ) I - G G G I I I • (T 0 II + 1)- T 0 ( I I I I C H Old 52 

4610 GGBIII=GGEIII+GGAII)+GGGII) CHO 1B53 
GO TO 4700 GHO 185'+ 

4620 IP1=1 GHO 1855 
GO TO 464D CHO 185E> 

4630 IP1=NZP GHO 1857 
461t0 IF IIGM-2) 10650,4660,lt670 GHO 1858 
'+650 TEHP8=1. CHD 1859 

GOT 0 4 & 8 0 G HO 1860 
'+660 TEHPB=TWOPIE4XOIIPU GHD 1B61 

GO TO 4&80 GHO 1862 
'+670 TEMPB=FOURPIE4XQ(!P1I 4 XIIPll GHO 1863 
'+680 TEHPB=TEHPB4TEMPRIIP1)4DT GHO 1864 

IF (I.Ea.NZ) GO TO 4690 CHD 1865 
GGA(l)=O. GHO 1866 
GGGll)=PSAVEI21/XM(1) GHD 1867 
GGBI1I=GG8(1I+.S 4 TEMPB·TO(1I"3/XMI1l CHD 1868 
ESAVE(l)=ESAVE(ll+(.S·TO(l)··,+-SCRAOF·(ZEBOUT+TEBOUTI·44/16.,4TEHPCHD lB69 

lB/XM(ll-GGG (11· (l0121-TO 111) GHD 1870 

172 



1.t&90 

4700 
C 

4710 

1.t720 

4730 

4740 

C 

4750 
I.t 7&0 

4770 

4780 

4790 

4 BOO 

4810 

4820 
C 

'+830 

GO TO 4&10 C~D 
GG~INZ)=PSAVE(NlllX~INZ' r.~0 
G G C I N Z ) = 0 • C elD 
G G B (N Z) = G G B ( N l) + .5. T E ~ P So. T 0 (N Z I ... 31 X M (N Z ) C el 0 
E SA vE (NZ ) = E SA VE I NZ) +GG ~ I N Z) o. I TO 1 N Z) - TO I N ZN) ) - 1.5·T 0 (N Z) "'4- S C RAO E" C HD 

lIZESIN+TE8INI .... 1.t/16.)·TEMPB/X~INZ) 
GO TO 4&10 
CONTINUE 
BACKWARD-FORWARD SOLUTION 
GGE / 11 =GGC/l I IGG8(1) 
G GF (1) =- ES AVE 1111 GGB I 11 
DO 4730 I=2,NZ 
IP1=I-l 
TEMPG=GGB I II -GGA I II ·GGEI IP1) 
IF (TEMPG) 4720,,+710,4720 
IP1= 536& 
GO TO 4300 
GGEII'=GGCII'/TEMPG 
IF IA8SIGGEII)I.LTo1.E5) GO TO "730 
IP1=5387 
GO TO "300 
GGFIII=(GGAII)·GGF(IP1)-ESA~E(I»ITEMPG 
TSAVE(NZ)=GGFINZI 
DO 4740 IP1=1,NZN 
I=NZ-IPl 
TSAVEII)=GGEIII·TSAVEII+l)+GGFIII 
IF INCKR.LE.lI GO TO "790 
TYPE 4 RACIATION RETUR~ 

00 47&0 I=l,NZ 
IF (KACTIIII·47S0,47€lO,47S0 
TSAVE II) =TO 1 II 
CONTINUE 
GO TO 3&30 
TSAVE(1)=1.El00 
DO 4780 I=2,NZ 
TSAVEIII=l. 
GO TO 3&30 
00 4820 I=l,NZ 
IF IKACT II I I 48£10,4810,4800 
TSAVE I II =TOI II 
GO TO 4820 
TIII=TSAVECII 
IF (TIII.GT.O.I GO TO 4820 
IP1=539" 
GO TO "300 
CONTINUE 
FLUX 
TEMPA=TOlll+Tll1 
FLOUF=TEMPRll)·.5·TEMPA·TOll,··3 
FLINF=SCRAOF·TEMPRlll·IZESOUT+TEBOUT)·"4/1&. 
FLUXIlI =FLOUF-FLINF 
DO 4830 I=2,NZ 
TEMPS=TEMPA 
T EM P A = T 0 I I I + T ( I I 
FLUXII,=TEMPRII'·(TEMPA-TEMPS' 

CelO 
GHD 
CHD 
CelD 
C~D 
C 1010 
GelD 
CelD 
C elD 
CHD 
GelD 
C elD 
CelD 
GIoID 
GHD 
CelD 
CHD 
GelD 
CHD 
CHO 
CHD 
CelD 
CHD 
C HD 
GelD 
G HD 
G HO 
CrlO 
C HD 
CHD 
CHD 
CelD 
CHD 
C HD 
CHD 
GrlD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HD 
CH 0 
C HD 
G rlD 
CrlO 
C HD 
C elD 

1871 
1872 
1873 
1874 
1875 
187& 
1877 
187 B 
1879 
1880 
1881 
18:12 
1883 
1884 
1885 
188& 
1837 
1888 
1889 
1890 
18'31 
18.92 
1893 
1894 
1895 
la9e. 
1897 
1898 
1899 
1 gO a 
1'Hl 
1302 
1903 
130'-
1905 
1906 
1907 
190a 
1309 
1910 
1911 
1912 
1913 
191'+ 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1322 
1923 
1924 
1925 
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C 

C 
~6~0 

C 

C 
C 
C 

4850 

4860 
4870 

4880 

4890 

4900 

4910 

4920 
4930 
4'140 

4950 

4%0 
4970 
4'180 

49'10 

5000 
5010 
5020 

5030 

5040 
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FLOUB=TEMPRCNZP)~.5·TEMP~·TO(NZ)··3 
FLINB=TEMPRI~ZP)·SCR~DE·IZEBIN+TEBIN)··4/1&. 
FLUXCNZP)=FLINB-FLOUB 
END FIRST P~SS GO TO EXPLICIT CALCULATION FOR FINAL EN;RGY 
GO TO 3&90 
APPROXIMATE IMPLICIT DIFFUSION TIME STEP CONTROL 
TEMPA=l. 
IMPA=NZP 
DO 4880 I=l,NZ 
IF ITIll-TSAVE(I» 4650,4880,48&0 
TEI1PB=TSAVECI) IT(l) 
GO TO 4670 
TEMPEl=T (I)/TSAVt:(I) 
IF ITEMPB.LE.TEMPA) GO TO 468Q 
IMP A= I 
TEMPA=TEMPB 
CONT INUE 
IF ITEMPA.L T .10.) 
IF INCKR.GT.ll GO 
ERROR TOO BIG TRY 
IP1=5402 
GO TO 4300 
OTRAOT=2.2-TEMPA 

GO TO 4890 
TO 48'10 
AGAI'" 

IF (DTRAOT.LT •• l1 OTRAOT=ol 
IF INCKR-1) 5000,5000,4910 
CALL REA DEC (TSAVE p 11·MAXZONE+3, MAXZONE) 
GO TO 4840 
IHPA=O 
NCKR=1 
IF IIMPEXP) 4920 ,1,920 ,5000 

CHD 
CHO 
CHO 

BALANCECHD 
CHO 
CHD 
CHD 
CHD 
CHD 
CHD 
CHO 
CriD 
C HO 
CHD 
CHD 
CHO 
CHO 
CHO 
CHD 
CHD 
CHD 
CHD 
CHO 
CHO 
CHD 
CHO 
CHO 
C HD 
CHO 
CHO 

END ENERGY BALANCE SECTION 
$$i$$$$$~$$$$$$$$$$i ~'£i$iiiii$'£i$ 
ENERGY ~CCOUNTING 

C HO 
CHD 
CHD 

IF (KACT(l» 4940,4930,4940 
IF (SCRAOF) 4940,4950,4950 
FLINF=FLOUF=O. 
GO TO 4960 
FLINF=RADKo·SCRAOF·I.5 4 ITEBOUT+ZEBOUT»444 
FLOUF=RAOKo" 1.54 IT(1)+TOl1» )"4 
IF IKACTINZ» 4960,4970,4'180 
IF ISCRAOB) 4'180,"9'10,49'10 
FLINB=FLOUB=G. 
GO TO 5000 
FLINB=RAOK6·SCRAOB· 1.5 4 ITEBIN+ZEBIN) ) .. " 
FLOUB=RADK 04 1.5. ITINZl+TOINZ»)44" 
IF IIHPEXP) 5080,5010.5010 
IF IIGM-2) 5020,5030,5040 
TEMPC=TEHPO= 1. 
GO TO 5070 
TEI1PC=TWOPIE·XO(1) 
TEMPO=TWOPIE4XOINZP) 
GO TO 5070 
IF IIHPEXP.GT.O) GO TO 5050 
TEMPC=X (1) 

TEHPD=XINZP) 

CHO 
C HO 
CHD 
C"ID 
CHD 
CriO 
C HO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
C HO 
CHO 
CHD 
CHO 
C"IO 
C 110 
CHD 
CHD 
C HO 

1920 
1927 
1'128 
1'12'1 
1'130 
1 '131 
1'132 
1'133 
1 '134 
1'135 
1'130 
1 '13 7 
1'138 
1'139 
1'140 
1'141 
1'142 
1'143 
1 '144 
1'145 
1 '146 
1 '147 
1946 
1 '110 9 
1'150 
1951 
1'152 
1'153 
1 '154 
1'155 
1'156 
1 '157 
1 '15 6 
1 '15 'I 
1950 
1 '161 
1'162 
196 3 
1964 
1'155 
1906 
1'167 
1'168 
1 '16'1 
1970 
1'171 
1972 
1 'In 
1974 
1975 
1976 
1977 
L '17 8 
1'17'1 
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C 

C 

c 

5050 

5060 

5 G 70 

5080 
5090 

5100 

5110 

5120 

:; 13 0 
51/tO 
515 a 
51&0 

5170 
5180 
5190 

5200 
5210 

C 

5220 
5230 

52/t0 
5250 

C 
5260 

52'70 

5280 

GO TO 5060 
TEHPC=XO (1) 
TEHPD=XO (NZP) 
TEHPC=FOURPIE4XO(l) 4TEHPC 
TEHPD=FOURPIE4XO(NZP)4TEHPD 
RADEF=RADEF+CT4(FLINF-FLOUF)4TEHPC 
RADEB=RADEB+DT4(FLINB-FLOUB)4TEHPD 
IF IIGH-2) 50'30,5100,5100 
TEHPC=TEMPO= 1. 
GO TO 5110 
TEHPC=PIE· (XO (1) +X (11 ) •• IIGH-1I 
T EHP 0 =PI E. (X 0 (NZ P) + X I NZ PI ) H'( IG M-11 
104 OR KF =HORKF + (XO (1 I-X 111 ).p BDRY04TEMP C 
104 ORKR=HORKO+ (X (NZP) -XO INZP») ·PBDRYI "TEMPO 
CORRECT SOUND SPEED 
I S= 1 
I F ISH E P. NE. 0) CAL L E L P L 
CALCULATE DISTENTION RATIO FOR POROUS MATERIALS 
IF ISWPOR.EQ.1. I CALL FOAM 
TIME=TIME+DT 
CALCULATE BOUNDARY PRESSURES 
GO TO NOBP, 15130,5120) 
TEMPJ=TIME 
CALL EDGE 
GO TO 51100 
PBDRYO=P8CRYI=O. 
IF INORAO) 5150,5210,5150 
IF 15CRAOF) 5160,5170,517Q 
PBORYO=PBORYC+RAOK3 4 Tlll··/t 
GO TO 5180 
PBDRY O=PB CRY C+. 5'" RA OK3'" (SCRA OF" TEBOUTH/t+T (11 .. "'/tl 
IF ISCRAOB) 51'30,5200,5200 
PBDRYI=PBDRYI+RADK3·TINZ)··/t 
GO TO 5210 
PBORYI=PBDRYI+.5·RADK3"'ISCRADB"'TEBIN"·4+TINZ)··4) 
CONTINUE 
TIME STEP DATA 
IF IDTTEHT.GT.l •• AND.ITTHP.GT.5) DTTEHT=l. 
DO 5250 I=l,NZ 
IF (TIl)-TOII») 5220,5250,52/t0 
IF ITII).GT.CKB·TOIIl) GO TO 525!l 
OTTEHT=DTINCI 
NTS3=I 
GO TO 5260 
I F (T (I ) • G T • 2. • T 0 (I ) +. 1) GO TO 5230 
CONTINUE 
SOURCE ENERGY 
TEHPJ=O. 
IF (NOSOUR.LEoCn GO TO 5280 
DO 5270 I=l,NOSOUR 
I F IT HE S E (I ) • L E • a .) THE S ElI) = THE S E (l ) - SOlI) • 0 T 
TEHPJ=SD(I)·~H(I)+TEHPJ 

ESOURS=E SOUR S+TEMPJ·OT 
DO 5300 I=l,NZP 
IF IKACTII») 5300,52SlQ,5300 

CHD 1 '3H 
C'-lO 1'3~2 

CHO 1983 
CHD 1 '38/0 
CHO 13d5 
CHO 1 g50 
C HO 1987 
CHO 1'3d8 
CHO 1'36'3 
CHO 1'3'30 
CHO 1 '391 
CHO 1'3'32 
CHO 1393 
CHO 1'39/t 
CHO Ug5 
CHO 1 'Ho 
C HO 1 '3g 7 
CHO 1998 
CHO 1999 
CHO 2000 
CHO 200 1 
CHO 2002 
CHO 2003 
CHO 2 J a '+ 
CHO 20Q5 
CHO znoo 
CHO 2i.lQ7 
CriO 20')8 
C f<O 200 '3 
CHO 2010 
CHO 2011 
C HO 2012 
CHO 2013 
erlO 201/t 
CHO 2015 
CHO 201& 
CHO 2017 
CHO 2018 
CHO 201g 
CHO 2020 
C HO 2021 
CHD 2022 
CHO 2J23 
CI1D 202/t 
CI1D 2025 
CHD 202& 
C HD 2027 
CHO 2028 
CHO 202'3 
C'1D 2030 
CHO 2031 
CI1D 2032 
CHO 2033 
CI10 2034 
C HO 2 035 
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5290 
5300 

C 

CYMESH=CY~ESH+1. CHO 
CONTINUE CHO 
CHECK FOR FRACTURE CHO 
I-F INSPALL.LT.O) GO TO 5360 CHD 
TEMPM=IEOREJ CHD 
TEMPN=NEOREJ CHO 
IF (SWEPI 5310,5330,5310 CHO 

5310 DO 5320 1=1, NZ CHO 
TEMPRIII=PIII CHO 

5320 P(II=PIII-SXDIII CHO 
5330 CALL FRACT CHO 

IEDREJ=TEMPM CHO 
IF (SWEPI 5340,5360,5340 CHO 

53'+0 00 5350 1=1. NZ CHO 
5350 P III=TEHPRIII CHO 
5360 IF (NEOREJ.LE.OI GO TO 5370 CHO 

IF (IEOREJ.EQo1) GO TO 5400 CHD 
5370 IF ITIME.LT.TENO) GO TO 5380 CHD 

C END OF PROBLEM CHO 
ITIHEL=O CHD 

5380 IF IIFLPR.EQ.U GO TO 5400 CHO 
TEHP=TIME+OT·.S CHO 

C CHECK EDIT TIME CHD 
IF ITEMP.LT.TIMEP(JPRIN+1)) GO TO 5390 CHD 
JPRI N=JPRIN+ 1 CHO 
CAL L EDIT C HO 
TPN=TIMEPIJPRIN)+DTIHEP(JPRIN) CHO 
GO Tn 5410 CHD 

5390 CONTINUE CHD 
IF ITEMP.LT.TPNI GO TO 5ltl0 CHD 
TPN=TPN+DTIMEPIJPRIN) CHD 

5400 
51;10 

C 

CALL EDIT CHD 
IF (MOVIE.LE.1l1 GO TO 5450 CHO 
GENERATE MOVIE TAPE CHO 
TEMPA=TIHE+.S·OT CHO 
IF ITEMPA-TTCMOVI 541;0,5430,5lt30 Cf-O 

5420 WRITE (3) IANAMElI) ,1=1,13) CHD 
5'+30 MOVFRM=MOVFRMtl CHO 

TTOMOV=TIME+OTMOVIJMOVI CHO 
PRINT 5730, MOVFRM,ICYCLE,TIM~ CHO 
WRITE 131 NZ.NZP,ICYCLE,MOVFR'1,TIHE,XINZP),VINZP),(XII),IJII),XL(IICHO 

1 , V L I I I , IS PA L L ( I I • T I I I , 0 ( I I , P (I ) , Q I I I , E ( I ) , EN T S V I I) , S XD ( I J , S Z D ( I) ,0 CHO 
2RATIO(II,I=1,NZI CHD 

5"ltQ IF ITIME.LT.TMOIIIJMOV+l)) GO TO 5lt50 CHD 
JMOV=JMOV+1 CHO 
TTOMOV=TM(V( JMO~) +OTMOV(JMOIJJ CHD 
GO TO 5440 CHD 

5450 CONTINUE CHD 
IF (IEDREJ.NE.1J GO TO 5lt70 CHD 
00 5460 KKK=l,NZ CHD 

5460 SO(KKK)=O. CHO 
C CHECK RADIATION FOR POSSIBLE TURN OFF CHD 

51;70 IF (NORAO.Ea.O) GO TO 2040 CHO 
IF ITIME.LT.TRAOOFFJ GO TO 20ltO CHD 
IF IICYCLE.NE.50·IICYCLE/501) GO TO 2040 CHO 
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2036 
2037 
2038 
2039 
20ltO 
2041 
2042 
20"3 
204/t 
201;5 
2046 
2 a4 7 
2048 
2049 
2050 
2051 
2J52 
2053 
2J54 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 
2065 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2a74 
2075 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2081t 
2 oa 5 
2086 
20 IH 
20a8 
2089 
2090 



IF (ICYClE.lT.2001 GO TO 2040 CHD 20'31 
IF (TIME.LT.l.D5"TSOURt") GO TO 2040 CHD 2092 
TEMPA=l. C~D 20CJ3 
DO 5510 I=1,NZ CHD 20'34 
IF IIGM-2) 5500,5480,51+9U CHD 2U'35 

5480 TEMPA=TWOFIE"XCI) CriD 2G96 
GO TO 5500 CHD 2097 

5490 TEMPA=FOURPIE"XCII".2 CHD 20'38 
5500 IF COP(ABS(FlUXII»)+ABSCFlUX<I+1l»).TEMPA.GT.1.E-5"XMCII·ECI)) GOCHD 20'3'3 

1 TO 2040 CHD 2100 
IF IRAOK4·rcII"4.GT.1.E-4·E<I)·OIII) GO TO 2040 CHD 2101 

5510 CONTINUE CHD 2102 
C APPEARS THAT RADIATION MAY BE TURNEO OFF CHD 21~3 

NORAO=-666 CHD 21a4 
DO 5520 I=l,NZP C~D 2105 

5520 FLUXCI)=FPATHCI)=O. CHD 2106 
Fl!NF= FLOUF= Fl INF.O=FlOUFO=FL INB=FL OUB=Fl INBO=FlOUBO=O. Go;D 2107 
KRD4=NCKR=0 GHD 2106 
IF CNOHYD.NE.OI ITIMEl=O CHD 210'3 
IMPEXP=-1 CrlD 2110 
IMPA=O GHD 2111 
PRINT 5740, lCYCLE,TIME CHD 2112 
GO TO 1780 GHD 2113 

C GHD 2111, 
5530 FORMAT C 13HOHYDRODYNAMlC, AgI CHD 2115 
5~40 FORMAT (lEHOELASTIC-PLASTIC,A9) CHD 2116 
5550 FORMAT (7HOPOROUS,AClI CHD 2117 
5560 F'ORMAT C22HO ENERGY BALANCE E~ROR, 2I6,4E13.S1 CHD 2116 
5570 FORMAT C23HOENERGY BALANCE RECVCLE,I8,2E13.5,ZI10,1,8E13.5,I81 GHD 2119 
55eO FORMAT CI5,10E12.ltl CHO ~120 
5590 FORMAT (ClHl CHART D,7SX,14HSEPTEMBER,1971,II,20H EXECJTION 9EGAN GHD 2121 

1AT,E10.3,eH SECONOS,eX,SHDATE ,A10,5X,SHTIME ,Al0,111 CHD 2122 
5600 FORMAT C13A6) CHD 2123 
5610 FORMAT (lHlI GHD 2124 
5620 FORHAT (5X,13A61 CHD 2125 
5630 FORMAT (615,5~10.3) CHO 2126 
5640 FORMA T 18 I 10 I G H'J 2127 
5650 FORHAT 18HOlTIHEL=,I6,36X,3HNG=,I6/,7H NDUHP=,I6,37X,4HIIN=,Io/,6HCo;D 2128 

1 IOUT=,I6,36X,7HIEOSTP=,I6,I,eH lTWO=,I6,38X,7HNEO~EJ=,I6,I,RH FRAG~O 212g 
2COT=,E15.7,27x,7HOTINCR=,E15.7,I,oH TEND=,E15.7) CHD 2130 

50eO FORHAT 128H RESTARTED THE WRONG PROBLEM) CrlO 2131 
5670 FaRHAT (1gH EOF FOUND ON INPUT,I10.3H OF,I5,8H RESTART! CHD 2132 
5680 FORHAT 16H RESTART,I4,4H OF ,l4,14H HAS BEEN READ,I6) CHD 2133 
56130 FORHAT 116I~1 CHD 2134 
5700 FORMAT (5HOIGM=,I4,41X,&HNORAD=,I4) CrlD 2135 
5710 FORMAT leHONRZC=,14,40X,7HNMTRLS=,I4,1,7H NPRIN=,14,3gK,7HNOTMAX=,CHO 213& 

114,I,gH NCTMlNN= ,14,37)(, 7HNBPRES=, 14,1, 6H NOSOUR=, 14, 38X, 4H 18S=, I4CHD 2137 
2,1,5H OBS=,I4,41X,7HNSPALl=,l5,I,gH NACTION=,I4,37X,7HNTHIST=,I5,/CHO 2136 
3,6H NRADCK=,I5,37X,6HMOVlE=,I51 GHD 21313 

5720 FORHAT 161"0 I,4X,7HTHOV(lI,14X,6HDTHOVII),II,(16,E17.7,E1&.71) GHD 21'+0 
5730 FORHAT (13HO MOVIE FRAME,18,13H WRITTEN CYGLE=,I6,9H TIME=,GHu 2141 

1E12.1,) GrlD 2142 
5740 FORMAT (31H1 RADIATION HAS BEEN TURNED OFF',3X,7HICYCLE=,17,5X,5HTICHD 2143 

1HE=,E12.5) CHD 2144 
5750 FORMAT (17HOTHERE IS NO TYPE,re.,9H GEOHETRY) GriD 211,5 
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5760 FORHIH 136HOSOMETHING IS TOO BIG FOR DIHENSIONS) CHD 2146 
5770 FaRHAT (8E10.3) CHD 21107 
5780 FORMAT ILtHOBl=,E15.7,31X,3HBQ=,E1S.7/,8H XH2(1I=,E15.7,27X,7HXH212CHD 211+B 

1) =,E1S.7,I,BH SCRADF=,E1S.7,27X,7HSCRADB=.E1S.7,1,9H T~ADOFF=,E15.CHD 21~9 
27,26X,SHSIIEP=,E1S.71 CHD 2150 

5 '790 F OR HAT II I ,5 x , 1 HI, It X , B H TI ME P II I , 1 2 x , 9 H D TI HE P II I , II, II & , 2 X , :: 15 • 7 • 1 XC H D 2 15 1 
1,E15.7») . CHD 2152 

5800 FORMAT (lHO, ItX,lHI,ItX,8HTIMES(II ,12X,9HDlTTHXIII ,IIII6,2X,E1S.7,lXCHO 2153 
1,E1S.7" CHD 215Lt 

S810 FORMAT I1HD,ItX,lHI,LtX,10HTDTHINNII) ,lOX,9HOTMINNII) ,IIII6,2X,E15.'7CHD 2155 
1. lX, E1S.7I I CHD 215& 

5820 FORMAT (3E10.3) CHO 2157 
5830 FORMAT I1H0,3X,lHI,6X,9HTBPRESIII,6X,9HPINNERIIl ,&X,9HPOUTER(I1 ,I,CHD 2158 

1I1S p 3E15.,,)) CHD 2159 
5 B Lt 0 FOR M AT I 1 H 0 • 3 X ,1 HI. 7X ,7 H T IT H II) ,7 X ,9 H TEl NTH ( I I , & X, 9 H T EO U T H ( I I • I , I I C H D 216 a 

15,3E1S.1t11 CHD 2161 
5850 FORHAT 12DH1 ZONING INFOFV1ATION,II,10H NMTRLS = ,ILtI CHO 21&2 
5860 FaRHAT I1HO,l.tX,lHI,4X,9HXHATUPIII,IIII&,2X,E1S.711 CHD 2163 
5870 FORMAT 115,5E10.3,IS,2El0.31 CHD 2164 
S880 FORMAT 11I,14HOZONING REGION,IS,4X,8A10) CHO 21&S 
SS9J FORMAT 18HOITYPE =,ILt,38X,16HUPPER BOUNDARY =,E1Lt.'7,1,17H LOWER eOCHD 2166 

1UNDARY =,E1Lt.7t19X,9HDENSITy =,E14.7,/,14H TEHPERATURE =,E14.7,22XCrlD 21&7 
2,10H'JELOCITY =,E1S.7,/,13H EOS NUHBER =,161 CHD 2168 

S900 FORHAT III,S6H WILL ATTEMPT DIFFERENT ZONING METHOD ON THE LAST RECHD 2169 
lGION p /,16H CHECK CAREFULLY) . CHD 2170 

S910 FORMAT 1I,(21,7H YIELDI,I1,3H) =,E1Lt.7,24X))) CHD 2171 
S920 FORHAT (217H FRACTI,I1,3HI =,E1Lt.7,2LtXI) CHD 2172 
S930 FORHAT ISLtHOA NEGATI'JE RADIUS HAS BEEN ENCOUNTERED IN INPUT CARDSICHD l17J 
5940 FaRHAT (15H UPPER BOUNCARY,E20.10,19H AND LOWER BOUNDARV,E20.10,13CHD 2174 

lH DO NOT HATCH) CHO 217S 
S9S0 FORMAT 126HONUMBER OF DELTA X CARDS =,ISI CHD 2176 
5960 FORMAT I1BHONUMBER OF ZONES =,IS,27X,9HDELTA x =,E14.7,1,19H O'lERRCHD 2177 

LIDE DENSITY =,E14.7,17X,22HO'JERRIDE TEMPERATURE =,E14.7,I,2()H OVERCHD 2178 
2RIDE 'JELOCITY =,E1Lt.7 ,16X ,18HSUBREGION NUMBER =,15 I C"ID 2179 

S970 FORMAT 117H REGION ENDING AT,E10.3,22H IS NOT .ZONED PROP::RLYI CI10210a 
5980 FORMAT 119H CALCULATED VALUE =,E20.10,lLtH GIVEN 'IALUE =,E20.10) CHD 2181 
5990 FORHAT 120H REGION BOUNDARY AT ,E17.1D,40H PASSED THE ~ATERIAL C~O 2182 

1 BCUNCAR~ AT,E200101 CHD 2183 
6000 FORMAT (21HOWIDTH OF FIRST ZONE=,E13.S,16X,19HWIOTH OF LAST ZONE=,CHD 2184 

lE13.S,I,3LtH MAXIMUM FRACTIONAL ERROR ALLOWED=,E13.SI CHO 2185 
6010 FORMAT 123HONUMBER OF ZONES USED =,1S1 CHD 21d6 
6020 FORHAT (2LtHOIlIDTH OF BOUNDARY ZONE=,E13.5,lJX,6HRATIO=,E13.S) CHD 2187 
6030 FORMAT IS2H AMAx CAN NOT BE NEGATIVE IN TI1E FIRST REGION, TYPE 3) CI10 218B 
6040 FORMAT 121HOWIDTH OF FIRST ZONE=,E13.5,16X,19HW!DTH OF LAST ZONE=,CHD 2189 

1E13.5,1,7~ RATIO=,E13.S,30X,33H~AXIMUH FRACTIONAL ERROR ALLOIIED=,ECHD 2190 
213.S) CHO 2191 

6(;SO FORMAT 138HOTEMPJ CANNOT BE NEGATIVE FOR ~EGION 11 CHD 2192 
6060 FORMAT ISfHOTYPE 6 ZONING CAN ONLY BE USED FOR FIRST OR LAST REGIOCHO 2193 

1N) CHD 2194 
6070 FORMAT 117HONUMBER OF ZONES=,I6,27X,6HRATIO=,E13.S) CHO 2195 
&080 FaRHAT 117H CUTOFF POSITION=,E13.5,20X,16HEDGE ZONE IIIDTH=,E13.51 CHD 2196 
6(,90 FORMAT 130110A VOID HAS BEEN ZONED BETWEEN,E13.5,4rl AND,E13.S) Ct<D 2197 
6100 FORHAT 130H CHECK THE NU~BER OF MATERIALS) CHO 219B 
6110 FORMAT 142H ~OMETHING APPEARS TO BE WRONG WITH lONINGI CHD 21g9 
6120 FORMAT 13I10,I,IBE1S.7) CHD 2200 
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&130 FORMAT 131HOTHERE ARE TOO MANY ZONES NZ=,17,10H MAXZONE=,17) C~D 22Q1 
&140 FORMAT 1111,1&H STARTING CYCLE,I7,7H TIME=,E12.5.16H RADIATION CHD 2202 

10PTION,F3.0,14H ~ILL BE USED) CHD 2203 
61S0 FORMAT 190Hl XII) MIIlIMII-ll I Mil) PPPTII) CHD 2204 

1 CVII) NUMEOS 1E0S IlPTL IlPRL,n CHD 2205 
&160 FORMAT 117HO END OF MATERIAL,13,19H START OF MATERIAL,I3,/) CHD 2206 
6170 FORHAT (E12.4,12X,14,3E12.4,4I6) CHD 22u7 
&180 FORHAT 12£12.4,14,3E12.4,41&) CHD 2206 
6190 FORHAT (6tH TYPE,I3,16H INTERNAL SOURCE) CHi) 2209 
6200 FORMAT 1I5,6El0.3) CriD 2210 
6210 FORHAT (26H INCORRECT INPUT IN SOURCE,3I&,1,6E17.6) CHD 2211 
&220 FORMAT 1113H1 TSOURlII1 TSOUR2(l) TSOUR3(II TSOUR411CHD 2212 

1) SDOT2(1) SDOT3II) ZONEII) E lONE(I) SUM E) CHi) 2213 
6230 FORMAT (6E14.6,15,2E14.6) CHD 2214 
&240 FORMAT 116H ERROR IN SOURCE,14,4E18.7) CHD 2215 
6250 FORMAT (14H SOURCE REGION,I3,40H HAS UPPER AND LOWER BOUNDARIES RECHD 2216 

1VERSED) CHi) 2217 
&260 FORMAT (19H SOURCE INPUT ERROR,I,I5,5E15.7) CHD 2218 
6270 FORMAT (13H SOURCE ERROR,2110) CHD 2219 
62BO FORMAT 147HO THERE IS AN OVERLAPPING SOURCE REGION IN ZONE,I5,27H CHD 2220 

1 SOME ENERGY HAS BEEN LOST,/) CHO 2221 
&290 FORMAT (27HO SOURCE STRENGTH IN REGION,13,17H,CONTAINING ZONES,I5,CHO 2222 

18H THROUGH,I5,3H IS,E1S.7,SH ERGS) CHD 2223 
6300 FORMAT (11Hl HE SOURCE,II,21H POINT OF INITIATION=,E1S.7,14X,16HDECHD 2224 

lTONATION TIME=,E15.7,1,1&H RIGHT BOUNDARY=,E1S.7,19X,14HLEFT BOU~DCHD 222S 
2ARY=,E1S.7,1,21H DETONATION ~ELOCITy=,E15.7,14X,24HCHEMICAL ENERGYCHO 222& 
3 RELEASE=,E15.7,1,2'3H ZONE DETONATION FRONT ~IOTH=,E1S.7,6X,19HLASCHD 2227 
'+T REGION SWITCH=,E1S.7,1,19H FIRST REGION ZONE=,IS,2&X,17HLAST REGCHD 2228 
SION ZONE=,IS) CHD 2229 

6310 FORMAT (/,9H DENSITy=,E1S.7,26X,12HTF~PERArURE=,E1S.7,I,10H PRESSUCHD 2230 
lRE=,E1507,2Sx,12HSOUND SPEED=,E15.7) GHD 2231 

6320 FORMAT (11,37HOLARGE TIME STEP CUT ATTEMPTED CVCLE=,I7,6X,5HTIHE=,CHO 2232 
lE12.S,I,4HODT=,E12.5,9X,4HDTP=,E12.5,9X,SHDTPP=,E12.S,6X,7HDTTEMP=C~D 2233 
2,E12.S,I,&HODTCS=,E12.S,7X,&HDTRAO=,E12.S,7X,6HDTHAX=,E12.S,7X,6HDCHD 22~4 
3TMIN=,E12.5,1,19HODTTEMP(CORRECTED)=,E12.S1 CHD 2235 

&330 FORMAT 110HOTHERE ARE,I4,26H REGIONS OF INITIAL ACTION, (I,7H ~::GIOCHD 2236 
IN,I4,22H HAS LO~ER BOUNDARV Ar,E12.4,22H AND UPPE~ BOU~DARY AT,E12CHO 2237 
2.4)) CHD 2230 

6340 FORMAT (10HOINITIALLY,IS,17H lONES ARE ACTIVE) CHD 2239 
&3S0 FORMAT (51HOREZONE FOR VOID CAN ONLY BE USED IN PLANE GEOMETRY) CHO 2240 
63&0 FORMAT 1I5,E1S.71 GHD 2241 
6370 FORMAT (34HO~ VOle HAS BEEN ZONED AT BOUNDARV,I4,9H SPACE =,E15.7CHD 2242 

1,3H CM) GHD 221j3 
6360 FORMAT (16HO RESTART NUM8ER,IS,21H IS WRITTEN TIME =,E14. 7, 11H CHD 2244 

1 ICYCLE =,16) CHD 224S 
6390 FORMAT (47HO THE TIME STEP IS BECOMING VERI' SHALL. CYCL::=, I7,6H TCHD 2240 

lIME=.E17.9,I,SH DT=,E12.S,7H KCUTM=,I4,7H DTMIN=,E12.5,7H DTMAX=,CHD 2247 
2E12.5,6H DTCS=,E12.S,8H OTTEMP=,E12.5) CHD 2246 

&400 FORMAT (31H TIME STEP CUT FOR DENSITY, DT=,E13.6,7H CYCLE=,I&,6H TCHD 2249 
1IME=,E13.6,13H ZCNE NUMBER=,IS,qH NE~ DEN=,E12.S,9H OLD DEN=,E12.5CHO 22S0 
2) C HD 2251 

61+10 FORMAT (30HOCENTRAL VOID CLOSED ON CYCLE=,I&,7H TIME=,E13.5) CHD 2252 
6420 FORM,QT (24HO RIGHT BOUNDARV OF ZONE,IS,ldH FRACTURE OF lONE,I5,/,CHO 2253 

110X,2HD=,E15.7,7X,3HDO=,E1S.7,1,4H X=,E15.7,6X,3HXO=,E15.7,7X,3HXCHD 2254 
2L=,E15.7,7X,4HXLO=,E1S.7,1,4H v=,E1S.7,6X,3HVO=,E15.7,7X.3HVL=,E1CHO 225S. 

35.7,7X,4HVLO=,E15.7) CHD 225& 
6430 FORMAT (23HO LEFT BOUNDARY OF ZONE,IS,16H FR~CTU~E OF lONE,I5,1,4CHD 2257 

lX,2HD=,E1S.7,lSX,3HDO=,E15.7,1,4H X=,E1S.7,&X,3HXO=,E15.7,7X,3HXlCHD 2256 
2=,E1S.7,7X,4HXLO=,E1S.7,1,4H V=,E15.7,&X,3HVO=,E15.7,7X,3HVL=,E15CHO 2259 
3.7,7X,4HVLO=,E15.7) CHD 22&0 

6440 FORMAT (19HOREJOIN AT BOUNDARV,I6,8H CVCLE=,I6,7H TIME=,E14.7) CHD 2261 
6450 FORMAT (2SHOTIME STEP CUT FOR REJOIN) CHO 2262 
6460 FORMAT (28Hl ALL ZONES ACTIVATED TIME=,E14.7,6H CYCLE=,I6) CHD 2263 

END CHD 2264 
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SUBROUTINE EDIT CHO 22&5 
C REVISED S1ANOARO EDIT CHO 2256 

COMMON IAI J8NO(211 ,lTRIED(4001 ,IZPTL(400),IZPRL(4001,KPHASE(400) ,CHO 2257 
lKACT(I;Ol) ,ISPALLIl;aOI,NSPALL,OBS,IBS,ICYCLE,IOT~AX,IOT~IN,JPRIN,NCCHO 2258 
20UNT,NMTRLS,~ZN,NZ,NZP,NDUHP,NBPRES,NOSOUR,NACTION,NORAO,IGH,NRAOCCHO 22&9 
3K,MOVIE,IMPEXP,IMPA,KROI;,NOHYO CHO 2270 

COMHON O(4001,OO(4DOI,T(I;OOI,TO(4001,PI"OO),X~1400) ,XH2IltOl),XlIt01CHD 2271 
11 ,XOI 1t0ll ,VI 1t0l) ,11011;011 ,XL 14001 ,XLO litO 0 I ,ilL 1400 I, VLO (ItOll, CSOO 140CHO 2272 
20) , Q I I; 00) ,SX 0 I ItO 0 I ,S ZO (It 0 0) , FP AT H (It DO I, FLU X I I; 011 , E ('+ 0 01 , PPP T( It 0 a I , C HO 2273 
3PEPTINI4001,PSPALL(400),SDI4001 ,TEMP(4001 ,TSAIIEIItOOI ,PSA\lEI4001 ,ESCHO 2274 
It A VE I It 0 0) , T E H P R I It 0 11 ,T 1'1 SPA L L I 2 0 I ,0 T , 0 TM A X , 0 T H IN, 0 TT E H P , 0 T R AD, T I HE, T C H 0 2 2 7 5 
5PN,TENO,OTRAOT ,8l,Ba.OTI~EP(25) ,OLTTMX(25I,OT~INNI251 ,TIMEPI251 ,TOCHD 227& 
& T HI N N 1251 , TI ME S I 25) • WOR KF ,1040 RKB, EN 0, ESOURS ,T BPRES 1251 ,P I NNE R 125 I ,PC HD 2277 
70UTERI 251 ,XMATUP 1 211 , OlCS ,OTP, TITH 1251, TEINTH (25 I, TEOUTH (25), FLINFCHD 2278 
8,FLINFO,FLIN8.FLI~8C,FLOUF,FLOUFO,FLOU8,FLOUBO,RAOEB,RAOEF,SCRAOF,CHD 227'3 
'3S CR A DB, S PL A I 201 , SPl B 120 I ,SPLC 1 20) ,SPLO 1 201 lEN TSIJ 1 It 00) ,T HOV (10) • D T M C ~D 2280 
$OV(101,TRAOOFF,SWEP,YIELO(20,8),ORATIO(!.OOI,SWPOR CHO 2281 

COHMON ICI TEHPA,TE~PB,TEHPC,TEMPO,TEMPE,TEMPF,TEHPG,TEMPH,TEHPI,TCHD 2282 
lEMPJ,TEMP~,TEMPL,TEMPM,TEHPN,TEMPAB,TBPU,PBORYO,PBORYI,TRAOHIN,RAOCHO 2283 
2Kl,RAOK2,RADK3,RAOKI;,RAOK5,RAOK&,TEBOUT,TEBIN,TTHIU CHO 2281; 

COHMON 101 IS,IS1,ICALl,ITLOW,JTLOW,INES CHO 2285 
C 011 M ON I E I I Z E T L I 21 I ,I ZE R L (211 , I TL ( 2 1) , I R L I 21) , I EO S I ItO 0 I ,I EO S S 1 2 0) C H 0 2 2 8 & 
1,KTP(211,NROSI21l,NUMTE~(20),IGAS(20),NOANEOS,NISEOS CHO 2287 

COMMON INAI1EI ANAMEI131,I1AXZONE,NTS1,NTS2,NTS3,ITTHP,CI'HESH CHD 2288 
COHMON ITAPESI I,IIN,IOUT,IEOSTP,ITWO CHO 228'3 
COI1MON IISEI ISENO,ENTCR(20),ENTTPLI201 CHD 2290 
DATA NTS1,NTS2,NTS3,ITTMP/It~01 CHD 22'31 
OATA CYMESH,START/O.,-l.1 CHO 2292 
DATA lSVST/8H SUH HV I CHO 22'33 
IF (lSENO) 310,10,310 CHD 2231t 

10 NCOUNT=NCOUNT+1 CHO 22'35 
C PRINTS TIME IN SECONOS CHO 22'3& 

CALL SECOND (lE~PAI CriD 22-37 
IF (START) 20,30,30 CHD 2298 

20 START=TEMPA CHO 22'3'3 
TEMPN=O. CHO 2300 
GO TO 40 CHD 2301 

30 TEHPN=3&CO.·CYMESH/ITEMPA-START) CHO 23u2 
40 WRITE 11,4201 ANAME,NTS1,NTS2,NTS3,ITTHP CHD 2303 

104 R I TEll, I; 30) TI HE,D T ,N CO U NT , I C '( C l E, T E H P A, 0 T C 5 , D T P , D TT EM P , 0 T M A X • 0 T C H D 2 30 It 
1 HI N C HD 2305 
11=1 CHD 230& 
TEMPA=TEMPB=TEMPD=Q. CHD 23u7 
00 160 l=l,NZ CHO 2308 
TEHPO=TEHPO+ENTSV(II·XHIII CHD 2309 
TEHPB=TEHPB+EII)·XI1III CHO 2310 
T EM P J= V ( It 11 C H 0 2 311 
IF IISPALLlII.EQ.ll TEMPJ=VLlI) CHD 2312 
TEHPA=TEI1PA+XM<I)·IVIIl+TEMPJI H 2 CHO 2313 
IF IITRIEDIl>.GT.'39) ITRIEOII)=99 CHO 231ft 
IF II.LT.JBNCIIIll GO TO 50 CHO 2315 

C HAT,ERIAL BOUNDARY CHO 2316 
IF III.GT.l) ITRIEOII'=-ITRIEDII) CHO 2317 
IS=II' CHD 2318 
II = I 1+1 C HO 231'3 
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50 IF (KPHASE(II-11 90,60,90 
60 IF (ENTSVIII-ENTTPlIISII 70,70,80 
70 IF IDRATIOIII-1.1 100,100,110 
80 IF IENTSVIII-ENTCRIISII 120,130,130 
90 IF IENTSVII'-ENTTPLIISII 150,140,lItO 

C SOLI 0 
100 PSAVEIII=2H S 

GO TO 1&0 
C DISTENDED SOLID 

110 PSAVEIII=2HDS 
GO TO 160 

C LIQUID 
120 PSAVEIII=2H L 

GO TO 1&0 
C VAPOR 

130 PSAVEIII=2H V 
GO TO 1&0 

C LIQUID-VAPOR 
140 PSAVEIII=2HLV 

GO TO 160 
C SOLID-VAPOR 

150 PSAVEIII=2HSV 
160 CONTINUE 

T EM P A = T E M P AI e. 
TEMPC=TEMPA+TEMP8 
I F I I C '( C L E. E Q. OlE NO = T E M PC 
flRITE 11,,+401 TEMPO,PBDRYI,WORKB,PBDRYO,WORKF 
WRITE 11,4501 TEMPC,TEMPA,TEMP8,ENO,ESOUR5 
TEHPA=WORKF+WORKB+ENO+ESOURS 
IF INORAD.EQ.O •• AND.RADEB+RAOEF.E"Q.O.I GO TO 170 
WRITE 11,4&01 RADEB,TEBIN,RAOEF,TEBOUT,DTRAO 
TEMPA=TEMPA.RAOEe+~AOEF 

170 TEMPE=TEMPC-TEHPA 
TEMPC=i1. 
IF (TEHPA .NE. 0.1 TEMPC=100.·TEMPBITEMPA 
wRITE 11,4701 TEHPA,TEHPB,TEMPC 
IF IIGH.GT.lI LSVST=8HSTRESS Y 
I=10H STRESS Z 
IF ISWPOR.EQ.l.1 I=10HDI5TENTION 
WRITE 11,4801 I,LSIIST 
T EHPA=TEHPAB=O. 
DO 2'+0 I=l,NZ 
IF IKACTIIII 180,190,180 

180 IF CTEHPA8.EOol.) GO TO 240 
WRITE (1,'+901 
TEMPAB=l. 
GO TO 2'+0 

190 TEMPC=PIII-SXDIII 
IF (SWPOR.EQ.l.) GO TO 200 
TEMPD=PIII-SZDIII 
GO TO 210 

200 TEMPD=DRA TID I I 1 
IF ITEMPO.LTd.! TEMPO=l. 

210 IF IIGM.EQ.lI GO TO 220 
TEHPA =PI II +SXO II) +SZD II) 

CHD 2320 
GHO 2321 
CHO 2322 
C HD 2323 
GHD 232" 
CHD 2325 
CHD 232& 
CHD 2327 
CHD 2328 
CHD 2329 
CHD 2330 
G HO 2331 
CHO 2332 
G HD 2333 
CHD 233" 
CHD 2335 
GHD 2336 
GHO 2337 
GHD 2338 
CHD 2339 
GHD 23"0 
CHD 2341 
CHD 23102 
GHD 23103 
CHD 2344 
G HD 2310 5 
GHD 2310& 
CriD 23,,7 
CHD 23"8 
GHD 234~ 

00 2350 
GHD 2351 
CHD 2352 
C HO 2353 
CHO 23510 
CHO 2355 
GHD 235& 
CHD 2357 
C HO 2358 
GHO 2359 
GHO 2360 
CHD 2361 
CHO 23&2 
CHO 2363 
CHD 2364 
CHO 2365 
CHD 236& 
GHD 2367 
CHD 2368 
GHD 23&9 
G HD 2370 
GriD 2371 
GHD 2372 
G HD 237'3 
GHD 23710 
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C 

GO TO 230 CHO 
220 TEMPI=V (1+1) CHO 

IF CISPALUl).EQ.l) TEHPI=VLII) CHD 
TEHPA=TEHPA+.5·XHII)·IVII)+TEHPII CHO 

230 TEHPAB=O. CHD 
WRITE (1.5101 XIl).VIl) ,I,TlII ,OIl) ,PilI ,TEHPC,TEHPO,Q.III,E III,FPACHO 

!THII) ,ENTSIIIII,ITRIEDII),TEHPA,CSOOIl),PSAVEU) CHD 
IF IISPALLUI.EQ.o) GO TO 2140 CHO 
WRITE 11,510) XLlI),VLII),I CHO 
WRITE 11,500 I CHO 

240 CONTINUE CHD 
IF IKACTINZP).EQ.O) WRITE 11,510) XINZPI,VINZP),NZP CHO 
IF (NOSOUR.LE. 0) GO TO 260 CHO 
IS= a CHD 
00 250 I=l,NOSOUR CHD 
IF ISO(I).LE.O.I GO TO 250 CHO 
I S= I S + 1 C HO 
PSAVEIIS)=I CHD 
TSAVEIIS)=SO(I) CHD 

250 CONTINUE C HO 
IF IIS.LE.OI GO TO 260 CriD 
WRITE 11,520 I CHO 
WRITE 11,530) IPSAIIEIIl,TSAVEII),I=l,IS) CHO 

260 IF UTWO.NE.lI GO TO 270 CriO 
WRITE (2) NZ,NZP,ICYCLE,NCOUNT,TIHE,X(NZP) ,VINZP), (XIII ,VII) ,XLlI)CHO 

1, V L I I I , I S PAL L [l) • TIl) ,0 I I I , P !I I • a I I I • E ( II ,E NT S II I II ,S)( 0 I I) ,S Z 0 I I ) ,D C HO 
2RATIO(l) ,I=l,NZI CHD 

270 IF INORAO.Ea.OI GO TO 300 CHD 
IF INCOUNT.NE.10·INCOUNT/1011 GO TO 300 CHD 
IS=NZP CHD 
IS1=1 CHD 
00 290 I=l,NZP CHD 
IF IFLUX(II) 280,290,280 CHD 

280 IF II.LE.IS) IS=I CHD 
IS1=I . CHD 

290 CONTINUE CHD 
IF IIS.GT.ISlI GO TO 300 CHD 
WRITE 11,1410) II,FLUXIII,I=IS,I51l CriD 

300 ICALL=44 C>-tD 

310 

320 
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WRITE 11,14001 IC'I'CLE,CYHESH,TEHPN CHD 
RETURN CHD 

11= 1 
DO 390 I=l,NZ 
IF 1 I • LT. J BN 0 1 I I I) GO TO 390 
PSAVEl11=ORA1IOIII 
PSAVEI21=ENTSVIII 
PSAVEI31=FPATHIII 
PSAVEII4)=CSOOIII 
PSAVE(5)=KPHA5EIII 
ISEND=-l 
DRAT 10 III = 1. 
CALL TPLINE IIEOSIII,TEHP~,TEHPJ,TEHPBI 
IF ITEHPA) 330,330,320 
IF ITEHPJ) 330,330,350 

CHD 
CHD 
C HD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHO 
CHO 
CHD 
CriD 
CHO 
C HO 

2375 
2376 
2317 
2378 
2379 
2380 
2381 
2382 
2B3 
2384 
23135 
2386 
2387 
2388 
2389 
2390 
2391 
2392 
2393 
2394 
2395 
2396 
2337 
2398 
2B9 
2400 
2401 
2402 
2403 
2404 
2405 
2ltO 6 
2'+07 
2408 
2409 
2410 
2ltll 
2'+12 
2'+13 
2414 
2415 
2416 
21tH 
2418 
21t19 
2420 
2421 
2'+22 
2423 
21t24 
2'+25 
2426 
21t27 
2428 
2429 



C 

330 ENTTPLCIII=-1.E50 
340 ENTCRCII)=-1.E50 

GO TO 380 
350 ICA LL= 1 

CALL EOS 
ENTTPLCII'=ENTSVCI' 
ISEND=-2 
CALL TPLINE CIEOSCI),TEHPA,TEHPJ,TEHPB) 
IF C TE H PA I 34 0 , 34 0 , 360 

360 IF (TEMPJ) 31+0,340,370 
370 CALL EOS 

E NT C R C II I =E N T S \I I II 
380 ORA TID II I =PS AVE C 11 

EN T S \I C I 1= P SA \I E C 2 I 
FPATHIII=PSAVE(31 
CSOD(II=PSAVEC41 
KPHASE(I,=PSAVEI5, 
II=II+1 

390 CONTINUE 
ISEND=O 
GO TO 10 

CHO 
CHO 
C HO 
GrlD 
CfotO 
CHO 
CHO 
CHO 
CHO 
CHO 
C HO 
CHO 
CHO 
C HO 
CHO 
CHD 
CHO 
CHO 
CHD 
CHD 
CHD 
CHO 

400 FORHAT 1111,38H THE NO. OF MESH-CYCLES THROUGH CYCLE,I6,3H IS,F10CHD 
1.0,20X,E10.2,15H HESH-CYCLES/HRI CHO 

410 FORMAT (111,14H BCUNDARY-FLUX,II,17(I6,E12.41)1 CHO 
420 FORMAT (lH1,2X,13A6,20X,416) CHO 
430 FORMAT (8hO TIME =,E12.5,7X,4HOT =,E12.5,9X,8HNCOUNT =,I5,12X,7HCYCHD 

lCLE =,I6,SX,14HMACHINE TIME =,E12.5,1,8H DTCS =,E12.5,6X,5HOTP =,CH~ 
2E12.S,9X,8HOTTEHP =,E12.5,5X,7HDTHAX =,E12.5,3X,7HOTt1IN =,E12.5) erlD 

440 FORMAT 19H TOT S =,E12.4,6X,7HPB IN =,E12.4,oX,9HWORK IN =,E12.4,CHO 
14X,8HPB OUT =,E12.4,2X,tOI-iWORK OUT =,E12.41 CHO 

450 FORMAT (gH TOT E =,E12.4,6X,7HKIN E =,E12.4,oX,7HINT E =,E12.4,6XCHO 
l,iDHINITIAL E=,Ell.4,l1H E SOURCE =,E12.4) CI-iO 

460 FaRHAT 112H RAD E IN =,E12.4,3X,11HT IN EDGE =,E12.4,2X,11HRAO E CrlO 
lOUT =,E1Z.4,~X,12HT OUT EDGE =,E12.4,2X,6HDTRAD=,E12.4) CI-iO 

470 FORMAT 117H CORRECT TOT E =,E12.4,23X,9HDELTA E =,E12.4,4X,29HPERCHO 
1CENT ENERGY CONSERVATICN =,E12.4,1) C~O 

480 FORMAT (7X,lhX,10X,lHV,7X,lHl,5X,lHT,8X,3HRHO,8X,lHP,6X,8HSTRESS XCHO 
1,lX,Al0,3X,lHQ,8X,lHE,7X,4HRMFP,3x,7HENTROPY,lX,2HIT,2X,A8,4X,2HCSCHO 
2,3X,ZHPH) C~O 

490 FORMAT (1HO, .. OX, :!7HI I I I I INACTIVE REGION I I I I I,ll CHO 
sao FORMAT (UI CHO 
510 FORMAT (E12.4,E11.3,14,2E10.3,3E10.2,2E9.2,E8.1,E9.2,13,E10.2,E9.2CHO 

1,AZ) CHO 
520 FORMAT (25HO ENERGY SOURCE STRENGTHS,/) CHO 
530 FORHAT 19IF4.0,El0.3)1 CHO 

END CHO 

2430 
2431 
21032 
2433 
2434 
2435 
24H: 
2437 
2438 
2439 
2440 
2441 
2442 
2443 
2444 
2:'45 
2446 
2447 
2448 
2449 
2450 
2451 
2452 
2453 
2454 
2455 
2456 
21057 
2458 
2459 
2460 
2401 
2402 
2403 
2464 
2455 
241',6 
2457 
2468 
2459 
2470 
2471 
2472 
2473 
2474 
2475 
2476 
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SUBROUTINE ELPL CHO 2477 
C ELASTIC-PLASTIC CALCULATION CHO 2478 

COMHON IAI JBNO(2U.ITRIEO(4oD),IZPTUltoO),IZPRL(ltoOI,KPHASE!ltuo),C'1D 2lt79 
1KACTI4o11,ISPALLlltOo),NSPALL,OBS,IBS,ICYCLE,IDTHAX,IDTHIN,JPRIN,NCCHD 2480 
20UNT,NHTRLS,NZN,NZ,NZP,NOUHP,NBPRES,NOSOU~,NACTION,NORAO,IGH,NRADCCHO 2lt81 
3K,MOVIE,IMPEXP,IHPA,KRD4.NOHYO CHO 2482 

C OM M 0 N D I 400 I, DO! 4 0 0 I , T I It 0 0) , TO I 400) • P ( It 0 D) , X H ( It 00) , X H2 (401 I , X I 401 C H 0 2 It 83 
U , X 0 (It 01) ,\I 14011 , \I 0 I 401 I , Xl (It 0 0) , XL 0 (It 0 0 I , VL 140 ° ) , ilL 0 lit 0 11 , C SOD (ItO C H 0 2484 
20) ,Q ('+ 00 I , SX 0 ( It 00 ) , SZ 0 (It 0 0 ) , FP A T H ( It DO) , FL U X ( It 011 ,E ( It 0 0) ,PPP T (40 (II ,C H 0 2ltS 5 
3PEPTINI4(0) ,PSPAlLCItOO) ,S014001 ,TEMP(4DOI ,TSAIiElItOOI,PSAIIE(400I,ESCHO 2lt86 
4AVE 14001, TEMPR 140 11 ,TMSPALL 1201, OT, OTMA:<, OTMIN, OTTEMP, OTRAO, TIt1E, TCHO 2487 
5PN, TEND, OTRADT ,BL,BQ, OTIMEP I 25) ,DL TTHXI 25) ,OTHINNI251 ,TIHEP (251. TOCHO 2488 
6 T HI NN (25) ,TI I"E S I 25) .010 RKF .010 RKB. END, ESOURS, T BPRE S (25) ,P I NN ER (251 ,P C HO 248 9 
70UTER(251 ,XH~TUP(211,OTCS.OTP.TITH(25) ,TEINTH(25) ,TEOUTH(25) ,FLINFCHO 2490 
8,FLINFO,FLIN8,FLINBO,FLOUF.FLOUFO,FLOUB,FLOUBO,RAOEB,RADEF,SCRADF,CHD 2lt91 
9S CR AD B, SPL A (20) , SP L B (20 ) ,S PL C (20 I, SPLO (20 I • EN TS V (It 001 , TM 0 II ( 101 ,0 TM C '10 24 9 2 
iOVl1o),TRAOOFF.SWEP,YIELO(2o,8) ,0RATlOlltOO) ,SWPOR CHD 2493 

COMMON ICI TEHPA,TEHPB,TEMPC,TEHPD,TEHPE.TEMPF,TEMPG,TEHPH,TEHPI.TCHO 2491t 
1EHPJ,TEMPK,TEHPL,TEHPM,TEHPN,tEHPAB,TBPU,PBORYO,POORYI,TRAOMIN,RAOCHO 2495 
2K1,RADK2,RADK3,RAOK4,RAOK5,RAOK6,TEBOUT,TEBIN,TTHIU CHD 2496 

COMMON 101 IS,IS1,ICALL,ITLOW,JTLOW,INES CHO 2497 
C IF IS.EQ.o UPDATE STRESS DEVIATORS AND ENERGY CHO 249S 
C IF IS.NE.o CORRECT SOUND SPEED CHD 21t99 

JJJ=l CHO 25!lO 
IF lIS) 10,100,10 CHO 25111 

C SOUND SPEED SECTION CHO 2502 
10 00 gO I=l,NZ CHO 2503 

IF (I.LT.JBNO(JJJ» GO TO 20 CHD 2504 
TEMPA=YIELO(JJJ,51 CHO 2505 
TEMP8=YIELD(JJJ,6) CHD 2506 
TEHPC=YIELO(JJJ,3) CHO 2507 
IF (TEMPA.EQ.O •• ANO.TEMPC.GT.Il.) TEMPC=O. CHD 2508 
TE M P 0 = TE M P B" T EM P C C rl Ll 2:; u 9 
TEMPE=l.-TEHPB CHD 2510 
JJJ=JJJ+1 CHD 2511 

20 IF (KACTII)) 90,30,90 CHO 2512 
30 IF (E(I)-TEHPC) 40,90,90 CHD 2513 
40 IF IKPHASE(I'-ll 90,50,90 CHD 2514 
50 IF (ECI)-TEMPO) 60,60,70 CHO 2515 

C TEMPF IS POIS50N RATIO C~D 2516 
60 TEMPF=TEMPA CHO 2517 

GO TO eo CHD 2518 
70 TEHPF=EII)/TEMPC CriD 2519 

TEMPF=ITEMPA 4 11.-TEMPF)+O.5 4 (TEMPF-TEMPB»/TEMPE CHD 2520 
BO CSOOII)=CSOOCI)"SQRT(3. 4 (1.-TEMPF)/(1.+TEMPF» C'10 2521 
90 CONTINUE CHD 2522 

RETURN CHD 2523 
C STRESS DEVIATORS A~O ENERGY CHO 2524 

10000 290 I=l,NZ CHO 2525 
IF (I.LT.JBNOIJJJ)) GO TO 110 CHO 2526 
TEMPA=YIELO(JJJ,l) CHD 2527 
TEHPB=YIELO(JJJ,21 CHO 252B 
TEHPC=YIELD(JJJ,3) CHD 2529 
TEMPO=YIELDIJJJ,41 CHO 2530 
TEHPE=YIELOIJJJ,5) CHD 2531 
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TEMPF=YIELDIJJJ,6l C~O 2532 
TEMPG=TEMPC.TEMPF CHO 2533 
TEMPH=1.-TEMPF CHO 253~ 
TEMPI=TEMFA.ll.-TEMPEll CHO 2535 
TEMPB=TEMPA.TEMPO.TEMPO CHD 253& 
JJJ=JJJ+1 CHO 2537 

C Y=TEMPA AND POISSON RATIO=TEMPO CHO 2538 
110 IF IKACTIIll 2'30,120,2'30 CHO 2539 
12() IF (E IIl-TEMFCl 130,280,280 CHO 25'+0 
130 IF IKPHASEII'-1' 280,140,280 CHO 25~1 
1~0 TEMPA=TEMPI+TEMPEl.OIII CHO 2542 

IF IEIIl-TEMPGl 150,150,160 CHO 2543 
15U TEMPo=TEMPE CHO 2544 

GO TO 170 CHO 25~S 
160 TEMPD=EIII/TEMPC CHO 2546 

TEMPA=TEMPA.(l.-TEMPOI/TEMPH CHD 2547 
TEMPo= (TEMPE. C1.-TEI'1PoI+Q. 5· ITEf'1PD-TEf'1PFI IITE'1PH C>-tD 2548 

C G= TEMPN C Ho 25~9 
170 TEMPN=0.25·CoOIIl+oIIll·CSOOIIl.·2·11.-2.·TEf'1PDI/(1.-TEMPD) CHD 2~50 

C COMPUTE DEvIATORS CHo 2551 
SXoO=SXOIIl CHo 2352 
TEMPJ=loIIl-DOCI)/11.5·oT.(o(Il+DOIIlII CHo 2553 

C TEMPK IS X STRETCI-' DEVIATOR ~ CHD Z55~ 
C TEMPJ IS Z STRETCH OE"VIATOR CHO 2555 

IF CISPALL<I) 190,180,1'30 CHo 2556 
180 IS=I+l CHO 2557 

TEMPK=2 •• (IJII)-IJIISI)/(XI!)+XO(I)-XIISl-XOIIS)I+TEMPJ CHD 2~58 

GO TO 200 C>-tD 255'3 
190 TEMPK=2 •• CIJII'-IIL1I))ICXIII+XOIII-XLlII-XLO!II)+TEMPJ CHD 2550 
200 SXoII)=SXOO+2.·0T·TEMPN·TEMPK CHD 2561 

TEMPL=.6b&6666666.TEMPA.·2 C~O 2562 
IF IIGM-2) 210,240,210 C-10 2553 

C PLANE AND SHERICAL CHO 2564 
210 TEMPn=1.5·SXOIII"2 CHD 2565 

IF lTEMPO-TEMPL) 230,230,220 CHD 2566 
220 SXOIII=TEMPA·ISXOIIl/11.S·ABSISXOIIIIII CrlD 2~67 

C TEMPO IS DEVIATOR STRESS WORK CHD 2568 
230 TEMPO= 1. 5·0T· TEMPK· ISXO IlI-S XOOIl ID I II +001 III CHD 256'3 

SZOIIl=-O.5.SXOIII CHo 257J 
GO TO 270 CHo 2571 

C CYLINDRICAL CHo 2572 
240 SZDO=SZoIIl CHD 2573 

SZoIII=SZOO+2 •• oT.TEMPN.TEMPJ CHo 2574 
T E M P 0= 2 • • I S X elI) • (S X 0 I I I + S Z 0 I I) I + S Z 0 1 I I .. 2 I C H 0 2575 
IF CTEMPo-TEMPLI 260,260,250 CHO 2575 

250 TEMPO=SQRT ITEMPl/TEMPol CHo 2577 
SXoIII=TEMPO.SXoCII CHo 2578 
SZoCII=TEMPO·SZDII) CHO 257'3 

2&0 TEMPO=DP 1 ISXO II) +SXOO l" 12."TEMPK+TEMPJI + CSZOI II -SlOOl "12. ·TEMPJ+TCHO 2580 
1EMPKI)/loCIl+DO(Ill CHO 2581 

270 EIIl=EIII+TEMPD CHO 2582 
GO TO 2'30 CHO 2583 

C CAME HERE BECAUSE MATERIAL HAS NO STRENGTH CHO 25~4 

260 SxoIIl=SlOIII=O. CHO 2565 
290 CONTINUE CHO 256& 

RETURN 
END 

() 

C HO 2567 
CHO 2588 
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SUBROUTINE FOAM CHO 2589 
C POROUS MATERIAL CALCULATION CHO 2590 

COMMON IAI J!!NOI21l .ITRIEO(400) ,IZPTL!4001 ,lZPRL 14001,I(PH4SE(400) ,CHO 2591 
lK4CT(401J .ISPALLI~OOJ,NSP4LL,OBS,IBStICYCLE,IOT~AX,IDTMIN,JPRIN,NCCHO 2592 
20UNT,NMTRLS.~ZN.NZ,NZPtNDUHP,NBPRES,NOSOUR,NACTION,NORAO,IGM,NR4DCCHu 2593 
3K,HOVIE,IMPEXP,IHPA,KR04,NOHYO CHO 2594 

COMMON D(400),DOI~00),TI~00),TOI400),P(400),X~1400) ,)(M2(401l,X(401CHO 2595 
11 , X 0 I 40 11 , V 14011 , vO 14011 ,XL 1400 I ,XL 0(400) , ilL (400) , ilL 0 (401) , CSO 0 (40 C HO 259& 
20) , a 1400 I , SX 0 1400 I , S ZD (400 J , F P AT H 1400 I , FLU X 1401 ) ,E 1'+ 0 0 I , PPP TI '+ 001 , CI-t D 2597 
3 PE PT I N 1'+ 0 0 1 , F SPA L L! '+ 0 0 I , SO ( '+ 0 0) , T E M P ( '+ 0 0 I , T S A II E ( '+ 0 0 I ,P S 4 V E ( 4 0 D) ,E S C H D 2 5 9 8 ' 
44'1E(400) ,TEMPR(401) ,TMSP4LL!2[) ,OT,OTHA)( ,DT~IN,uTTEHP,DTi(4D,TI~E,TCHO 2599 
5PN, TEND, OTRA DT ,BL ,Ba ,OTIHEP (25) ,OL TTMXI 251 ,DTHINNI 251, T IMEP (25) ,TOCl-tU l6a 0 
€IT HI N N (25 I , TI ME S I 25J , WORKF, H ORKB, EN 0, E 50 UR S, T BPR E S I 25' ,? I NN E R I 251 ,P C HD 2601 
70 U TER ( 25) ,X M ATU P ( 21) , DT CS, OT P, T IT HI 2 5) , TE I NT H I 25 ) , Ti': OUT HI 2 5 ) , FL I NF C rlO 26 a 2 
8,FLINFO,FLINB,FlINBO,FLOUF,FLOUFO,FLOUB,FLOUBO,RADEB,RAO~F,SCRAOF,CHO 2003 
9SCR40B,SPU(20) ,SFLB(20) ,SPLC(201 ,SPLO(20) ,ENTSII ['+00) ,THOll (10) ,DTMCHD 20alt 
$OV(10) ,TR400FF,SWEP,YIELDI20,8I,DRATIOI'+OJ),SHPOR CHD 2605 

COMMON ICI TEMPA,TEHPB,TEMPC,TEMPD,TEMPE,TEHPF,TEMPG,TEHPH,TEHPI.TCHD 2606 
lEHPJ,TEMPK,TEMPl,TEHPM,TEHPN,TEHPAB,TBPU,PBORYO,PBORYI,TRAOMIN,RAOCHO 2&07 
2Kl,RADK2,RAOK3,RAOK,+,RAOK5,RADK&,TEBOUT,TEBIN,TTHIU CHO 2608 

COHMON 101 IS,IS1,IC4LL,ITLOH,JTLOH,INES CHO 2&09 
COHMON lEI lZETL(Zl',IZERLIZll,ITL(211,IRL[211,IEJSI400),IEOSSI20ICH02&10 

1,KTPI211,NROS[21l,NUMTEMI20I,IGAS(20I,N04NEOS,NISEOS CHD' 2&11 
COMMON IT4PESI I,IIN,IOUT,IEOSTP,ITWO CHO 2612 
COHMON IANDPORI C82 CHD 2&13 
DATA EHNR,EMHR/l.G0001,1.00011 CHO 2&1'+ 
DATA ABET,AKO,BKO/25.,.5,O.1 CHu 2&15 
JJJ=ICALL=I=l CHD 2&1& 

10 I F I I • LT. J BN 0 (J J J ») GO TO 70 C H D 2 & 1 7 
Z3=YIELDIJJJ,3) CHO 2&18 
IF (Z31 30,20,20 CHO 2619 

20 JJJ=JJJ+l CHD 262;; 
1= JBND (JJJJ CHD 2&21 
GO TO &70 CHD 2522 

30 Zl=YIELOIJJJ,lJ CHO 2&23 
Z2=YIELOIJJJ,2) CHO 2&2~ 

Z4=YIELOIJJJ,4) CHD 2&25 
Z5=YIELD [JJJ,5) CHD 2&25 
Z&=YIELO(JJJ,&) CHD 2627 
Z7=YIELOIJJJ,7J CHD 2528 
Z8=YIELOIJJJ,81 CHD 2&29 
JJJ=JJJ+1 CHO 2530 
GEHEU=Z8·EHNR CHD 2&31 
GEMEL=Z8/EHNR CHD 2&32 
GEHTU=Z7·EMNR CHD 2&33 
GEHTL=Z7/EHNR CHD 2€13~ 
IF (BKOI 50,1,0,50 CHO 2635 

'+0 BKO=l./[l.-AKO) CHD 2&36 
ABETO=l./saRTIABET) CHD 2&37 
ABETL=ALOGIAeET) CHD 2&38 

50 OISN1=Zl-1. CHO 2&J9 
4LPL= IABET-l. +Z il/ABET C HO 2&'+0 
ALPN=ALPL-1. CHD 2&lt1 
IF IZ5.L T.O.) GO TO 60 CHD 26~2 

PALPL=Z5-IZ5-Z'+)·ABETD CHO 26lt3 

o 
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GO TO 70 C fiD Z6"" 
&0 PALPL=Z"-Z5.IIBETL CfiD Z6'+5 
70 IF IKACTII)) 660,60,&&0 CrlD Z546 
80 IF IORIlTIOIII-1.) &EO,660,gO CHD Z&Io7 
gO OISTR=ORATIOII) CfiO ZF""S 

DRATIOII)=1. CHO Z649 
OVZ=.S.IOII)-DOII»/IDII).DOII» CfiD Z6S~ 
IF (EIII.LT.ZtI) GO TO 310 CHD Z&51 

C ABOvE MEL T CHD Z65Z 
100 151 = 0 C HD Z 653 

GEM=GEMEU CHD Z551t 
GO TO lZ0 CfiD Z5:;5 

C IIBOVE OR 8ELO .. MELT CHD Z656 
110 151=-1 CHD Z657 
1Z0 TEHPII=OII) CHD 2038 

TLO"=Z7 CrlD Z559 
IF ITEMPII.LT.Z&1 GO TO 140 CHD Z660 

130 TLOW=.OOl CHO Z551 
140 15=0 r;HD Z56Z 

TEMPJ=TIII CHO Z663 
IF (151) 170,150,160 CHD Z66" 

150 IF I TEMPJ.L T.GEMTUI TEMPJ=GEHTU CHD Z665 
GO TO 170 CrlD Z656 

160 IF ITEMPJ.GT.GEHTLI TEHPJ=GEMTL CHD Z567 
170 CALL E05 CHD Z658 

C TEMPN IS THE CORRECTED ENERGY CHD Z669 
TEHPN=EIII-OVZ.IPIII-TEMPO) CHD 2670 
I F I 1511 ZOO, 18 a ,1 g 0 C fiO Z 071 

180 IF ITEMPN-GEM) Z1G,200,200 CfiO 2572 
190 IF ITEMPN-GEH) 200,200,210 CHD 2673 
200 TEMPIIB=ITEMPN-TEHPC)/(TEMPG-O'J2"TEMPH) CHO 267" 

GO TO 220 CHO 2675 
210 TEHPA8=(GEM-TEMPCI/TEMPG CHO 2676 
220 T E H P N= A B 5 ( T E M P II B I C H 0 2577 

TEHPK=l.E-& CHD 2678 
IF 1I5.GT.lg01 TEMPI(=1.E-J CfiD 2579 
IF (TEMPN.LE. TEHPI("TEHPJ) GO TO Z80 CI-<O Z680 
IF ITEMPN.GT •• OS·TEHPJ) TEMPAB=.OS.TEHPJ·TEMPAB/TEMPN CHD 2681 
TEMPK=TEHPJtTEHPAB CHD Z682 
IF cTEMPK.LE.TLO") TEMPK=.5·ITLOW+TEHPJ) CHD 2583 
IF 1151-11 Z40,230,2"0 CfiD Ztd" 

Z30 IF cTEHPK.GE.Z7) TEMPK=.5·IZ7+TEHPJ) CrlD 26~5 

2"0 15=15+1 CHD Z686 
IF lIS-ZOO) 270,250,260 CrlD 2537 

250 PRINT 700, I51,ICYCLE,TlI),EII),P(I),GEM,DV2,TEMPA,DISTR.,TLQW,IS1,CHD 2688 
lICYCLE,DII) ,TEMPE CHD 2689 

250 PRINT 700, I,IS,TEHPJ,TEHPK,TEHPIIB,TEHPC,TEHPD,TEHPG,T~HPH CHD 2590 
IF IIS.GE."OOI STOP 12 CHD 26'31 

270 TEMPJ=TEMPK CHO 2692 
GO TO 170 CHD 2693 

280 PI II =TEHPO C'1D 261" 
IF 11511 2130,2130,3"0 CrlO 26':l5 

2g0 TII)=TEHPJ CHD 2596 
300 EII)=TEHPC CHO 26'37 

PPPTIII=TEHPH CfiO 26'38 
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PEPT IN (I 1=1. ITEMPG 
GO TO 640 

C CALCULATE TRIAL DISTENTION 
310 TEMPE= IZl-DISTR-Z3" IDISTR-l. I) IDISNl 

TLOW=2."ITEMPE··2-0ISTRI·IDIII-DOII)I/IDII)+DO(I» 
TEHPE= A BS tTL 010 
IF lTEMPE. GT. I). o5·DISTRI TLO~=. D5"DISTR" TEMPEITLOW 
TEHPE=DISTR+TLOW 
IF (TEHPE.LT.l') TEMPE=l. 
TEMPA=TEHPE"O(!) 
PHAT=PI I) 
GEM=GEMEL 
IF lTEMPA-Z6) 320,320,330 

320 lSi =1 
GO TO 130 

330 IS1=2 
GO TO 130 

C CALCULATE CRUSH STRENGTH 
340 IF (Z21 350,350,360 
350 TLOW=EIII/Z8 

I F IT L OW. L E. At< 0) GOT 0 3 I;) 0 
TLO~=Bt<O" CTLOW-AKO) 
FKOFE=1.+TLOW"(TLCW·IZ2+1.I-Z2-2.) 
IF IFt<OFE.LE.l. I GO TO 370 

360 Ft<OFE=l. 
IF (TIII.GT.Z7l FKOFE=O. 

370 CRUSH=TEMPE-l. 
IF IZ5.Ll.0.) GO TO 390 
IF (TEMPE.L T. ALPL I GO TO 380 
CRUSH=Z5-IZ5-ZI+) "SCRTICRUSH/DISNll 
GO TO 410 

380 CRUSH=IPALPL"CRUSH+Z5"IALPL-TEMPE»)/ALPN 
GO TO 1+10 

390 IF ITEHPE.LT .ALPLl GO TO 400 
CRUSH=Z4+Z5·ALOG(CRUSH/DISN11 
GO TO 410 

1+00 CRUSH=PALPL-Z5 4 (ALPL-TEMPE)/ALPN 
1+10 CRUSH=CRUSH"Ft<OFE 

IF ICRUSH.LT.l.E61 CRUSH=l.EI;) 
IF (PIII.GT.CRUSHI GO TO 430 
IF lTEMPC.GE.ZBI GO TO 1+20 
DRATIOIII =TEHPE 
GO TO 290 

420 PIII=PHAT 
GO TO 100 

C CORRECT ENERGY FOR CRUSH 
1+30 PI I) =PHAT 

TEMPK=E II) 
EII'=TEMPK-DV2"IPHAT-CRUSH' 
I FIE I I I - (E M) 1+ 50 ,450,1+ 4 0 

C CORRECTED ENERGY ABOvE MEL T 
440 GEM= 28"EHMR 

188 

IF IEIII.U.GEM) EII)=GEM 
D V 2= 0 • 
T II )=Z7"EHHR 

CHD 2699 
CHD 2700 
C HD 2 7 ~ 1 
CHD 2702 
CHD 2703 
CHD 2704 
C HD 2705 
CriD 2706 
CHD 2707 
CHD 2708 
CHD 2709 
CriD 2710 
CHD 2711 
CHD 2712 
CHD 2713 
C"iD 2714 
CHD 2715 
CHD 2716 
C HD 2717 
C HD 2718 
CHD 271 9 
CHD 2720 
CHD 2721 
CriD 2722 
GHD 2723 
C HD 2724 
CHD 2725 
GHD 2726 
GHD 2727 
CHD 2728 
GriD 2729 
GHD 273 a 
C HD 2731 
CHD 273 2 
G>-tD 2733 
CHD 2731+ 
CHD 2735 
C HD 2736 
C HD 2737 
CHD 2738 
CHD 273 9 
CHD 2740 
CHD 2741 
CHD 271+2 
CHD 2743 
C HD 271+4 
C HD 271+5 
GriD 2746 
CHD 2747 
CHO 2748 
Co-tD 2749 
CHD 2750 
CHD 2751 
CHD 2752 
CHD 2753 



GO TO 100 
C CALCULATE NE~ SOLID DENSITY AND TEMPERATURE 

'+50 TEMPJ=TI-I) 
TEHPA=DII)·DISTR 
I S= 0 
PNC=PHAT 
DIS=DISTR 

460 CRUSHP=DIS-l. 
IF IZS.LT.O.) GO TO 480 
IF IDIS.ll.ALPLl GO TO 470 
CRUSH= I Z'+- Z5) ·SQRT ICRUSHP/DI SNl I 
CRUSHP=CRUSH/12.·CRUSHPI 
CRUSH=Z5+CRUSH 
GO TO SOD 

470 CRUSH=(PAlPL·CRUSHP+ZS9IAlPl-DISI)/ALPN 
CRUSHP=IPALPl-ZS)/AlPN 
GO TO 500 

"80 IF IDIS.LT.AlPll GO TO 490 
CRUSH=Z4+ZS·ALOGICRUSHP/DISN11 
CRUSHP=ZS/CRUSHP 
GO TO SOD 

490 CRUSH=PAlPl-ZS·IAlPL-DISI/ALPN 
CRUSHP=ZS/ALFN 

500 CRUSH~CRUSH9FKOFE 
I F I C R US H • G T • 1. E 6 I GO TO S10 
CRUSH=1.E6 
CRU S HP = O. 
GO TO 520 

510 CRU5HP=CRUSHP9FKCFE 
520 EII)=TEMPK-OV2·,PNC-CRUSHI 

IF (E.II).GT.GEH) GC TO '+'+0 
IF (rEOS(I» S3O,530,540 

CANAL YTIC 
530 CAll EOS 

PHAT=C82 
EHAT=(TEMPD-TEMPJ9TEHPH)/TEHPA·92 
GO TO 550 

C TABLE 
5'+0 TEHPH= TEHPA 

TEMPA=1.0001 9 TEMPA 
CALL EOS 
PHAT=TEHPD 
EHAT=TEMPC 
TEHPA=TEHPH 
CAll EOS 
PHAT=(PHAT-TEHPDI/(.00019TEHPA) 
EHAT=IEHAT-TEHPC)/I.0001·TEMPA) 

550 TEHPI=CRUSHP/O(I) 
TEHPA8=PHAT-TEHPI 
TEHPI=EHA1-DV2·TEHPI 
TlOW=TEHP~B9TEHPG-TEHPH9TEHPI 

IF ITLO~.EQ.O.) GO TO 600 
TE MPN= (I TEHPC-EI II) 9TEHPH- lTEMPO-CRUSH) 9TE~P G) IT lOW 
TEHPH= (ITEHPD-CRUSH) ·TE MPI- I TE HPC-E (II I 9 TEHPAB' I TL O~ 
TEMPAB=ABS(TEMPNI 

CHD 275'+ 
C HD 2755 
C>-iD 2756 
C HD 2 7S 7 
CHD 2758 
C>-iD 2759 
C HD 27&0 
CHD 2761 
CHD 27&2 
CHD 27&3 
CHD 276'+ 
CHD 2765 
CHD 27&& 
CHD 2767 
CHD 27S8 
CHD 27&9 
GHD 2770 
CHD 2771 
CHD 2772 
CHD 2773 
CHD 2774 
G HD 277S 
GHD 2776 
C HD 2777 
CriD 2778 
GHD 2179 
C HO 2780 
CfiD 27 H 
C HO 2! ~ 2 
CHD 27-13 
C"ID 278/j 
GHO 27dS 
CHD 27~6 
CHD 2767 
CHD 27d8 
C HD 2739 
CHD 27'30 
CHD 2791 
\: HD 27n 
CHD 2793 
C HD 2794 
CHD 27'35 
CHD 2796 
GHD 2797 
CriD 27H 
CHD 2799 
CHD 2800 
CHD 2801 
C HD 28 J 2 
CHD 2803 
CHD 280'+ 
CHD 2805 
CHD 2806 
CriD 2807 
CHD 2808 
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C 

C 

C 

C 

E~PI=1\3S(T '1"'11 
IF (E~PAB. T.l.E-6"TE~PA) GO TO 560 
IF (EIPI.L .1.E-6"TEMPJ) GO TO 610 

?"O Ie" (r::~PAB. T •• OS"TE!'P-i\j"TE:-\5N=.'05';TtMPA'.'fEMP'l/TEMPfl8 
1= (T~~)I.G •• OS"T~MPJ) TEHPM=.OS"TEMPJ"T~H~'1/TEM?I 
I~ (15-200) S90.S70,S~O 

570 IF (AB5(TEMPJ·Z7I.GT.1.E-2.Z7) GO TO 5Ba 
E (I 1 =ZB"EHH~ 
TIII=Z7"EHH~ 
DII2=0. 
GO Tal 00 

SHQ 28 Ug 
CHD 2810 
CHLl 2!l11 
CHO 
C HD 
CHD 
CHO 
CHD 
C HD 

21112 
2~13 

2fl14 
2 til 5 
21116 
21117 

C HD ?IHd 
CHO 281'3 

580 P'<INT 700. 
1Cl!: 

!S,I,TEHPJ,TEMPM,TEMPA,TEMPN,E(I),TEMPC,CRUSH,TEMPD,ICYCHC 2820 

590 T~MPH=r:MPJ.T~MpH 

T~MPN=T::MPA+T~HPN 

r= ITEM'N.LT.ZSI T~MPN=.?(Z6+TEMPfI) 
1'>= ISH 
E'1PA=T:: MPN 
EMPJ= T ::HPH 
OIS=TE.'PA/OII} 

CHO i~21 
C ~ID ? tin 
CHD ~B23 
CHO 2824 
CHCi 2825 
CHCl 2320 
CHD 2827 
CHD 282d 
CHO 282'3 F (!5._E.4001 G:J TO 1+60 

STOP 1+1 "_.0-.._ ... ,- _. - ct-to 28"30 

600 

610 

620 

[,30 

640 

650 
660 
670 

IS= 500 
GJ TO 5g0 
TI!)~r::'PJ 

CALCULQTE OIST::NTIDN RATIO 
I~ IT::'1~A·O(I)) 620,620,630 
EII1=E'1P'< 
G) TO 110 
D~4TIJ(II=T~~)4/~III 

PITlo:T~'1PO 

GJ TO 300 
T~MPAB=JRATIJII1-1. 

IF IE'1 PA81 :'60,660;650 
CJ~RE:T SOU~J SPEED 
C; J D ( I I = C S a J I I ) .. I Z 1 - 0 R A TI D ( I I • Z 3 .. T E M P A B I I [J IS tH 
1=1+1 
I~ II •. o.NZI ~J TO 10 
C~ECK TJ 5E:: 1 0 ALL VOIDS A~~ CLOSED 
S:.I;:JOR=O. 
DJ 680 1=1,\jZ 
F IIHUIOIIl ... E.l.) GO Ta otlO 
S:-lPOR=t. 
G) TO O'lO 

,,80 C)'H l'ut: 
P~INT 710, I:Y:LE,TIM~ 

6'30 CONTI\jJ~ 

RIO TURN 

700 FO~MAT (2I10,8E13.6) 
710 FJRHAT (Z5H1All VOIDS CLOSED GYCLE=,IB,5X,5HTI~E=,E12.51 

E'lO 

CHD 2531 
CHD 2E132 
r:H[) 2BJ~ 

CHi) U34 
CHi) 28.35 
CH8 21',3" 
::: HI) 2 ~ J7 
CHO 203~ 

~':"-F: ?'"!3·~ 

,~HD 2~40 

CHC) 2?,41 

CHO 2642 
CHD 2843 
CHiJ Zt\44 
CHC 2 ~4') 
:::HO 2840 
CHO 2547 
CHD 2848 
CHD 284-j 
CHD 285iJ 
CHO 21151 
CHO 2,'152 
CHD 280,3 
CHO 2854 
CHO 2855 
CHO 2B56 
CHO 2857 
CHO 285i3 
CHD 285'3 
CHD 28&0 
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SUBROUTINE EDGE CHD 2861 
C CALCULATE~ BOUNDARY PRESSURES AND TEMPERATURES CHD 2362 

COM M 0 N I A I J B N 0 ( 21 I , lTR lED ('+ 0 0 ) , IZ P T L (It 0 0 ) , I Z P R L ( It 0 0) ,K P HAS E ( '+ 0 0) ,C H 0 2 8 6 3 
1KACT(401),rSPALL(400),NSPALL,ORS,IRS,ICYCLE,IDTMAX,IOTHIN,JPRIN,NCCHD 2364 
20UNT,NMTRLS,~ZN,NZ,NZP,NDUHP,NBPRES,NOSOUR,NACTION,NORAD,IGH,NRAOCCHD 2~65 
3~,HOVIE,IMPEXP,IHPA,KRD,+,NOHYJ CHD 2066 

CO HMO N 0 ( 400 I , DO ( 400 I , T ( It 00) ,T 0 (400) ,P ( '+ 0 0 I ,X M ( '+ 00) ,X HZ '4011 , )( (401 C rl 0 2867 
1) ,X 0 (401' ,II (" 0 11 , va (4 011 ,X L (40 0' ,XL a (40 a I , VL 140 0 I , VL 0 (4011 , CS 00 (40 C HD 2868 
20) ,Q 1'+ 001 ,sx 0 (400 I , SZ 0 (40 a I ,F P ArH (4001 ,FLU x (It a 11 ,E I It a 01 ,PPP T ('+ 00) ,C HD 280 g 
3PEPTINI41l0) ,PSPALL (400) ,SDlltOu) ,TEMP(4001 ,TSAilE 'ltOOI ,PSAvE (4001 ,ESCHD 2870 
ItAVE (itOOI ,TEMFR(ltOll ,THSPALL (ZO) ,DT,DTHAX,DTMIN, DTTEMP,DTRAD, TIME,TCHD 2871 
SPN,TENO,DTRACT,BL,BQ,OTIHEPIZSI,DLTTMX(ZS) ,DTMINNI2SI,TIMEPI2S),TDCHD 2~72 

6TMINI'\12S1 ,TIMES(ZSI ,WORKF,WORKB,ENO,ESOURS,TBPRES(2SI,PINNER(25),PCHO 2873 
7:) U TE R I 2 S) ,X HAT U P I 21 I ,0 T C S , 0 T P , T IT H 12 S ) , TEl NT H ( 25 I , TEO U T H ( 2 5 ) ,F L I NF C H 0 2 67 It 
8,FLINFO,FLINB,FLINBO,FLOUF,FLOUFO,FLOUB,FLOUBO,RAOE9,RADEF,SCRADF,CHO 2875 
gS CRA DB, S PL A 1 2 0) ,SPL B t 2 0 I , SPL C (2 01 ,SPL D (20 I ,EN TS II I It 0 0) ,T H 0 V I 10) ,OTHCHD 2876 
WII1101 ,TRADOFF,SWEP,YIELO(20,8) ,DRATIO(ltOO) ,SWPOR CrlD 2877 

COHMON ICI TEHPA,TEHPB,TEMPC,TEMPD,TfMPE,TEMPF,TEMPG,T~HPH,TEHPI,TCHO 2878 
1EMPJ,TEMPK,TEMPL,TEMPM,TEHPN,TEHPAB,TBPU,PBDRYO,PBORYI,TRAOMIN,RADCHD 287g 
2Kl,RADK2,RADK3,RAGKIt,RADKS,RAOK6,TEBOUT,TEBIN,TTHIU CHO 23~0 

COMMON IDI IS,ISt,ICALL,ITLOW,JTlQW,INES CHD 2881 
10 IF tTEMPJ-TBPU) 30,20,ZO CHO 2832 
ZO ITLOW=ITLOH+l C"iO 2883 

TBPL=TBPRES(ITLOWI CrlD 2881t 
TBPU=TBPRES(ITLOW+11 C~O 288S 
IF (TBPU.EC.TBPLI GO TO 20 C",O 2896 
OTTT=1./(TBPU-TBPL) C~D 2867 
TBIN1=PINNER(!TLOld CHO 2888 
TBIN2;PINNER(ITLOW+1'-TBIN1 C~D 288~ 
TBOUT1=POUTERIITLOWI CHD 28g0 
TBOUT2=POUTER(ITLO~+11-TnoUTl C~O 2091 
GOT 0 10 C HD 28 n 

30 PBDRYO=(TEMPJ-TBPLI.DTTT CHD 28q3 
PBDRYI=TBIN1+TBINZ·PBORYO C~D 289lt 
PBDRYO=TBOUT1+TBOUTZ·PBDRYO CMO 289S 
RE TURN CH 0 2 ag& 
ENTRY TEDGE CHD 2897 

lt~ IF (TEMPJ-TTHIUI &0,SO,50 CHO 2an 
so JTLow=JTLOW+1 CHO 28gg 

TTHIL=TITHIJTLOWI GHO 2gGO 
TTHIU=TIT~WTLOW+11 CHD 2301 
IF <TTHIU.EO.TTHIll GO TO SO CHO 2g02 
QTTT;1./tTTHIU-TTHILI CHO 2903 
OSIN1=TEINTHIJTLCW) CHO 2g~4 
OBIN2=TEINTH(JTLOW+1'-OBIN1 CHO 2~a5 
Q80UT1=TEOUTH(JTLOW) CHO 2gJo 
QBOUT 2=TE OUT .. (J TLOW+1)- QBOUT! CHO 2907 
GO TO 40 C'iO 2308 

&0 TEBOUT=ITEMPJ-TTHILI·QTTT C'iD 2qag 
TEBIN;QBIN1+QBINZ·TEBOUT CHD 2g10 
TEBOUT=QBOUT1+QBOUTZ-TEBOUT CHO 2911 
RETURN CHD 2g12 
END CHO 2913 
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SUBROUTINE SOURCE CHO 291~ 

C CALCULATES I~TER~AL ENERGY SOURCE STRENGTHS CHO 2915 
COHMON IAI JBNO(211,ITRIEO(4001 ,IZPTLC4001 ,IZPRLl400I,KPHASEI4QO),CHO 2'316 

lKACTC ~01l , IS FALL I~OO I ,NSPALL ,OBS ,I BS ,ICYCL E,IOTI'I AX, IDT'1 IN ,JP RIN, NCCHO 2917 
20UNT,NHTRLS,NZN,NZ,NZP,NOUHP,NBPRES,NOSOUR,NACTION,NORAO,IGH,N~AOCCHO 2916 
3K,HOIIIE,IMPEXP,IMPA,KR04,NOHYO CHO 2~19 

COHMON 0(400) ,00(400) ,T(400) ,TO(400) ,P(4001 ,XI1140Q) ,XI12(401), X(~OlCHO 2no 
11 ,XO 1~01l ,1I(1j01l,1/0(4DlI,XLle.()01,XLOI~DO) ,VLI~()~I ,VLO(1+01l,CSOO(e.OCHO 2nl 
20) , Q (e. 0 0 I , SX 0 1 400 I , SZ D 1 4 0 0 I ,FP AT HI 40 0 I , FLU X 1 ~D 11 ,E (400) ,PPP T 1400 I , C HD 2 g2 2 
3PEPTINI4001 ,PSPALLI40() ,SOI40~) ,TEHPI400I,TSAIIE(4DO),PSAVEI4001 ,ESCHO 2923 
'+ A liE (400 I , TE M P R I ~ 0 1) , T MS PALL I 20 I ,OT, D TI'IA X, OTI'I IN, D TT EM P, 0 TRA D , TI ME, T C HD 292 It 
5PN, TEN D, D T RA DT ,BL ,BQ, OTI ME PI 25 I , DL TT HX (25) ,0 HlI N N 125 I , TI ME P (2S) , TDC H 0 2925 
6THINN(2S) ,TIMESI2S),HORKF,WORKB,ENO,ESOURS,TBPRESI25) ,PINNER(25) ,PCrlO 292& 
70 UT E R I 25) , XM HU P 1211 ,0 TC S, OT P, T IT H 125 I , TEl NTH I 25 I , T EOUT HI 25) ,FLI NF C HD 2927 
8,FLINFO,FLINB,FLINBO,FLOUF,FLOUFO,FLOUB,FLOUBO,RAOEB,RAOEF,SCRAOF,CHO 2928 
9S CR A DEl, S PL A 120 ) , SPLB (20) , S PL C I 20) , SPL 0 I 201 ,EN TS II I It 001 ,T 110 II I 10) .0 T M C HO 2929 
$011(10) ,TRAOOFF,SHEP,YIELOI20 ,8) ,0RATIO(ItOO) ,Si04POR CHO 2'nll 
~OMMON ICI TEMPA,lEI'IPB,TEMPC,TEI'IPO,TEMPE,TEMPF,TEI'IPG,T~MPH,T~MPI,TCHO 2g31 

lEMPJ,TEMPK,TEMPL,TEMPM,TEI'IPN,TEMPAB,TBPU,PBORVO,PBDRVI,TRAOI'IIN,RADCHO 2932 
2K1,RADK2,RAOK3,RAOKIt,RAOK5,RAOK&,TEBOUT,TEBIN,TTHIU CHO 2933 

COMMON INAMEI ANAHE(13),MAXZONE,NTS1,NTS2,NTS3,ITTHP,CYMESH CHO 2934 
DIMENSION SOZ(1), S03111, TSOUR1 (1), TSOURZ(1I, TSOUR3(1), TSOURItICHO 2935 

111, THESEllI CHO 2936 
EQUIIIALENCE IS02(1),SDl111, IS0311l,TEHPlll1, ITSOUR1I1I,TSAVE(1)ICHD 2937 

1, ITSOURZ(1I ,PSAVE(l)), (TSOUR3U) ,ESAIIE (1)1, ITSOUR4111 ,TEMPRllIICHO 2938 
2, ITHESE(l),CRATIO(ll) CHO 2939 

IS=&·MAXZONE CHD 2940 
CALL REAOEC ISO,O,IS) CHO 2941 
DO 170 I=l,NOSOUR CHO 294Z 
IF (THESEII) .LE.O.) TEMPA=0.S·IS021I1"ITSOUR3II)-TSOURl III I +SD3 IIICHO 2943 

1·IT50UR4II'-TSOUR2(I)11 CHO 2944 
IF ITSOUR31I)-TEHPJI 10,10,1t0 CHO 2945 

10 IF IT50UR';III -TEHPJI 20,20,30 CHO 294& 
20 50(1)=0. CHO 2947 

GO TO litO CHO 29';8 
30 SOIII=5D3II)·ITSOUR4III-HMPJI/ITSOUR4(II-T50UR3III) CHO 29"9 

GO TO 140 CHO 2950 
40 IF CTSOUR1CII-TE:I'IPJI &0,50,SO CHO 2351 
50 IF ITHESEIIII 130,90,ZO CHO 2952 
60 IF ITSOUR21I1-TEHPJI 70,70,80 CHO 2933 
70 5DII)=SOZII)+ISD3II'-50Z(I»)"(TEMPJ-TSOUR2IIJI/(TSOUR3(I)-TSOUR2IICHO 2g5Lt 

11 I CHO 2955 
GO TO litO CHO 295& 

80S0III=SD2IIl"ITEMPJ-TSOURlIIIl/1T50UR21I)-TSOURlII11 CHO 2957 
GO TO litO CHO 2958 

C CHECK FOR HE PRE DETONATION CHO 2959 
90 DO 100 JJJ=2,21 CHO 2%0 

IF II.GE.JBNDIJJJ)) GO TO 100 CHO 2961 
JJ=JJJ-l CHO 2962 
GO TO 110 CHO 2963 

100 CaNT INUE CH D 2 %4 
STOP 213 CHD 29&5 

110 IF (YIELOIJJ,81) 20.20,120 CHO 2%6 
120 IF (P(Il.LT.YIELOIJJ,8)) GO TO 20 CHO 2967 

PRINT 180, I, TEMPJ, ICVCLE CHO 2968 

C HE PREDETONATION CHD 2969 
130 50II,=S02(II CHO 2970 
litO IF ITHESEII).GT.O.) GO TO 170 CHO 2971 

TEMPG=SO(I)"'CT-THESEIIl CHD 2972 
IF (TEMPB-TEI'IPA) 1500170,160 CHD 2973 

150 IF (TEHPJ-TSOURIt(III 170,160,160 CHD Z971t 
160 SO II 1= <TEMPA+T HESE I 1» lOT CHO 2975 

IF (ABSITHESEIIJI.GT.O.999999"TEMPA.AND.TE'1PJ.GE.TSOURIoIIJ) THESE(CHO 2970 
11) =1. CHO 2977 

170 CONTINUE CHO 2978 
RETURN CHO 2979 

C CHO Z980 
180 FORMAT (/,21H PREOETONATION ZONE,IS,5X,5HTIME=,E1Z.It,5X,&HCVCLE=CHD 2981 

1,18) CHO 2982 
END CHO 2963 
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C 
C 
C 
C 
C 
C 

C 

C 

SUBROUTINE FRACT 
SPALL CALCULATION BASED ON EITHER THE 
MAXIMUM TENSILE STRENGTH 
STRESS GRADIENT METHOD OF THURSTON AND MUDD 
OR 
THE CUMULATIVE DAMAGE HETHOO DF TULER AND BUTCHER 

CHD -2'18" 
C HD 2 '385 
C HD 2986 
r:HD 2'387 
C HO 2'386 
CHD 2989 
C HD 2990 

COMMON IAI JBND(21) ,ITRIEOI"OO),IZPTUltOOI ,IZPRLlltOO),I(PHASEI400),C HO 2991 
lKACT(401) ,ISFALLI400l,NSPALL,OBS,I8S,ICYCLE,1DTMAX,IDTMIN,JPRIN,NCCHD 29'12 
20UNT,NMTRLS,NZN,NZ,NZP,NDUMP,NBPRES,NOSOUR,NACTION,NORAD,IGM,NRAOCCHD 2993 
3K,MOVIE,IMPEXP,IMPA,KRD4,NOHY~ CHD 299" 

COMMON DI4DOI,DOI"OO),TI"00),TOI400),PlltDO),XMlltDD),XM214DU,)(140lCHO 2'1"5 
l) ,)( 0 14(1) , V (401) , VO (4 ° 1) , XL ( 40 D) , XL 0 (4D 0) , VL (ItO O) , V L O( ItO 1) ,CS 00 (40 C H 0 2396 
2 a ) , Q I It 0 a) , S)( D ( 4 0 0) , S Z 0 ( It 0 O) ,F PA T H I It 0 0 ) ,F L U)( I 40 1) , E I It ° 0) ,P P P T (4 ° Q I , C HD 2 9 9 7 
3P EP TI N (" 0 0) ,PS P AL L I ItO D) , SD I itO 0 ) , TE MP litO 0 ) , TS A VE I It 0 u I ,PSA VE (It Q a I , ESC HD 2 '39 8 
"A VE lit 00) , TEM PR (It 0 1) , TM SPAL L ( 20) ,0 T ,0 TMA X, OT MIN, 0 TT E MP, 0 T RAD , TIME, T C HD 2 '19'1 
5PN,TEND,DTRADT,BL,8Q,DTIMEP(25) ,OLTTMX(25),DTHINN(25),TIMEPI25),TDCHD 3000 
6 TM1 N N I 25) ,T I M ES (25) , WORK F, WO RKB, END, ESOURS, T8 PRE S (25) ,P I NNER I 25) ,PC H D 3001 
70UTER(25) ,XMATUP(21) ,DTCS,DTP,TITH(25) ,TEHHH(25) ,TEOUTH(25J ,FLINFCHO 3J02 
8,FLINFO,FLINB,FLINBO,FLOUF,FLOUFO,FLOUB,FLOUBO,RADEB,RADEF,SCRAOF,CHO 3003 
9SCRA DB, SPLA ( 201 , S Pl B (20) , SPL C I 2o} , SP LD (20 I ,E NT S V (It 00) , TMOV ( 10) ,0 TMC HD 3 JOlt 
EOV I 10), TRADOFF ,SWEP, YIELD 12 D ,8) , DRATIO 140D) ,SWPOR CHD 3005 

COMMON ICI TEMPA,TEHPB,TEMPC,TEHPD,TEMPE,TEMPF,TEHPG,TEMPH, TEMPI,TCHD 31)06 
lEHPJ,TEMP"TEMPL,TEMPM,TEMPN,TEMPAB,TBPU,PBDRYO,PBDRYI,TRAOMIN,RADGrlD 3D07 
2Kl,RADK2,RADK3,RADK4,RADK5,RADK6,TEBOUT,TEBIN,TTHIU CHD 3008 

ENTER WITH STRESS IN P ARRAy CHD 3aaq 
IF IICYClE.EQolI GO TO 100 CHD 3010 

10 JJJ=l CHD 3011 
DO 90 I=1,NZN CHD 3012 
TEMPI=PIII CHD 3013 
IP1=I+l CHO 301" 
PIII=.5·ITEMPl+PIIP111 CHO 3015 
IF 1I.I.T.J8NOIJJJII GO TO 20 CHD 301& 
J J = J J J C HO 3017 
JJJ=JJJ+l CHO 3018 
TEMPA=SPlAIJJ) CHO 3ul9 
TEMPB=SPLB(JJ) CHD 3020 
TEMPC=SPLCIJJ) CHO 3021 
TEMPD=SPLDIJJ) CHO 3022 
TEMPE=THSPALLIJJ) CHO 3023 
TEMPF=1./ITEHPE-.G256781 CHO 3021t 
TEM P A B = Y I E L 0 I J J, 7J C HD 3025 

20 IF IPII) .GT.-i.E6) GO TO gO CHD 3026 
IF IT(I).GT.TEMPAB) GO T090 CHD 3027 
IF (ISPALUI).EQ.lI GO TO gO CHD 3028 
IF ITEMPC.LT.O.) GO TO 7i1 CHD 3029 
STRESS GRADIENT CHD 3030 
IF IT II) .GE. TEMPEl GO TO 50 CHO 3031 
IF ITEMPA.GT.O.I GO TO 30 CHO 3032 
TEMPG=PSPALL II) CHO 3033 
GOT 0 It 0 C HD 303" 

30 TEMPK=2,4ABSlTEMPI-PIIP1))/IXMIII/DII)+XM(IP1)/0IIP1l1 CHD 3035 
IF I IGM. GT.lI TEMPK=3dlt15926S36·TEMPK· 12,· x lIP 11 ) .. IIGH-ll CHO H3& 
TEMPG=TEMPD+TEHPA·TEHPK·4TEMPB CHO 3J37 
I F ITEM P G • G T • P SPA L L I I » T:: M P G= P SPA L L ( r) C H D 3 038 
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~O TEMPG=-TEHPG·I ITEHPE-TII».TEMPF) •• TEMPC 
IF ITEMPG.GT.-1.E6) TEHPG=-1.E6 
IF IPII).GT.TEMPG) GO TO 90 

SO PSPALLII)=O. 
60 ISPALL II) =1 

NSPALL=NSPALL+l 
XLII)=XIIPU 
VL ( I ) = V ( I P 1 ) 
TEMPM= 1. 
IF ITEMPN.NE.O.) PRINT 140, I,IP1,ICYCLE,TIME 
GO TO 90 

C Cu HUL AT IVE DAMAGE 

c 

70 IF (P(l).GE.-TEMPA) GO TO 90 
PSPALLII)=PSPALL(I)+DT·I-TEHPA-PII»··TEMPB 
IF IT(IldE.TEMP£) GO TO 80 
TEM P H= TEMP DO. (IT EMP E -T (I I ) ·T EMPF I o." (-TEMP C) 
I F IPS PAL LI I I • L E • T EM PH) GOT a 90 

flO PSPALLlI)=1.El00 
GO TO 60 

90 PII)=TEMPI 
RETURN 

100 JJJ= 1 
DO 130 I=l,NZN 
IF II.LT.JBNCIJJJ» GO TO 110 
JJ=JJJ 
JJJ=JJJ+l 
IF (TMSPALLIJJI.LE •• 025679) TMSPALL(JJ)=.025679 

110 IF (SPLC(JJI.GE.O.) GO TO 120 
IF IISPALLII).NE.ll GO TO 130 
PSPALLII)=1.El00 
GO TO 130 

120 IF (SPL8(JJI.EO.O.) SPL8IJJI=1. 
130 CONTINUE 

GO TO 1U 

140 FORMAT 117HOFRAGTL.RE OF lONE,I5,12H AT BOUNDARI',I5,8H 
1H TIME=,E14.71 

END 
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CHD 3039 
C HD 30'10 
CHD3041 
CHD B42 
C HD 3043 
CHD 3044 
CHD 3045 
CHD 3046 
CHD 3047 
CHD 3048 
CHD 3049 
CHD 3050 
CHD 3051 
CHi) 3052 
CHrl 3053 
CHD 3 ~54 
CHD 3355 
CHD 3u56 
CHD JU57 
CHD 3058 
CHD 3059 
C HD 3060 
CHD 3001 
CHD 3002 
GI-tD 31lo3 
CHD 3064 
CHO 31105 
CHi) 3066 
CHO 3067 
C HD :3 068 
CHO 3069 
GHD 3J70 
CHO 3u71 
C HD :3 0 72 
CHD 3073 

CYCLE= ,16, 8CHO 3 J74 
C HO 3 J 75 
CHO 3J76 



SUBROUTINE EOS CHD 3H7 
C EQUATION OF STATE ROUTINE WITH ECS CHO 307;J 

COMMON IAI JBNO(211, ITRIEl1(I.,OJI, IlPTU"OO) .IZP~L ("DOl ,KPHASE l"OIlI peHO 3079 
1 KA C T ( 4011 ,I S P ~ L L I I., 00 I ,N SPA L L ,0 B S , r El S , ICY C L E , lOT M A ~ , r 0 TM IN, J P R IN, N C C k 0 3 a /j 0 
20UNT,NMTRLS,~lN,NZ,NZP,NOUMP,NBPRES,NOSOUR,NACTION,NORAO,IGM,NRACCCHD 3081 
3K,MOVIE,I~PE.P,IMPA,KRDI."NOHYD CHO 3082 

COMMON 0(I.,OOI,DOIl.,OOI,TI4001,TOIl.,OOI,PII.,001,X'1I1.,OOI,XM21401),X(I.,OlCHO 3QIB 
11 , X 0 (I., 01 ) , v (I., 0 11 , VO II., 01 ) , X L I I., 0 ° I , XL 0 14 U ° ) , ilL (40 0) , VL 0 I 4 0 11 ,C SO 0 ( 40 CH 0 3 a 8 4 
20 I , Q (4 001 , SI( D I I., 0 a I , SZD I I., 0 0) ,FP AT H ( "0 0 I ,F LUX I 4illl ,E 1400 I ,PPP T (4(J 0 I ,C H D 3 a as 
3 PE P TIN 1400 I ,PS PA LL 140 0) , SO lit 0 u I , TEMP (It 0 0 I , T S A II E (I., 00 I ,PS A liE I It 00 I , ES C--iO 3a % 
I.,AIIElltOOI,TEMPRII.,01',TMSPALLI201,DT,DTMAX,DTMIN,DTTEMP,DTRAD,TIME,TCHD JO~7 
5 P N, TE N 0, DTRA 0 T ,BL ,BO, 0 TI M EP I 25) ,OL T HO( ( 2 SI ,0 T'1 INN (2 S I , T 11'1: P (25 I ,T DC HO 3 a ~ 8 
6TMINN(2S1 ,TIMES(25) ,WORKF,WORKB,ENO,ESOURS,TB"RESI251,;>INNERI251 ,PCHO 30il9 
70 UT ER 125 I , XM II TUP ( 211 , OT CS, 0 T P, T ITH 1251 , T EI NTH I 25) , T E OUTH (25 I ,F LI NF C H D 3090 
8,FLINFO,FLINB,FLINBO,FLOUF,FLOUFO,FLOUB,FLOUBO,RADEB,RAOEF,SCRAOF,CHD 3891 
'3S C R A 0 B, S P L A I 2 0 I ,S P L B ( 2 0 I , S P L C (2 a I , S P L 0 I 2 a I , E N T S II ( 4 a ° ) , T M 0 '~ I 1 0 I , 0 T M C f< 0 3 a n 
1011 (10 I, TRIIOOFF ,SHEP ,VI ELO 120,81 ,DRAT 10 (400) ,SWPOR CH[i 3093 

COMMON ICI TEMPA,TEMPB,TE~Pc,TEHPD,TEMPE,TEHPF,TE~PG,TEHPH,TEHPI,TC~O 3G'34 
lEMPJ,TEMPK,TEMPL,TEMPM,TEMPN,TEMPAB,TBPu,PBDRro,PGo~rI,T~ADMI~,RADC~) 3095 
2K1,RADK2,RAOK3,RAOKIt,RADK5,RAOK6,TEBOUT,TEBIN,TTHIU CHO 3096 

COMMON 101 IS,IS1,ICALL,ITLOW,JTLOW,INES CHD 1097 
COHMON lEi IZETL(21',IZERLI211,ITL(21l,IRLI211,IEOSII.,OOI,IEOSS(20)Crl0 30'38 

I,KTPI211 ,NROS(21) ,NUMTEMI201,IGAS(20),NOANEOS,NISEOS CHO 3099 
COMMON INAMEI ANAMEI131,MAXZONE,NTS1,NTS2,NTS3,ITTMP,CYMESH CHD 3100 
COMMON ITAPE51 I,IIN,I(UT,IEOSTP,ITWO CrlQ 31~1 
COMMON IBIGI TTGL(37),RT[JL(35I,XTTBl(37),YRTBl(35) ,PT8l(129S! ,::,f'L(;,,'J JI02 
l(1295),STBL(129~) ,SDUNSPI129S) ,ROSTAF.l(12'35) ,BETA1(Z9),nETt.2 L~9) ,2ECHG -5JJl 
2 T A 3 12'3) , 8E T A .. (29 I ,8 E TA5 ( 2'3 ) , BETA 6 I 29 ) ,B E T A7 ( 2'3) , dE TAB ( 2 g) , C IIf' E, H ( 2 C>Hl 11 Q 4 
30 ) , R C R I T ( 2 a I , T C f.( I T 12(: ) , RHO 0 a 120 ) , R S MIN I 2 D ) , R T~ 1 p ( 2 u) ,T T pIP ( 2 u) ,a ETC. H"I -~ 1 ) ", 

4A9(20),BETA10(2iJl,BETA11(20) ,tlETA12(20I,AAAT(44J),AMrSS(2~O) CHi') 31Je. 
COMMON IECSDI NECSA.NECSO GHD 3107 
COHHON IANOPORI eez ~H~ 310H 
DATA ATHIRD,ROWAO,LTIES,USTESI.333333333333.0. ,0,01 CHD 3U9 
DATA HAXNOT,~AI(NOO,MAXTPH,MAXSIZE/37,35,2'3,12'351 CrlD 3110 
DATA NNNIZE,NNNTTB,NISEOS,NECSA,IEOS/588.7751,1,6651,400.0. I G~O 3111 

C MAXIMUM T~GLE SIZE IS 37 TEMPERATURES BY 35 DENSITIES CriD 3112 
C wITH 29 THO-PHASE TEMPERATURES INTERVALS 0'10 3113 
C ECS IS NOT USED ~HEN NISEOS=O G~D 31i4 
C ECS IS USED HHEN NIS[OS=l IF REQUIRED CHD 3115 
C CrlD 3116 

GO TO (IG,'370,1530,1570,1660I, ICALL CHO 3117 
C CrlD 3118 
C ICALL=l ENTER HITH GHD 1119 
C TEMPJ=TEMPERATURE CHD 3120 
C TEMPA=OENSITY C'10 3121 
C I=ZONE NUMBER CrlD 3122 
C RETURN HITH CHD 3123 
C TEMPC=ENERGY C~D 3121., 
C TEMPD=PRES5URE CHD 3125 
C TEHPG=CV=HEAT CAPACITY CHO 3126 
C TEMPH=PARTP/PART T CHO 3127 
C ENTS'JeI)=ENTROP'I' CHCJ 3128 
C FPATHIIl =ROSSELAtJD MEAN FREE PATH CHD 3123 
C CSOOII)=SOUND SPEED C~0 3130 
C C riO 3131 

, Reproduced from 
best available co 
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10 IES=IEOS I I) 
IF (ORATIOII).lEolol GO TO 20 
TEHPA S=TEMPA 
TEHPA=DRATIOII),4TEMPA 

20 CONTINUE 
IF lIES.l T.O) GO TO 900 
IES2=IES+l 
IF INISEOS) 30,30,100 

30 ITLO=ITUIES) 
ITHI=ITlIIES2)-1 
IRlO=IRlIIES) 
IRHI=IRLIIES2)-1 
KTPIES=KTPIIES) 
KTPIET=KTPIIES2) 
NRSIES=NROSIIES) 
GO TO 50 

C ECS PATH 
100 ITlO=IRLO=KTPIES=NRSIES=l 

ITHI= III lIES21-I TL lIES) 
IRHI=IRLIIES21-IRLIIES) 
KTPIET=KTPIIES2)-KTP(IESI+1 
IF lIES. EQ.LASTES) GO TO SO 
IA=NECSA 4 IIES-l)+NECSB 
CALL READEC ITTBL,U,NECSA) 
L ASTES=IES 

C SEARCH T MES~ 
SO ITOFF=O 

IT=IZPTLIII 
IF (TTBLlITl-TEHPJ) 90.110,00 

60 IT= IT-l 
IF IIT.GE.ITLO) GO TO 80 
ITOFF=-! 
I F I TE HPJ. G ToO 0 I GO TO 70 
IBACK=S -
PRINT 1090, I, IGVClE, TEMPJ, TEHPA, IBflGK 
STOP 

70 IT=IT+l 
XT=XTTBL(ITLCl 
TPOINT=TTELIITLOI 
GO TO 120 

80 IF (TTBLIITl-TEHP"j) 110.110,00 
90 IT=IT+l 

IF (IT.LEoIHIl GO TO 100 
IT=IT-2 
ITClFF=l 
XT=XTTBlIITHI I 
TPOINT=TTEL( ITHI) 
GO TO 120 

100 IF ITTBL rIT) .lE.TEMFJ) GO TO 90 
IT=IT-1 

110 XT=fllOG(TEMPJ) 
T POI NT= TE r-PJ 

120 XT1=XTTBlIITI 
x T2=X TTBl lIT +11 

G DETERMINE NUMBER OF PHASES 
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GHD 3132 
CHO 3133 
CHD 3134 
CHD 3135 
CHD 3136 
G4D 3137 
C rlD 313 B 
CHD 3139 
CHD 3140 
CHD 3141 
CHD 3142 
CHD 3143 
CHD 3144 
GH 0 3145 
CHD 3140 
GIiD 31 .. 7 
GriD 3148 
GHD 3149 
GHD 3150 
GHD 3151 
GHD 3152 
GHD 3153 
G HD 3154 
C HD H SS 
C-tD 3150 
CHO 3157 
CHD HS 8 
CHD 3159 
C HD 31'=>0 
CHD 3iEl 
CHO 3162 
C HD 3 1f; 3 
CHD 3164 
CHO 3165 
C HD 3166 
CHO H07 
CHD 3168 
CHD 3169 
CHO 317·) 
CHD 3171 
CHD 3172 
C HD 3173 
CHD 3174 
CHD 3175 
CHD 3170 
CHD 3177 
CHO 3178 
CHD 3179 
CHD 3180 
CHO 3181 
CHD 3182 
CHO 3183 
GHD 3184 
CHD 3185 
CHO 3186 



IF ITEMPA.GE.RTRIP(!ES)) GO TO 210 
IF I TEMPJ.GT •• 999'"TCRIT lIES)) GO TO 210 
IF (TEMPJ.GT.TTRIP(IES)) GO TO 130 
IF ITEMPA.GT.RSHINIIES» GO TO 210 

130 KT=IT-ITLO+KTPIES 
IF IKT.GE.KTPIET) GO TO 200 
IF (ITOFF.GE.D) GO TO 1'+0 
RHL I Q =RHO 00 lIES) + 8E T A9 I IE S) '" T EHPJ 
IF (TEMPA.GE.RHLIQ) GO TO 210 
RH VAP=BE TAll (IES) '"TEMPJ 
IF (TEHPA.LE.RHVAP) GO TO 210 
RHLIQP=BETA9(IES) 
RHVAPP=BETA11(IES) 
GO TO 230 

1'+0 C85=XTTBLIIT) 
C86=XTTOL (IT +1) 
C82:: .5'" (C85+C86) 
IF (XT.GT.C62) GO TO 170 
C81=.75'"C65+.25'"C86 
IF (XT.GT.C61) GO TO 160 
C82=C81 
C81=C65 
C.86= BET A5 (KT ) 
C64=BETAlIKTJ 
IF (IT.EQ.ITLO) GO TO 150 
C65=BETA8 (KT-1) 
C63=8ETA4IKT-1I 
GO TO 190 

150 CB3=AlOGITTBL IITLO)'OBETA9IIES)+RHOOOIIES)) 
C 8 S = A L OG ( TT B L I I T L 0 I • BETA 11 1 I E S) ) 
GO TO 190 

160 C83=BETA1IKT) 
CB4=BETA2IKT) 
C8S= BETAS IK T) 
CB6=8ETA6IKT) 
GO TO 190 

170 C65=.7S'"CB6+.2S'OC85 
IF !XT.GT.C65) GO TO 160 
C81=C82 
C82=C85 
C 6 3 = BETA 2 ( KT ) 
C84= BETA 3 (KT) 
C85= BETA6 1 KT) 
C8&=BETA7 (KTJ 
GO TO 190 

180 C81=C85 
C82=C86 
C 83=BETA3 IKT) 
C84=8ETA4 IKT) 
C85=BETA7(KT) 
C86=OETA8 IKT) 

190 C84=(C8,+-C83) I (C 82-C8ll 
RHLIQ=EXPIC83+C84'"'XT-C81)) 
IF lTEHPA.GE.RHLlQ) GO TO 210 
C86=ICB6-CB5)/IC62-C81) 

CHO 3187 
CHD Has 
C HD 3189 
CHO 3190 
CHD 3191 
CHD 3192 
CHD 3193 
CHD 3191j 
CHD 3195 
CHD 31 96 
CHD 3197 
CriD 3198 
CHQ 3199 
CHD 3200 
CHD 3201 
CHD 3202 
CHO 3203 
CHD 3204· 
CHD 32a5 
CriD 32J6 
C HD 3207 
CHD 3206 
C HD 3209 
CHD 3210 
CriD 3211· 
CHD 3212 

. CHD 3213 
C"lD 3214 
CHD 321S 
CHrJ .3 21 I) 
CriD 3217 
C HO 3218 
CHO 3219 
CHD 3220 
Cf<D 3221 
CHD 3222 
CHO 3223 
CHD 3224 
CriD 3225 
CrlD.322& 
C f<D 3227 
C"lD 3226 
C Ho J 22 9 
CHCl 3230 
CHO 32.31 
CHo 3232 
.C Ho 323 3 
CHo 3234 
CHD 3235 
C HD 32.3 5 
CHO 3237 
C Ho' .3 2 3 8 
CHD 3239 
C"lD 32'+0 
CHD 32,+1 
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c 

RHVAP=EXP (C85+C86·( XT-C81)) 
IF ITEHPA.LE.RHVAP) GO TO 210 
RHLIQP=RHLIQ·C8~/TEHPJ 
RHVAPP=RHVAP·C86/TEMPJ 
GO TO 230 

200 C81= <TCRIT(IES)-TEMPJ) 
C82=C81"ATHIRD 
RHLIQ=RCRITIIES)+BETA10IIES)·C82 
IF (TEHPA.GE.RHLIQ) GO TO 210 
RHVAP=RCRIT(IES)-BETA12(IES)·C82 
IF <TEMPA.LE.RHIIAP) GO TO 210 
C81=C82/(3.·C81) 
RHLIQP=-BETA10(IES)·C81 
RHVAPP=BETA12(IES)·C81 
GO TO 230 

C ONE-PHASE REGION 

C 

210 KPHASEII)=l 
IR=I ZPRL II) 
ROW A= TE MPA 
IBACK=o 
GO TO 370 

220 TEHPC=EEVAL 
TEHPO=PP VAL 
TEMPG=CVIIAL 
TEMPH=OPVAL 
ENTSII(I)=SSVAL 
CSOOII)=CSOVIlL 
IZPTL (l)=IT 
IZPRUI)=IR 
GO TO '330 

C TWO-PHASE REGION 
230 KPHASE<I)=2 

C LIQUID SICE CF REGION 
IR=IZPRL(I) 
ROWA=RHLIQ 
IBACK=1 
GC TO 370 

240 EELIQ=EEVAL 
PPL rQ=PP VAL 
c IILI Q=CIIVAL 
OPLIQ=DPIIAL 
ROSLIQ=ROSLAN 
SSLIQ= SSIIAL 
IZPRlII)=IR 

C IIAPOR SIDE OF REGION 
ROWA=RHII AP 
IF (RH\lAP.GE.RTBUIRLO)) GO TO 250 
IF (ITOFF) 250,330,250 

250 IR=IRLO 
I BACK=-1 
GO TO 370 

C CALCULATE MIXED FUNCTIONS 
2&0 C81=RHLIQ-RHVAP 
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C HD 32~2 
CHD 32~3 
CHD 3244 
C HD 3245 
CHD 3246 
CHD 321+7 
CHD 32~8 
CHD 324'3 
CHD 3250 
CHD 3251 
CHO 3252 
CHO 3253 
CHO 3254 
CrlO 3255 
CHO 3236 
CHO 3257 
CHO 3256 
Cf<O 325'3 
CHO 3250 
CHO 3261 
C riD 3262 
CHO 3263 
CrlO 3264 
C riD 3265 
CrlO 326& 
CHO 32&7 
CHO 3268 
CrlO 326'3 
CHO 3270 
CHO 3271 
CrlO 3272 
CHO 3273 
C HO 3274 
CHO 3275 
CHO 327& 
C HO 3277 
CHO 3278 
CHO 327'3 
CHO 3280 
CHO 3281 
CHO 3282 
CHO J 283 
CHO 3284 
C HO 32d5 
CHO 3286 
CHO 3287 
CHO 3288 
CHO 328'3 
CHO 32'30 
C HO 32'31 
C'iD 32'32 
CHO 3233 
CHD 32'3~ 
CHO 32~5 
CHO 32'36 



C82=RHLIO-TEMPA CHD 3291 
C83=TEMPA-RHVAP CrlD 3298 
C81t=RHVAP-C82/ITEMPA-C811 CHO 320;9 
C85=RHLIO-C63/(TEMPA-C811 CHD 3300 
TEMPC=C84-EEVAL+CB5·fELIQ C~D 33Q1 
IF IPPLIO-l.E8) 290,270,270 CriD 3302 

270 TEMPD=.99-RHLIQ+.Ol.RHVAP CHO 3303 
IF CTEMPA-TEMPDI 290,290,280 CHO 3304 

280 TEMPO= I CTEMP/!-TEHPDI-PPLIQ+IRHLIQ-TEHPA) -PPVALI/CRHLIQ-TEHPD) CHD 3305 
GO TO 300 CriO 33~6 

290 TEMPC=PPLIQ=PPVAL CHD 3307 
300 TEMPH=CSSVAL-SSLIQI.CCRHLIQ-RHVAP)/IRHLIQ-RHVAP)I CHD 3308 

-ENTSVCI'=C84-SSVAL+C85-SSLIQ CHD 3309 
ROSLAN=IC82-ROSLAN+C83-ROSLIQ)/C81 CriD 3310 
TEMPG=C84-CVVAL+C85-CVLIQ-C81t-CTEMPJ·DPVAl-PPVAll-RHVAPP/RHVAp-·2-CHO 3311 

lC85. C TE HPJ·OPLIQ-PPLIQI4RHLIQP/RHLIO" 2- (EELIJ-EEVAL I- C RHVAP- C83· RCHD 3312 
2HLIQP+RHLIO-CB24 RrVAPP)/CTEMPA-C81.-ZI CHD 3313 

: SDIIAL= TEMPJ-TEMPHHU (TEMPG -TEMPA--21 C HD 3314 
IF ICSDVAL.LT.l.E-B) GO TO 310 CHO 3315 
CSOD(I'=SORT(CSOVALJ CriD 3316 
GO TO 320 CHD 3317 

310 CSOD(II=1.E-4 CriD 3318 
320 IZPTLCII=IT CHD 3319 

GOT 0 '13 0 C HD 3 3 2 O. 
C CAME HERE BECAUSE VAPOR DENSITY IS OFF TABLE BUT TEMPERATURE IS CKCHD 3321 

330 HPT1=NRSIES+ IT-ITLO CHD- 3322 
MPT2=MPT1+1 CHD 3323 
EEVAL=EXP I (ETBl CMPTlI-DXX2+ETBL (MPT21-0XX1l/DELXI CHD- 3324 
CVVAL=(EHlIMPT21-ETBL(HPT1II-EEVAL/(OELX.TEMPJ) CHO 3325 
PPIIAL=EXP « PHIL (MPHI -DXX2+PTBL (MPT21-0XX 1I/DELX I CriD 3326 
OPVAL= (PTBL (P'PT21-PTBL (MPH) I-PPVALI (DEL X·TEHPJI CHO 3327 
SSVAL= (STE!L (MPTU·DXX2+STBL (HPT 21·0X(1) /DELX C~D 3328 
C81=ROWA/RTBLlIRLO) CHD 332'1 
PPIIAL=PPOL-C81CrlO 3330 
DPIIAL=DPVAL4C81 CHD3331 
SSVAL=SSIIAL-PPIIAL-ALOGCC811/(ROWA4TEHPJI CHO 3332 
GO TO LEHOVA, (350,340) CrlO 3333 

340 EEVAL=EEVAL-AHISS(12-IES-8) CHO 3334 
350 ICOHE=l CHD 3335 

GO TO 670 CHD 3336 
360 PPIIAL=PPVAL+COlDP CHD 3337 

EEVAL=EEVAL+COLDE CHD 3338 
IF (NORAO.EQ.O 1 GO TO 260 CHO 3339 
ROSLAN=EXP(CDXX1-ROSTAB(HPT21+0XX2 4ROSTA8(HPT!II/DELX) CHD 3340 
GO TO 260 CHD 3341 

C CHD 3342 
C SEARCH RHO MESH HERE ROWA IS THE DENSITY CHD 3343 

370 IROFF=O CHD 3344 
IF CRTOL (IRI-ROWAI 410," 30,380 CHD 3345 

380 I R= I R - 1 C H D 3 346 
IF IIR.GE.IRLO) GO TO ItOo CHO 3347 
IROFF=-l CHD 3348 
IF (ROWA.GT.D.I GO TO 390 CHO 3349 
PRINT 16'10, I,ICYCLE,TEHPJ,RO~A,IBACK CHO 3350 
STOP CHD 3351 
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390 IR=IR+1 
GO TO 430 

400 IF IRTBLIIR)-ROWA) 430,430,380 
410 IR=IR+1 

IF IIR.LE.IRHI) GO TO 420 
IROFF=l 
IR=IR-2 
GO TO 430 

420 IF IRTBUIR) .LE.ROWA) GO TO 410 
IR=IR-1 

430 CONTINUE 
C OETERMINE IF IN MESH IF NOT WHERE 

VR1=VRTBL URI 
YR2=VRTBL(IR+1J 
NPTll=NRSIES+IT-ITLO+IIR-IRLO)·NUMTEM(IES) 
NPT21=NPT11+1 
NPT12=NPT11+NUMTEMIIES) 
NPT22=NPT 12+ 1 
·IF (!TOFF) 510,440,550 

440 IF (IROFF) 450,470 ,1t90 
450 NOFRG=l 
460 YR=VR1 

GO TO 59Q 
1t70 NOFRG=O 
480 YR=ALOG(ROHA) 

GO TO 590 
490 NOFRG=3 
500 Y~=VR2 

GO TO 590 
510 IF (IROFF) 520,530,540 
520 NOFRG=5 

GO TO 460 
530 NOFRG= 4 

GO TO 480 
540 NOFRG=8 

GO TO 500 
550 IF (IROFF) 560,570,580 
5&0 NOFRG=& 

GO TO 460 
570 NOFRG=2 

GO TO "80 
580 NOFRG=7 

GO TO 500 
C INTERPOLATE IN MESH FOR TEMPERATURE DEPENDENT PARTS 
C OF THERMOOYNAMIC FUNCTIONS 

590 OELX=XT2-XT1 

200 

OXX1=XT-XT1 
OXX2=XT2-XT 
OELY=VR2-YR1 
o YV 1 ='1' R- 'I' R1 
OVY2=YR2-YR 
OXOV=OELX·OELl' 
OXYll=OXX1·0YVl 
OXY12=OXX1 4 0YV2 
OXY 21=OXX2·0YVl 

CHO 3352 
C HO 3353 
CHD 335" 
CHO 3355 
CHD 335.& 
CHO 3357 
CHO 3358 
CHO J3S9 
CHO 33&a 
CHO 33&1 
CHD 3362 
CHO 3303 
CHO 336" 
CHD 33&S 
CHD 33&& 
CHD 3367 
CHD 33&8 
CriD 33&9 
CHO 3370 
CHO 3371 
CHO 3372 
CHO 3373 
CHO 3374 
CHO 3375 
CHO 3376 
CHD 3377 
Cf-iO 3378 
C HO 337 9 
CHO 33dO 
CHO 3381 
CHO 3382 
CHO 3383 
CHO 3384 
CHO 3365 
CHO 3386 
CIoiO 3387 
CHD 3 H8 
CHD 3389 
CHO 3390 
CHO 3391 
CHO 3392 
CHO 3393 
CHO 3394 
Ci10 3395 
CHO 3396 
CHO 3397 
CHO 3398 
C HO 3399 
CHO 34JO 
C>1D 34J1 
C HO 3"02 
Cf1D 34J 3 
C HO :3 40 4 
CHO 31t05 
CHO 31t06 



OXYZZ=OXXZ.OYYZ CHD 3~07 
C ENE~G't' ANC C'J CHO H~B 

EEIJAL=EXPII0~'t'11.ETBLINPTZZ) +t)XYZPETBL INPT1Z) +DXY1Z·ETBL INPTZlI +DCHD HOq 
lXV22"ETBL INPT11l1/DXOY) CHD 3~lo 

C'JVAL= I I IETBL (NPT21l-E. TBLI NPTll) ) .0Y't'Z+ I ETI1L I NPT 2Z) -ETBLINPT1Z) ) ·nCHO 3~11 
1YYlI/OXOn .EEVALITPoINT· CHO 3412 

C PRESSURE AND OERIVATI'JES CHD 3~13 
PPIJAL=EXP(COXY11.PTBLINPT22) +DXY21·PTBL(NPT121+0XY12·PTBLINPT21)+OC~D 3~1~ 

1XYZZ.PTBLINPTlll )/OXOY) CHD 3415 
DPVAL= «( (PTBl (NPT21) -PTBL (NPTll») ·OYV2+ IPTBL I"IPT 221-PTBl INPT12) I·DCHO 3'+1& 
1Y(1)/OXOY).PF~AL/TPoINT CHO 3417 

OPRA L = ( ( I P TBL I NP T 121 -PT BL (NP T 11) ). OX X 2+ (PT BL (NPT 22) - PTEll (NPT 21) ) • DC HO 3 It 18 
lXX1)/OXDY).PPVAL/RoWA CHO 3419 

C ENTROPY C HD 342 a 
SSVAL=(DXYll"STBlINPT2Z)+DXY21"STBLINPT12)+OXY12.5TJLCNPT21)+OXY22CHO 3~21 

1.STBL INPTll) 1I0XDY CHD 3422 
,GO TO lEHoVB, 1610,600) CHO 3423 

&00 EEVAL=EEVAL-AMISSIl2·IES-81 CHO 3~~4 
610 IF (IBACK) &30,b20,E30 CHD 3425 

C SoUNC SPEED CHD 3426 
6Z0 CSDVAL=EXP«DXY11.SoUNSPINPTZZ)+DXYZ1·SoUNSPINPT1Z)+DXY1Z·SoUNSPINCHO 3~27 

lPT21 r+DXY22. SOUNSP INPT1l) )/OXOY) CHD 3428 
C ROSSELANO MEAN CHD 3~2'1 

&30 IF (NORAO.EQ.D) GO TO oltO CHD 3430 
ROSLAN=EXPI/CXY11.ROSTA8/NPT22,+OXY21.ROSTA8/NPT12)+OXY12·RoSTA8INCHD 31t31 

lPT21J+OXY22.ROSTASINPTl1II1CXDY) ." CHO 3432 
&1t0 CONTINUE C~D 3433 

C ZERO-TEMPERATURE PART OF THERMODYNUUCS C~D Jltl4 
IF IIGASIIESII &50,6&D,&50CHD 34;$5 

C GAS PATH CHO 3'+3& 
&SO COLDE=COLDP=O, CHO 3437 

GO TO 73C CHD 3438 
C SOLID PATH CrlD 3433 

&&0 ICOHE=O CHD 3440 
IF IIES,NE.LTIES) GO TO 670 C~D 3441 
IF IROWA,EQ.ROWAO) GO TO 7Z0 CHD 3442 

670 KA=22.IIES-1I CHO 3,+,+3 
ETA=ROWA/RHOOOIIES) CHO 3it4it 
IF (ETA,GTol,E-201 GO TO &80 CHD 3445 

C VERY LOH DENSITY CHO 3~~b 
COL OP=O. C '10 34~ 7 
COLDE=AAATIKA+171.AAATIKA+1S)-AAATIKA+161-AAATIKA+1'+1 CHO 3448 

. GOT 0 71 0 C HO 3 44 '1 
&80 ETA13=fTAuATHIRD C'1D 3450 

STA23=ETA/ETA13 CrlO 34~1 
ETAZ=AAATIKA+131 CHD 3452 
IF IETA,LE.ETA21 GO TO 690 C~D 31+53 
C81=AAATIKA+2)/ETA13 CHO 3454 
C82=EXPI-C811 CHO 345S 
C83=AAATIKA+ll·ETAZ3 C~O 3456 
C84=AAAT IKA+41"ETA13 CHO 3~57 
CBS=AAATIKA+5) .ETAZ3 CH8 3458 
CoLOF=ETA.C83·C82-IAAATII(A+3)+C84+C85+AAAT(KA+l~)·ETAJ CrlO 345'1 
CALL EPINT3 IC81,C82,C86) CHO 346J 
CoLOE=AAATIKA+6) +(3 •• C83·C8o+(AAAT (KA+3)+1.S"C8,++3,·C851/ETA-AAATCCHD 3~61 
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C 

C 

lKA+lql·ALOGIETA}}/RHOOOIIES} 
GO TO 710 

~qO ETA1=AAATIKA+121 
C81=EXP (-AAAT (KA+8) IETA131 
C82=EXPI-AAATIKA+10)/ETA13) 
COLOF=ETA23·IAAAT(KA+7)·C81-AAATIKA+q)·C82) 
COL OE=AAAT (I(A+1E"· IC81- AUT IKA+l'+))- AAAT IKA+17 I· IC82-AU T! KA +151 ) 
IF IETA.GE.ETAlI GO TO 710 
IF IAAATIKA+11)} 700,710,700 

700 C81=ETA/ETAl 
C82= H.-C8i1 
C83=C82··3 
COL 0 F=COL OP+ AAA T IKA +11 ) ·C83· IC81- 0.2)" ETA" 2 
COLOE=COLOE- AAAT I KA+18) "ETA·C82 .C63 

710 L TIES=IES 
ROWAO=ROWA 

720 IF IICOME) 3£: 0, 730,360 
730 IF INOFRG.GT.O} GO TO 750 

IN TABLE 
740 EEVAL=EEVAL+COLOE 

PPVAL=PPVAL+COLOP 
IF IIBACK) 2£:0,22D,2'+0 
OFF TABLE 

75D GO TO 176D,77D,76D,7QO,800,81D,82D,83D), NOFRG 
760 C81=ROWA/RTBLIIRLO) 

PPVAL=PPIIAL"C61 
OPVAL =OPVAL" C61 
SSVAL=SSVAL-FPVAL"ALOGIC61)/ITEMPJ"ROWA) 
GO TO 8Q,J 

770 C61=TEMPJ-TTBLIITHI) 
CVVAL=CVHIGHIIES) 
EEVAL=EEVAL+CVVAL·C81 
OPVAL=2. ·CVVAL·ROWA/3. 
P P V A L = P P VAL + 0 P VAL • C 61 
SSVAL=SSVAL+CVVAL "ALOG I TE'1PJ ITT BL (IT HI I) 
GO TO 8'+0 

760 C61=ROWA/RTBL(IRHII 
PPIIAL=PPVAL·C61 
OPVAL=OPVAL"'C61 
SSVAL=SSIIAL-FPVAL"ALOGIC611/ITEMPJ·ROWA) 
GO TO 6QO 

7QO C81=TEMPJ/TTBL IITLO) 
EEVAL=EEVAL·C61 
C IIVAL =EEVAL /TEMPJ 
PPVAL=PPIIAL"C61 
OPVAL=PPVAL/TEMPJ 
SSVAL=SSVAL+CIIVAL"ALOGIC81) 
GO TO 890 

60a C81=TEMPJ/TTBLIITLO) 
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C82=ROHA/RTBLIIRLO) 
EEVAL=EEVAL·C61 
CVIIAL=EEVAL/TEMPJ 
PPV AL=PPVAL" C81.C82 
OP VAL =PP VAL/TEMP J 
SSVAL =SSVAL-OPVAL" ALOG (C621 IROW A+ CVVAL· ALOG (C611 

CHO 3462 
CHO 3463 
C HO 34&4 
CHO 3'+&5 
CHO 34&6 
CHO 3'+67 
CHO 34&6 
CHO 3469 
CHO 3470 
CHO 3471 
CHO 3472 
CHO 3473 
CHO 3474 
CHO 3475 
CHO 3476 
CrlO 3477 
C HO 3476 
CHO 347Q 
CHO 3480 
CioiO 3461 
CHO 31t62 
CHO 3463 
CI-IO 31t8,+ 
CHO 3465. 
C'iO 3486 
CHO 3'+ 87 
CHO 3'+B8 
CHO 3489 
C Hu 3490 
C'lO 3491 
CI-0.34n 
C HO 31t'33 
CHO 3494 
C HO 3495 
C HO 3'+96 
CrtO 34Q7 
C HO 3496 
CHO 3,+'3Q 
C HO 1500 
CHO 3501 
C'iO 3502 
CHO 3503 
CHO 350'+ 
CHD 3505 
CHO 3506 
C HO 350"7 
CHO 3508 
C HO 350Q 
CHO 3510 
CHO 3511 
CI-IO 3512 
CHD 3513 
CHO 351'+ 
C HD 3515 
CHO 351& 



GO TO 890 C~D 3517 
810 C81=TEHPJ-TTeL(IT~II CHD 3518 

C82=ROWIl/RTElLIIRlO) CHD 3519 
CVVIlL=CVHIGHIIESI CHD 3520 
EEVAL=EEV~L+CVVAL.C81 CHD 3521 
:) S V II L = S:; V ltL - F P VA L - A LOG (C 82 1/ (R. T:BL I I RL 0) - TT BL I IT HI) ) + C II II ilL- It LOG (TE '1 C HD 3522 

lPJ/TTBL lIT HI) )CHO 3523 
DPVAL=2.-CVVAL-ROWlt/3. CHD 3524 
PPVAL=PPVAl-C82+DPVAL-C81 CHO 3525 
GO TO 840 CHD 3526 

620 C81=TEHPJ-TTBLIITHII CHD 3527 
C82=ROWA/RTBL IIRHI' CHu 3528 
CVVAL=CVHIGH(IES' CHO 3529 
EEIIltL=EEVtL+CVVltL-C81 CHO 3530 
S S V It L = S S II ltL - P P V It l - A LOG I C 8 2 ) I I R T B L I I R HI) - TT B L (IT HI) I + C \I II A L - A LOG I T E H C rl D 3 5 31 

lPJ/TTBLIITHII) GHO 3532 
DPVAL=2.-CVVAL-RO\;A/3. CHO 3533 
PP\iAL=PP\iAL-C82+DPVAL-C81 CriD 3534 
GO TO 840 CriD 3535 

830 G81=TEHPJ/TTBLIITLO) Gri] 3536 
C82=ROWA/RTBLIIRHII CriD 3537 
EEVAL=EEVAL-C81 CHD 3538 
CVVAL=EEVAL/TEHPJ C~D 3539 
PPVAL=PPVAL-C81-C82 CHD 3540 
DPVltL=PPVAL/TEHPJ CHD 3541 
SSVAL=S:;VAL+CVVAL-ALOG IC81' -PPVltL-ALOGIC 82) I (ROWA-TEHPJ) CHD 35 .. 2 
GO TO 890 CriD 1543 

e40 IF (NORAD' 850,1170,850 CH] 35 .. 4 
i~50 C81:ROSLAN-.2 CoiD 35 .. 5 

IF C C 1'1 I 8;0 0 , 870 I ~ 6 a C·j C 35" 6 
860 ROSLAN=CS1-CTTBLCITHIIITEHPJI"3+.2 CHO 3547 
1:\70 I F I I B A C K) 890, 880 • S 9 0 C H 0 3 5 .. 8 
880 CSDVAl=CSDVAL-SQRTITEHPJ/TTBLCITHII) eHD 35 .. 9 
e90 CONTINUE CHO 3550 

GO TO 740 CHO 3551 
C CHO 3552 
C ANALYTIC EOS CALCULATICN CHu 3553 

900 IES2=-IE:; C>10 355 .. 
IF ITEHPJ.GT.o.) GO TO 920 CHD 3555 

'HO IBACK=6 CHO 3556 
PRINT 1690, I,ICYCLE,TEHPJ,TE:otPlt,IBACK CHD 3557 
:; TOP C HD :3 55 8 

920 IF ITEHPA.LE.O.) GO TO 910 GriD 3559 
CALL ANEOS ITEHPJ,TEHPA,TEHPD,TEMPC,ENTSVIII ,TEHPG.TEHPH,C82.~OSLACHO 3560 

IN,CSOOII) ,KP,",ASEIII ,IES2) .. CHD 3561 
IF CKPHASEIII.GTol1 KPHA:;EII' =1 CHD 35&2 

C SAVE C82=OPDRHO FOR FOAM CALCULATIONCrlD 3563 
930 IF IDRATIOIII.LE.1.1 GO TO <340 CHO 3564 

TEHPA=TEHPAS CHO 3565 
<340 IF INORltD .NE. 0 I GO TO 95J CHD 35&& 

FPAT~CII=O. C~D 3567 
RETURN C"'O 3568 

950 FPATHCI)=l./ITEHPA-ROSLAN) C~D 35&<:1 
IF ITEMPJ.LE.TRltOMIN) RETURN eriD 3570 

C ADO RADIATION TERMS TO MATERIAL TERHS 'CrlD 3571 
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C 

C81=TEMPJ""3 
TEMPH=TEMPH+RADK1"C81 
TEMP(=TEMP(+RADKZ"C81/TEMPA 
ENTSVlI)=ENTSVlI'+RADK1"C81/TEMPA 
C81=RADK3"C81"TEMPJ 
TEMPD=TEMPD+CSl 
C81= 3. "C811TEMPA 
IF 11.E-5"TEMPC.GT.C811 GO TO 960 
CSODlI)=SaRT(CSOD(I)"·2+.~5·C81) 

960 TEMPC=TEMPC+CSl 
RETURN 

C SET UP EQUATION OF STATE 
C READ EOS INP~T JAPE 

<::70 CONTINUE 
C NECSB IS FIRST ECS LOCATION FOR EOS 

NECSB=12"MAXZONE+4 
IINN=IIN 
IIN=IEOSTP 
DO 980 IJ=l,NMTRLS 
IF (IEOSSIIJI.GT.u.1 GO TO 9i30 

980 CONTINUE 
GO TO 1000 

99D READ (IIN,lS601 (IZETLlIJI,IJ=1,101 
P R I N T 1 8 ~ a, ( IZ E TL ( I J' , I J= 1 ,10) 

C PUTS EOS IN NUMERICAL ASCENDING ORDER, IZERl STORES THE SEQUENCE 
lCOO DO 1010 JJ=l,NMTRLS 
1010 IZETLIJJI=IEOSSIJJ) 

DO le30 JJ=l,NMTRLS 
IS=99999 
00 10Z0 JK=l,NMTRLS 
IF (IS.LE.IZETLIJK) GO TO 1020 
IS=IZETL(JKI 
JL=JK 

1020 CONTINUE 
IZERLlJJI=IS 
IZETL (JlI = 99'399 

1030 CONTINUE 
IS= 1 
15S=1 
IZETL 111 =IZERL (11 

!C40 CONTINUE 

1050 

IF IIS.GE.NMTRLS) GO TO 1060 
IF (IZERLlIS).LT.IZERLlIS+1l1 GO TO 1050 
IS=IS+l 
GO TO 10'+0 
CONTINUE 
IS=15+1 
15S=ISS+1 
IZETLIISS)=IZERL(IS) 
GO TO 10'+0 

106 a 
C 

CONTINUE 
ISS = NUMBER OF DIFFERENT EOS 

C 
C 
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IZETL STORES DIFFERENT EOS NUMBERS IN ASCENDING ORDER 
PuT ANALYTICAL EOS NUMBERS LAST 

CHD 3572 
CHD 3573 
CHD 3574 
CHD 3575 
CH D 3576 
GHD 3577 
C HD 3578 
CHD 3579 
C HD 358 a 
CHD 3581 
CHD 3582 
CHD 3583 
C HD 358 '+ 
CHD 35t15 
CHD 3586 
CHD 3587 
GHD 3588 
C"iD 3589 
CHD 3:;90 
CHD 3591 
C HD 35gz 
CHD 3593 
CHD 359'+ 
CHD 3595 
C HD 3596 
CHD 3597 
C HD 3598 
CHD 35g9 
CHD 3600 
CHD 3e.Ol 
CHD 36QZ 
eriD 3e.0 J 
CHD 3&0'+ 
CHD 3605 
CHD 3&0e. 
CHD 36117 
CHD 360e 
GHD 3&09 
CHi) 3&10 
G '"10 3611 
CHD 3e.12 
C HD 3E;13 
CHD 301'+ 
CHD 3&15 
C HD 3&10 
GHD 3617 
GHD 3618 
CHD 3619 
GHD 3620 
CHD 3&21 
GHD 3&22 
CHD 3&23 
GHD 362'+ 
GHD 3625 
C HD 3&26 



1070 

1080 

1090 
C 

1100 
1110 

C 

C 

1120 

1130 
1140 

115 a 

11&0 

1170 
C 

C 

1180 

1190 
1200 

1210 

IF IISS.EO.ll GO TO 1090 
IF II ZETLCISS).LT. 0) GO TO 10':10 
IF IIZETL(1).GT.O) GO TO 1090 
IS=ISS-l 
JJ= I ZETL 11> 
00 1080 J=l,IS 
I ZETL (J) =IZETL (J+ 1) 
!ZETL (ISS)=JJ 
GO TO. 1070 
PRINT 1850, I5S,IIZETLlIS) ,IS=l,ISS) 
READ ANALYTICAL EOS DATA" CARDS 
NOANEOS=O 
00 1100 IS=l, ISS 
IF CIZETLlIS) .GT.O) GO TO 110:1 
NOANEOS= 1 
CALL ANEOS2 (l,ISS,IIN,IZETLI 
GO TO 1110 
CONT INU£ 
CONTINUE 
TABULAR FORM 
00 112[ IJ=l,ISS 
IF IIZETLIIJ)) 1120,1120,1130 
CONTINUE 
GO TO 11110 
PRINT 1770 
I S= a 
IF INIS£OS) 117u,117C,1150 
TURN OFF ECS S~ITCH IF NOT REIlUIREO 
IA=o 
DO 1160 J=l, ISS 
IF (IZETLIJI.GT.O) IA=IA+l 
CONTINUE 
I F II A. G E • 21 GO TO 1170 
NISE Os=o 
PRINT 1670 
ITL(1)=IRL(11=KTP(1)=NROS(1)=1 
READ'TABULAR EOSOATA 
DO 1390 J=l,ISS 
IES= IZElL I J) 
IF IIfS.L T.OI GO TO 1390 
IS=IS+l 
REA 0 II IN ,17 00 I IE S 2'( T S A 'IE ( II ,I = 1 ,81 
IF (I~S2.NE.-123451 GO TO 119J 
PRINT 1780, IS,IES 
STOP 
IF (IES-IES21 1200,1220,1210 
PRINT 1790, IES2,IES 
STOP 
SKIP OVER UNNECESSARY DATA 
READ (IIN,l7101 LQR,MQR,IBACK 
READ (IIN,174QI (TSAVEIII,I=1,111 
READ CIIN,1720) ITSAVEIII,I=1,MORI 
READ (IIN,17201 ITSAVEII),I=l,LQRI 
JJ=LOR·HaI' 
READ ~IIN,17501 (C81,I=1,JJI 

CHD 3627 
CHD 3&28 
CHD 3&2':1 
C HD 3&30 
GHD 3&31 
CHD 3&32 
CHD 3633 
CHO 3634 
CHD 3&35 
GHO 3&3& 
CHO 3637 
CHD 3638 
GHD 3&3 ':I 
CHO 36100 
CHD 3&41 
C HO 3&4'2 
CHD 3643 
CHD 3&44 
CHD 3545 

. CHO 3&4& 
CHO 3&47 
CHD 3&48 
C>-10 3649 
CHD 3650 
CHD 3651 
CHO 3&52 
CHO lll53 
C HO 3654 
CHO 3655 
CHD 365& 
CHo l057 
CHO 3E58 
C Ho 3659 
CHD 3&&0 
CHO.3&01 
CHD 3062 
CHD 3663 
CHO 36&4 
CHD 3&&5 
C HD 30E& 
CHO 35&7 
C>-1D .3&&8 
C HO 36&9 
CHO 3670 
C HD 3671 
CHD 3&72 
CHD.3&73 
CHD 3674 
C HD 3675 
CHD 367& 
CHD 3&77 
CHD 3&78 
CHD 3&79 
CHD 3680 
CHO 3&81 
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JJ=2·IBACK CHO 3&82 
READ IIIN,1740) ITSAVEIIl,I=l,JJ) CHO 3&83 
READ IIIN,1720) (lSAVEII),I=l,MQR) GHO 3&S4 
GO TO 1180 CHO 3&85 

C READ AND SAVE TABLE DATA CrlD 3&8& 
1220 READ IIIN,1710) LQR,MQR,IBACK,IGASIJ),DXX1,DXX2,CVHIGrlIJ) CrlD3&B7 

PRINT 1800, IES,CTSAVE(l),I=1,6),OXX1,OXX2 CHO 3&88 
IG=22·J CHO 3&89 
IA= IG-21 CHO 3690 
READ (lIN,H20) RCRITIJ),TCRITIJ),RHOOOIJ),RSMINIJ) ,RTRIPIJ) ,TTRIPCrlO 3&91 

lIJ), IAAAHI) ,I=IA,IG) ,BETA9IJ) ,tlETA10lJI ,BETA1UJ) ,BETA12IJ) CHO 3&92 
IA=12·(J-ll+1 CHO 3&93 
IG=IA+l1 CHO 3&94 
READ fIIN, 1720 I I AMISSI II ,I=IA ,IG) CHD 3&95 
IRLlJ+U=IRLIJ)+MQR CHO 3&9& 
ITLIJ+ll=IRLIJ)+LQR CHO 3&97 
K T P I J + 11 = K T P I J It I B A C K C rlO 3 & 98 
NROSIJ+1)=NR05IJ)+LQR·MQR CHO 3&99 
NUMTEMIJI=LQR CHO 370u 
IA=IRUJ) CHO 3701 
IG=IRLIJ+11-1 CHO 3702 
IF IIG.GT.MAXNOO) GO TO 1340 CHO 3703 
READ IIIN,17201 IRTBL III ,1=IA,IG) CHO 3704 
NPT11=NPT22=0 CHO 3705 
DO 1230 I=IA,IG CHO 3706 
IF IRTBlIIl.EQ.OXXlI NPT11=I-IA+l CHO Hill 

1230 YRTBLII)=ALOGIRT8LCII) CHO 3708 
IA=ITLIJI CHO 3709 
IG=ITLIJ+l'-1 CHO 3710 
IF IIG.GT.MAXNOTl GO TO 1350 CHO 3711 
READ IIIN,1720) ITTBUII,I=IA,IG) CHO 3712 
DO 12~0 I=IA,IG CHD 3713 
I F I TT BL II I • E Q • 0 X X 2) N P T 22= I - I A + 1 C H 0 3714 

1240 XTTBLIII=ALOGITTBLUI) CHO 3715 
JK=NROSIJ) CHO 371& 
JL=NROSIJ+1J-l CHO 37i7 
READ IIIN,1730) IPTaUI) ,ETBLII) ,STBLII) ,SOUNSP III ,ROSTABUI ,I=JK,CHO 3718 

1JLl CHO 3719 
IF IIGASIJ» 12&0,1250,1260 CHO .3720 

C ZERO REFERENCE PRESSURE CHO 3721 
1250 IF INPT!1·NPT22.LE.OI GO TO 12&0 CHO 3722 

JL=JK+NPT22+LQR·INPT11-1'-1 CHO 3723 
KA=22·IJ-1) GHO 3724 
C84=OXX1/RHOOOIJJ CHO 3725 
IF IC84.GT.AAATIKA+13» GO TO 12&0 CHO 372& 
IF IC64.L l.AAAT IKA+12J) GO TO 12&0 CrlO 3727 
C63=C8 .. ··ATHIRO CHO 3726 
C62=C6"/C63 CHO 3729 
OXY 11 =C8 2" IA A A T I KA + 7 I" EXP I-A AA T IK A+ 8) IC 8 3 I - A AA T I K A+ 9 I·:: X P I - A AA T I KA C H 0 37 3 a 

1+10) IC63) J CHO 3731 
OXY22=OXY11+PTBLIJLl CrlO 3732 
IF IABSIOXY221.GT.100.1 GO TO 12&0 GHO 3733 
PT8LIJLI=PTBLIJLJ-OXY22+1.E-2 CHO 3734 

12&0 JK=JK-l CHO 3735 
JL=MQR·LQR CHO 373& 
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DO 1290 I=l,J~ CHO 3737 
JI(= JI(+ 1 -CoHO - ,3138 
PTB~ IJI( I = A~OG IPTB~ IJI( I I CHD 3739 
ETB~IJI(I=A~OGIErB~IJI(II C~O 37~O 
IF ISOUNSP(JI(I.GE.O.OOOU GO TO 1270CHO 371t1 
SOUNSPCJI(I=0.0001CHO 371t2 

1270 SOUNSPCJK)=A~OG(SOUNSP(JKII CHD 37~3 
IF (ROSTABIJKI.GT.O.I GO TO 1280CHD 37~~ 
ROSTABCJKI=.2 CHu 3745 

1280 ROSTABIJKI=ALOGIROSTJBIJK)I GHD 37~6 
1290 CONTINUE GHD 3747 

IF IJK.GT.MAXSIZE) GO TO 1360 CHO 37~8 
IA=KTPIJ) CHD 37~9 
IG=KTPIJ+1)-1 CHO 3750 
IF IIG.GT.HA~TPHI GOTO 1370 CHO 3751 
DO 1300 I=IA,IG CHD 3752 

1300 READ (IIN,1720) BETA1II),eETA2CI),BETA3II),BETflItIIl,BETASII),ElETA6C-iD 3753 

1310 
C 

1320 

1II),BETA7/I),BETA8C1) CHD 3754 
1 F I I GAS e J) • N E • 0) GOT 0 13 2 0 C HD 3 755 
DO 1310 JK=1,8 CHD _3756 
JI=MAXTPH.IJI(-11 CHO 3757 
DO 1310 I=IA,IG CHD3758 
BETA1II+JII=A~OGI8ETA1II+JI» CHD 3759 
NEXT RECORD SET IS MELTING TEMPERATURES AT MESH DENSITIES - CHD 3760 
READ (IIN,172Q) ITSAVEIIl,I=l,MQR) CHD 3761 
IF INISEDS) 1390,1390,1330 CHD 3762 

C ECS PATH CHD 3763 
1330 IA=NfCSA.IJ-ll+NECSB CMD 37';4 

CALL WRlTEC ITTBL,IA,NECSA) CriD 37&5 
PSAVEIJ+1)=ITLIJ+1) CHO J766 
PSAVE IJ+26)= IRLlJ+l) CHO 3767 
PSAVEIJ+51)=KTP(J+1) CHO 3768 
PSAVEIJ+761=~ROSIJ+1) CHD,J769 
ITL IJ+lI = IRL IJ+11 =KTP eJ+ll =NROS IJ+ll =1 CHD 3770 
GO TO 1390 CHD 3771 

C SET FLAG FOR TABLE OVERFLOW CHD 3772 
131t0 1=1 CMD 3773-

GO TO 1380 C HO 3771t 
135 a 1 = 2 C HD 3775 

GO TO 1380 CHu 3776 
1360 1-=3 CHD 3777 

IG=JK CHD 3778 
GO TO 1'380 CHD_ 3779 

1370 1=4 -CHD 3780 
1380 PRINT 1760, I,IG,IES,J,ISS,MAXNOD,MAXNOT,HAXSIZE,MAXTPH CHD 3781 

sTop CHD 3782 
1390 CONTINUE CHD 37B3 

IES=ISS+l CHO H81t 
IF CNlSEOS) 11t20,11t20~11t00 CHD 3765 

C ECS PATH C HD, 3786 
1400 00 1ltl0 J=2,IES GHD 3787 

IF IIZETLIJ-11.LT.0) GO TO Ilt20 GHD 3788 
NISEDS=J-1 GHD 3789 
ITLeJ,=PSAVEIJ) GHD 3790 
IRLIJI=PSAVEeJ+25) GHD 3791 
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KTPIJ,=PSAVEIJ+501 CHD 
NROSeJ,=PSAVE(J+75) CHD 
IlL IJ) =ITL (J )+IlL IJ-l )-1 CHD 
IRLIJ)=IRL(J)+IRl(J-l)-l CHD 
KTPIJ)=KTPIJ)+KTPeJ-l)-l CHD 

. 1~10 NROSIJ)=NROSIJ)+NROSIJ-l)-l CHD 
1~20 DO 1~50 J=l,IES CHD 

IF (J.EQ.IES) GO TO 143.0 CHD 
IF IIZETLCJ) .GT.O) GO TO 14"0 CHD 
IF IJ.EQ.l) GO TO 1~60 CHD 

1430 PRINT 1820, J,NROS IJ) ,MAX5I ZE ,J, IlL IJ) ,MAXNOT,J, IRL (J), I1AXNOD, J, KTC"lD 
lPIJ),I1AXTPH CrlD 

GO TO 1460 CHD 
1440 IF IJ.EQ.l) PRINT 1810 C"iD 

PRINT 1830, J,NROSIJ),J,IlLIJ),JtIRLlJI,J,KTPIJ),J,NUHTEHIJ) CHD 
1450 CONTINUE CHD 
1460 CONT INUE CHD 

DO 1480 I=l,NZ CHD 
IES=IEOSII) CHD 
DO 1470 J=l, ISS CHO 
IF IIES.NE.IZETLIJI) GO TO 1470 CHD 
IF (IES.LT.O) GO TO 1~80 CHD 
IEOSII)=J CHD 
GO TO 1~80 CHD 

1470 CONTINUE CHD 
PRINT 1870 CHD 
STOP 26 CHD 

1480 
C 

CONTINUE CHD 
IEOSII) IS THE SEQUENCE NUMBER OF THE EOS FOR ZONE I GHD 

C INITIALIZE THE LAST PLAGE IN TABLE SAilERS GHD 
DO 1520 I=l,NZ CHD 
Jl=IEDSII) GHD 
IF IJ1.LT.0) GO TO 1510 GHD 
IF INISEOS) 1~90,14qO,1500 GHD 

1490 IZPTLII)=ITLIJll CHD 
IZPRLCII=IRlIJ11 CHD 
GO TO 1520 CHD 

C ECS PATH CHD 
1500 IZPTL(I)=IZPRLII)=l CHD 

GO TO 1520 GrlD 
1510 IZPTLII)=IZPRLII)=O GHD 
1520 CONTINUE CHD 

C 

C 
C 

1530 

C 
1540 
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IIN=lINN CrlD 
END OF EOS SET UP CHD 
GOT 0 1570 C HD 

EOS RESTART SET UP 
READ IlIN) (IZETL II) ,I=l,NNNIZEI 
READ IIIN) ITTBL II) ,1=1 ,NNNTTBI 
NECSB=12·~AXZONE+4 
IA=NECSB 
IF INISEOSI 1500,1560,1540 
ECS PATH 
DO 1550 I=l,NISEOS 
READ UIN) (TT8L1J),J=1,N~CSAI 

CrlD 
G HD 
CHD 
CHD 
C HD 
C 1'10 
CHD 
G HD 
GHD 
CHD 

3792 
3793 
3794 
3795 
3796 
3797 
3798 
3799· 
3800 
3801 
Hil2 
3803 
3804 
3 8Q 5 
3800 
3807 
31308 
3809 
Hi a 
3811 
3312 
3813 
3814 
3815 
3816 
3817 
3818 
3819 . 
3820 
3821 
3822 
3823 
3d 24 
j 825 
3820 
3827 
3828 
3829 
3830 
3831 
3832 
3833 
3834 
H35 
3836 
3837 
3838 
3639 
3840 
3841 
3842 
3843 
3844 
3845 
3840 



1550 

15&0 

C 

IA =NECSA· (1-11 +NECSB 
CALL WRITEC (TTBL,IA,NECSA) 
IA=IA+NECSA 
IF (NOANE (S. EQ.l) CALL ANEOS2 
GO TO 1610 

(3,ISS,IIN,IlETL) 

CHD 381t7 
CI1D 3 81t 8 

eCI1D 36,+9 

C WRITE EOS DATA FOR RE5TART ' 

CHD 3850 
CI1D 3651 
CHD 3652 
CHD 3653 
C 110 3651t 
CHD 3655 
Cf1D ·385& 
C 110 3 657 

1570 WRITE (IOUl) (!ZElLCI) ,I=l,NNNIZE) 
WRITE IIOUT) (TTI3LCI),I=l,NNNTTB) 
IA=NECSB 
IF (NISEOS) 1&00,1600,1580 

C ECS PATH ·CI1D .3858 
CHD 3859 
CI1D .36&0 
C HD H& 1 
CriD 38&2 
CHD' 38&3 
CHD 38&It 
CHD 3865 
CrlD 386& 
CHD3867 
CI1D 3868 
CHD 38&9 
CHD 3870 

C 

1580 DO 1590 I=l,NISEOS 
I A=NECSA· (1-11 +NECSB 
CAL L REA 0 EC (TT BL ,IA ,N E C 5 A ) 

1590 HRITE (IOlT) (TTBLlJ),J=l,NECSA) 
IA=IAtNECSA 

1&00 IF (NOANECS.EQ.1) CALL ANEOS2 (2,ISS,IOUT,IZETL) 
1~10 PRINT 1&80, IA,NISEOS 

ASSIGN 350 TO LEHOVA 
ASSIGN 610 TO LEMOVE 
DO 16~D I=l,HAXioNE 
IF (IEOS(l)) 1&40,1650,1620 

1620IES=IEOS(l) 
IF IAMISS (lZ·IES-81 1 1630, 164J, 1630 

1630 ASSIGN 3ltO TO LEMOIIA 

1640 
1650 
1660 

ASSIGN &00 TO LEHOV8 
GO TO 1&50 
CONTINUE 
RETURN 
STOP 305 

. CI1D .3671 
CHD 3872 
CriD 3873 
CHD 3811t 
CHiJ 3875 
CHD 387& 
C HD 3877 

. CHD 3878 
1&70 FORMAT (26HO ECS SWITCH IS OFF IN EOS) CHD 3879 
1680 FORMAT (29111 LAST ECS LOCATION IN USE IS,Il0,II,I5,22H EOS TABLES CHD 3880 

lARE STORED) CriD 3881 
1690 FORMAT (1t8111 ZERO OR NEGATIVE DENSITY OR TEMPERATURE ZONE,I5.5HCCri63882 

lYCLE.I8,I,ltH T=,E13.6,20X,ltI1RHO=,E13.6.15X.6HIBACK=,I7) CHD 3883 
1700 FORMAT (I&,7Al0,AIt) CHD 3881t 
1710 FORMAT (ltI5,3E20.10) CHD 3885 
1720 FORMAT IItE20.101 CHD 3~8& 
1730 FORMAT (5El&.8) CHD 3887 
17 It 0 FORMAT IE20.10) CHD BaS 
1750 FORMAT (E16.8) CHu 3889 
17&0 fOR'1AT (2511 EOS TABLES ARE TOO LARGE,5I71 C'iD H9Q 
1770 FORMAT (17Hl TABULAR EOS ARE) CHD H91 
1780 FORMAT (3ltHO END OF EOS TAPE HAS BEEN REACHED,2I7) CI1D 3892 
1790 FORMAT (18HOFOUNO EOS NUMBER,I7,18H WHEN LOOKING FOR,I7) CHD 3893 
1800 FORMAT (8HO NUMBER,I7,5x,7A1D,AIt,I,21H REFERENCE OENSITY=,Ellt.7,CHD 3891t 

115H TEMPERATURE=,E14.7) C11038'35 
1810 FORMAj 111,2DH TABLE STORAGE DATA) CHD 3~96 
1820 FORMAT 17HO NROSI,I2,2H)=,I&,lH/,I&,lX,ItHITLI,I2,2H)=,IIt,lH/,IIt~6XCHD 3897 

1,ltHIRLI,I2.2H)=,IIt,lH/,IIt,6X,4HKPTI,I2,2H)=,I5,HU,I5) . CHD 3898 
1830 FORMAT 17HO NROS(,I2,2H)=,I6,8X,4HITLC,I2.2H)=.I4,l1X,ltHIRLI,I2,ZHCHD 3899 

l)=,IIt.llX,ltHKTPI,I2,2H)=.I5,8X,7HNUMTEHI,I2,ZH)=,IIt)· C~D.J90Q 
18ltO FORHAT 125Hl HEADING ON EOS TAPE IS ,10A8) CHD 3'301 

1850 FORMAT III,I5,Z5H EOS TABLES ARE REQUESTEO,I, (1717)) 
18&0 FORMAT (10A81 
1870 FORMAT (13H1ERROR IN EOS) 

END 

CfjD 390Z 
CHO 3903 
CHD 3901t 
CHD 3905 
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SUBROUTINE TPlINE (NES,RH,TH,EHI CHO 39G& 
C DETERHINE.S TRIPLE LINE AND CRITICAL POINT PROPERTIES CHD 3907 

COHHON IBIGI TTBL (37) ,RTBl (3S) ,XTTBl (37) ,YRTBl 1]5), PTBl 112951 ,ETBlCHD 3908 
1 1129S I ,STBl (12951, SOUNSPI12951, R05TA8( 12951, BETA1I291 ,BETA2 (291, BECHD 39G 9 
2T A 3 ( 291 ,BETA 4 ( 29) ,BE T AS (29) ,BE T A& (291 , BE TA7 (291 , BE TIl 8 (291 ,C II HI GH (2C HD 3910 

, 30 I', RCRIT (2 a I , TCR IT (20 I ,R HOOO (20 I, RSH IN ( 201 , RT RIP 120 I • TT RIP ( 2 0) , BE T CHD 3911 
4A9(20),BETA10120),BETA11(2U),BETA12(201,AAATI440),AI1I551240) CHD 3912 

COHHON IANESI ACK(080),ZZ5C1001,COTl1001,FNI(10GI,RCTI211,TCT(211CHD B13 
1,RSOLC10001,RIIAP(1000),TTWO(10DOI,SAIIERt921 ,CHUC81 ,Z81921 ,DZBCItOICHD 3914 
2, BOl TS, EIPI 4370) , lOCSII 1 211 ,lOCKP 1211 ,lOCKPl 1211 CHO 3915 

COHHON II5EI ISENO ,ENTCR I ZO) ,ENTTPL 1 ZOI CHO 3916 
DATA ISENO/ll CHO 3917 
DATA IIIOI CHO 3918 
DATA RSOl,TTWOIZQOO.O.1 CHD 3919 
IF (lSENOI 10,ZG,ZO CHO 39ZG 

10 IF' ( IS E N 0+ 11 200,40,,, 0 C H 0 3921 
20 IF ClI) 1t0,30,1t0 CHD 3922 
30 PRINT 2&0 CHD 3923 
40 IF (NE51 &O,&O,SO CHD H2 .. 
SO RH=RTRIPINES) CHO 392S 

TH=TTRIP INES I C HO 332& 
II=lZ·INES-ll+1 CHD 3927 
EH=AHISSIIII CHO 39Z8 
GO TO 190 CHD 3929 

&0 II=-NES CHO 3930 
JJ=lOCSVIII)+18 CHO 3931 
TH=ACKIJJ) CHO 3932 
IF ITHI 70,70,80 CHD 3933 

70 RH=EM=O. CHO 393 .. 
GO TO 190 CHD 3935 

80 K1=lOCKPIII) CHO 333& 
K2=lOCKPUII) CHD 3937 
IF (K1~K2) 150,'l0,90 'CHO 3938 

90 JJ=JJ+12' 'CHO 3939 
IF (ACKtJJI.lE.l.1 GO TO 100 CHO 3940 
TH=O. CrlO 3941 
GO TO 70 CHD 39"2 

100 D8=.999999·TH CHO 3943 
GU=ACKIJJ-191 CHO 33 .. 4 
Gl=ACKIJJ-71 CHO 39"5 

110 RH=.S·IGU+Gll CHO 39"& 
CAll ANEO~ IC8,RM,01,EH,02,03,04,05,0&,07,KZ,II) CI103947 
IF (GU-Gl.lEo1.E-9·RHI GO TO 1"0 CHD 39"8 
IF tOll 120,130,130 CHO 3'1"9 

120 Gl=RM CHO 3950 
GO TO IlG CHO 3951 

130 GU=RH Ct<O 395Z 
GO TO 110 CI1D 3953 

140 IF CAOSIOll.lEo100.1 GO TO 180 CHO 395 .. 
IF (ISENO.GE.DI PRINT Z30, ACKIJJI,NES CHO 3955 
RH=ACKIJJ-19) CHO 395& 
GO TO 180 C11039:)7 

150 DO 170 I=Kl,K2 CHO 3958 
IF !TH-TTWOII)I 170,1600170 CHD 3959 

1&0 RH=RSOLlI) CI-IO 3960 
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C 

170 

160 
190 

200 
210 

220 

GO TO 180 
CONTINUE 
PRINT 2S0, NES,TM 
GO TO 90 
CALL ANEOS (TM,Rt' ,01 ,EH, 02 ,03,04,05,06 ,07 ,JJ ,II) 
IF (lSENO.GE.O) -PRINT 2ltO, NES,TM,RM,EH 
RE TURN 
IF (NES) 210,210,220 
II=-NES 
RM=RCT(II) 
TH;:TGTC II) 
RETURN 
RM=RGRIT (NES I 
TH=T GRIT (NES) 
RETURN 

C riD 
CriD 
Ct-fD 

.CHD 
CHD 
GHD 
Ct-fD 
C t-fD 
GHD 
CHD 
GHD 
CHD 
CHD 
CHD 
Ct-fD 
GHD 

230 FORMAT (16HO WARNING - TVPE,F3.0,22H EOS USED FOR HATERIAL,I~,4SH Ct-fD 
lODES NOT HAVE CORRECT TRIPLE LINE PROPERTIES,I) Ct-fD 

240 FORM.IIT (/, St-fOEOS=, 16, SX, 3HTM=, E12 .5, 5X,St-fRHOM= ,::12. S ,SX, 3t-fEM = ,E12. CHD 
lS) CHD 

2S0 FORMAT (1I,13HOTPLINE ERROR,I10,E14.S) CHD 
260 FORHAT (17H1TRIPLE LINE DATA) CHO 

END C HD 

39&1 
3962 
H03 
3961t 
3 go S 
3900 
:3 go 7 
3908 
3109 
3'370 
3971 
.1972 
3373 
3974 
3975 
3370 
3977 
3976 
3979 
398 a 
3381 
3982 
3363 
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C 
C 

C 

G 

C 

C 

G 

C 

C 

C 

C 

SUBROUTINE ANEOS n,RHO,p,E,S,C ... ,oPoT,oPoR,FKROS,CS,KPA,MATI CHo 
ANEOS PACKAGE CHo 
RUNNING ENTRY POINT CHo 
COMMON IANESI ACKll080) ,ZZSI 1()0) ,COTll00) ,FNI(100) ,RCH211 ,TCT(21)CHo 

1, RSOLll0 0 0) , R VAP I 1000) , nw 0 (1000) , SA ... ER (92) ,CML T (8) , Z8 (92) ,018 ( .. D) CHo 
2,80LTS,EIPI"370) ,LOCSV(21),LOCKP(211,LOCKPLI211 CHo 

COMMON IBNESI PM,EM,SM,CVM,oPDTM,oPoRM CHo 
LOC=LOCSVCMAT) CHD 
NMATS=ACKILOC+30) CHo 
IF INMATS-2) 30,80,10 CHD 
CHECK FOR LIQUID-IIAPOR OR SOLID-"'APOR STATE CHD 

10 IF IRHO.GE.ACI(ILOC+"7)) GO TO 30 CHo 
IF <T.GE.TCTU1AT)) GO TO 30 CHD 
IF CT.GT.ACKILOC .. 18)) GO TO 20 CHD 
IF CRHO.GE.ACKCLOC"23» GO TO 30 CHD 

20 CALL ANTWOPH CT,RHO,MAT,P,E,S,C ... ,DPDT,DPDR,LOC,KPA) CHD 
KPA=2 IF LIQLID-",APCR OR SOLID-IIAPOR STATE CHo 
IF IKPA.EQ.21 GO TO 140 CHD 
IS MELT TRANSITION INCLUDED GHo 

30 IF (ACK(LOC .... &») 80,80,"0 CHo 
.. A KPA=O CHo 

FATAL ERRCR FLAG SET TO STOP IN ANLS CHo 
GALL ANLS n,RHo,DPoT,DPoR,LOC,MAT,KPA) CHo 
IF (KPA-2) SO.70.&O CHD 
SOLID STATE (EOS WITH MELTl CHo 

50 KPA=.. CHD 
CMLT(71=-l. GHO 
CALL ANEOSl (T.RHO.P.E,S.CV.DPDT.DPoR.LOCI CHD 
:; ML T (71 = 0 • 
GO TO 100 
LIQUID STATE (EOS "ITH MEL TI 

&0 KPA=& 
GO TO 90 
LIQUID-SOLID STATE (EOS WITH MELT) 

70 KPA=S 
P=PM 
E =EM 
S=SM 
G II=C 11M 
DPDT=DPOTM 
DPDR=DPDRM 
GO TO 100 
ONE-PHASE STATE (EOS WITHOUT MELT) 

80 KPA=l 
90 GALL ANEOS1 CT,RHO,P.E,S.C .... DPDT,oPoR,LOG) 

laO IF CNMATS-2) 110,1&0,1"0 
EOS TYPE 0 AND 1 TENSleN SUPPRESSION 

110 IF CP.GE.D.) GO TO 130 
IF CT.GE.ACK(LOC"18)) GO TO 120 
IF (RHO.G I.ACKCLOC"23») GO TO 130 

120 P=DPDT=DPOR=O. 
KPA=3 

130 IF (NMATS) lS0,lS0,160 
1"0 IF (NMATS-3) lSu,lS0,160 
lS0 FKROS =1. ES 

GHO 
CHD 
CHO 
GHD 
G HO 
GHD 
GHO 
GrlO 
GHO 
GHD 
GHO 
GHD 
GHO 
GHo 
C HO 
CHo 
C Ho 
GHo 
CHo 
C HD 
GHD 
CHo 
CHo 
CHo 
GHD 
CHo 
CHD 
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398 .. 
B85 
398& 
H87 
3988 
3 '389 
3990 
H91 
B92 
3393 
3<39 .. 
3195 
399& 
3397 
H98 
3999 
.. 000 
LtDOl 
Ltil02 
itO 03 
ItOOIt 
4005 
.. 00& 
.. il07 
4008 
4009 
4010 
4011 
4J12 
Lt 01 3 
1t0l" 
1t01S 
1t0le. 
4017 
Lt018 
1t019 
Lt020 
Lt021 
1t022 
.. 023 
Lt02Lt 
4025 
Lt02e. 
.. 027 
Lt028 
4029 
.. a30 
ltil31 
Lt032 
1t033 
ltD 3It 
403S 
Lt03e. 
It03l 
4038 



GO TO 2TO CrlD 4039 
C ELECTRONIC TERMS CHD 4040 

160 T32=T4SQRTIT) eHD 4041 
IF IT.GT.O.OT) GO TO 170 CnD '+Olt2 
FKROS=.4"'ACKCLOC+2ed/ACKILOCt29) CHD '+Olt3 
ZBAR=O. CHD It a It It 
GO TO 230 GHD ItOlt5 

170 NMATS=ACKCLOC+281 CHD 40lto 
FN=ACKILOC+2T) CHD ,+.0'+7 
IIZ=ACKILOC+31) CrlD 40'+8 
IF INMATS.GT.ll GO TO 180 CHD '+.o1t9 
Z=ZZSCIIZI CHD 4050 
CALL ANIONl CT,RHO,Z,F~,PE,EE,SE,CVE,DPTE,DPRE,ZBAR,T321 CHD 1t051 
IF CZBAR.EO.O.) GO TO 210 GHD 4052 
Y=ZBAR"''''2 CHD 1t053 
GO TO 200 CHD 4.:154 

180 Z=AGKCLOG+20) CHD ,+055 
CALL ANIO'2 IT,RHO,FN,Z,NMATS,IIZ,T32,ZBAR,PE,EE,SE,DPTE,DPRE,CVEICHD 4056 
IF CZ8AR.EQ.Dol GO TO '210 . CrlLl 4057 
Y = 0 • C HD 405 il 
00 190 I=l,NMATS CnD 4059 

190 Y=Y+COTCIIZ+I-11.ZBIII"''''2 GHD 4060 
200 FKROS=Cl.E11.RHO.ZBAR.Y/CACKILOC+291"'T32"'T"'·2)+.4"'Z)/ACKCLOC+29) GHO 4061 

GO TO 220 CHD 1t062 
210 FKROS=.4"'ZlACKCLOC+29) CHD 4063 

GO TO 230 GrlD 4064 
220 P=P+PE . CHD 4.:165 

E = E +E ECHO 4000 
S=S+SE C'"1D (do7 
CV=CV+CVE Crln 4068 
DPDT=DPDT+DPTE :HD 4069 
DPDR=DPOR+OPRE r:;HD 40TJ 

C ELECTRONIC CCNDUCTION TERM CHD 4071 
'!'=ZBAR CHD 4.072 
IF CY.GE.ACKCLOC+!t2)) GO TO 240 CHD !t.o73 

230 Y=ACK CLOC ~1t2) CrlD It H4 
240 CS=0.18ET"'T32/IT·CRHO·ACKILOC+27)) "'·.3333333333) CHD '+075 

IF ICS.GT.1.41421350) GO TO 250 CHO 407& 
CS=.~4057359 CHD 4.077 
GO TO 260 CHD 4078 

250 CS=ALOGICS) GHU 1t079 
200' Y=ltl0."'Y·(S·TJ2/IT·RHO) GrlD 4.080 

FKRoS=FKROS"'Y/IY+FKROS) CHD 4081 
C SOUND SPEE D GrlLl 4 082 

270 CS=DPDR+IT"'DPDT"'.21/CCV"'RHO"'.2) CrlD 4083 
IF ICS.LT.l.E-201 GC TO 280 GHD 4J81t 
CS=SORTCCS) GHD 4085 

. GO TO 290 GHD ,+086 
280 CS=l.E-IO CHD 1t087 

G PHONON GONDUCTION TERM GHD 4088 
290 IF IACK(LOC+22) .EO.O.) RETURN CHD 4~8':l 

. Y=A.CKCLOC+22) "'T"13.-ACKILOC+1t1l IIRHO CHD 4090 
FKROS=FKROS"'Y I IV +FKROS I CHO- ,+()91 
RETURti CHD ,+.092 
END GrlC! 4093 

213 



SJ~~OJrINE ~~~)S1 (T.RHO,P.E.S.cv.opnr,OPOR,L) CHD 40g4 
C A~EOS ~~CK~GE CHO 40gS 
C NJ:LE~~ ~NO :OlO COMPONENTS CHQ 40g& 

214 

C) '1 M 0 'I I ~ N E:'; Inc K ( 1 0 8 U i , Z ZS ( 1 do) ,CO T ( 100 1 , F N I ( 100 1 ,R C r C 211 ,T C T ( 2 11 C H 0 40 'H 
1 ,-~ j a L C tOO 0 1 , R V ~ ;) ( 10 a 'J 1 , T r wo C 10 001 • -; A V E R ( g2 ) • C -1L T ( d 1 • Z:3 ( q 21 .0 Z B C 4 0 ) C H 0 40 "J a 
2')~LT5.::I.P(43701,LOC5V(21),LOCKP(21),LOCKPL'211 CHD 40gQ 
FT"80LT5"~C'<'Lt271 CHD 4100 
F T r ::: FT • r C HO 41 U 1. 
IF (AC<lL+301.NE.2.1 GO TO 10 CHD 41n~ 
lPDR=FTT CHD 4103 
E"t. S°:- Tr CHD 4104 
P=OPDR'~HJ CHD 41U5 
GJ TO :;0 CHO 410:" 

10 r= CRrl).GT.t.E-1U) GO TD 20 CHD 4107 
OPIJR==TT CHD 'dO~ 

::>"RHO'= TT CHO 41U'! 
E=~CK(ltl0It1.5"FTT CHO 411J 
G J TO:;) '~H:J 4111 

20 CJNTIIlJ:: CHD 4112 
RHJO=A::«Lt11) CHD 4113 
xt=RHJ· ... ~333j33333 eHD 411~ 

RH100=A>«L+1'3-' GHO 4113 
X~=RHO/RHGOJ eHO 4116 
X3=X2·".3333333333 CHO 41(' 
X4=X2lX3 CHD lolli', 
X"=1.1X3 CHD Ql'-3 
IF (X2.:;T.1.1 GJ TO 70 GHD 412c 
X3=1.-Xo 
X7=EX 3 IQCKCLt51·X51 
O=EX3I~C«_tol"XS) 

P=~CKC_t4)·(X7-X~I·X4 

O'i)R=3/(1.S.R~JltACK(Lt41·(QCK(LtSI.X7~ACKCLt~I·X91/(3~·X4.RHOQOI 

E = J • ,,~ :< { L t 4) • ( '( ~ 7 - 1 • ) I ASK (l + S J - ( X 8 - 1 • I I A C K (L + 0 1 1 I RHO 0 0 
F CA:::«Lt'53).::':l.O.1 GO TO 30" - - -
F IXZ.:;E.ACKI.+S411 Gel Trl 30 
Xl=x2/~:;K (L+541 
X4=1.-X3 
Xj=X4·"2 
X~=ACKC~t53)OX2·XS/(S.·RHOOOI 

!::=t:-xo"XS 
P=DtA:;«Lt531·CX3-.21·~4·X'5·X2··? 

D'OR=J:»R-X:;"(X3"C30."X3-20.lt2.) 
30 r= IRHJ.GE.RHJO) Gel TJ 100 

THETA=~10'A:;K(_t1ol 

G'1=RHel" IA::I«L+l71+THETA) t1. 
G:>=ACKI.+17)tZ.·THETA 
THETA=A::K(Lt141·"HO.EX D (RYO" (ACKILt17) t.S 4 THETA) I 

40 P:>;>=AC<ILt13)Q"(XlITYETAJ".Z 
I~ (Pp~.:;T.1.~S) GO TJ SO 
X3=1.1 (t .+P») 

S=FTT"~3 

E~=1.:;·5·X4 

P'J=RHJ"S"XS 

ik'-eproduced"irom ~. 
II,b~si <ava.ilable',copy:·, 

c: HO 4121 
CHD 4122 
CHD 4123 
GHD '-124 
CHD 412S 
CHe 41?i? 
CHO 4127 
CHD 412~ 

::; '10 ,,12~ 

CHD 413J 
CHD 4131 
CHD 4132 
C HU 411l 
CHI) 4134 
CHD 4135 
CHD 413'0 
CHD 4137 
CHO 4130 
CHu 413g 
GHD 4143 
CH[l 4141 
CHO 4142 
CHO 4143 
CHO 4144 
CHO 4145 
CHD 4146 
CHO 4147 
CHO 414>:1 



CV=EN"'ll.-PPP"'X3/XI+I/T CHO 411t9 
X&=1.~3."'GH CHO ItlS0 
OPOT=PN"'ll.+PPP.X6.X3/XS)/T CHD ItlS1 
OPOR=OPOR+PN"'ll.+PPP"'X3"'X6"2/ll.5.XS»/RHO+3."'RHO"'GP'S CHO 1t15Z 
S=FP (1t;-3.' ALOG ITHETA/T I +1. 5"' IALOG I X31-PPP' X3» CHO 4153 
GO TO 1Z0 C HO 1t151t 

50 OPOR=OPOR+FTT CHO '+155 
P=P+RHO'FTT CHD 1t156 
E=E+l.S"'FTT CHO 1t157 

60 CV=1.5-FT CHO 4158 
OPOT=RHO-FT CHOlt1S9 
S=FPll.S"'ALCGIT/ACI(IL+13)I-ALOGIRHOI+Z.SI CHO 1t160 
GO TO 130 CHD 4161 

70 X8=ACt(IL+33)'X6 CHO 416Z 
x5=EXPI-X81 CH:) 1t163 
X7=X5-ACK:IL+321 Ci10 4164 
IF IXZ~GT,.ACI(IL+l») GO TO 8D CHO '+165 
P=XZ'XI+'X7-IACt(IL+31t)+ACKIL+35)-X3+ACt(IL+36)'XItI CHO 1+166 
DPOR= IX7·X3. 15 •• X3+ACt( IL+331'-X6-IACt(IL+35I·X6+Z.·ACt(IL+36)) 1/13.·CHO 1t167 

lRHOOO) CHO 1t168 
CALL EPINT3 IX8,XS,GH)., . . CHO 1t169 
E=. 13 .. -AC·K IL+3ZI' X4- Gt1+ IACt( IL+31t) +1.S·",AC K CL+3S) ·X3+.3. "'ACKCL+ 36) ·Xltl CHO 1t170 

l/XZ-ACt(IL+37»)/RHOOO CHO 4171 
GO' .TO 100· GHD 417Z 

80 IFIXZ.GT.ACi<lL+Zll GO TO 90 CHO It17J 
P=ACI(IL+7) CHD '+174 
OPOR=O. CH:.J 1t175 
E=ACK IL+8)+P"' IXZ-ACt(IL+1) 1/ IRHOOO"'XZ'ACKIL+11) . CHO 1t176 
GO TO 100 CHD '+177 

90 P=XZ·X4-X7-IACt(IL+381+ACt(IL+39I·X3+ACt(CL+40)'XIt) CHO 1t178 
OPOR= Ix7·x3. IS. ·X3+ACt(CL+33) -X6"'1 ACt(IL+39) -X6+2.-ACKIL +40) I) 113."CHD 1t179 

1RHOOO) CHO .. 180 
CALL EPINT3 IX8,XS,Gt1) CHO 1t181 
E=ACt(IL+91+1!."'ACt(CL+3Z)"'XIt'GH+IACt(JL+381+1.S"'ACt(IL,39)·X3+3.~ACKCCHO 4182 

1L+40) .x1t11X2) IRHOOO CHO 1t183 
100 x 3 = RHO 0 I RHO C HOlt 184 

XIt=1.-X3 cfio 418S 
XS=ACt(IL+ZIt) CHO 4186 
x6=ACK IL+15) CHD 4187. 
IF IXS.GT.Ool GO TO 110 
GH=X3·X6 
GP=- GH/RHO 
THETA=ACt(IL+2S)-EXPIX4-X61 
GO TO 40· 

UO GH=.X3·X6+XS"'X4'''Z 
'-GP=-~'X-3"' (X6-Z. "'X5- xcii I RHO' . . 

·THEOrA= AC K IL+ ZS)"' EXPIX 4" X 6-. 5·X 5··13 .-X3' 14. - X 3) I ) .1 RHO/RHOO) "X5 
G-O TO itO 

1Z0 E=E+EN 
P=P+PN' 

130 IF IACKIL+1t6» 170,170,140 
140 IF ICHLH711 170,160,150 
150 IF IT.GE.ACt(IL+18)) GO TO 160 

IF IRHO.GE.ACt(IL+1+611 GO TO 170 
IF (T.LT.ACt«(L+1+91) GO TO 170 

160 X1=SQRT(T) 
XZ=RHO·-Ct1LTll)'ACK(L+43) 
X3=RHO"'.CMLT(2)'ACt(CL+44) 
X4=RHO""CHLTC3I'ACI(IL+4SI 
)(5=X1"' X2 
)(6=)(2/ IZ. 'Xli 
S= S-)(6 
OPOT=OPOT+Ct1LT(1)"X6"'RHO 
CV=CV+.S-X6 
E= E+ .5-X5 +)(3 +)(4 
P=P+CCt1LT(1)")(5+CHLTIZ)"')(3+Ct1LTI3I.)(4)-RHO 
OPDR=OPOR+(Ct1LTI4)-)(5+CHLTIS)'X3+CHLTC61"'X41 

170 RETURN 
END 

CHO 1t188 
CriD 1t189 
CHO '+190 
CHO 4191 
CHO '+192 
CHO '+133 
C HD 4194 
CHO 4BS 
CHO 4196 
CHO 1t197 
CHO 4198 
CHO 4199 
CHO.1t200 
CrlD 4201 
CHO 420Z 
CHO ,+Z03 

C HD ItZO" 
CHO 4205 
CHO '+206 
CHO 42il7 
CHO 42Q 8 
CHD ItZO 9 
CHD 4Z10 
CHO 4211 
CHO 4Z1Z 
CriD 4213 
C HO 4214 
C HD '+215 
CHO 4216 
CHD ,+Z17 

215 



c 
c 
C 
C 

C 

216 

SUBROUTINE ANEOS2 IIGK,NUH,ITAPE,IZETL) CHD 4218 
SET UP FOR A~EOS PACKAGE CHO 4219 
DIMENSIONS ARE SET FOR 20 EQUATIONS OF STATE CHD 4220 
100 ELEMENTS IAN ELEMENT IS COUNTED ONCE IN EACH EOSI CHD 4221 
1000 THO-PHASE 80UNOARY POINTS CHD 4222 
DIMENSION IZETLll) CHD 4223 
co H M ON 1 A NE S I A C K 110 80) , Z Z S I 10 0) ,C 0 TIl 0 0) , F N I ( 10 0 I , ReT ( 211 ,T C T I 211 C HO 4224 

1, RSOL ( 1000 I, RV AP (1000) , TT 1040 (10001 ,SAVE R (92) , CHL T (~ ) , ze (92) , OZ B 1 401 C HO .. 22 5 
2,eOLTS,EIP(43701,LOCSI/1211,LOCKP(21l,LOCKPLC21l CHD 1t226 

DATA NACK,NLOCSV/4522,631 CHD 4227 
DATA IZ,I~PN/l,ll CHO 4228 
OAT A IT 101 CHD 4229 

GO TO 110,1240,12501, IGK 
lQ PRINT 1260 

CHD 4230 
CHD .. 231 
C~O 4232 
CHD 4233 
CHD 4234 
CHO .. 235 
C HO 4236. 
CHD 4237 
CHO 4238 
C HD 42H 
CHO ... 240 
CHO 4241 
CHD 1+242 
CHO 4243 
CHO 4244 
CHD 4245 
CHD 424& 
CHD 4247 
CHO 4248 
CHO 4249 
C.-tO 425[) 
CHD 4251 
CHO .. 252 
C f1D .. 253 
CHO 4254 
CHD 4255 
C HO 1+25& 
CHD 4257 
c.-tO 4258 
CHO 4259 
CHO 42&0 
CHO 42&1 
CHD 4262 
CHD 42&3 
CHD 426 .. 
CHO 42&5 
C.-tD 42&6 
CHO 1t267 
C HD 1+268 
CHO 42&9 
GriD 4270 
C HO 4271 
CHO 4272 

CML T (41 =CML T(1I· (CML TIll +1.1 
CMLT(5)=CMLTI21·'CMLTI21+1.1 
C ML T (6) = C ML T 13 I· IC i'lL T 131 +-1. ) 
DO 122~ IQ=l,NUM 
IF IIZETLlIQ) .GT.O) GO TO 122il 
READ 1430, ISE,ISETAB,IZI,IDZBIII,I=1,51,RHUG,THUG 
PRINT 1440, 1SE, ISETA8,IZI, IDZBII) ,1=1,51 ,RHUG,THUG 
IF IISE.GE.O). GO TO 3D 
IF lISE. LT. - 20 ) GO TO :3 0 
DO 20 JJ=1,NUH 
MAT=IZETL IJJ) 
IF (MAT.EQ.ISE) GO TO 40 

20 CONTINUE 
30 PRINT 1450, ISE 

STOP 1000 
40 MAT=-MAT 

lOCSVIMATl=IT 
LOCKFIMATl=IKPN 
IF IISETAB.EQ.DI READ 141)0, IZ8(1),1=1.241 
IF IISETA8.NE.O) CALL ANDATA I1T,1Z,ISETA81 

50 DO 1)0 1=1,40 
60 DZ81 II =0. 

I F I Z B 14 I. LE .0 • I Z 8(4) =.0251) 77 85 
DZ8(28)=ZBI1) 
OZ8(30)=ZEI2) 
OZ8(11)=Z813) 
OZ8 (12) =ZB141 
OZB(20)=ZB(5) 
OZB(15)=ZEI71 
DZB(25)=ZBC8) 
OZ8(24)=Z81101/3. 
DZ8(10)=Z81111 
OZB(18)=Z8C12) 
OZ8(23)=Ze(171 
OZ8 11 1 =Z8 (18 I 
DZ8(21=Z8(19) 
OZ8171=Z81201 
DZB(39)=Z81211 
DZ8(40)=Z8C22) 
ACK I1T t 46)=ACK IITt54) =0. 



IF (lB(ol) '30,70,80 
70 IF (OZB(30)-2.) 130,110.130 
80 OZB( 21) =ZB (61 

TGAM=ZB(9) 
BOOT=O. 
GO TO 100 

'30 BOOT=-ZB(61 
GAM=ZB( '3) 

100 IF (ZBU3).EC.0.I GO TO 110 
5=ZB(1 .. ) 
IF (5.LE.0.) 5=.'35 
IF (S.GT .. '35) 5=.95 
ACK (IT+54) =S 

110 ACK( IT+531;ZB(13) 
ACK(IT+"31=Z8(23) 
ACKtIT+ .... )=ZB(2 .. ' 
ACK( IT+461=0. 
CMLTC71=1. 
IF (ISETAB.EQ.OI GO TO 120 
IF (OZB(30).EQ.2.) GO TO 120 
IF .(IZI.LT.O' GO TO 120 
IF (IZI.GT ... ) GO TO 120 
OZB(30)=IZI 

1200ZB(31)=IZ 
IF (OZB(3(}.GE.0.I GO TO 1 .. 0 

130 PRINT 1 .. 00, CZ8(301,cZB(II,I=l,2") 
STOP 

1 .. 0 IF (OZ8(301.GT.4.1 GO TO 130 
IF (0 Z 8 ( 23) • L E. 0 .. AND. 0 Z B ( 3 0 I • NE. 2.) 0 Z B (23 I =0 • 8" 0 Z B (11 1 
IF (OZ8(25).LE.O •• ANO.DZB(30).NE.2.) DZ8(25)=0.025 
ACK(IT+41)=Z8(16' 
IF (Z 8 ( 15) • L E. O. I GO TO 150 
oZB(22,=5.48E12/Z8(15) 
ACKCIT+"2)=oZd(221/144. 
IF (ACK(IT+42).GT.Ool) ACI«IT+42)=Ool 
IF (ACKCIT+421.LT.l.E-41 ACKIIT+"21=1.E-4 
GO TO 160 

150 OZ8(22);0. 
A CK ( IT + 4 2 1 = 0 • 1 

160001701=1,8 
170 PRINT 1470. (Jl,ZBCJll,Jl=I,24,81 

PRINT 1480 
Jl;OZ8(28) 
5=0. 
IZI=IZ+Jl-1 
IF (ZZS(IZI.EQ.O.) READ 1560, IZZ5CII,COT(II,I;IZ,IZII 
00 180 I; IZ,IZI 
IF (COTeI) .GT.O.I GO TO 180 
IKK=ZZSII) 
IKK; (IKK· (IKK+ 1)) 12 
COT (II =-COTC II/EIP IIKKI 

1805=5+COT(I) 
OZB(261;OZO(291=0. 
51=0. 
DO 200 I=IZ,IZI 

CHO 4273 
CHD 427 .. 
CHo 4275 
CHO 427& 
C HD 4277 
CHO ,+278 
C HD 4279 
CHO 4280 
CHD 4281 
CHD 4282 
CHD 42t13 
CriD .. 284 
CHD 4285 
CHD 4286 
CHD 4287 
CHD 4288 
C HD 4289 
CHO 4290 
CHD .. 291 
CHD 42'32 
CHD 4293 
C Ho 4294 
CHD '+295 
CHD 4296 
CHD 4297 
CHo .. 298 
CHD ,+2913 
CHO .. 300 
GHD 4301 
GHD 4302 
C"iD 4~03 

CHD 4304 
CHD 4305 
C HD 1.t30 6 
CHD 4307 
C"iD 4308 
CHO 43013 
CHD 4310 
C HD 4311 
CHD 4312 
CHD 4313 
C HD 1.t314 
CHD 4315 
CHO 4316 
CHD 4317 
CHO 1.t318 
CHD 1.t31g 
C HO 4320 
CHD 4321 
CHD 4322 
CHD 4323 
CHD 1t324 
GHO 4325 
CHD 1.t326 
GHO 4327 
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COT (1) =COT (IllS 
OZ81261=OZ81261+ZZSI1I·COTll) 
lKK=ZZSII) 
lKJ=-IKK+ (lKK· tIKK +1111Z 
IF lIKK.GEol.ANO.IKK.LE.9ZI GO TO 190 
PRINT 1490, IKK 
STOP 1017 

1900Z81291=OZ8(29)+COTII,.EIPIIKJ-IKKI 
ZOO Sl=Sl+COTII'·EIPIIKJ-IKK).l.66026E-Z4 

OZB(27)=0. 
DO 210 I=JZ,IZI 
FNI(I'~GOT(I'/Sl 

Z10 OZ8IZ7)=OZBIZ71+FNIIII 
IF IOZ81301.EQ.Z.1 GO TO 21t0 
IF 1800T.LE.0.' GO TO Z40 
Sl=3.·0Z8IZ7'·BOLTS·OZB(12'·OZBI15I··2 
OZ8121'=OZ8111I·1800T··2-S11 
S2=-OZ81111·800T··2/0ZB1211 
S2= 5Z· 12.· GA H-l. - 1 OZB ( 151 - 2.1 • 1 .5-. 5/S 21 1 
S3=51.0Z8(11)/01BI151 
54=53· (1.+2.·S2) +018(211 
55=S4··2-6.·52·53··2 
IF 155.L E. D.) GO TO 220 
56=.5·IS4+SQRTIS5" 
56=OZB(21).SE/IS6-S3) •• 2 
55=1.-56 
IF 1A8S(S5'.LE.0.1l GO TO 230 
S6=1.-.1·S5/A85IS51 
GO TO 230 

220 56= 1. 
230 TGAH=3 •• IS6.S2-0ZB(151) 
21t0 51=0. 

00 250 I=IZ,IZI 
IKI<=ZlSIII 
IKK=!IKK·IIKK+IJ 1 IZ 
S=EIPIIKKI·l.660Z6E-24 

250 Sl=Sl+ALOGIFNIIII/I01BI27I·(OZBI27'·S)··l.5,,·FNIII'/0Z81271 
o Z 8113 I = 4. 36050 E - 4Z· 0 Z B 127 ,I'. IS. 13. I ·E X P 12. • 511 3 • 1 
IKK=O 
GAH=OZBI1S'+TGAM/3. 
IF IOZB(301.EQ.2) GO TO 410 
OZ8 I lit I = OZB 1 Z 51· E XP 11.5- 2.· 0 Z B 115' 1 1 DZ Bill 1 
OZ8116'=11.-2.·0Z8115"/OZ8111'··2 
o Z B 117 ) = I 3 •• C Z B 115' - 2. ) 10 Z 8 1.11) 
1=0 
53=GAH 
SPS=1.E6 

G SP5 LIHITS POTENTIAL RANGE IFPOS5I8LE 
260 S=1.-0Z8121"IOZBll1'·OlBI1o)·GAH··21 

IF IS.LE. 0.) GO TO 260 
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5=SQRH5) 
51=ALOGIOZB(21) 11200. ·5PS·GAH·S I) 

S2=27.·GAH·ll.-S) 
I F I 5Z • G E • 51) GOT 0 Z 6 0 
1=1+ 1 

GI10 4326 
GHO 4329 
CI10 4330 
CHO 4331 
CHO 4332 
GI10 4333 
CHO 1t334 
G HO 4335 
GHO 4336 
GHO 4337 
GHO 4336 
CHO 433 '3 
GI10 4340 
G HO 4341 
GHO 4342 
GHO '+3'+3 
CHO 4344 
GHO 4345 
GHO '+3'+6 
CHO 4347 
CHO 4346 
CHO 4349 
C HO 1t350 
CHO 4351 
CHO "352 
CHO 4353 
CHO 4354 
C HO 4355 
CHO 4356 
C HO 4357 

. CHO 4356 
CHO 435'3 
CHO .. 360 
CHO 4361 
CHO 4362 
C HO 4303 
CHO 4304 
CHO 4365 
CHO 4306 
CHO 4367 
CHO 4366 
CHO 4369 
CrlD 437il 
CHO 4371 
CHO 4372 
CHO 4373 
CHO 1t374 
CHO 4375 
CHD 4370 
CHO 4377 
GHO 4376 
C HO 4379 
GHD 4380 
CHO 4381 
GHO 4382 



IF II.GT.Io00) GO TO 270 CHO 10383 
GAM=O.99.GAM CHO 43810 
GO TO 260 CHO 10385 

270 GAM=S3 CHO 1038& 
280 OF81=GAH CHO Io3d7 
2905=OZ8(13).OZ8112).IOZ811U"11.13.I/OZ8(251)"2 CHO Iold8 

SPS=S CHO ~389 
1=0' CHO 43.90 
Sl=OZ8(20)-OZ9(11).(13 •• 0Z8(15)+S)/(1.+S».OZ8(271.0Z8(12)·80LTS CHO 10391 
IKK=IKK+1 CHO 4392 
IF (IKK.EQ.2) GO TO 310 CHO 10393 
IF (0 Z B I 1 5) • E a. 01 .) GOT a 30 0 C HO 4 3 'H 
S=1.+((2 •• 0Z8115)-1.)"2-2.').SlIOZ91211 CHO lt3.9S 
o Z9 (3 1= OZ B (21). ( SQRT"! S"'2 +4. ·OZ 8(15) • 10 Z9 ( 151 -1. I • 1 10 - 2. ,·S 110 Z8 121 C HO 10 3 90 

1» •• 2)-S)·.5/(OZ9<15)-1.1 C,HO 10397 
GO TO 320 CHO 103'18 

300 OZ8(3)=1 IOZ9(21)-2 •• S1) •• 2)/IDZBI21)-Sl) CHO 4j99 
GO TO 320, CH04ltOO 

310 CALL ANEOSl IOZ91121,OZB(11) ,S,S2,S3,S4,S5,S&,IT) CHO 4401' 
OZBI31=OZB(3).OZBI211/10ZBI111·S6) C~O ~402 

320 GAM=OFB1 CHO 4~03 
330 S2=OZ8131110Z8C111·0Z8Cl01.GAI1"21 CHO 41004 

IF (S2.L T.l.1 GO TO 350 " CHO ~405 
GlH=GAM·SQRTll.0000l·S21 CHO 1040& 
IF 'II.GTo1SI GAM=GAH.l.00S CHO 101007 
I=I+1 CHO lt4il8 
IF II.GT.40) STOP 20 CHO 4409 
IF (IKK.GE.21 GO TO 330 CHO 4410 
S 1 = 0 Z 8 ( 2 0 1 - 0 Z B ( 111 • IC 3 • • 0 Z 8 1 15 1 + S PSI I ( 1. + S PS 1 ) • 0 Z 8 ( 2 71 • 0 Z 9 ( 1 2 1 • 9 0 l C H 0 4 4 11 

iT S C HO 10 412 ' 
IF ('GAM.EC.l.1 GO TO 340 CHO '+413 
S=1.+112.·GAM-1.) •• 2-2.)·Sl/0Z8121) tHO 4414 
OZBI31=OZBI211.ISQRTIS··2+4.·GAM·CGAM-l.I·C1.-2.·S1/0Z8(211)··21-SCHD 4~15 

1I •• 5/(GAM-1.) CHD '+410' 
GO TO 330 CHO ~417 

3400Z8(31=IIOZ9(21'-2 •• SlI··2"IOZ8(2U-SlI CHD 4418 
GOT a 33 0 C HO 10 '+ 1 9 

350 53=1.' CHD 4420 
S4=.8 CrlD +421 

360 S5=.S·(S3+S41 CHO 4422 
S6=SQRTI1.-S2.SS1 CHD +1023 
OZBI51=3.·GAM.11.+561 C"iD 41024 
OZBI6'=3.·GAH·(1.-S61 CHO ~425 
S6=6 •• GAM·S6 CHD +426 
o Z 9 1 4' =S 5·· ( - 1. I 3. ) C HD 410 2 7 
IF IS3-S4.LE.l.E-91 GO TO 390 CHD ~~28 
S 6 = 1. - 3.·0 ZB 13 ,. I EX P (DZ B (5 , • (1. - DZ B (4) , I -E XP C OZ B (6) 411. -0 Z B (4) ) I I I C HO 4429 

1(OZBI41··2·S14S61 C,-HO 4430 
IF 1S61 370,390,380 CHO 10431 

37 0 S '+= S 5 C H 0 44 3 2 
GOTO 360 C HO ~433 

380 S3= S5 CHO 4434 
GO TO 360 C"iO 4435 

390 OZ81191=OZB1111/SS C1"0,4436 
OZBIlti=Sl/ISS··(2./3.1 4 IEXPIDZB(S}411.-0ZBI4IJI-EXPIOZBI61·1~.-DZBCHD 4437 
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1(411)) I CHD 1+1+38 
1t00 S=3.11t15926S3& CHD 1+439 

DZB(32)=13.-E.6252E-27--2/(2D.·9.1D84E-28-SII-(S/J.14411./3.1·IDZBCHO 1t440 
1I19)·OZBI2&)-OZBI27))'" IS./3.) CHO 1t41+1 
OZBI331=IS·9.1084E-28/.91-(4.80288E-l0/6.&ZS2E-27'.-2 4 118.-0ZBI26ICHO 1t1t1+2 

1-· ( 1./3. I 15. + 11.1 I 12. -S·· 2- 0 Z B I 26) ,_. 11./3. I 1 I 12. 4 0 Z B U 91 4 DZ B 12711 C HO 4443 
2--(1./3.1 CHO 41+1t4 

SZ=OZBI33' CHO 4445 
5=DZBI32'-EXPI-521' CHO 1+1+1+& 
S9=OZBllS) CHO 1+447 
OZBllSI=S'+TGAM/3. CHD 4448 
OZBIJIt'=S4(6.+3.·0ZB(3JI+.54 DZBI33,-42)-9.-DZBIJ,40ZBI151 CHD 1t1t1+9 
DZBI3SI=3.-0ZBIJI·(&.·OZBI151+1.)-S·115.+7. 4 DZBIJJI+OZB13JI"21 CHD 1t1+50 
OZBI36,=S-ll0.+1t.40Z8IJJI+.S-DZBI3JI 44 21-J.-OZBIJI-IJ.4DZ811SI+1.'CHD 4451 
OZBllS'=S9 CHD 4452 
Sl=EXPI-S21 CHD 1t4S3 
CALL EPINTJ IS2,Sl,5' CHO 44S4 
OZBI371=3.-0ZBI3Z,4S+0ZS134'+1.S-DZSI3SI+J.-DZ6IJ&) CHD 44S5 

410 DO 420 1=1,40 CHD 1+45& 
420 ACKIIT+I1=DZ81I1 CHD 1t1+57 

DO 430 1=1,92 CHD 4458 
S=1 CHO 41+S9 

430 SA~ERII'=ALO(IS+O.S' CHD 44&0 
IF nKK-l) S40,290,440CHD 41+61 

440 IKK=O CHD 440Z 
51=OZB(11)/OZBI1li:1 CHD 4463 
S2=OZBI31 CHD 1+464 
S8=J.-OZB(lS' CHD 1t46S 
S9=OZS(11)-OZBIZ7)4BDLTS4DZ6(12)4IS8+SPS) II1.+SPSI CHD 1+45& 
S8=S9-SPS-Il.+Z. 4 IS8-1.)4.ZI13.-ll.+SP5111/IS8+SPSI CHD 41+57 

"50 lKK=IKK-l CHD 41+68 
IF IIKK.LT.-5001 GO TO 540 CHD 44&9 
S=-l. CHD 4470 
BOOT=.999q·S2 CHD 1t471 
ETAOT=Sl CHD 1t472 
GO TO 500 CHD 1+473 

460 PC01=SJ CriD 4474 
PCP1=S7 CHD 1+1+75 
BDOT=S2 CHD 1t476 
ETAOT=.q999·S1 CHD 4477 
S = 0 • C HD /0 4 78 
GO TO 500 CHD 4 .. 79 

470 PC02=S3 CIoiD 4/080 
PCP2=S7 CHD :'481 
ETAOT=Sl CHD 4/od2 
S=l. CHD 448J 
GO TO 500 CHD '.4d4 

480 DFB1=10000.-(SJ-PC01)/S2 CHD 4485 
OFB2=10000.-(S7-PCP11/SZ CHD ,.48& 
DFN1=10000.-15J-PC02)/S1 CHD 4487 
DFN2=10000.- (S7-PCP21 IS1+ IDZB(21 1- 58'/51"2 CHD 4488 
S3=S3+S9-DZB(20) CHD 4489 
S7=S7-IDZ6(21)-S8)/S1 CHD /0490 
S=DFN1-DFE2-DFNZ-DFBl CHD 4491 
IF (S.EQ.O.) GO TO 540 CHD .. 492 
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~90 

500 

510 

520 

530 

540 

550 

550 

570 

560 

590 

DFB1=IS7"OFB1-S3"OFB2'/S 
OF B2= IS 3"OFN 2-S 7"OFN1) IS 
iF IABSIOFB11.GT.G.002"Sll OF81=O.002"S1"OFBI/ABSIOFBll 
IF IABSIDFB21.GT.0.002"S2) DF82=0.D02"S2"OFB2IABSIDFB21 
IF I S3.L T. O •• AND.I KK.GT. -20 0 I GO TO ~90 
IF IABSIOFRll.GT.1.E'-10"Sll GO TO It90 
IF IABSIDFB21.LEol.E-10"S2) GO TO 530 
S1= S1 +DF B1 
S2=S2+DFB2 
GO TO ~50 
S~=1.-BOOT·ETAOT/IOlB(111"DlBI101"GAM""21 
IF IS~I 510,510,520 
GAH=SQRTll.o OU01"BOOT"ETAOT/I DlBI111 "DlB 110 I) I 
GO TO ~5o 
S4=SQRTlS4 I 
S5=3. "GAH"ll.+SIt) 
SfI=3.·"GAH" 11.-SIt) 
SIt=BOOT/12."GAH"S4) 
OFN1=ETAOT"".J333333333 
OF N 2 = EX PIS 5" I 1 • - 1 • 10 F N 11 I 
DFB1=EXP ISfI" 11. -l./DFNll I 
DFB2=DFN1H2 
S3=S4" IDFN2- DF81 I" IETAOT/DFN11 
S7=S~" I I 2. "DFN 1+S5) "DFN2-12. "OFN1+ SfI) "DFBll/13. "OF B2' 
IF lSI ~60,~70,lteO 
OlBI3,=S2 
OZBI19'=OZBl111/S1 
OlB lit) = S~ 
DlB151=S5 
OZBlo)=SfI 
GO TO 1t00 
CONTINUE 
IF IAB5IDZBI15l+TGAH/3.-GIIM),.LT.1.E ... 41 GO- TO,;5SD 
Sl=J."IGAH-DZB(151) 
PRINT 1500, TGAI1,S1 
CALL ANPHTR IDZB,HAT,TGAH) 
00 500 'I=l,~O 
ACKIIT+I,=DZBIIJ 
IF IDlBI181.GT.O.I GO TO flJO 
IF IDZB(30).EQ.2.J GO TO oJO 
S 7=1'. 
SPS=DZ81121 
5=DlB111 ) 
CALL ANEOSl 15PS,S,Sl,S2,S3,SIt,S5,SfI,ITJ 
S9=S7"S2-0ZBI181 
IFIS9) 610,580,580 
SPS=SPS+.01 
S8= 52 
IF IS P S • (, T • 1. J GOT 0 fI 10 
JJ=O 
JJ= JJ+ 1 
IF IJJ.GTo1000J GO TO fll0 
CALL ANEOSl ISPS,S,Sl,52,SJ,S~,S5,So,IT) 
IF IABSIS1,.LEo1D.) GO TO 600 
S5=Sl/SfI 

CHO Itlt93 
CHO ~494 

CHO 4495 
CRO 4'+90 
C~O It497 
CHD 4498 
C HO 41tH 
CHO .. 5iJ iJ 
C HO 45U 1 
CHO 4502 
CHO 4503 
C HO It50,4 
C'HO 4505 
CHO 4500 
CHO It507 
CHD 450 8 
CHO .. 509 
CHO .. 510 
CHO 4511 
CHO It512 
CHO·4513 
CHO 451~ 
CHO 4515 
C HO 451& 
CHO 4:i17· 
CHO 4518 
CHD 4519 
CHD 4520 
CHO 4521 

" CHO 4522 
CHD 4523 
CHD It524 
C HO 4525 
CHO 4520 
CHO 4527 
CHO 4526 
CHO 4529 
CriD 4530 
CHO 4531 
CHO 4532 
CHD 4533 
C HO 453~ 
CHO ~535 
CHO 45,3& 
CHO It537 
CHO 4536 
CHO 4539 
CHO ~5~0 
CHO 4541 
CHO 4542 
CH04543 
CHO 4544 
CHO 4545 

·C HO It540 
CHO 4547 
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IF IABSIS5).GT.O.01·S) S5=0.01·S·S5/AB5(55) 
5=5-S5 
GO TO 590 

600 IF 152-59) 580,620,&20 
610 PRINT 1390, SP5,5,59,52,51,JJ 

5TOP 
620 ACKIIT+18)~OZB(18'=1159~S8)·SPS+(S2-S9) .(SP5-.01')/IS2-SB) 
630 IF (ACK(!l+30'.EQ.2~' ACK(IT+"3)=0. 

IF IACKIIT+ .. 3') 640,830,650 
640 ACK(IT+43)=ACKIIT+181.1.117E12/ACK(IT+291 
650 IF IACKIIT+"4,.EQ.D.) ACKIIT+4")=.95 
6&0 Sl=52=ACKIIT+49'=I1=0 

ACKI IT+471 =1.E50 
IF CACK(IT+30}.LT.2.) S2=-1. 
5=ACK IIT+18) 
GAI1=ACK( I T+4 3) 
RCTII1AT)=.2·ACKIIT+191 
C~LL ANI1AXW (S,Sl,52,IT,M~T,I1) 
IF (ACK(IT+43).EQ.O.' GO TO 850 
PCO 2=CML T (8) 
C ML T (8) = 1. 
IF (Il.GE.OI GO TO &80 

&70 PRINT 1270 
CML T (8'=PC02 
~CK{IT+46)=ACK(IT+43)=IKK=0 
S2 =-1 
CALL ANMAXW IS,51,S2,IT,M~T,IKK) 
IF (IKK.LT.O) GO TO 830 
CALL ANE051 IS,Sl,S4,S5,S&,S7,S8,59,IT) 
PRINT 1280, 5 
OZB(18'=-55-GAM 
57= O. 
GO TO 570 

6Bo "ij:- IACI«IT+ .... f.-L·f.iJ.i ACKI!T.44'=-ACKI!T+ .. 4)/51 
S2=ACKIIT+ .... )·51 . 
IF (S2.LT.S!) GO TO 690 
PRINT 1290, 52,51 
GO TO 670 

690 C~LL ANEOSl IS,51,S4,55,56,S7,58,59,IT) 
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CALL ANE051 (5,S2,OFB1,OF82,BOOT,S7,58,S9,IT) 
S5=~CK{IT+"3)+S5-0FB2 

S6=S6-BOOT+I~CKIIT+43)+S"·11./S2-1./S1))/5 
S4=S4-0FBl 
ACKIIT+46)=Sl 
~C KI I T+47> =52 
51=S4/S2 
SB=S6·S 
59 = I 51 + I 2.·C I1L f( 11 -CML T (2) ) • 58- CML T ( 2) • 55) 1 1 CML T 13 ) - CML T (2) ) 
58=55+58-59 
ACKIIT+ .. 4'=S8/S2··CMLT(2) 
~CKIIT+"5)=S9/S2··CMLTI3) 

~CK{IT+"3'=-2.·SQRT(5)·5&/52··CMLTl1) 
ACKC IT ... 6'=ACKI I T+50) =ACKI IT+511 =1.£50 
~CKCIT+52'=OFN1=ET~OT=Il=O 
PCO 1= 10.·S 

CHO 4548 
CHO 45 .. 9 
CHO '+550 
CHO 4S51 
CHO .. 552 
CHO. 4553 
CHO '+554 
CHO 4555 
CHO '+556 
CHO .. 557 
CHO 4558 
CHO ''+559 
CHO .. 560 
CHO 4561 
CHO '+562 
CHO '+563 
CHO "564_ 
C HO 45&5 
CHO it56& 
CHO 45&7 
CHO 45&6 
CHO 4569 
CHO 4570 
CI'O 4571 
CHO 4572 
CHO 4573 
CHO '+574 
CHO 4575 
CHO 457& 
C HO 4577 
CKO 4578 
CHO .. ,79 
CHO 4580 
CHO 4581 
CHO .. 582 

,CHO 4583 
CHO 4584 
CHO 4585 
CHO 4586 
CHO 4587 
CriO 4568 
CHO 4589 
CHO ",90 
CHO 4591 
C HO 4592 
CfiO 4593-
CHO 459 .. 
C fiO 45.'35 
CriO. 459& 
C HO 4597 
CHO .. 598 
CHO 4599 
CfiO 4&00 
CHO 4&01 
CHO 4&02 



IF (PC01.GT .. SI PC01=.S 
S3=S 

7DO S3=1.02·S3 
IKK= 1 
CALL ANLS (Sl,S2,Sl,BOOT,IT,MAT,IKKI 
IF (IKK.LT.OI GO TO 670 
OFN2= (S3-SII (Sl-521 
IF (OFN2.GT.OFN1) OFN1:0FN2 
IF (S3.GT.PCOll GO TO 710 
IF (BOOT. LE. ACK( IT+111 I GO TO 710 
S7=(S3-SI/(BOOT-ACK(IT+l111 
IF (57.LT.ACK.CIT+S1») ACK(IT+Sll=57 
ETAOT=53 ' 

710 IF (BOOTlSl-1 •• L E.5.E-SI GO TO 720 
IF (Sl.LEolDC.·ACK(IT+lll) GO TO 730 

720 ACK(IT+4SI=S3 . . 
GO TO 750 

730 I1=I.+1 
IF (11-5001 700,700,7'+0 

740 PRINT 130C, S3,Sl,800T 
GO TO 670 

75D ACKCIT+501=1.05·0~Nl 
IF (ETAOT.LE.O.I GO TO 760 
ACKCIT+521:ETAOT 
A C KII T +51> =. ClClCl 9 ·AC K (IT + 51> 

76D Sl=1.E50 
I1=0 
S3=5 

77D S3=. ClClD·S3 
IKK= 1 . 
S S'=S 1 
IF (SS.L T.ACKCIT+1t71 I IKK=3 
CALL ANLS (S3,S2,BOOT,Sl,IT,MAT,IKK) 
IF (IKK.L T.DI GO TO 7ClD 
IF (Sl.GT.ACK(IT+23)) GO TO 800 

7S0 Ac~itT+4ClI=S3 
GO TO 820 

7ClO IF .( IKK. NE.- 3 I GO TO 670 
PRI~T 1310, ACK(IT+23I,SB 
A C K ( IT + 23 I = S!I 
S3=OFNl 
GO TO 7BO 

800 11=11+1 " 
OF:Nl=S3 
IF (Il-So0) 77D,77D,810 

810 PRINT 1320, S3,Sl,800T 
GO TO 670 

820 CONTINUE 
CML.T(81=PC02 
GO. TO 870 

830 DO 840 1=43,52 
8'+0 AC.K (IT+II =0. 

IF (ACK!l1+301-2ol B70,870,660 
850 IF (I1.LT.DI GO TO BElD 

ACK(IT+lt71=Sl 

, : 

C HO It503 
CHO 4604 
CHO '+60S 
CHO 1t6ub 
CHO 4607 
CHO It60B 
C HO t+60Cl 
CHf) 4510 
CHO 4611 
CHO 4612 
CHO 4&13 
CHO .. 614 
C HO 4615 
CHO '+616 
CHO It611 
CHO 4618 
CHO" 461Cl 
CHO 4&20 

. CHO 4&21 
CHO 10622 
CHO 1t623 
CHO '+62/0 
CHO 462S 
C HD 4626 
CHOltb27 
'CHO 1t&2 B 
CHO It&29 
'CHO 1t63a· 
CHO 4631 
CHO 1t632 
CHO 1t633 
CHO /0&3/0 
CHO /0635 
C HO 1t'636 
Ct10 4&37 
CHO /0638 
CHO 4539 
CHO /06/00. 
CHO '+5ltl 
C HO It642 
CHO 4643 
CHO '+64'+ 
CHO 4645 
CHO 4646 
CHO 46~7 
CHO 4648 
CHO ,+649 
CHO' 4&50 
CHO 1t651 
CHD' 1t652 
CHO 4653 
CHO 105S4 
CHO '+655 
CHO '+656 
CHO 4&S7 
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GO TO 870 CHO 4658 
860 ACK CIT+1+71:ACK IIT+1U CHO !t&59 
870 0 a 880 1= 1, 18 C HO 4 & 6 il 
SSO PRINT 1510, CI1,ACKCIT+I1),I1=I,S .. ,lS) CHO 4&&1 

PRINT 1480 CHO 4&62 
I1=ACKCIT+311 CHO It&&3 
I2=ACKIIT+28) CHO It&&4 
DO 890 1=1, I 2 CliO .. &&5 
PRINT lS20, I,ZZSIIl1,I,COTIIl),I,FNICI1) CHO !t&&& 

S90 I1=I1+1 CHO 10&&7 
IF CACKtIT+12J.LE.0.) GO TO 9ilO CHO !t&&8 
IF (ACKIIT+l1l.LE.O.l GO TO 900 CHO 1o~&9 
CALL ANEOS IACKCIT+12),ACKCIT+lll,51,S2,S3,S4,S5,S&,OZBll),OZBI2),CH0 10&70 

11 , MAT I C HO It & 7 1 
OZB(3)=ACKIIT+l1)·S& CHO 1t&72 
PRINT 1530, ACK CIT+12) ,ACK IIT+lll, Sl, S2, S3, Sit, 55,5&, OZB 131 ,OlBI 21 CHO !t&73 

900 SPS=ACKIIT+301· CHO !t&7!t 
CALL ANPHASE IMAT,IT,IKPNI CHO 10&75 
IF CSPS-ACKI IT+30) I 910,920,910 CHO 1t&7& 

910 IF lACKIIT+!t&) .LE.O.I GO TO 920 CHO !t&77 
PRINT 1330, MAT CHO !t&78 
ZBI21=ACKCIT+301 CHO 1t&79 
GO TO 50 CHO ,+&ao 

920 LOCKPLCMATI=IKPN-l 6HO 1t&81 
PRINT 1540, MAT,LOCKPIMATI,MAT,LOCKPLCMATI CHO !t&82 
IF CACKIIT+4EI.LE.0.) GO TO 1190 CHO '+&83 
OFN1=CML T (8) CHO 10681t 
CMLT(71=PCP1=OFN2=I1=0 CHO !t685 
CMLTIS)=l. CHO !t&8& 
PRINT 1350 CHO 1t&87 
BOOT=ACKIIT+491 CHO !t&88 

930 12=2 CHO !t&89 
S7=1.El0 CHO 1+&90 
CALL ANLS (BOOT,S7,S1,S2,IT,MAT,I21 CHO It&g1 
IF 1I2.GE.0) GO TO 9ltO CHO 10&92 
11= 1 CHO 4&93 
GO TO 1110 CHO !t&94 

940 CMLT(71=-1. CHO 10695 
CALL ANEOS1 IBOOT,S2,53,S4,S5,S&,S7, 58, ITl CHO 10&9& 
59=54-BOO'·SS+53/S2 CHU 10&97 
CHLT(71=O. CHO 4698 
PRINT 13&0, 800T,S2,S3,S!t,S5.,5g C>iO 10&9'9 
CALL ANE051 (BOOT,Sl,53,S!t,SS,S&,S7,S8,IT) CHO 10700 
S9=SIt-BOOT·5S+S3/51 CHO 10701 
PRINT 1370, I2,51,S3,54,55,59 .CHO !t702 

C CHECK FASl ITERATION CHO 4703 
CHLTl81=0. CHO 107010 
DO 1100 12=1,3 CHO It 705 
IF (12-2) 9S0,980,990 . CHO !t70& 

9S0 PC01=ACKIIT+471+C800T-ACKCIT+181)/ACKIIT+501 CHO !t71)7 
IF (BOOT-ACK IIT+18" 9&0,1100,970 CHO 10708 

9& 0 PC 0 1 = A C K I IT + 2 31 C H 0 10 709 
97il PC02=Sl CHO 4710 

GO TO 1000 CHO 10711 
980 PC01=Sl CHO 10 712 
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990 

1000 

1010 

1020 

1030 
1040 

1050 
1060 
1070 
1060 

1090 
1100 

1110 

1120 

1130 

11'+0 
1150 

PCO 2=5 2 
GO TO 1000 
PC01=S2 
PC 02= 5 2 + 10 • 
IF (1.000P·PC01.GE.PC02) GO TO 1100 
DO lOgO IKJ=1,3 
IF (IKJ-2) 1010,1020,1030 
PCP2=.99 
GO TO 1040 
PCP2=.5 
GO TO 1040 
PCP2=.01 
PCP2=PCP2·PC01+(1.-PCP2)·PC02 
IF IPCP2.LE. ACK (1T+2311 GO TO 1090 
CALL ANEOS (BOOT,PCP2,S3,S4,S5,S6,57,S6,59,SP5,JJ,I1ATI 
IF (12-2) 1050,1060,1070 
IF I.JJ-6) 1060,1090,1060 
IF IJJ-51 1060,1090,1060 
IF (JJ-41 1060,1090,1060 
PRINT 1340, ~~T,PCP2,BOOT,JJ 
PCP l=I1AT 
CONTI NUE 
CONTINUE 
C I1L T 161 = 1. 
OF N 2 = 0 F N 2+ 1. 
IF IOFN2-3.1 1120,1130,1140 
BOOT=BOOT+IACKIIT+16) -ACKln+49) IIJ. 
GO TO 1150 .-' 
BOOT=ACK(IT+161 
GO TO 1150 

~~0~:~~~!~~~~~:~~;:~~~~C~~i~~1:~~ .. ~06 
IF IPCPlI 1160,1170,1160 

1160 ,C I1L T 161 = MAT 
GO TO 1160 

1170 CI1L Tl61 =OFN1 
1160 IF II1.EQ.lI PRHT 1360 
1190 CI1LTI7I=O. 

1200 
1210 

IF IACK(IT+301.EO.2.1 GO TO 1210 
.IF IACKIIT+1I.GT.1.E50) GO TO 1210 
PRINT 1410 
53=ACK(IT+llf 
IF (ACK(IT+ll.GEo1.ESOI 53=.05·53 
IF (ACK(IT+lI.GEo1.ESO) 52=53 
IF CACKCIT+1l.LT.l.E50) 52=(ACKIIT+2)·ACKtIT+19)-S31125. 
DO 1200 1=1,50 
CMLT(7)=-1. 
GALL ANEOSl 11.E-6,S3,S4,S5,S6,S7,S8,GAM,ITI 
56 = 53 I A OK II T+ 19 ) . 
PRINT 1420, 53,54,GAM,55,S6 
53=53+52 . 
IT=.lT+54 
IZ= IlI+l 
C I1L T C 7) = O. ' 
IF (THUG.LT.,D.I THUG=OZB(12) 

C HO 4713 
CioiD '+711+ 
CHD 1+715 
C HD 1+71& 
C~D 1t717 
CHD 1+718 
CHO 4719 
CfiO H20 
CfiO 1+721 
CHD 4722 
Cf-tD 4723 
CHO 4724 
CHO 1+ 725 
C~O 4726 
CHO 1+727 
Cf-tO 1+728 
CHO H29 
C HD 4730 
CHO 4731 
CHO 1+732 
C HD 1+733 
CHD 4734 
CHD 4735 
CHO '+73& 
CHO 4737 
CHD 47H 
CHO 4739 
CHD 4740 
CHD 1+741 
CHD 1+742 
CHD 4743 
CHO 4744 
CHO 4745 
CHD 4746 
C HO 4'747 
C HD 1+748 
CHO 4749 
C HO 4750 
CHO 4751 
CHD 4752 
CHO 4753 
CHO 4754 
CHO 4755 
CHD '475& 
CHD 4757 
CHO 4758 
CHO 4759 
CHO 4760 
CH047&1 
CHD 47&2 
CHO 4753 
CHD 4704 
CHD «'765 
CHO 1+76& 
CHO 4767 

225 



IF IRHUG.LT.O.) RHUG=OZBlll) CHO ~768 
CALL ANHUG (~AT,RHUG,THUG) CHO ~709 

1220 CONTINUE CHO ~770 
IF (IZ.GT.l00) GO TO 1230 CHO 4771 
IF (IT. G T • 1080) GOT a lZ 3 0 C HO ~ 77 2 
IF IIKPN.GTolOOO) GO TO 12~0 CHO ~773 
RETURN CHO ~ 77~ 

1230 PRINT 1550, IZ,IT,IKPN ,CHO 4775 
STOP 1016 ' CHO ~77o 

C CHO 4777 
C WRITE RESTART DATA CHO ~778 

1240 WRITE IITAPE) IACKCI),I=l,NACK),CLOCSIJII),I=l,NLOCSIJ) CHO 4779 
RETURN CHO ~780 

C CHO ~ 781 
C READ RESTART DATA CHO ~7S2 

1250 READ (ITAFEl (ACKII),I=l,NACK) ,!LOCSIJII) ,I=l,NLOCSIJ) CrlO 47B3 
RETURN CHO ~784 

C CHO 4785, 
1260 FORMAT (27H1 CHAI'T 0 ANALYTIC EOS OATA,lOX,12HV::RSION BI71) CHO ~786 
1270 FORMAT ClI,35H UNABLE TO INCLUDE MELT TRANSITION,5X,21HloHLL CONTlCHO ~787" 

lNUE WITHOUT) CHO 4788 
1280 FORMAT 134Ho MELT TEMPERATURE INCREASED FROM ,E1Z.5,1I CHO ~789_, 
1290 FORMAT 1I1,7H RHOL=,E13.6,4X,5HRHOS=,E13.6) CHO. ~7'30 
1300 FORMAT ClI,29H HIGH TEMPERATURE MEL TERROR, 3E15.6) ,CriO 47'31 
1310 FORMAT 1I,42HO WARNING - ZB(17) HAS BEEN INCREASED FROM,E12.5,3H TCHO 47'32 

10,E12.5,24H FOR THE MEL T TRANSITION,II CHO 4793 
1320 FORHAT 1I1,28H LOW TEMPERATURE ~ELT ERROR,3E15,.-&) -CHO ~794 
1330 FORMAT C 29Hl RECALCULATION OF EOS NUMBER,I5) CIoiO 4795 
1340 FORMAT (34H FAST ANLS ITERATION FAILURE MAT=,I5,1,6H RHO=,E1Z.~,CHO 4796 

13X,2HT=,E1Z.5,2X,7HKPHASE=,I51 C~O 4797 
1350 FORMAT 113Hl MELT CURVE,II,7X,lHT,lOX,2HRS,10X,ZHPS,UX,2HES,lOX,CHO ~798 

12HSS.10)(,2HGS,I,18X,ZHRL,10X,2HPL,1QX,2HEL,10X,2HSL,10X,2HGU CHO 4799 
1360 FOR~AT CI,&E12.41 , CHO 4800 
diD -FORHATltl0;2X~5E12.41 CHO 4801 
1380 FORMAT (1I1,27H 00 NOT USE THIS EOS •••••• ) CHO 41102 
1390 FORMAT (Z4'HO ~ELT TEMPERATURE ERROR,I,SE13.4,I61 CHO ~8il3 
1400 FORMAT (18HO THERE IS NO TYPE,E1Z.S,ltH EOS,I,18E13.611 CHO 4804 
1410 FORMAT (Z7H1 ZERO-TEMPERATURE ISOTHERM,II,8X,3HRHO~10X,lHP,9X,4HOPCHO ~~05 

10R.l0X,1HE,lOX,3HETAI CHO ~80e, 
14Z0 FORMAT (ZX,5E12.41 CHO .. 807 
1430 FORMAT CI3,IS,lZ,5A10,2E1D.3) ,CHO ~801l 
1440 FORMAT C3~Hl EOS DATA FOR ANALYTIC EOS NUMBER,Ie"SX,14HLI8RARY NUMCHO 4809 

18ER,IS,SX,4HTYPE,I3,II,ZX,SA10.11.7H RHUG=,E1Z.4,qX,~HTHUG=,E12.4CHO .. S10 
2,1) C>iO ~811 

1"50 FOR.MAT C7Hl ISE =,161 - ,CHO 481Z 
1460 FORMAT (8E10.31 CHO ... 813 
1470 FORMAT (3ISH ZBI,I2,2HI=,E16.9» ·CHO 481" 
1"80 FORMAT I1X) • CHO ~815 
l~qO FORMAT 134Hl THE IONIZATION FOTENTI~LS FOR. Z=,I4,17H ARE NOT IN,TACHO "816 
18LEI~HO ~817 

1500 ,FORMAT (48HO TGAM FOR EXPANDED STATES HAS 9EEN CHANGED F~OM,E13.5,CHO 1<616 
13H TO,E13.5,/) CHO 481'3 

1510 FORMAT (3(4H CI,I2,2HI=,E16.9)1 CHO 4820 
15Z0 FORMAT I"H ZI,I2,ZHI=,F4.0,7H COTI,IZ,ZHI=,E12.5,7H FNII,I2,ZCHO 4621 

1H)=,E12.S1 CHO 482Z 

1530 FORMAT (Z8HO REFERENCE POINT CONOITIONS,I,"H T=,E14.&,7X,4HRHO=,ECHO 4823 
114.6,1,4H P=,E14.6,7X,ZHE=,E14.&,1,4H S=,E14.&,7X,JliCv=,E14.6,I,CHO 46Z4 
27H DPOT=,E1".6,4X,SHDPOR=,E14.6,I,SH 80=,El~.6,oX,3HCSi,E14.e,1 CHO 48ZS 

1540 FORMAT C8HO LOCKPI,I2,ZHI=,I",l1H LOCKPLC,IZ,ZH)=,!"I CHO 482& 
1550 FORMAT 12SH1 ARRAY OVERFLOW IN ANEOS,10X,3HIZ=,I5,5H IT=,I5,7H ICHO 48Z7 

lKPN= ,16) CHO ~8Z8 
1560 FORMAT (SIFS.0,El0.3) CrlO 46Z9 

END CHO 4830 
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C 
C 

SUBROUTINE ANIONl IT ,RHO, Z ,FN, P,E ,S,CII, DPDT, DPDR, ZBAR, TTT) CHD 
ANEOS PACKAGE CHD 
SINGLE-ELEMENT IONIZATION CALCULATION CHD 
COMfo10N IANESI ACKUDBO),ZZS(100),COT(1001,FNI(10DI,RCT!211,.TCT(ZlICHD 

1,RSOL(100DI,RVAP(10DOI ,TTWO(10001 ,SAVER(921 ,CMlTI81 ,ZB(921 ~DZBI4D)CHO 
2, BOl 1S,E IP 14370 I ,LOCSV 1211 ,LOCKP 1211 ,lOCKPl (211 
T32=~.E21-TTT/IRHO-FN) 
IZ= Z 
Il=IIZ-(IZtl»)/2tl 
FLT=AL OG 1T32 I 
EIU=EIPCIll 
EIl=EIUIT 
FK1=T32-EXP(-EIL) 
IF IFK1.GT.0.5) GO TO 20 
K= 0 
lBAR=.5-ISQRTIFK1-(FKlt4.)I-FK1) 
I.F (lBAR.GT.l.E-6) GO TO 10 
l8AR=P=E=S=CV=OPD1=DPDR=0. 
GO TO 130 

10 DZBT=FK1·11.~ZBAR)/(2.·ZBARtFK1) 
Ol.BR=-DZ8T/RHO 
DZ8T=DZ8T-(1.5+EILI/T 
GO TO 100 

20 12=11+1 Z-l 
EIU=EIP{ 12) 
EIl=EIU/T 
FK Z= T 32- EXP (-ElL I 
IF IFKZ~LT.Z-O.5) GO TO 3D 
K=IZ-1 
FK1=FK2-Zt1. 
lBAR=.5-(SQRTIFK1--2+4.-Z·FKZ)-FK1) 
IF IFK1.GT.l.E7) Z8AR=Z 
DZBT=FKZ- (Z-ZBAR) I (2. -ZBAR+FK1) 
DlBR=-DZBT/RHO 
DlBT= DZBT- (1.5+EIl) IT 
GO TO 100 

30 00 40 I=1,IZ 
K=I-l 
ZBAR=I 
ZBAR=ZBAR+0.5 
EIU=EIP IIltI) 
FI=EIUIT+SAVER(I'-FLT 
IF IFI.GE.D.! GO TO 50 

40 CONTINUE 
STOP 404Q 

50 EIl=EIP(I1+K) 
Oll= (EIU-Ell) IT 
FIBAR=EIU 
ZBARU=ZBAR 
ZBARl=ZBAR-1. 
K=O 

60 FIP=i./ZBAR+DlL 
OZBAR=-FI/FIF 
ZZBAR=ZBAR 
ZBAR= ZBAR+DZBAR 

CHD 
CHD 
CHD 
CHO 
CHD 
CHD 
CHD 
CHD 
C HD 
CHD 
·CHD 
G HD 
GHD 
CHD 
CHD 
CrlD 
CHD 
CHO 
CHD 
CHD 
CHD 
CHD 
CHD 
CHO 
CHO 
C HD 
CHO 
CHO 
C 1-40 
CHD 
CHD 
GHD 
CHO 
CHO 
CHO 
GHD 
CHO 
CHO 
CrlO 
CrlO 
GHO 
CHO 
CHO 
C HO 
CHO 
C HD 
CHD 
GrlD 
C HD 
CHD 

1t8H 
1t832 
4833 
4831t 
4835 
4836 
4837 
4838 
1t839 
4840 
4841 
1t81t2 
4843 
4844 
4845 
4846 
4847 
4 81t 8 
481+9 
It 85 0 
4851 
4852 
4853 
4854 
48~5 
4856 
4857 
4858 
4859 
4860 
4861 
4862 
4863 
4864 
4865 
4800 
4867 
4868 
4869 
4870 
4871 
4872 
4873 
4074 
4875 
4876 
4877 
4878 
4879 
48130 
4881 
4882 
4883 
4884 
4885 
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IF IABSIOZBAR,.LE.l.E-o·ZZBAR' GO TO gO 
70 K=K +1 

IF (K.GT.l001 STOP 4041 
IF (ZBAR.GT.D.I GO TO 80 
ZBAR=ZBAR-.S·OZBAR 
GO TO 70 

80 FIBAR=EIL-IZBARU-ZBAR'+EIU·tZBAR-ZBARL' 
FI=FIBAR/T+ALOG(ZBARI-FLT 
GO TO 00 

gO OZBT=ZBARI (J+ZBAR· (EIU-EILII 
OZBR=-T·OZBT/RHO 
DZBT=OZBT·(l.S+FIBAR/T, 
K=ZBAR 

100 ZBARL=FN4BOLTS 
P=ZBAR·ZBARL-RHO·T 
OPOT=RHO·ZBARL4'ZBAR+T 40ZaT) 
OPOR=ZBARL·T4(ZBAR+RH040ZBR, 
E= O. 
IF (K. EQ. 0 I GO TO 120 
00 110 I=l,K 

110 E=E+EIP(I1+I-l' 
120 EIL=K 

EIU=EIP (I l+KI 
E=ZBARL4(1.S 4 ZBAR4T+E+(ZBAR-EIL,4EIU' 
CV=ZBARL4(1.5·(ZBAR+T-OZBT'+EIU·OZBT' 
S=ZBAR4ZBARL4(FLT+2.S-ALOGIZBARII 

130 RETURN 
END 
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CHO 4880 
CHO 4SS7 
C HO 4666 
CHO 4669 
CHO 48'30 
CHO 46 cH 
CHO 46g2 
CHO 4S'33 
C HO 48g4 
CHO 4S'35 
CHO 48% 
C HO 46'37 
CHO 48'3S 
C HO 46'3'3 
CHO 4'300 
CHO 4g01 
CHO 4g02 
CHO 4'3.03 
CHO 4 '3il4 
CHO 4'305 
CHO 4'30& 
CHO 4'307 
CHO 4'306 
CHO 4g0'3 
CHO 4'310 
CHO 4911 
CHO 1+912 
CHO 4913 



C 
C 

SUBROUTINE ANION2 (T,RHO,~N,ZaARM,NMATS,IIZ,TTT,ZBAR,P,E,S,DPT,DPRCHD 
1, CV) CHD 

ANEOS PACKAGE CHO 
MULTIPLE-ELEMENT IONIZATION CALCULATION CHO 
COMMON IANESI ACKC108D),ZZS(lUO) ,COTUDO) ,FNI(lOO) ,RCTC211 ,TCT(21)CHO 

1, RSOLIl 0 0 0) , R \I A P (100 a) , TTH 0 ( 1 a 0 0) , SA V ER (92) , CML T (8) , ZB (92) ,0 Z B (ItO) C HD 
2, BOL T S , E I P (4370) , L OCS II (21 ) ,L OCK P (21) ,L OC KPL (21 ) 

DATA ZRAT/.COOQIt51 
IT=O 
I SK=II Z-l 
XX=6.EZ1·TTT/(RHC·FN) 
ZBAR=ZRAPXX 
IF (ZBAR.LT.l.E-6) GO TO 30 
IF (ZBAR.GT.ZBARM) ZSH=.g9·ZBARM 

10 I T=I T"l 
IF IlT.GT o ZCO) STOP zoo 
FLX)(=T·ALOG( XX/ZSIIR) 
ZCi= ZC2== ZC3= ZC4= ZCS=ZC6= a. 
DO 20 l=l,NMATS 
CALL ANION3 (T,RHO,XX,FLXX,IIZ,ZBAR,I,Il,S,P,EI 
C=COT I1SK+l) 
ZC1=ZC1+C·ZB (I) 
ZC2=ZC2+C·P 
ZC3=ZC3+C·S 
ZCIt = ZCIt+C· E 
KK=ZB (I) 
C=FNI (ISK+I) ·EIP (I1+KK) 
ZC5=ZC5+C·S 

20 ZC6=ZC6+C·P 
DEL=(ZBAR-ZC1)/(ZC2-1.) 
YY=ZBAR+OEL 
IF (YY oGT 01. E-6) GO TO 10 
IF (ZBAR.LEo1.E-6) GO TO ItO 
IF ('(YoLT.Col GO TO 60 

30 ZBAR=1.E-6 
GO TO 10 

itO ZBAR=E=P=S=CII=DPR=DPT=ZRAT=O. 
00 5G I=l,NMATS 

5 0 Z B ( I I = 0-; 
RETURN 

60 IF ('YY.GE.D.I GO T07D 
Y,( = '( Y - • S· 0 EL 
GO TO 60 

70 IF (YV.LE.ZBARMI GO TO BD 
YY=.7·Z8ARH+.3·ZBAR 

80 IF (ABSIYY-Z8AR) .LE.l.E-5·IYHl8AR)) GO TO 90 
lBAR=YY 
GO TO 10 

90 E=lC3/(1.-lC2) 
S=lCItI (1.-lC21 
lC1=FN·BOLTS 
P=lCl·ZSAR·RH04T 
OPT=lC1·llSAR+T·EI 
CII=1.S·DPT+(ZC5+E·ZC6)·SOLTS 
OPT=RHO·OPT 

CHO 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
C HO 
CHD 
CHD 
C HD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHO 
CHO 
C HD 
CHD 
CHO 
CHD 
C HD 
CHD 
CHD 
C HO 
CriD 
C HD 
CHO 
CHD 
CHD 
CHD 
CHD 
CHO 
GriD 
GriD 
C HO 
CHD 
CriD 
CHD 
CriD 
CHD 
C "iD 
C"iO 
C HD 
CHO 

4'H4 
4915 
4H6 
4117 
4g 18 
491 g 
4920 
4921 
4922 
4923 
4921t 
4g25 
It 926 
4927 
4928 
4929 
4930 
4931 
493Z 
4g33 
4934 
4935 
4936 
"g37 
4g38 
493g 
4~40 
4'341 
4942 
4943 
4944 
1t945 
4946 
4g47 
4948 
4g4g 
49S0 
4'151 
4352 
4g53 
495" 
4955 
4956 
4957 
,,9S 8 
49S9 
4960 
4'161 
4962 
4963 
4964 
4965 
4966 
4g67 
4968 
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DPR=ZC1·T·(Z8AR+RHO·S) CHD 1+%9-
E= O. CHD Lt970 
DO 120 I=1.NI1ATS CHD 1+971 
IZ=ISK+I CHD 1+972 
C=FNI (IZI C HD 1+973 
I1=ZZSUZ) CHD 1+971+ 
Il=(Il·(I1+111/2 CHD 4975. 
KK=ZB (1 1- CHD 1+97& 
IF (KK.EQ.OI GO TO 110 CHD Lt977 
DO 100 J=l,KK CHD Lt976 

100 E::E+C·EIFII1+JI CHD Lt979 
110 S=KK CHD 4960 
120 E=E+C· (ZB (I) -SI·EIP 1I1+KK+1) CHD 4981 

E=1.5·ZBAR·ZC1·T+E·BOLTS CHD 4982 
S=Z8AR·ZC1·(FLXX/T+2.51 CHD 4963 
XX=ZBAR/XX CHD 498Lt 
IF (XX.GT.l.E-10) ZRAT=XX C HD Lt965 
RE TURN CHD 496& 
END CHD 4987 
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S0BROUTINE ANION3 CT,RHO,XX,FLXX,ItZ,ZBAR,JKI,I1,AI,BI,DI) ,CH04qaa 
C ANEOS PACKAGE CHD ~q8q 
C PART OF MULTIPLE-ELEMENT IONIZATION CALCULATION CHO 4990 

C 01'1 H 0 N 1 A N E S 1 A C K ( 1 0 60 I , Z Z S (1 il 0 I , C OT (10 a I ,F N I (1 a 0 I , R C T( 21 ) , T C T( 2 1 I C H 0 4 99 1 
1, RS OL C 10 a 0) , R \I A P (10 0 0 ) , TTWO (1 tl 0 (J ) , SA IIER (92) , CML Tl8) , Z B ( q2) , D Z 8 ( It 0) CHD It 0392 
2,BOLTS,EIP(43701 ,LOCSIIC211 ,LOCKP(211 ,LOCKPL(21) CHD 49q3 
IZ=Z=ZZSCIIztJKI-lI CHO 4B4 
11='(IZ.(IZ+1)1/2+1 CHD 4q035, 
FK=XX.EXP(-EIP(IlIlT) CHD 4q90 
ZBARI=FK+Z8AR CHO 49q7 
IF (ZBARI.GT.O.) GO TO 10 CHO 4qq8 
ZBARI=BI=AI=DI=O. CHD 4qq9 
GO TO 70 Ci10 5000 

10 Z8ARI=FK/(FK+ZSARI CHD 5001 
I F I Z B"A R 1 • G T • 0 • 5) GOT 0 3 D ' C HD 5 0 0 2 
IF (ZSARI.LT.1.E-l0) GO TO 20 Ci1050il3 
BI=-ZSARI •• 2/FK CHD S004 
AI=-ZBAR·SI.(1.5+EIPlIlI/T)/T CHD 5005 
DI=ZBAR.8I/RHO CHO 5000 
GO TO 70 CHD S007 

20 ZBARI=AI=BI=OI=O. C"HO" 5008 
GO TO 70 CHO 5009 

30 I2=Il+IZ-l CHD'50~0 
FK=XX.EXPC-EIPII21/TI CHD 5011 
ZBARI=Z-Z8A.R/(ZBAR+FKI CHD 5012 
IF (ZBARI.LT.Z-O.51 GO TO 40 CHO 5013 
BI=-FK/(F~+ZeAR) •• Z CHD S014 
AI=-ZBAR.BI.I1.S+EIPCI2)/TI/T CHD SOLS 
DI=ZBAR.BI/RHO Ci10 5Jl0 
GO TO 70 CHD 5017 

40 DO 5u l=l,IZ CHO 5018 
N=I CHO 501Q 
ZBARI=I CrlD S020 
ZBARI=ZBARI+O.S CHO 5021 
E I U = E I P I Ii + I ) C HD S 0 2Z 
FK=FLXX-EIU Ci10 5J23 
IF CFKI 60,60,50 CHD 5024 

50 CONTINUE CHD 5025 
STOP 3030 Ci1D 5026 

60 EIL=EIP(Il+N-l) CHO 5027 
DL=EIU-EIL CHD 5028 
ZBARI=N CHD S02Q 
Z8ARI = (EIU. (ZBARI-.S) -E IL. C ZBARI+. 51 +FLXX) IOL C HO 5030 
8I=-TIIOL.ZBAR) CHO 5()31 
AI=(FLXX/T+l.S)/OL CHD S032 
OI=-T/CRHO.OLI CHD 5033 

70 ZB(JKI)=ZBARI CHO S034 
RETURN CHO 5035 
END CHO 5036 
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SUBROUTINE EPINTJ (ARG,EXPARG,ANS) CHD 5037 
C ANEOS PACKAGE CHD 51138 
C DETERMINES THIRD EXPONENTIAL INTEGRAL CHD 5]39 
C EXPARG=EXF(-ARG) CHD 5D~0 

C EXPIN=FIRST EXPONENTIAL INTEGRAL CHD 5D~1 
DIMENSION CE (5) CHD 5042 
o AT A . CE 0, CE , AE 1, AE2, AE 3, A E~ , BEl, B E2, BE3 t B E4/-. 577 215&&, .99999193,- CHD- 50 ~ 3 
1.2499i055,.055199&8,-.0097&004,.00107657,6~5733287,16.059017,6.&34CHO 5044 
27& 09, .20777373,9.5733223,25. &3295&,21.099&53,3.95649&91 CHD 5 \145' 

IF [ARG. GT.t.) GO TO 20 CHD 5'J46 
EXPIN=CEO-ALOGCARG) CHO 5047 
Xl=l. - CHD 51)46 
DO 1 0 I = 1 , 5 C H D 5 0 4 9 
Xl=ARG-Xl CHO 51)50 

10 EXPIN=EXPIN+Xl·CEII) CHO 5051 
. GO TO 40 CHO 5052 

20 IF IARG.LT.100.1 GO TO 30 CHO 5053 
EXPIN=O. CI:iO 5054 
GO TO itO CHD 5055 

30 EXPIN=EXP~RG-[I«(CARG+AE11-ARG+AE2)-ARG+AE3)·ARG+AE411IARG-CCIIARGCHO 505& 
1+BE11-ARG+BE21-ARG+8E31-ARG+BEIt»))CHD 5057 

40 ANS=.5-IEXPARG-ARG-IEXPARG-ARG·EXPIN» .~HD 5058 
RETURN C HD 5il59 
END CHO 511&0 
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SUBROUTII\E AMWOP,", (T,R,HAT,F,E,S,CII,DPDT,DPDR,LOC,KPA) CHD SOD!. 
CAN E OS PA C KA G E C H D SOb 2 
C EVALUATES THERMODYNAMIC FUNCTIONS IN THE LIQUID-VAPOR AND CHD 50&3 
C SOLID-VAPOR REGIONS CHD 506~ 

COM M ON I·A NE 51 AC 1« 1060) ,Z ZS ( 1 U 0) , COT (10 a) , FN I (10 a) ,RCT! 21> , T CT (21 IC HD 50& 5 
1,RSOLtl000) ,RIIAP(10001 ,TTWOUaOQI ,SAVER(921 ,CMLT(61 ,ZB(921 ,DZB(~OI CHD 50&& 
2,BOLTS,EIP(~3701,LOCSV(211,LOCKP(211,LCCKPLl211 CHD 50&7 

COMMON IBNESI PH,EH,SM,CVM,DP~TM,DPDRH CHD 50&6 
DATA SLP/l.031 CI1D 50&9 
Kl=LCCKP(HATIC~D 5070 
K2=LOCKPL( MAT> CHD 5071 
DOLO I=Kl,K2 CHD 5072 
KJ=I+l CHD 5073 
IF IT.GE.TTWO(KJI) GO TO 20 CHD507~ 

10 CONTINUE CHD 5075 
STOP 15~3 CHD.5076 

20 KK=KJ-l CHD san 
TL=TTWOIKJI '. C.-iD 5076 
TU=TTWOIKK) CHD 5079 
IF IKK.GT.KlI GO TO 30 CHD 5060 
Xl=IITU-T)/ITU-TLI) ..... 3333333333 CHD 5061 
R1=RSbLIKK)+IRSOLIKJI-RSOLII(I(II"Xl CHD 5062 
IF IR.GE.SLP"'RlI GO TO 40 CHO 5083. 
RZ=RVAPIKI()-IRVAPIKI(I-RVAP(KJII"Xl CHD 5064 
IF (R.LE.RZI GO TO ~o CHD 5085 
fU P = IRS 0 L (I( K I - R SOL I I( J I I • X 11 ( 3 .... IT U- T I ) . C H D . 5 08 & 
R2P=(RVAPIKI(I-RVAPIKJII.Xl/13 .... 'TU-TII CHD5067 
GO TO 50 CHD 5066 

30 DT=TU-TL CHD 5069 
Rl=I(T-TLI"'RSOLII(K'+ITU-TI·RSOLIKJI)/DT CHI) 5J9Q 
IF' IR.GE.SLP"'RlI GO TO 40 CHD 5091 
R2=(IT-TLI.RIIAPII(I().'TU-TI.RVAPIKJII/DT CHO 5092 
IF' (R.GT.R21 GO TO 50 CHD.509L 

~O KPA= 1 .CHD 5jJ9~ 
RETURN CHD ·5095 

50 KPA=2' CHO 5096 
CALL ANEOSl IT,R2,P2,E2,S2,CV2,DPDT2,DPDR2,LOCI CHC 5J97 
IF (R.LE.Rll GO TO 60 CHD 5096' 
CALL ANEOSl IT,R,P,E,S,CV,DPDT,DPDR,LOCI CHD 5099 
IF 'P.GE. PZI GO TO 40 CHD 51UO 
CALL ANEOSl (T,Rl,Pl,El,Sl,CV1,DPDT1,DPDR1,LOCI CHD 5101 
P=P2 CHD 5102 
DPDR=O. CHD 5103 
DPDT=(S2-S11 4 (R1 4 R21/(Rl-RZI CHO 5104 
RETURN CHD 5105 

& 0 I F ( A C I( I L OC + ~ & II 11 0 , 11 a , 70 C H 0 5 1 a & 
70 IF ITU-ACI«LCC+16I) 60,90,110 CHD 5107 
60 CHLT(71=-1. CHD 5106 

CALL ANEOSl IT,Rl~Pl,El,Sl,CV1,DPDT1,DPDR1,LOCI CHD 5109 
C ML T (7 I = 0 • C H D 511 0 
GO TO 120 CHD 5111 

90 1(1(=0 CHD 5112 
C FATAL FLAG SET TO STOP IN ANLS CHD 5113 

CALL ANLS IT,Rl,Xl,X2,LOC,MAT,KI(I CHD 5114 
IF' IKK-21 60,100,110 CHD 5115 
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100 P1=PM 
E1=EM 
Sl=SM 
CV1=CVM 
OPOT1=DPDTM 
DPOR1= DPOR"1 
GO TO 120 

110 CALL 8NEOS1 (T,R1,P1tE1,Sl,CV1~OPDT1,DPDR1,LOC) 
120 X3=Rl-RZ 

Xl=(Rl-RI/XJ 
X 2 = ( R - RZ ) I X 3 
FM1=Rl"X2/R 
FMZ=RZ"Xl/R 
E =FM1"El+ FMZ"EZ 
S=FM1"S1+FMZ"'SZ 
IF (Pl.LE.PZ) GO TO 130 
DPDR=0.995"R1+0.005"RZ 
IF IR.LE.CPOR) GO TO 130 
X4::R1-DPDR 
P=(P1"(R-OPORI+PZ"(Rl-RII/X4 

. DPDR= (P1-PZI I Xit 
GO TO litO 

130 P=P2 
DPOR=O. 

140 OPOT=(SZ-511"'R1·RZIX3 
IF (KK.EQ. KlI GO TO 150 
X4=IRVAPIKKI-RVAP(KJII/DT 
X5=IRSOLIKKI-RSOLIKJII/DT 
GO .TO 1&0 

150 XIt=R2P 
)(5=R1 P 

1&0 CONTINUE 
X3=-IR1"Xl"X4+RZ·XZ"X51/IR"X3) 
X l~CV 1+ (Pl-T" DPDT1)· X5 iR.1".i 
X2=CV2~IP2-T·DPDTZ)·X4/R2~"Z 
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c V = X 3" (E 1-E 2) +F M 1· Xl +F 112" X 2 
RETURN 
END 

" c, 

CHD 511& 
CHD 5117 
CHD5118 
CHO 511 q 
CrlD 5120 
CHD 5121 
CHD 512Z 
CHD 5123 
CHO 5121t 
CHO 5125 
CHD 512& 
CHO 5127 
CHO 5128 
CHO 512 9 
C HD 51.30 
CHO 5131 
C HD 5132 
CHO 5133 
CHD 5134 
CHO 5135 
CrlD 513& 
CrlO 5137 
C HD 5138 
CHO 513'3 
C HD·511t0 
CHO 51lt1 
CHO 511t2 
CHD 511t3 
CHD 51'+1t 

. CHO 51lt5 
eHO 511t& 
.c HD 5147 

. CHD511t 8 
'CHO 514q· 
CHD 5150 
CHO 5151 
C HO 5152 
GHD 5153 



SUBROUTINE ANPHASE (MAT,IT,IKPN) CHO 5154 
C ANEOS PACKAGE . CHO 5155 
C SET UP FOR LIQUID-VAPOR AND SOLID-VAPOR CALCULATION CHO 5156 
C bETERMINES CRITICAL POINT CHO 5157 

COM M 0 N I A ~ E S I A C K (1 0 B 0 ) , ZZ S 11 a 0 ) , COT( 1 0 0 ) , F NIl 1 a a I ,RC TC 2 1 I , T C T( 2 1) CH 0 51 5-B 
1, RSO l I 100 a I , R" AP I 1000) , TT 1010 I 1000) ,S AVE R I 9Z) ,C ML T IB ) , Z a I 9 Z I , OZ 8 140 I C HO 5159 
Z,BOLTS,EIPI43701,LOCSVIZll,LOCKPIZlI,LOCKPLIZlICi--tD 5100 

COMMON ICNESI P1,E1,Sl,Gl,PZ,E2,SZ,GZ· CHO 5101 
IF IACKIIT+30l.LE.2.) RETURN CHO 510Z 
NTY=~ ·CHO 5103 
KL Y = Ii C H 0 5 1 0 .. 
CMLTI71=O. CHO 51~5 

10 KL Y = Kl Y+ 1 C H () 5166 
GO TO IZO,301, KLY CHO 5167 

ZO RCTIMATI=.3·ACKIIT+19) CHO 510B 
TCTIMATI=2. CHO 5109 
GO TO .. 0 C H D 5170 

30 RCTIMAT)=ACKIIT+191 CHO 5171 
TCTIMAT)=.05 CHD 517Z 

.. 0 - S 3= • 0 a 1 C HD 5 17 .3 
50 R1=S3.RCTIMAT) CHO 5174 

T1=S3.TCTIMATI CrlO 5175 
KK=-Z CHO 5170 
DO 70 1=1,9 CHO ,177 
IF 13.11I-11131.NE.I-1I GO TO oil CHO 5178 
K K = K K + 1 C HO 517'9 
KN=-2· CHO 5180 

60 KN=KN+1CHO 5181 
T2=KK CHOS182 
T2=TCTIMA".ll.+.5.S3.T21 CHO 51.83 
R 2 = K N - C H D5 18 .. 
R2=RCTlI1ATI.11.+.5.S3.R21 "CHO 5185 
CAll ANEOS1 !T2,R2,Pl,E1,Sl,01,02,RSOlIIKPN+I),ITI CHO 5186 
IF II.NE.51 GO TO 70 CHO SiS? 
RSOLIIKPN+l0)=P1 . ·CHO 5188 
RsoLIIKPN+l11=El CHO 5189 
RSOlIIKPN+12,=si . CHO 5190 

70 CONTINUE CHO 5191 
Dl=RSOLIIKPN+5) CHO 5192 
02= IRSOlIlKpN+ol-RSOl I IKPN+") I/R1 CHO· 519,3 
D3=IRSOLIIKPN+81-RSCLIIKPN+21)1T1 -CHO 519 .. 
D .. = ... • (RSOLIIKPN+61-2.·RSOl IIKPN+51+RSOL IIKPN+4))/ IR1"21 CHO 5195 

-05=IRSOLIIKPN+91-RSCLlIKPN+71-RSOLlIKPN+31+RSOLIIKPN+1)I/IR1"Tll CHO 5196 
OR2~03.0"-OZ.05 C~D 5197 
-DR1=I02"02-01"D4I1DR2 CHO 5198 
ORZ=(01.05-0Z.03)/ORZ tHO 5199 
IF IABSIORll.GT.1.E-0·TCTlMATIl GO TO 80 CHO 5200 
IF UBSIORZ).LE.1.E-c·RCTII1ATl) GO TO 130 CHO 5Z01 

80 IF IABSIORll.LE.ol·TCTlMATlI GO TO 90 CHO 5ZJZ 
OR1=.1.TCTIMAT).OR1/ABSIOR11 CHO 5Z03 

90 IF IABSIORZI.LE •• l"RCTIMAT)) GO TO 100 CHO 5Z04 
ORZ=.1.RCTIMAT).OR2/ABSIORZ) CHO ~205 

100 RCT IMATI=RCT IMAT)+ORZ CHO 5Z06 
TCTlMATl=TCTlI1ATl+DR1 CHO 5Z07 
IF IS3.EO.0.0001l GO TO 110 CHO 5Z08 
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IF (ABSIORlI.GT.1.E-3·TCT(HATlI GO TO 110 CHD 520'3 
If" (ABSIDR21.GT.l.E-3·RCTIHAU) GO TO 110 CHD 5210 
S3=. 0001 CHD 5211 

110 NTY=NTY+ 1 G HD 5212 
IF (NTY-l00l.50,10,120 CHD 5213 

120 IF (NT Y-200) 50, 1'ID, lltD < C HD 5211t 
130 If" (RSOLlIKPN+l0.) .GT.O.) GO TO 260 GHD 5215 

C LAST RESORT t'lETHO[] TO FIND CRITICAL POINT GHD 521& 
litO GONTINUE GHD 5217 

Rl=AGK(IT+l'3) CHD 5218 
NTY= 200 CHD 521'3 

150 KLY=O GHD 5220 
T1=-9.'3'39 CHD 5221 
T2=10. GHD 5222 

160 DIt=.5·1T1+T2) GHD 5223 
CALL ·ANEOSl (Q1t,Rl,Pl,~1,Sl,Dl,D2,D3,IT) GHD 5224 
KLY =KL Y +1 GHD 5225 
IF (KL Y. G T • 1 a 00) GOT 0 21t 0 G HD 522 & 
IF 1T2-11.LE.1.E-&·D4) GO TO 210 GHD 5227 
IF (03) 17C,210,180GHD 5228 

170 H=D4 CHD 5229 
GO TO 160 GHD 5230 

180 IF ITlI 200,200,190 GHD 5231 
190 '1'2=04 GHD 5232 

GO TO 160 GHD 5233 
200 05= O. <G HD 5234 

GO TO 220 GHD 5235 
210 IF IDIt.LT.DS) GO TO 230 CrlD 523& 

DS=D4 GHD 5237 < 
220 NTY=NTY+1 GHD 5236 

R2=O.on5·Rl GHD 523'3 
IF (R2.LT.l.E-4) R2=1.E-4 GHD 5240 
Rl=Rl-R2 GHD 5241 
IF IR() 240,240<~150-·CtiO .5242 

230 <TCT(MAT)=[5 CHd 5243 
RGT(HAT)=R1+R2GHD5244 
GALL ANEOSl ITGT(HAT),RGT(I1AT),RSOLIIKPN+10),RSOL(IKPN+11);RSOLIIKGti05245 

1PN+12),Dl,C2,D3,IT) GHD ,24& 
GO TO 260 GHD 5247 

240 PRINT 440, HAT CHD5248 
250 AGKliT+30)=ACKIIT+30)-3. GHO 5249 

RETURN GHD 5250 
260 KN= IKPN+l0 GHD 5251 

KK=KN+2 GHD 5252 
PRINT 450, MAT,RCTIHATl ,TGTIHAr), IRSOLlI) ,I=KN,KK) ,NTY GHD 5253 
iFIRSOLlKN).LE.O.) GO TO 240 GHD 5254 
IF (TCTIMAT).GT.ACI(IIT+18)) GO TO 270 GHD 5255 
PRINT 460, ACKIIT+18) GHD 525& 
GO TO 2S0 GHD 5257 

C FINO LIQUID-VAPOR PHASE BOUNDARIES GHD 5258< 
270 KK=60 C HD 5259 

KN=20 GHD 52&0 
IF IACKIIT+18).GT.0.15) KN=30 GHD 5261 
IF IACKIIT+18) .GT.0.2S) KN=40 GHD 5262 
KLY=O GHD 5263 
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RSOLIIKPN)=RVAPIIKPN,=RCTIMAT, 
TTWOIIKPNl=TCTIHAT) 
PRINT 1t70 
IK=IKPN+l 
05=KK 
05= I T C T I H Ii TI - A C K I IT + 18' I 105 
o6=KN 
o6=ACKIIT+18)/06 
DO 390 JJJ=1,2 
04=05 
JJJJ=KK+l0 
T=TCTlMATI 
01=0. 
IF IACKIIT+4EJ .GT.O.) 01=ACKIIT+47) 
IF IJJJ.El.11 GO TO 2ijO 
04= 06 
JJJJ=KN 
T=ACKIIT+18) , 
IF IACK(IT+4EI.LE.0.) GO TO 280 
JJJJ=KN+l 
T=.99·T+04 
01=0. 

260 00 390 I=l,JJJJ _ ' 
IF II.EQ.KK-91 o4=~5·[j4 
T= T- 04 
IF (T.GT.0.9~·TCTIH~TJ) GOTO 390' 
IF IJJJ.EO.2.ANO.T.GE~TTWOIIK-1l) GO TO HO 
IF II.EO.KK+10) T=ACKIIT+18) 
IF n.LT.o.015) GO TO 400 
R2=NTY=O ' . , 

Rl=Ol .' 
IF IACK(IT+46).GT.O .. AND.T.EO.ACKUT+1811 Rl=-Rl 
IF (RVAPIIK-1).LEo1.E-100) RZ=-l. 
IF IIK.GT.IKPN+ll GO TO 290 
IF IKLY.GE.121 GO TO Z90 
NTY=-l 

Z90 CALL ANMAXH (T,R1,~2,IT,MAT,NTY) 
IF (NTY) 300,34u,340 

300 KLY=KLY+l 
IF (IK.EO.IKFN+ll GO TO 330 
I F I KL Y - 2) 31 0 ,320 , 320 

310 IF IT.EQ.ACKIIT+1811 GO TO 32u 
PRINT 410 
GO TO 390 

320 PRINT 420 
GO TO 250 

33D IF IKLY-13) 390,310,320 
340 RSOL <IK)=R1 

R VA P ( I KI =R 2 
T TH 0 11K) =T 
IK=IK+l 
KL y=o 
IF <T-ACK (IT+18)' 370,350,350 

350 IF (Rl.LE.ACKIIT+47)) GO TO 370 
PRINT 43e, T,R1 

CHo 5264' 
CHo 52&5 
C HD 5266 
CH05267 
CHD 5208 
CHo 5269 
Ci1D '5270 

'CHD 5271 
CHD 5272 
CH 0 '5273 
C Ho 5Z71t 
CHD 5275 
CHD 5276 
CHD 5277' 
CHo 5278 
CHO 5279 
CHO 5280 
CHO 52~1 
CHo 5282, 
CHO 5283 
CHO 5284 
CHo 5285 
CHD 5286 
CHD 5287 
CHD 5288 

,CHD 5289' 
,C~D 5290 

CHo 5291 
CHD 5292 

, CHD5293 
CHD 5291t· 
CHO 5295 
CHD 5296 
C HO 5297 
CHD 5298 
CHD 5299 
CHO 5300 
CHo 5301 
CHo 53D2 
CHO 5303 
CrlO 5304 
CHO 5305 
C HO 5306 
CHD 5307 
CHD 53J6 
CHD 5309 
CHo 5310 
CHO 5311 
CHo 5312 
CHO 5313 
CHD 5314 
CHo 5315 
CHD 5316 
CHO 5317 
CrlD 5318 
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C 

360 

370 

360 
390 
400 

GO TO 370 
IF (R1.LT.ACKCIT+23)) PRINT "80, ACKIIT+231,R1 
GO TO 380 
IFCJJJ.EQ.~.ANO.I.EQ.1.ANO.ACKCIT+"bl.GT.0. I GO TO 380 
IF IS·II/SI.NE.II GO TO 390 
PRINT 490, T,R1,P1,E1,S1,G1,NTY,R2,P2,E2,S2,G2 
CONTINUE 
RSOLCIK'=ACKCIl+19) 
RVAPIIK)=D. 
TTWOIIKI=O. 
IKPN= IK+ 1 
RETURN 

CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
CHO 
C HO 
CHO 

410 FORHAT 123H HILL LEAliE POINT OUT.) CHO 
.. 20 FORMAl (26H WILL CHANGE FORM OF EOS.I CHO 
.. 30 FORMAT Ib2H HARNING - NEGATIvE EXPANSION COEFFICIENT IN THE LIQU-ICHO 

10 PHASE,I,2X,2HT=,E12.5,2X,4HRHO=,E12.5,5X,29HIMPROPER BEHAVIOR WICHO 
2LL RESULT) CHO 

.... 0 FORMAT C68HO THE CRITICAL POINT ITERATION HILL .NOT CONVERGE FOR MACHO 
1TERIAL NUI1BER,I5,26H. HILL CHANGE FORM OF EOS.I CHO 

450 FORHAT 136H1 THO-PHASE CALCULATION FOR MATERIAL,I5,1,16H CRITICALCHO 
1 POINT,I,6H RHO=,E1S.7,7X,2HT=,E15.7,9X,2HP=,E15.7,1,2X,2HE=,E15.CHO 
27, 9X,2HS=,E15.7 ,9X,ltHNTY=,I5,1l CHO 

46U FORMAT 126HO THE H£LTHG TEMPERATURE I,E15.7,6ItH) IS GREATER·THAN CCHO 
. 1RITICAL' TEMPERATURE. HILL CHANGE FORM OF EOS.) CHO 
470 FORMAT 122Ho THO-PHASE BOUNOARIES,I,7X,1HT,9X,6HRHOLIQ,8X,ItHPLIQ,9CHO 

lX,4HELIQ,9X,"HSLIQ,9X,"HGLIQ,I,17X,6HRHOVAP,8X,ItHPVAP,9X,4HEVAP,9XCHO 
2,4HSVAP,9X,4HGVAP) CHO 

460 FORMAT 140HQ HARNING - - THE MINIMUM SOLID OENSITYI,E12.5,43HI IS CHO 
1GREATER THAN THE TRIPLE POINT OENSITYI,E12.5,2H).,1,68~ IMPROPER CHO 
2S0LIO BEHAVIOR HILL RESULT. TO CORRECT USE SMALLER VALUE.,/) CHO 

.. 9QFORHAJ f/,6E13.5~~,I13~5E13.51 CHO 
END" . C·.HO 
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5319 
5320 
5321 
5322 
5323 
5324 
5325 
5326 
5327 
5328 
5329 
5330 
5331 
5332 
Sl33 
5331t 
>335 
5336 
5337 
5338 
5339 
531t 0 
531t1 
5342 
531t3 
531t1t 
531t5 
5346 
53"7 
531t8 
531t9 
5350 
5351· 



SUBROUTINE ANI'1AXW (T,RL,RV,L,I'1AT,IERRI CHD 5352 
C ANEOS PACKlGE CHD 535~ 
C LIQUID-VAPOR AND SOLID-VAPOR MAXWELL CONST~UCTION' CH05354 

COM M 0 N I A N E S I A C K ( 1 08 D) , Z Z S ( 1 0 0 I , CO T 11 0 0 I , F N I ( 1 0 Q I , R C T ( 211. , T C f( 2 11 C fi ° 5 355 
1, RS 0 L (1000 I , RVAP (10001 , TTWO ( 1 il 0 0 1 , SA VER ( '321 ,CI1L T (8 I , Z 8 ( '321 , D Z B 1401 C HO 5356 
2,BOL TS,EIP(43701 ,lOCSII(211 ,LOCKP(211 ,lOCKPLC211 CHO 5357 

COMMON ICNESI P1,El,Sl,Gl,P2,E2,S2,G2 CHO 5358 
N=NP=O CHO 535'3 
CM7=CMlT(71 CHO 53&0 
IF (IERR.Ll.O) NP=l CHO 53&1 
IF. (RV.lT.O.1 GO TO 230 'CHO 53&2 
RVO=RlO=RCTCI'1ATI CHD 5363 
RV=ACl(ll+251 44 34 EXP(3. 4 ACKIl+151-1.-ACKIl+101/IACI(IL+271 4BOlTS-TIICHD 53&4 

l/IACl(ll+13)4TI-41.5 CHD 5355 
IF (RLI 10,20,30 CH0536~ 

10 RL=-Rl CHO 5357 
Al=O. CHD 5358 
GO TO 40 CHO 535'3 

20 Rl=ACI(CL+l'3l CHO 5370 
30 Al=l. CHO 5371 
40 RlM=Rl CHO 5372 

OP2=1.E-3 4 RL CH0537~ 
.IF IRV.GT.OP21 RV=OP2 CHO 5374 
IF (RV.lT.l.E-l001 RV=1.E-l00 CHO 5375 

50 IERR= 0 CHO 5376 
50 CALL ANEOSl (T,RV,P2,EZ,SZ,Dl,D2,DP2,Ll' CHO 5377 

IF IOPZ.GT.O.) GO TO 80' CHD 5378 
RVO=RV, tHO 537'3 
R V =. '39 - R V ' C HO 5 36 0 
IF IIERR.GT.31l1 RV=.5-RV CHO 5381 
IERR=IERR+1 CHO 5362 
IF (IERR-9001 60,60,70 C'HO 53,83 

70 IERR=-l CHO 5384 
·GO TO 220 CHD 5365 

80 GZ=E2-T-SZ+PZ/RV CHO 5~8& 
IERR=O CHO 5387 

90 IF IT.Ll.ACK(l+18)) CMLT(71=-l. CHO 5H8 
CALL ANEOSl (T,Rl,P1,El,Sl,01,02,DP1,Ll CHO·5389 
CMLT(7t=CM7 CHu 5390 
IF COP1.GT.Oel GO TO 110 ;CHO 53'H 
RLO=RL CHD'53'32, 
RL=1.005·Rl CHO 5393 c 

·IERR=IERR+l CHD 53g4 
IF.(IERR-9001 '30,90,100 CHD 5395 

100 IERR= -2 CHD:5J'36 
GOT 0, 220 • C H D 53 g 7 

110,G1=El-PS1+,Pl/RL CHD 53g8 .. 
"SP=P1-P2' CHD539'3' 

SG=G1-G2 . CHO 5400 
DRl=Al·Rl-(SP-RV-SGII(QP1-(RV-RUI CHO 5'401 
ORV=RV-CSP-RL-SGI/(OPZ"(R,V-RUI CHO 5402 

, IF (ABSIORLl.GT.l.E-O-RUGOTO 120 CHO 54Q3 
. IF. (ABS(DRV1.LE.1.E-6·RVI GO TO 200, CHD 54~4 

120 IF (N.GT.401 ORL;'.5-DRl CHO 5405 
l F (N. LT. 001 GOT 0 130 C Hb Sit 0 6 
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ORL = • OS • ORL 
IF CABSCSPI.GT.l.E-Z.CP1+P2+1.E4» GO TO 130 
IF CABSCSG).LE.l.E-Z.lABSCGll+ABSCG21» GO TO 2()0 

130 SP=RL+b~L ... . -. 

If.(SP.GT.RLO) GO TO 150 
140 ORL=. S· ORL 

GO TO 130 
150 IF CORL.GT.O.l·RLl GO TO 140 
1&0 SG=RV+ORV 

IF CSG.GT.o.) GO TO 180 
170 ORV= .S·ORV 

GO TO 1&0 
180 IF ISG.GE.RVCl GO TO 170 

RV=SG 
RL=SP 
N=N+l 
If IN-SOoI 50,50,190 

190 IERR=-3 
GO TO 210 

20() IERR= N 
IF CRL.LE.RLI") RETURN 
PRINT 310, T ,RL 
RETURN 

210 IF (RV.L T.l.E-l001 GO TO 230 
220 IF (NP.EQ.O) PRINT 320, T,IERR,RV,RL 

RETURN 
C VAPOR OENSITY TOO SMALL TO CALCULATE 
C LIQUID-SOLID POINT AT P=O. 

C 

230 RL=RLH=ACK(L+191 
N= 0 
IF (T.LT.ACKCL+18» CHLTC71=-1. 
P2=.S·RL 
E2=RL 

21t0 CALL ANEOSl IT,RL,Pl,El,Sl,01,02,OP1,L1 
IF CP1.LT.0 •• ANO.N.LT.8001 GO TO 250 
IF (ABSIP11.LE.l.E-3) GO TO 300 
IF (E2-P2.LE.l.E-91 GO TO 300 

250 IF (PU 2&0,300,270 
Z&O P2=RL 

GO TO 280 
270 E2=RL 
280 RL=.S·IE2+P2) 

·N=N+l . 
IF. (N-9001 240,240,2'30 

290 IERR=-It 
. GO TO 220 

300 RV=1.E-l00 
CHL T(71=CM7 
CALL ANEOSl IT,RV,P2,E2,52,Ol,02,OP1,L) 
GO TO 20U 

310 FORMAT (SSHO WARNING - POSSIBLE NEGATIVE EXPANSION COEFFICIENT 
I,E1Z.S,5H RHC=,EI2.5) 

3Z0 FORMAT (1t2Ho ANHAXN TWO-PHASE CONVERGENCE ERROR AT T=,E1Z.5,&H 
lR=,I5,2E15.71 

END 

240 

C HO 51t07 
CHO 5408 
C.HO 51+09 
CHO 5410 
CHO 5411 
CHD 5412 
CHO 5413 
CHO 51+11+ 
CHO 5415 
CHD 541& 
CHO 51t17 
CHO 51t18 
CHO 5419 
CHO 5420 
CHO 51t21 
CHO 51+Z2 
CHO 5423 
CHO 51t21t 
CHO 5425 
CHO 51t2& 
CHO 5427 
CHO 51t28 
CHO 51t2'3 
CHO 5430 
CHO 5431 
CHO 5432 
CHO 5433 
CHO 51t31t 
CHO 51t35 
C.HO 51tH 
C HO 51tH 
CHO 51+38 
CHO 51+39 
CHO 541+0 
CHO 51t41 
CHO 5442 

. CHO 5443 
CHO 51t44 
CHO 5445 
CHO 541+& 
CHO 51t47 
C HO 5448 
CHO 5449 
CioiO 51+50 
CHO 5451 
CHO 5452 
C~O 5453 
CHO 5454 

·CHO 5455 
CHO 545& 
CHO 5457 

T=CHO 5458 
CHO 5459 

I ERC HO 546 O. 
CHO 54&1 

CHO 54&2 



SUBROUTINE ANLS IT,RHO,RL,RS,L,HAT,IERR) CHD 54&3 
C ANEOS PAC~AGE CHD 54G4 
C lOLID-LIQUID TWO-PHASE MAXWE(L CONSTRUCTION (MELT) CHD 54&5 

COMMON IANESI AC~(1080) ,ZZS(lilO) ,COT(100) ,FNIUDD) ,RCT!211,TCTi21)CHD 54G& 
1,RSOL(1000) ,RIIAP(1000) ,TTWO(1000) ,SAVER (92) ,CMLT(8),ZBI~2) ,DZB'40) CHD 54&7 
2 , BO L T S , EI P 14370 1 , LaCS II (21 ) , L OC K PI 211 , LaC K PL! 211 C H Ll 54 & 8 
CO~MON IBNESI PH,EH,SH,CIIM,OPDTM,OPORM CHO 54&9 
NP=O CHO 5470 
IF (CMl.Tl8)) 10,50,10 CHD 5471 

10 IF (IERR-l) 50,20,30 CHO 5472 
20 NP=l CHD 5473 

GO TO 70 CHD 5474 
30 IF (IERR.Ea. 31 GO TO 4U CHD 5475 

NP=2 CHD 547& 
IF (T-ACI«L+18)) 70,70,90 CHD 5477 

40, NP=3 CHD 5478 
GO TO 70 CHD $479 

50 IF (T-ACK IL+ 16)) GO, 60,60 CHD 548'0 
60 IF' U~HO.GE.ACKIL+ItEI) 1 GO TO 250 CHD 5481 

IF (RHO;U.ACK(L+2J)) GO TO 200 CHD 5482 
IF (f.LT.ACK (L+4911 GO TO 250 CHD 54d3 

70 RL=ACKIL+47) CHD '5484 
RS:ACK IL +46) CHD 5485 
GO TO' 120 CHO 5486 

80 IF (RHO.LE.ACK(L+471) GO TO 2GOCI"O 5487 
IF (f.GE.ACK (L+4611 GO TO 260CHD 5488 

90 RL= ACI( (L+47) + (f-IICI( (L+1 8) ) IACKI L+50) CHO 5489 
IF (RHO.LE.RLI GO TO 2GO CH05490 
RS=RL"ACI(CL+4G)/ACKCL+47) CHD 5491 
IF ICMLT(8)) 120,100,120 CHD 54q2 

100 IF I T.GT.ACI«L+52)) GO TO 110 CHD 5433 
SS4G=ACK (L+18) +ACI( (L+51)" (RHO-ACK (L+ 11) ) CHO 5,491+ 
IF (f.L T .SS461 GO TO 250 C HD 5495 

110 IF '(RHO.LE.RS) GO TO 120 CHO 5496 
GSX=0.05 'CHO 5497 
RL=0.99"RHO CHO 51+98 
RS=1.01"RHO CHO 5499 
GO TO 130 CHD 5500 

120 GSX=0.02 CHD 5501 
130 IERR=O . CHO 5502 

SS46=ACK(L+4G) CHD 5503 
140 ACK(L+46)=o. CHD-5504 

CALL ANEOSl IT,RS,P5,ES,S5,CV5,OPDT5,OPORS,LI CHD 55U5 
AC~(L+46)=SS4G CHD 550~ 
IF .i.DPDRS.LE.O.) GO TO 300 CHD 5507 
CAl.L ANEOSl IT,RL,PL,EL,SL,CIIL,DPDTL,OPDRL,L1 CHD 5508 
IF (OPDRL.LE.D') GO TO 300 CHO 5509 
Xl=PL-PS CHD 5510 
GL=EL-T"SL+PL/RL CHD 5511 
GS=ES-T"SS+PS/RS CHD 5512 
X2=GL-GS C HO 5513 
DRL:DPORS"(l./RS~l./RL) CHO 5511+ 
IF (DRL.Ea.o.) GO TO 270 CHO 5515 
ORS= IX2-Xl/RL)~DRl CHO 5516 
ORL~(DR5"DPOR5-Xl)/OPORL CHO 5517 
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IF ICHLTIS)) 210,150,210 CHO 5518 
150 IF U.04-RS-RHO) 1&0,210,180 CHO 5519 
1&0 IF 10RLl 170,210,210 CHO 5520 
170 IF (DRS) 250,210,210 CHO 5521 
180 IF IRL-l;04-RHO) 210,210,190 CHO 5522 
190 IF iDRLI ,210,210,200 CHO 5523 
200 IF (DRS) 210,210,2&0 CHO 5524 
210 AORS=ABSIORS) CHO 5525 

AORL= A8S CORL I CHO 552& 
IF, CAORS.GT.l.E-7-RS) GO TO 220CHO 55Z7 
IF IAORL.LE.l.E-7.RLI GO TO 2'+0 CHO 5528 

220 IF IIERR.lT.400) GO TO 230 CHO 5529 
ORS=.l"ORS CHO 5530 
ORL=.l"ORL CHO 5531 
IF I IERR. n. 500 I GO TO 260 CHO 5532 

230 GL=GSX"RS CHO 5533 
IF (AORS.GT.GL) ORS=GL·ORS/AORS CHO 5534 
GL=GSX"RL CHO 5535 
IF (AORL. GT. GL) ORL=GL"ORL/AORL CHO 5536 
R S= R S + OR S C H 0 55 3 7 
RL=Rl+ORL CHO 5536 
IF (RS.LE.RLl RS=1.00001"RL CHO 5539 
IERR=IERR+l CHO 5540 
GO TO 140 CrlO 5541 

240 NERR=IERR CHO 5542 
IF IRHO.LE.Rl) GO TO 2&0 CHO, 5543 
IF (RHO.GE.RS) GO'TO 250 CHO 5544 
IERR=2 CHO 5545 
GO TO 310 CHO 5546 

250 IERR=l CHD 5547 
GO TO 320 CHO 5546 

2&0 IERR= 3 C HO 5549 
GO TO 320 CHO 5550 

270 IE'RR=-i 'CHO 5551 
GO TO 290 CHD 5552 

280 IERR=-2 CHD 5553 
290 PRINT 330, T,RHO,IERR,RS,RL,ORS,ORl CHQ 5554 

IF INP.GE.ll RETURN CHD 5555 
STOP CHO 555& 

300 IERR:-4 CHO 5557, 
IF CNP.LE.2) GO TO 290 CHO 5558 
IERR=-3 CrlD 5559 
RETURN CHO 5560 

C IN LIQUID-SOLID REGION HERE CHO 5561 

C 

310 X2=RHO·IRS-RL) CrlO 55&2 
DRS=RS· IRHO-RL I I X2 CHO 5553 
DRL=Rl"IRS-RHOI/X2 CHO 55&4 
OPOTH=ISL-SSI·IIRS·RLI/(RS-Rlll CHO 55&5 
DRLDT= (OF [TH-DPDTLl/DPDRL CHD 55&6 
ORSOT=IDPDTH-DPOTSI/DPCRSCHO 5567 
Xl=-RHO· IRL" IRHO-RU·DRSDT+RS" IRS-RHO) "ORLOTl/XZuZ CHO 55&8 
EH=ORS"ES+ORl"EL CHO 5569 
SH=ORS"SS+ORl"SL CHO 5570 
CIJ H=X 1" IE S-E L I +ORS· IC VS+ CPS-T· OPOTSI· OR SOT IRS" 2) +ORL "I CYL+ IP L-T "0 CHO 5571 

lPOTL)"ORLOT/RL·"21 CHO 5572 

OPORH=O. 
PH= DRS.PS+DRL":PL 

320 IF INP.EQ.2) IERR=NERR 
RETURN 

330 FORHAT 1111,2iHO FATAL ERROR IN ANLS,2E1Z.5,I5,ltE13.5) 
END 

CHO 5573 
CHD 5571+ 
CHD 5575 
CHD 557& 
CHD 5577 
CHD 5578 
CHO 5579 
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SUBROUTINE ANHUG IH,RO,TO) CHD 5580 
C ANEOS PACKAGE CHD 5561 
C HUGONIOT CALCULATION CHD 5562 

DIMENSION TSI4S), CDIS) CHO 5583 
COMMON IBIGI B(l) GHO 5564 
EQUIVALENCE (PO,BIlI), (EO,812)), (SO,B(3)), 101,8('+1), (D2,B(5)),CHD 5585 

1 103,B(&II, <04,8(7)), (VO,B(8)), (f,81911, (R,8(1011, IP,A(11)), CHO 558& 
2(E,8(12)), (5,8(13)), (CI/,B(h», (PT,8(15)), IPR,B(l&ll, (F,BI17)CHD :;587 
3), IOF,B(18)), (OR,8(19)1, IV,B(201), (U,81211), (TSl11,8(221) GHO 5568 

EQUIVALENCE ICOIll,B(75)) CHD 5589 
DATA (T51I),I=1,'+6'/.1320,.02&5,.0275,.0285,.03,.035,.04,.05,.Oo,.OCHO 5590 

18,. 1 , • 12 , • 14 , • 1 & , • 18 , • 2 , • 25 , • 3 , • 35 , • It, .45, .5, .55, • &, • &5, .7, • 75, • 8, GHO C; 5 9 1 
2.65,.9,.95,1.,1.1,1.2,1.3,1''',1.5,1.7,2.,2.5,3.,4.,5.,o.,7.,S.,9.,GHD 5592 
310.1 CHO 5593 
IF (RO.LE. 0.1 RETURN CHD 5594 
IF (TO.LE.O.) RETURN . GHD 5595 
PRINT ItO GHD 559& 
CALL ANEOS 11.E-o,RO,CO(1I,CD(21,CD(3),CO(4),COI51,CO(o),COC71,COICHD 5597 

1 S) , K P , M 1 C HO 5 5 9 6 
CALL ANEOS (TO,RO,PO,EO,SO,01,02,D3,01t,VO,KP,H~ CHD 55'39 
01=0. CHD 5&JO 
02=1. GH~ 5&01 
PRINT 60 CHO 5&02-
PRINT 50, RO,TO,PO,CD(1),EO,SO,1I0,01,D2 CHO 5&03 
N=51 CHO 5604 
DO 30 1=1,'+8 CHD 5605 
T=TS II) CHD 5&06 
IF (T.LE.TO) GO TO 30 CHD :;6il7 
IF CN.GT.50) R=RO CHD 5606 
N=O GHD 5609 

10 GALL ANEOS (T,R,P,E,S,CV,PT,PR,Dl,02,KP,H) CHO 5010 
F=E-EO+.5" IPO+PI" (RO-RI IIR"RO) CHD 5511 
OF=IP-T-PT)/R"Z+.5-PR-IRO-R)/CRO-RI-.5"IPO+P)/R"2 CHD 51H2 
IF (DF.EO.O.) GO TO 30 GHD 5513 
OR=-F/OF GHO 5&1'+ 
IF CABSIOR). LE.l.E-6-R) GO TO 21} CHD 5515 
01=1. ,GHD 5515 
I F (OR. L T. 0 .) 01= -1 • C H 0 55 1 7 
IF (ABS(DR).GT •• 5"R) DR=.5-R-D1 GHD 5518 
R=R+OR GHD 5619 
N=N+l GHD 5&20 
IF IN-50) 10,10,30 GHD5&21 

20 V=SQRT((P"PO)/IRO"Cl.-RO/R))) GHD 5022 
U=V-(l.-RO/R) GHD 5523 
01 =R/RO G HD 5524 
DF=lH GHD 5&25 
IF. 'IKP.EQ.4) OF=5HSOLID CHD ,5&2& 
IFIKP.EQ.5) OF=4HMELT CHb 5527 
IF CKP.EQ.5) DF=6HLIQUID CHD 5628; 
CALL ANEOS 11.E-6,R,CD(1I,CO(21,CD(3),CD(4),CD(5),CDI5),CDC7),GDI8CHO 5&29 

1) ,KP,H) CHD5530 
PRINT 50, R,T,P,CDll),E,S,V,U,Dl,N,DF GHO 5631 

30 CON T INUEGH 0 5&32 
RETURN CHD 5633 

C ' CHD 5634 

40 FORHAT I lOHl HUGONIOT) CHD 5635 
50 FORMAT 19E12.4,I3,2X,A6) CHD 5636 
&0 FORHAT (9HO RHO,lDX,lHT,l1X,lHP,lDX,2HPC,l1X,lHE,l1X,lHS,l1X,lCHD 5637 

lHV,l1X,lHU,7X,SHRHO/RHOO) CHD 5636 
END CHD 5639 
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SUBROUTINE ANPHTR (C,MAT,TGAMI CHD 504~ 
C ANEOS PACKAGE CHD 5&41 
C MODIFIES THE ZERO-TEMPERATURE ISOTHERM OF THE ANALYTICAL EOS CHD 5&ltZ 
C FOR A TEMFERATUREINDEPENDENT PHASE TRANSITION. CHO 5&43 

DIMENSION Cll1 CHD 561t1t 
IF ICI301.EQ.Z.I RETURN CHO 5645 
IF IClll.GT.C(19)) GO TO ZO CHD 56lt6 

10 CI1l=1.El00 CHO 5&47 
CIZ)=CI7)=CI8)=CI9'=CI38)=CI39)=CCltO)=O. CHO 5&48 
RETURN . CHO 5649 

20 SJ=CI151+TGAM/J. CHO 5650 
Sl=S3-Z.S CHO 5051 
S2=S3+Z.S CHO 565Z 
51t=EXPC-C(33)I-CC3Z) CHD 5653 
S5=C1S.+7.-CI331+C(3J)--21-S4 CHO S651t 
S6=ll0.+it.-CI331+.S·C(33)U21-SIt CHO S655 
SIt=16.+3.-C(33)+.S-CIJ31-·Z)·SIt CHD 5656 
ETA1=C(1) ICI 19) CHD 5657 
S7=ETA1~-.333J3J333J CHO ~oS8 
S8=CI3Z)-ETA1·S7-·Z·EXPI-CI33)/S71 CHO S6S9 

30 C31t=S4~9.·S3·CIJ) CHD S660 
C3S=3.-C(3)·16.·S3+1.1-S5 CHO 5661 
C36=S6-3.-CI 3) -I 3.·S3+1.1 CHO 566Z 
PTR=S8-CC31t+C3S·S7+C36-S7-·Z) CHO 5663 
IF CCH).EQ.C.) GO TO 70 CHO 5664 
IF IABSIPTR-CI7I).LE.1.E~4-IPTR+CI7>)) GO TO 70 CHO 5665 
IFISZ:"Sl.LT.1.E-7) GO TO 7C CHO 5666 
IF IPTR-C (7») SO,70,ltO CHO 50&7 

40 SZ=S3 CHO 5&68 
GO TO 60 CHO 5669 

50 51= S3 CHO 5&70 
60 5J=.S-'51+S2) CHO 5671 

GO TO 30 CHO 5&7 Z 
7 0 I F I C I Z I • LT. C I 1 ) I C I Z , = C I 11 C.:tO 5 6 73 

ETAZ=CCZ' ICI 19' CHO 567/t 
C37=CI37'-CIJIt,+C31t-l.S· ICI3SI-C3SI-J.· IC1361-CJ61 CHO 5675 
Sl=CI3J)/S7 CHO 5676 
S2=EXPI-511 CHO 5677 
CAL L E PIN T3 IS 1 , S Z , 51, ) C H 0 5678 
C8=(3.·C(3Z)-SIt·S7-·Z+CJlt/ETA1+1.S·C35·S7/ETA1+3.·C36~S7-:37)/CI19CHO 5&79 

11 CHO 5680 
OP1=CI3Z)·S7-IS.-S7+C133)-EXPI-CIJ31/S7'/3.-CC35/S7+Z •• C36J/(J •• SCH05681 

17) CHO 568Z 
OPZ=C(32)-(llo.+6.·CI33'/S7'/S7+CC3J'··Z/ETA1'·EXPI-CI 33)/S7"9.+2CHO 5683 1.- IC3S/S7+C36) I C<;).·ETA1·S71 CHO 5681, 
IF CC(39») 80,90,100 CHO 5665 

80 DP3=-OP1·C(39) CHO 5686 
GO TO 110 CHO 5687 

90 OP3=OP1·ETAZ/ETAl CHO 5688 
GO TO 110 CHO 568<;) 

100 OP3= C C3<;)1 CHO 5690 
110 IF CClltO') lZ0,130,lltO CHO 5691 
f20 OPIt=-OPZ·CII,Q' CHO 5&9Z 

GOT 0 150 C HO 5 6 '3 J 
130 OP/t=OPZ-CETA2/ETA1)··Z CHO 56'31t 

244 



C 

140 
150 

GO TO 150 
OP4=C1401 
Sl=ETAZ··.3333333333 
S2=EXPI-C(331/S1), ' 
S4=C (3Z) ·Sl· (5.·S1+C (331 )"SZ- 3."OP 3 
S5= 9. • ET AZ· 0 Plt- C I 3Z I,· (1 U • "51 • "2 +,6 • "C (331 .S 1 +C ( 33) ". ZI ·S 2 
C39=S1"SPIS5-S4,1 ' ' 
C40=S1" IS4-.5·S51 " 
C38=C(321"Sl"·2·ETA2"SZ-PTR-(C39+CltO~Sll·51 
EN2=C8+PTR·(ETA2-ETA11/IC(191·ETA1·ETAZI 
S4=C 133 I 151 
CALL EPINT3 (S4.SZ,S51 
C9=ENZ- (3.·C (321·S5·S 1'" 2+C36/ETA2+ (1. 5·C39/51+3. ·C401 I S11/C I 191 
S4 = 3 ... I S 3 -C ( 15) I 
PRINT 180, PTR,C(7),OP1,OP3,OP2,OP4,C8,ENZ,S',TGAM, 
IF (C(71.GT.eel GO TO 160 
IF (ETA2.GT.ETA1) GO TO 170 
IF (C(391.NE.O.I GO TO 170 
IF, (C ( 4 a I • NE • 0 • I, GOT 0 17 a 
PRINT 190 
GO TO 10" 

160 IF IABSIPTR-CI7II.L'E.1.E-3"cFl TR+C(7II) GO TO 170 

170 
PRINT 200 ' 
PRINT 210 
C(lI=ETAl 
C (2 I =E T AZ 
C (71 =PTR 
C,(6 1= C8 
C(91=C9 
C(341=,C31t 
C(351=C35 
C (3 & 1 =C 36 
C( 371 =C37 
C(381=C38 
C1391=C39 
C 1401 =, C40 
RETURN .' 

CHD 5&'95 
CHD' 5696 
CHD5697 
CHi) 5698 
CHD 56::19 
CHD 5711 0 
GHO 570"1 
CHD 5702 
CHO 5i03 
CHD 5704 
CHO 5705 
CHO 57116 
CHO 57il7 
CHO 57a8 
C HD 57 a 9 
CHO 5710 
C HO 5711 
CHO 5712 
CHO 5713 
tHO 5714 
CHD 5715 
CHO 5716 
CHO 5717 
CHO 5718 
C"40 57B 
CHO' 5720 
CHO 5721 
CHO 5722 
CHO 5723 
CHO 5721t 
CHO 5725 
CHO 5726 
CHO 5727 
CHD 5728 
CrlO~729 
CHD 57.30 
CHD ,573'1 '.', . 

, CH05732 
180 FORHAT 11I,7"H ZERO-TEHPERATURE ISO,THERH HAS BEEN,MODIFIEO FOR A CHO'S7J3 

lS0LIO PHASE TRANSITIO~,1I,12H PCTRIC,AL ),:i::,E13.,f!.,10X, lZHPCTRIINPUTlCHO 5731t 
2=,E13.6,1,15H OPOETAIETAll=,E13.'6,7X,13HOPDEU(ETA21=,E1J.6,1,17HCHO 5735 
3 02POETA2(ETAlr~,E13.6,5X,15H02POETA2(ETA21=,E1J.6,1,11H EC1ETA1C"40 573& 
" ) = , E 13 • 6 ,11 X , 9 H E OJ E 1 A Z 1 = , E 1 3 • & , I , 11 H T GAM S TAR = , E 13 • 6, 11 X , 5 H T GAM = , C H 0 5 737 
5E13.&) , " ',", , " ' \.' ';CHD 5738 

190 FORMAT, (,64HO ALL OEFAUL T OPTIONS WERE USED.' NO TRANSIT ION WILL BECHO 5739 " 
1 INCLUOEO,I,lH11 CHO 57~0 

200 FORHAT (36Ho,·SOMETHING IS WRONG - CHECI(, C4REFULL't'J CHO 5741 
ZlD' FORMAT (lHl1 - CHD 574Z 

END ," cHO 5743 

2.45. 



C 
C 
C 
C 
C 

C 

C 

C 

C 

C 

C 

c 

c 

C 

C 

C 

c 

C 

C 
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SUBROUTINE ANDATA (IT,IZ,ISETAB) C~D 57~~ 
ANEOS PACKAGE ' , CHD 5745 
DATA STATEMENTS QHD 57~6, 
AioMIC~~I~HT OF tlt~~~T-ZIS (Z.(Z+l)/Z CHD 5747 
FIRST IONIZATION POTENTIAL OF ELEMENT Z IS (Z·(Z+1l)/Z+l'CHD5748 
LAST IONIZATION POTENTIAL OF ELEMENT Z IS (Z·IZ+U)/2+Z CHD 574'3 
COMMON IANESI ACK(1080),lZSI1001,COTll00),FNlll00),RCri21l,TCTI21lCHD 5750 

1, RSO Lll 000) , RVA P 110001 , TTWO (1000) , SAVER (92) , CMl T (S 1 ,ZB( '3 2) , D Z 8 (401 C HD 5751 
2, BOl TS ,EIP (43701 ,lOCSV 1211 ,lOCKP (21) ,lOCKPl (21) CHD 5752 

COMMON IBIGI BIGDUMll) 'C~D 5753 
DIMENSION TABLE12001, TABPLl2001, DTABI50001 CHD 575~ 
DATA CMLT/.3,.1,.2,5.0.1 . CHD 5755 
DATA ACK,ZZS/1180.0.1 CHD 5756 
DATA BOLTS/1.60207E~121 eHD 5757 
Z = 1 CHD 5756 
DATA (EIPCI),I=1,2)/1.00801,103595E+011 CHD 5759 
Z = 2 C "10 5760 
DATA IEIPII),I=3,51/4.00260,2.1t581E+01,5.4lt03E+Oll CHD 5761 
Z = 3 C HD 5762 
DATA (EIPII) ,I=6,9)16.93900,5.3900E+00,7.5619E+01,1.22422:+021 CHD 5763 
Z = ~ CHD 5764 
DATA IEIPII) ,I=10,1ltl/'3.01300,9~3200E+OO,1.8206E+Ol,1.5365E+02,2.1eHD 5765 

1766E+021 . ' . CHD 576& 
Z = 5, CRD 57&7 
DATA·(EIPII) ,I=15,20)/10.8120D,8.29&OE+00,2.51~9E+01,3.7920E+01,2.CRD 5766 

15930E+02,3.4013E+021 CHD 5769 
Z = 6 CHD 577 0 
DATA (EIP(!) ,I=211271/12.01161,1.1256E+01,2.~37&E+01,4. 7871E+01,6. CHD 5771 

14476E+01,3.'3199E+02,4.8'384E+021 CHD 5772 
Z = 7 CHD 5773 
DATA (EIPI!) ,1=28,35)/1~.00731),1.4530E+al,2.9593E+a111t.71t20E+01,7.CHD 5774 

17450E+01 ,9. 7863E+ 01,5. 5192E+ 02,0. 6&83E+021 CHD 5775 
Z = 8 CHa 577& 
DATA IEIPIIl ,I=36,liitlt16.00DDO,1.3614E+01,3.si08E+Ol,5.1t886E+Ol,7.CHD 5777 
17394E+~l,1.1387E+02,1.3808E+02,7.3911E+02,8.7112E+021 CHD 5776 

Z = 9 CHD 5779 
DATA (EIP (1) ,1=45,541/18.99920,1. 7418E+01,3.4980E+0 1,6. 2&4& E+ 01,8 .CHD 5780 

17140E+01,1.1421E+02,1.5712E+02,1.8514E+02,9.5360E+02,1.1020E+031 CHD 5761 
Z = 10 ,CHD 5762 
DATA (EIPII) ,I=55,651)20.18400,2.1559E+01,4.1070E+01,6.3500E+01,9.CHD 5 .. 783 

17 0 20E+0 1,1.263 OE+O 2,1. 5791E+ 02 ,.2~ 07 20E+ (J 2,2.3910 E+ 0 2.1. 195~E'+ 03 ,1.CRD 5784 
23604E+03/, . ' .' . ' ,. " eHD 57B5 

Z = 11 . , " , CH D 576& 
DATA, (tIP(I)~I=&0,77)/22.99100,5.1380E+00~4.~29(JE+~l,7.1650~+~1,9~CHD 5787 

1888 OE+Ol, 1.38 37E+ 02, 1:0 7209E+ 02, 2. 0844E+ 0 2, 2. 6416E+0 2 ,2.,9978E+02 ,1. CHD 5786 
24648E+03,l.&401E+031 " . . CHD 5769 

Z = 12 ' C'HD 5790 
DATA (EIP(Il,I=76,901124.313DO,7.6440E+00,1.5031E+01,8.0120E+01,1.CHD 5791 

10929E+02,1.4123E+02,1.8649E+02,2.2490E+02,2.&59&E+02,3.2790E+02,3.CHD 5792 
26736E+02.1.7612E+D3,l.9590E+031 CHD 5793 

Z = 13 CHD 579 .. 
DATA (EIP(I) ,I=91,1041/26.98200,5.9840E+00,1.8823E+Ol,2.6 .. 40E+01,1CHD 5795 

1.199&E+02,1.5377E+02,1.904ZE+02,Z.4138E+02,2.8453E+02,3.3010E+02,3CHD 5796 
2.9850E+02,,+.lt190E+02,2.0855E+03,2.2990E+0·3/ CHD 5797 

Z = 14 CHD 5798 



o AT A' (E1P (I) ,1=105,11'3) 128.09000 ,8.1490E+00, 1.6340E+ 01,3. 3460E+ 01, CHD 5799 
14.5130E+Ol,1.6673E+02)2.0511E+02,2.4641E+02,3.0307E+02,3.5096E.02,CHD 5800 
24.0130E+02,4.76aOE+02,~~2320E+02,2.4360E+Q3,2.6600E+0 31 .. CHD 5801 

C Z =- 15 CHO 5802 
DA fA _ ( E I P ( II , I ~ 12 0 ~ 1 35) I 3 O. 975 0 a , 1 • 0 484 E + 0 1 , 1 • 97 2 0 E + 0 1 , 3 • 0 1 56 E + 0 1 , C H 0 58 0 3 
15.1354E+Ol,6.5007E+Ol,2.2041E+02,2.6331E+02,3.0926E+02,3.7160E+Q2,CHD 5804 
24.2430E+02,4.7940E+02,5.6030E+02,o.1140E+02,2.8150E+03,3.0610E+03/CHD 5805 

CZ = 16" C H 0 5806 
DATA (tIP(1) ,1=136,152)/32~~6~cio,i;j357E+~1,2.3400E+Ol,3.5000E+Ol,CHD 5807 

14.729 0 E + 0 1, 7 • 25 ODE + 0 1, 8.80 2 'IE" Ii 1, 2. 8 099E + 0.2, 3. 288 OE +02,3.7895 E + G 2 , C HO 58 08 
24 • 4 70 0 E + 0 2 , 5 • as 8 0 E + 0 2 , 5 .66 a a E + 0 2 ,6 • 510 0 E + 0 t,7.. 0 6 0 a E + 0 2, 3. 22 DOE + 0 3, C HO 5 80 9 
33.4820E+031 ' ., . CHO 5810 

C Z = 17. ',', CHO 5811 
o AT A (EI P ( II ,1= 15 3,17 ci) 135.45400,1.3010 E,+01 ,2. H 0 a E" 0 1,3.9900 E+ 01, C HD 5812 

, 15.3500 E+ 0 1,6.7 Ii 0 OE+ 0 1,9.6700 E.+D 1,1. 142 7E" 0 2,3.4830 E + 0 2,4.0070 E + 0'2, C HO 5813 
24.5530E+02,5.3090E+02,5.9300E+02,6.0300E+02,7.4900E+02,8.0700E+02,CHO 5814 
33.6540E+03;3.~310E+031 . 'CHD 5815 

C Z=i8' CH05,81c 
OATA (EIPII),I=171,189)/39.94900,1.5755E+Ol,2.7c20E+Dl,4.090OE+01,CHO 51317 
15.9790E+oi,7.5000E+Ol,9.1300E+Ol,l;~400E+02,l.4346E+02,4.2260E+02,CHD 5818 
2 4. 7 940 E + a 2 ,5 • 3 8 9 0 E + 0 2 ,6 • 2 10 0 E + 0 2 , 6 .8 7 0 0 E + 0 2, 7 • 55 0 0 E .. 02, 8. 540 0 E + 0 2, C H 0 5 81 9 
39.1600E+02,4.1150E+~3,4.407DE+D31 '. -, ", CHO 5820 

C Z ='19 'CHO 5821 
DATA (EIPII),I=190,209l/39.10300,t..3390E+00,3.1810E+01,4.600OE+'Ol,CI'W 5822 

16.090UE+01,8.2600E+Ol,9.9700E+01,1.1800E+02,l.5500E+02,1.7594E+02,CHO 5823 
25. 0380E+02,5 .640 OE+02,6. 2900E+0 2,7.1700E+ 02,7. 8800E+02, 8.700 OE+02, CHO 5824 
39.6600E+02,1.0310E+03,4.~030E+03,4.9100E+031 CHO 5825 

C Z = 20 ' CrlO 5826 
DATA IE I P ( II, 1='21 0 ,23 0) 140 • 080 0 0 ; 6. 111 0 E + 0 0 , 1 ; 18 6 8 E + 0 1, 5. 12 10 E + 0 1, C H 0 5 827 

'16.7000E+01,8.4390E+Ol,1.0900E~02,1.260DE+02;i.43jDE+D2~1.8800E+L2,CHO 5828 
22.113UE+02,5.9180E+02,6.55QOE+02,i~2700E+02,8.200DE+D2,!.9600E+02iCHO ~829 
39.900 OE+ 02,1.084 OE+ 0 3 ,1.1530E +03 ~5 .1190 E+03,5 .4710E+03i ,,' tHO 5830 

C 'z = 21CHO 5831 
o AT A I E I P ( I) , 1= 2 31 ,252) 144.958.00 , £) • 5400 It + 00 , 1. 2 800 E + 0 1 ~ 2. 4750 E + 0 1, C HO 5 '83 2 

17 • 39.00 E + 0 i , 9 ~ 20 0.0 E+ 01,1.11 00 E'+ 0 2 , 1. 3 900 E + il 2 , 1 • 5 9 0 0 E+ 02, 1.8000 E + 0 2, C H D 5833 
22.2600E+02;?!~0~OE+D2,6~8700E+02,7.5800E+02,8.30DDE+02,9.300GE+02,CHD 5834 
31.0100E+03,1;1150E+03,1~2100E+03,1~262DE+03~5.4833E+03,6.D354E+03/CHO 5835 

C Z =22 ' ' , 'CHO 5836 
OAT A ' (E I P ( I) , I = 2 5 3 , 27 5 ) 14 7 • 9 0 0 0 0 , 6 • 8 20 0 E +,0 0 , 1 • 3 5 7 0 E + 0 1, 2 • 74 7 0 E + 0 1 , C HD 5 8 3 7 
i4.3240E+01,9.9800E+Ol,1.2000E+02,1.4100E+02,l.720DE+O2,1~9300E+02,CHO 5836 
22. 17 00 E + a 2 ,2.' & 6 0 a E +02,2 .910 0 E + 02,7 .8800 E + 02, 8 • &4 DOE + 02, 9. 41 0 0:: + 02, Crt 0 5839 
31.0460E+03il~1320E+Oj,1~2450E+03,1.3410E~03,1.~178E+03,6.0493E+C3,C~O 5840 

'46.6277E+ojl . .. " CHD 5841 
C Z = 23 Crt05842 

bATA (EIP(1)il~276,299)-/50.94400;6.7'OOE+od,1.4050E+Ol,2.9400E+01~CHd 5643 
14.8000E+Ol,6.5000E+Ol,1.2900E+02il.5100E+OZ,1.7ijOOE+02,2~0600E+02,CH~ 5844 
22.3050E+02,2.5800E+02,3.0900E+02,3.3600E+02,8.970DE+02,9.7600E+02,CHD 5845 
31.0570E+03,1.1700E"03,1.2600E+03,l~380DE+03,1.4805E+O3,1.5603E+03,CHd ~846 
46.1:438£+ 03,7.'2484E+031 ' . ; CHOS8'7 

C Z = 24 CHD 5848 
DATA IEIP(l) ,1=300 ,324) 152.0caoo,6.7640E+00,i.6490E+Ol,3.0950::+01',CHD 5849 

15 • 0 0 a OE + 01 ,7. j 00 U E + 01 ,9. 1000 E + 0 '1 ,1.6100 E +0 2 , 1 .85 00 E + 02, 2. 10 00 E + 0 2, C HD 5850 
22.4900E+02,2.7200E+02;2.9900E+02,3.5500E+Q2,3.8400E+02,1.oiioE+03,tHO 5851 
31.0950E+03,l.1620E+03,1.3010E+03,1.3950E+03,1~5252E+03,1.6263E+03,CHD 5852 
41.7097E+03;7.2667E+03,7~8974E+03~ . ' . CHO 5853 
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C . Z = 25 . CHD 585 .. 
DATA (EIP(Il,I=325,3501/5 ... 9 .. 000,1 ... 330E+00,1.5&3&E+01,3.3&90E+Ol,CHD 5855 

15.3000E+01,7.&000E+01,1.0000E+02,1.1900E+02,1.9&00E+02,2.2200E+Q2,CHD ~856 
22.4800E+02,2.880~E+D2,3.150DE+02,3~500~E;~2,4.0"DOE+02,4.350DE+02,CHD 5857 
31.13EOE+03,1.2220E+03,1.313DE+D3,1."38DE+03,1.5380E+03,1.6780E+03,CHD 5858 
"1.7790E+03,1.8660E+03,7.9180E+03,8.5750E+031 . CHD 5859 

CZ = 26 CHD 5860 
DATA. (EIP(II ,I=351,3771/55. 84900,7.8700E+00,1.6160E+01,3.0643E+01,CHD 5861 

15.7000E+01,7.9000E+01,1.0300E+02,1.3000E+02,1.5100E+02,2.3500E.02,CHD 5862 
22.6200E.02,2.9000E+02,3.3000E+02,3.5500t+02,3.9000E+02,".5700E+02,CHD 5863 
3 ... 8900E+02,1.2660E+03,1.35 .. 0E+03,1 ... 500E+03,1;5830E+0~,1.6870~+~3,CHD 566 .. 
41.6370E+03,1.9360E+03,2.0290E+03,6.5990E+03,9.2810E+0 31 . CHD 5665 

C Z = 27 CHD 58&6 
D AT A (E I P ( II , I = 3 7 8, .. 0 51 158 .93560 ,7 .6(,00 E + 0 0 , 1. 7050 E + 01, 3. :5 .. 90 E + 0 1 , C HD 5 867 
15.3000E+01,8.30~OE+01,1.0600E+02,1.3"OQE+02,1.&"00E+02,~.~000E+02,CHD 56&6 
22.9000E+02,3.0500E+02,J.3700E+02,3.800GE+02,".1200E+02, ....... 00E.02,CHD 58~9 
35.1200E+02,5."700E+02,1."030E+03,1."950E+03,1.59"9E+03,1.73"2E+03,CHD 5670 
"1~8"29E+03,2.00"5e+03,2.1045E+03,2.1969E+03,9.3096E+03,1.0018E+0"/CHD 5871 

C Z = 28 CHD 5872 
DATA (EIP(II,I=406,43 .. ,/58.71000,7.6330E+00,1.S150E+oi,3.5160E+01,CHD 5673 
15.6000E+01,7.9000E+01,1.1200E+02,1.'+000E+02,1~6900E+02,2.0200E+02,CHD 587'+ 
22.3000E+02,3.2ioOE+O~,3.5000E+02,3.S500E+02,'.3000E+D2,".5~00E+G2,CHD 5875 
35.0000E+02,5.3000E+02,6.0700E+02,1.5"10E+03,1.&"21E+O3,1.7465E+0:5,CHD 5876 
"1. 6922E+03 ,2. 0055E+03,2 .1789E+03, 2. 2779E.03, 2. 3755E+03, 1.00"6E+01t, CHD· 5877 
51. 0762E+ Oltl . C HD 5876 

C Z = 29 C HD 5679 
DATA (EIP(I),I="35,"6"'/&3.S5000,7.72"OE+00,2.0290E+01,J.68JOE+01,CHD 5880 

15.9000E+Ol,8.2000E+01,1.1000E+02,1.4000E+02,1.7000E+02,2.0600E+02,CHD 5881 
22."100Et02,2.&500E.02,3.7000E.02~".GOOOE+02''''''000E+02, ... 8000E.02,CHD 58a2 
35. 2 0 0 0 E + 0 2 , 5 • 60 0 0 E + 0 2 , 6 • J 0 0 0 E + 0 2 , & •. 7 10 0 E + 0 2 , 1 • & 9 .. 0 E + 03, 1 ~ 7 9 6 0 E + 0 3 , C HD 5 86 3 
"1.9050~t03,2.0570E+OJ,2.1750E+03,2.3600E.03,2."58aE+03,2.5590E+03,CHD Sa8'+ 
51.0813E+0~,1.1573E+0'" . CHD 5885 

C Z = 30 CHD 588& 
DATA IEIPIIl,I="65,"951/&5.3.70DO,9.3910E+00,1.79&OE+01,3.97OOE+Ol,CHD S8a7 
1&.2000E+01,6.&OaOE+01,1.1500E+02,1."500~+02,1.6DOOE~02,l.1000E~02ICHD 5866 
22.5000E+02,2.7'335E+02,3.11~OE+Q2,4.2000E+62,".500nE+~t,It~900~E+02,C~D 5869 
35,"000E+02,5.6000E+02,&.2000E+02,7.0000E+02,7."111E~0~~1.8500E.03,CHD 5890 
"1.9555E+03,2.0660E+OJ,2.2225E+03,2.3~93E+03,2.5~7JEtO3,2.&592E~03,CHD 5691 
52.7671E+03,1.1&&5E+04,1.2 .... 1E+0~1 CHD 5892 

C Z = 31 CHD 58'33 
DATA IEIP(I),I="'36,5271/6'3.72000,&.00~OE+00,2.051DE+01,3.0100E+01;CHD 589 .. 
16."200E+01,9.0000E+01~1.1800E+02,1,'+"OOE+02,1.7"00E+02,2.1600E+0~,CHD 5895 
22.5500E+02,2.8922E+02,3.2071E+02,3.658 .. E+02,".7072E+02,5.0313E+02,CHD 589& 
35.'+522E+D2,5.9701E+02,6.4272E+02,6.853ltE+02,7.70"2E+02,8.1423E+02,CHD 56q7 
.. 2 • 0 127 E + 03, 2 • 121 7 E + 0 3 , 2 • 2·3 79 E + 0 3 , 2 • 3 q .. a E + a 3 , 2 • 5 5 0 3 E + 0 3 , 2 .7 .. 1" E + 0 3 , C HD 5 89 8 
52.6673E+OJ,2.9S21E+b3,1.25~~E+0 .. ,1.3336E+O'" CHD 5899 

C Z = 32 CHD 5900 
DATA IEIPII),I=528,560)172.60.000,7.8600E+00,1.5930E+.01,j.421OE+01~CHD 5901 

14.5700E+01,9.J .. 00E+01,1.1300E+02,1.460DE+02,1.7700E+02,2.1200E+02,CHD 5902 
22.6200E+02,2.9525E+02,3.3145E+02,3.&510E+02,4.2370E+02,S.2~"5E+02,CHD 5903 
35.5'329E+02,6~0345E+02,&.5704E+02,7 •. 06"5E+D2J7.5370E+02,S."387£+02,CHD 590 .. 
48.9038E+02~2.1822E+03,2.~946E+03,2."llt5E+03,2.'739E+03,2.7lt82E+03,CHD 5'305 
52.'3423E+03,3.0621E+03,3.2036E+03,1.3 .... 9E+0 .. ,1 ... 259E+0 .. , CHD 590& 

C Z = 33 .. ..... . C HD 5 '30 7 
DATA (EIPII) ,I=561,594)/7 ... 92 .. 20,9.6100t'00,1.6630E+01,2.6340E+01,CHD 5906 
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C 

C 

C 

C 

C 

C 

13~4330E+Ol,8.2000E+01,9.900DE+Ol,1.170DE+02,1.4100E+a2,1.5700E+02,CHO 59~4 

21. 7&O,OE+02,2 .2'200E+02~ 2 •. 5000E+02, 4. 2500E+02, 4 •. 7500E+ 02, 5. 2237E"0 2, CHD 5 %5 
3~.~871E+02,6i1~63E.02,&.7173E+02,7.2597E+02,7.78i1E+O2,8.2897E+O~,CHD 5966 
49i9536E+02,1.063jE+03,.1.1113E+03,1.1781E+03,1.~4&aE+03,1.3431E+03,CHD 59&7 
51 .• 4094E+03,1.5402E+OJ,1.&083E+03,.3.7833E+D3,i.9240E+QJ,4.0722E+03,CHO 59~8 
&4.2515E+03,4.5758E+03,4.7943E+03,5.0454E+03,5.222SE+03,2.1676E+~4,CHO 59&9 
72.2&16E+OItI CHO 5970 

.Z = 4 1 .. ,...,. . . , ': ' C' H 0 59 7 1 
DATA(EIP(II.I=8&l,9021/92.9)000,6~8800E+00,1.1t320E~~1,2.5D40E+Ol,CHO 59i2' 

13. 8 3D DE + 01 ,5. 0000 E + 0 1,1 .• 0300 E + 02 ,1 .• 2500 E + 02, 1.4300 E + 0 2, 1. & 700 E + 0 2, C HDS 97,3 
21.8500£+02,2.0300E+02,,2.1t888E+02,2.8281E+02,4.8179E+02,5.34~3E+02,CHD 5~7~ 
35.8270E+02,6.307"E+02,6~7~38E+02,7.3654E+02,7.9341E+02,6.4753E+02,CHD 5~15 
49.0 055E+ 02, 1. 0804E+03, 1.14~OE+·D 3, 1.200&E+ 03 ,1.2&3SE+03,1.33 32f+0,3, CHD .597&, 
51.4360E+03,1.501t9E+03,1.&408E+03,1.7117E+03,4.0140E+03~4.1583E+03,CHD5977 
&4.31QQE+03,4.1t918E+03,1t.8349E+03,5.05&4E+03,5~3214E+03,5.5054E"03,CHO 5978 
72.2827E+04,2~3784E+041 .. CHO.5~79 

Z = 42,. .,CHD 5980 
DATA (E I P ( I) , 1=90 3 , 945):/ 95. 95 I) 0 0 , 7. 10 I) 0 E': 0' 0,1 .615 I) E + 0 1 , 2 .7 130 E+ 0 1, C H 0 5 'nl 
14.&4GOE+01,6.1200E+01,&.8000E+Ol,1.2&OOE+02,1.S300E+02,1.6900E+02,C~D 59Si 
21.9700E+02,2.1000E+02,2i3334E+02,2.774&E+02,3.1732E+0~,5.4561E+02,CHD 5983 
35.9689E+02,6.46Q6E+02,6.9579E+02,7.4515E+0~,8.0437E+02,8.&387E~G2,CHD 5.9d~ 
49.1998E+02,9.7515E+02,1.1685E+03,1.2280E+03,1.2870E+03,1.3520E+C3,CHO 598~ 
51. 4235E +0 3,1 .532 OE+03, 1.&035E+ 03,1. 7445E+ 03,1. 8180E+ 03, 4. 251&E+0 3 ,CHD596& 
64.3993E+03'''i5546E+03,4.7388E+03,5.100iE+03,~.3~52E+03,5.6042E+03,CHO 5987 
75.7952E+03,2.4005E+O~,2 •. 4978E+041 CHO 5~88 

Z = 43 C riD 5969 
DATA (EIPCli ,I=946,989j;99.00000,7.2800E+00,1.5260E+01,3.1000E+Ol,CHD 5990 
14.3000E+Ol,5.9000E+01,7.&600E+Ol,9~400DE+Ol,1.&laaE+02,1.8300E+02,CHO 5991 
21.9900E+C2,2.2400E+02,~.4072E+02,2.&538E+oi,3.0775E+Q2,3.5353E+02,CHDSg92 
3&.1044E+02,&.c237E+02,7.1244E+02,7.6385E+02,S.1493E+O2,e.7522E+02,CHD 5~q3 
49. 3 73SE + 0 2, q. 95.45 E +0 2 ,1 .0528 E + 03, 1.259 &E + 03, 1. 3149E + 0 3, 1. 37 64E + 03, CHD 5 '334 
51.41t34E+03,1.5167E+03,1~6309E+03,1.~051E+63,i.8512g+03,1.9274E+03,C~05g95 
& It." 9 59 E + 03,4. &4 -; 2 E + oj, 4.8060 E: + 03, It. 992 7E + 0' 3,5.3734 E + 0 3,5. & 0 0 9E + 03, G HD 5 H6 
75.8938E+03,&.0917E+03,2~5210E+04,2~&199E+041 . tHO S~97 

Z = 44 ... ' , ". '.. ." . CHO 5998 
DATA IEIPql,I=990,10.3411101.07000,7.3640E+00,1.676()£+J1,2.84S0E+OCHD 59B 
11,4.6000E+01,6.ioOOE+01,6:1000E+Ol,1.0000E+02,1.1900E+02~1.9300E+OC~O &oba 
22,2.1600E+02,2.2500E+02,2.5295E+02,2.7314E+02,2.9912E+02,3.3973E+OtHD 6001 
32,3.911t4E+02,6.7S30E+02,7.308&E+02,7.816ItE+02~8.3494E+02,8~8774E+OCHD &002 
42,9.4910E+02,1.~138E+03,1.0739E+03,1.1334E+03,1.3537E+03,1.4049E+OCHD 6003 
53,1.4&88E+03~1.5379E+a3,1.6130E+03,1.7329E+03,1.6097E+03,1.9609E+OCMD 6004 
63,2.0398E+03j4.7470E+03,1t.901jE+03,5~O&42E+03,5.2534E+03,5.6528EiOCHD &Oa5 
73,5.8834E+03i6.i90iE+0~,6.3q50E+03,2~6442E~04,2.~448E +041 . CHO'600& 

Z = 45 ',. ...... . ' ,'.. ' CHD 60Jl 
. DATA (EIP (I) ,I=1035,10801/102.91000.,7 .• 4S0JE+OQ,I.aQ70E+Ol,3.105CE+CHD &00.8 
101,4.6000E+Ol,6.7000E+Ol,8.5000E+01,1.0500E+02,1.2&00E+02,1.4700E+CHO 6009 
202,2.2600E+02~2.5000E+02,2.67UOE+02.,2.8360E+02,3.072&E+02,3.3457E+C~D S~10 
~02,,3.7341E+02~4.3i05E+ri2,7.4918E+02,8~0238E+02,~;542&~+02,~.a9J&E+CHO 6011 
402,q.&357E+02~1.0260E+03,1~Oq34E+03,1.1~54E+03,1.21jiE+~3~1.4508E+tHO &~12 
5 iJ3 , 1. 4.97 9E + 03 ,1. 5'&42 E + 03,1.63 51t; + 0 3,1..7123 E + 0 3 , 1 .837 9 E + 0 3.~ 1 • 917 3.E + t HD 6013 
603, 2. 07 36E + 0:3 , 2. 155 2E + 0 3, 5. 0049 E + 03, 5. 1 & 3 2E + 03" 5 • 3 2 9 2 E + 0,3 , 5 .52 b 9 E + C H 0 & 01.4 
703,5.939.0 E+O ~., &'.1,727E +0 3, & ~ 4934E+0 3,6. 705.1E+ 0 3,2.77 01E+ 04;2. ill 2.4E+ C'HD & 0 15 
8041' '" CHD 601& 

Z = 46' CHD &017 
DATA (EIPCII ,I=10.81.,11271/106.40000,8.3300E+OO,1.9420E+Ol,3.2920E~CHD 6.018 
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15.0100E+Ol,&.2&00E+Ol,1.2150E+02,1.5000E+02,1.8200E+0Z,Z.1800E+02,CHD 5909 
22.5300E+02,3.0264E+02,3.3851E+02,3.7671E+02,4.1251E+02,4~8458E+02,CHD 5910 
35.8121E+02,6.184fE+02,6.&471E+02,7.2008E+02,7.7721E+02,8.2508E+02,CHD 5911 
49.2033E+02,9.&955E+02,Z.j586E+03,2.4747E+03,2.5979E+03,2.7598E+03,CHD 5912 
52.9529E+03,3.1500E+03,3.3037E+03,3.4324E+03,1.4383E+04,1.52D8E+04/CHD 5913 

C Z = 34 CHD 5'H4 
OAT A (E IF (II ,1=595,&29 I 178 .96000 ,9 .75DOE+OD, 2.1500E+01, 3.20 OOE+O 1, CHD 5915 

14.3000E+01,&.6000E+01,8.2000E+Ol,1.5500E+02,l.6700E+02,2.2300E+02,CHD 5916 
22.6000E+02,2.95&OE+02,~.4631E+02,3.8480E+02,4.2499E+O2,4.6294E+02,CHD 5917 
35.4849E+02,6.4099E+02,6.8066E+02,7.2699E+02,7.8616E+02~8.4899E+OZ,CHD 5916 
46.9949E+02,9.9982E+02,1.0517E+03,2.5417E+03,2.6613E+03,2.1881E+03,CHD 5919 
52.9525E+03,3.1643E+03,3.3645E+03,3.5321E+03,3.6677E+03,l.5343E+04,CHD 5920 
61.6185E+041 CHD 5921 

C Z = 35 CHD 5922 
DATA I EIP (I) ,1=630,&65) 179.91200 ,1.1840E+1J1,2 .100 aE+Ol, 3 .5900 E+Ol, CHD 5923 

14.7300E+Ol,5.9700E+Ol,8.8600E+Ol,1.0300E+02,1.9300E+02,2.2800E+02,CHD 5924 
22.6&00E+02,3.0390E+02,3.4122E+02,3.9299E+02,4.3411E+02,4.7629E+02,CHD 5925 
35.1&40E+ 02,6. 1541E+02, 7. 0379E+02,7. 4587E+1J2, 7. 9629E+02, 8 .5525 E+02, CHD 592& 
49.2379E+02,9.7691E+02,1.0623E+03,1.1370E+03,2.7317£+03,2.6548E+03,CHD 5927 
52.9851E+03,3.1520E+03.3.3826E+03,3.5856E+03,3.7673E+03,3.9099E+03,CHD 5928 
61.6330E+04,1.7169E+041 CHD 5929 

C Z = 36 CHD 5930 
cDATA IEIP(l),I:-666,702)163.80000,1.3996E+01,2.4560E+01,3.69OOE+Ol,CHD 5931 
15.2000E+01,6.5000E+01,7.9DOOE+01,1.10DDE+D2,i.260IJE+02,2~3400E+02,CHD 5932 
22.7000E+02,3.1123E+02,3.5082E+02,3.8966E+02,4.4269E+02,4.8644E+02,CHD 5933 
35.3061E+02,5.7287E+02,6.8536E+02,7.6961E+02,8.1411E+02,6.6661E+02,CHD 5934 
49. 2736E+0 2 ,1.U 016£+03, 1. 0574E+03, 1.1679E+Q3, 1. 2252E+ 03,2. 9284E+0 3, CHD :;935 
53.0550E+03,3.1690E+03,3.3583E+03,3.6076E+03;3.6139E+0j,4'0D94E+03,CHD 5936 
64.1566E+03,1.7345E+04,1.6220E+04/CHD 5937 

C Z = 37CHO 5938 
DATA (EIPn) ,1=703,740)165.48000,4.17&OE+00,2.7500E+Ol,4.0000E+Ol,CHO 5939 
15.2000E+01,1.1000E+01,8.50DOE+D1,1.0000E+02,1~3500E+02, 1.5100E+02,CHO 5940 
22.7700E+02,3.1672E+02,3.5Q48E+02,4.0076E+02,4.4152E+02,4.9542E+02,CHO 59~1 

35.4179E+02,5.8795E+D2,6.3236E+02,7.5833E+02,6.36~5E+02,6.6537E+02,CHO 5342 
49.3995E+u2,1.002SE+03,1.0B2SE+03,1.1408E+03,1.2564E+03,1.3164E+03,CHO 5943 
53.1319E+03,3.2621E+03,3.3996E+03;3.5714E+03,3.6395E+03,4.0486E+03,CHO 5944 
61t. 2562E+03 ,4 .4145E+03, 1.8387E+04, 1.9276 E+041 CHO 5945 

C Z = 38 CHO 5946 
DATA (EIPII),1=741,779)/87.&3000,5.&920E+00,1.1027E+01,4~30OOE+Ol,CHD 5947 

lS.7000E+Ol,7.2000E+01,9.2DOOE+Ol,1.0700E+02,1.240JE+Q2,1.6200E+02,CHO 5946 
21.7900E+02,3.2400E+02,3.6646E+02,4.1076E+02,4.5372E+02,4.9620E+02,CHO 5949 
3S.5117E+02,6.0017E+02,6.4B32E+02,6.9468E+02,8.3432E+D2,9.1032E+02,CHD 5950 
49.5965E+02,1.0163E+03,1.060&E+Q3,1.1663E+03.1.2273E+U3~1.3460E+03,CHD 5951 
51.4107E+03,3.3423E+03,3.4759E+03,3.6170E+03,3.7913E+O3,4.0761E+03,CHD 5952 
&4~2905E+03,4.5138E+03,4.6771E+03,1.~456E+04,2.D364E+0 41 CHD 5953 

C Z = 39 CHO 59510 
OAT A IE IP II) ,1=7 6c.-,619) 186.90600,6 .3800E+00, 1. 2230E+Ol, 2. 0500E+01, CHO ·5955 

16.2000E+01,7.7000E+01,9.3000E+01,1.1600E+Q2,1.3100E+02,1.4600E+02,CHD 5956 
21.9100E+02 ,2-. 0600E+02,:!. 7299E+02,4.1922E+ 02 ,4. 6505E+02,5. 0971E+02, CHO 5957 
35.5391E+02,&.0994E+02,6.6156E+02,7.117QE+02,7.6042E+02,9.1332E+02,CHO 5958 
~9.6520E+02,1.0369E+03,1.0957E+03.1.1616E+03,1.2532E+03,1~3168E+03,CHD 5959 
51.4426E+03,1.5060E+03,3.5594E+03,3.6966E+03,3.6412E+03,4.0180E+03,CHD 5960 
64.3236E+03,1t.5390E+03,1t.7762E+03,4.946ItE+03,2.0553E+04,2.1477E+04/CHO 5961 

C Z = 40 C HO 5962 
DATA IEIFI!1 ,1=620,660)/91.22000,&.6400E+00,1.3130E+Ol~2.2960E+Ol,CHD 5963 
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101,4.9000E+~1,6.6nOOE+Ol,9.0000E+Ol,1.1000E+02,1.3200E+02,1&5500E+CHD G~19 
202,1.7800E+~2,2.6100E+02,2.7807E+02i2.9711E+02,3.1594E+02,3.4308E+CHD ~020 
302,3.7170E+02,4.0879E+02,4.7236E+02,8.2308E+02,8.7692E+02,9.2970E+CHD G021 
402,9.8619E+02,1.0424E+03,1.1059E+D3,1.1759E+OJ,1.2400E+D3,1.3038E+CHD G022 
50J,1.5510E+03,1.5940E+D3,1.6626E+03,1.73GOE+OJ,1.8146E+03,1.9460E+C~D 6023, 
603,2.0280E+03,2.1893E+OJ,2.2737E+03,5.2696E+03,S.4314E+03,5.6010E+CHD,G024 
703,S.7951E+03,6.2320E+03,G.4687E+03,6.8034E+03,7.,022OE+03,2.8988E+CHD 6025 
804,3.0027E+041 CHO 6026 

C Z = 47 :CHD 5027 
DATA IE IP( II ,1=1'128,11751/107.87400, 7.5740E+O 0, 2 .1480E+Ol, 3. 4820E+ CHD 6028 
101,5.2000E+Ol,7.0000E+Ol,8.9000E+Ol,1.1GOOE+02,1.3900E+02,1.6200E+CHb60~9 
202,1.8700E+02,2.0155E+02,2.7788E+02,3.0784E+02,3.2893E+02,3.4999E+CHO 6J30 
302,3.8059E+02,4.1054E+02,4.4587E+02,5.1537E+02,9.0000E+02,9.5448E+CHD 6031 
402,1.0082E+03,1.0663E+03,1.1243E+03,1.1888E+03,1.2615E+03,1.3275E+CHO 6032 
503,1.3935E+03,1.6542E+D3,1.6930E+DJ,1.7641E+D3,1.8395E+03,1.9200E+CHb 6033 
G03,2.0570E+03,2.1417E+03,2.3081E+D3,2.3951E+03,5.5411E+D3,S.7005E+CHD 0034 
703,5.8796E+03,6.0762E+03,6.S319E+03,6.7716E+03,7.1202E+03,7.3457E+CHO 6J35 
803,3.030ZE+04,3.1357E+04/CHO G036 

C Z=48 CHOo(J37 
DATA IEIPIII,I=1176,12241/112.41000,8.9910E+00,1.6904E+01,3.747CE+CHO 0038 
101,5.5000E+Ol,7.300aE+Ol,9.40~OE+Ol,1.15aOE+02,1.4boaE+02,1.7000E+CHO 6039 
202,1.9500E+02,Z.0986E+02,2.2680E+02,2.9645E+~2,3.3931E+02,3.6244E+CHO G040 
302,3.8574E+02,4.1981E+02,4.5108E+02,4.8464E+02~5.6007E+ot,9.7965E+CHO ~041 
402,1.0351E+03,1.0e97E+03,1.1495E+03,1.2092E+OJ,,1.2748E+03,1.350iE+CHD G042 
503,1.4181E+03~1.4662E+03,1.7604E+03,1.7951E+03,1.8G!6E+03,1~94G1E+CHO G043 
G03,2.0284E+03,2.1711E+03,2.2584E+03,2.4299E+03,2.5196E+03,5.8194E+CHO 6044 
703,5.9883E+03,6.1649E.03,6.3641E+03,6.d385E+03,7.0813E+03,7.4437E+CHO G045 
803,7.6762E+03,'3.1643E+04,3.2714E+041 CHO G04G 

C Z = 49 CHDr'E>047 
o AT A (E I P ( I I ; 1= 1 2 25, 1274 I ,/114. 82 0 0 0 , 5 • 7 8 5 i) E + 0 0 t1 • 8 8 60 E + 0 1 , 2 • 8 03 0 E + C fol 0 G 04 6 
la~,5.4400E+Olij.7000E+Ol,~.8000E+Ol,1.2000E+02,1.44~~E+n2,1.780GE+CHO &04g 
202 ,2. 040 DE + 0 2,'2. 170 2 E +0 2 , 2 • 3442 E + 0 2, 2. 537 5 E +02, 3 • 1673 E ~ 0 2 , 3 • 72 47E + C folD, GaS 0 
302,3.9765E+02~4.i318E+D2~~.6073E+02,4.9332E+02,5.2512E+02,&.0648E+CHO G051 
4 a 2 ~ 1. 0623 E +03 ,1 .118 7E + 03 , 1. 17 ~ 2 E + 0 3, 1. 235 7E + 0 3, 1.297 1E +,03, 1. 363 8E+ CHD 0052 
503,1.441 7E + 03, h 5117E + 03 ti. 5 81 9E +.0 3,1.86 96E + 0 3 ,1 .g 0 02 E+ 03,1. g 761 E+C HD 6053 
& 0 3, 2.0557 E + 03,2.139 7E + 03,2. 28~2E + 03,2. 37 81E + 0,3,2.55 4'7E + 0 3,2.6471 E+,C HO 6 a 5 4 
703,6.1045E+03,6.2769E+03,&.4571E+03,6.6587E+03,7.1519E+03.7.3977E+CHD 605~ 
80 3,7. nltlE+O 3,8.0 135E+0 3,3. 3011E+04 ,3.40 g9E+041 C HD 6056 

C Z= 50 CHD 6057 
DATA (EIP(Il,.r=1275,'13251/118.70000,7.J42DE+OO,1.it628E+Ol,3.0490E+CHD 6,058 

101, 4. 0720 E + 01',7. 2 J 0 0 E+ Obl. 030 0 E + 0 2, 1.26 a OE + a 2 , 1.500 DE + 02. ,1 • 760 C E+ C:H'O ,G' 059 , 
202,2. 1.3DOE+O 2,2. 2452E+02, 2. 407 4E+02, 2.6068E+02,"2. 8240E+.02, .3. 3870E+CHO, 6,06.0 
302,4.0 734E+0 2,4. 31t56E+ 0 2,4.6,2 HE+ 0 2,5. 0 33~E+ 02,5 .3726E+O'2 ,5 .67 30E+C HO' ,60,61 
402, 6. 545 8E +0 2" 10 1480 E+ 0 3 ,1. 2053 E + 0 J" 1. 26 17E + 03, 1. 324 9E + 03,1. 38 8 ~ E + C,HD6 J 62, 
503,1. 4558 E + 0 3 ,1. 536 3E + 0 3 ,1. 608 3E + 0 3,1.68 a 7E + 03,1 .9818 E + 03 , 2.0083 E +C HO 6063 
6q 3 ,2. 0867 e +0 3 , 2.1683 E + 0 3, 2. 254 2E + 0 3, .2. 4083 E + 0 3 , 2 .• 5.00 8E + 0 3 , 2 .6825 E + C H 0 ,G 0 G It 
703,2. 7777E+O 3, 6"396,4E+O 3,6.572 3E+O 3,.6.750 lE+ 03,6.96 02E+ 03,7,.4 721E+.tHO 6065 
803,7.7210 e+o 3, 8.1113E+ 03,8.3 576E+0 3, 3.,4406E+04, 3 .5511E+041 C!-iO &0,&& , 

C Z = 51 . 'CH06067 
OAT A (EIP (II, 1= 1326 ,13771/121.76000, 8.6390E+00 ,hl).500E+ 01,2. 5300E+,CHO 6.068 
101,4.4100E+Oi,5.6000E~01,1.0800E.02,1.3200E+02,1.5700E+~2,1.6400E+CHO G069, 
2 Ii 2 ,2. 1100 E + 0 2, 2.306 a E.O 2,2 .4 I) 7 4E + 0 2 , 2.6,615 E + 0 2,2 • 8.8 6 3~ + 0 2 , 3 .1275 E,+CHO 6 0.7 a 
302,3.6238E+02,1t.1t391E+02,4.7317E+02,5.0317E+02,S~470&E+~2,5.8289E+Crl~ 6071, 
402,6. 1117E +0 2 ,7.0439 E + 02 ,1.2 3G 7 E +.03,1. 29 ~9E+ 03, 1.352 2E+ 03, 1.417 2E+ CHO 6 () 72, : 
50 3, 1 • It 8 2 a E + 0 3, 1 • 550 8E + 0 3 , 1 .6339 E + 03 , 1.7 08 0 E + 0 3 , 1 • 78 25 E + 0 3" 2 • 0 9 7 1 E+ C,HO & 0 7 3 
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603,2.1195E+0~,2.2002E+03,2.2840E+03,2.3716E+03,2.5315E+03,2.6266E+CHD &074 
703,2.8133E+03,2.9112E+03,&.&951E+03,6.874&E+03,7.0619E+03,7.2684E+CHD &075 
803,7.7992E+D3,8.051oE+03,8.~553E+03,8.7085E+03,3.5829E+O~,3.&950E+CHD &076 
90~1 CHD 6077 

C Z = 52 C HD 60 7e 
DATA (EIP(11 ,1=1378,14301/127.&1000,9.0100E+00,1.e60DE+ol,3.1000E+CHD &079 
lo1,3.dOOoE+Ol,&.OOOoE+Ol,7.200oE+Ol,1.370DE+02,1.&~00E+D2,1.920DE+CHD 6060 
202,2.2000E+02,2.2810E+02,2.4990E+02,2.706&E+02,2.9327E+02,3.1829E+CHD 6081 
302,3.4480E+02,3.8775E+02,4.8217E+02,5.1348E+02,5.4511E+02,5.9367E+CHD 6082 
~02,6.3023E+02,6.S&75E+02,l.5589E+02,1.3285E+03,1.3876E+03,1.4458E+CHD 6083 
S03,1~S124E+03,1.57qOE+03,1.&489E+03,1.7346E+03,1.810&E+03,1.8873E+CHD 6084 
603,2.2154E+03,2.233&E+03,Z.3168E+03,2.40Z6E+03,2.4920E+03,2.6576E+CHD 6~8S 
703,2.7554E+03,2.~47ZE+03,3.0478E+03,7.0006E+03,7.183&E+03,7.3745E+CHD 608& 
803,7.5835E+03,8.1330E+03,8.387qE+03~8.8061E+03,9.0&62E+03,3.7279E+CHD 6087 
904,3.8416E+041 CHD 6088 

C Z =·S3 . CHD 6069 
OAT A (E1P <II ,1=1431 ,14841/126.90900,1. 0454E+0 i, 1.9090E+ 01,3. 2000E+CHD &090 

101,4.ZOOOE+Ol,6.&OOOE+Ol,8.1000E+Ol,9.9000E+Ol,1.7000E+02,2.DOOOE+CHD &011 
20Z,2.Z900E+02,2.3S00E+02,2.4690E+02,2.7090E+02,2.9628E+02,3.2208E+CHD 6092 
302,3.49&4E+02,3.7855E+02,4.1483E+02,S.2214E+D2,S.5549E+02,5.8996E+CHD &093 
402,6.4139E+02,6.7927E+02,7.0403E+02,8.0910E+02,1.4232E+~3,1~4833E+CHD 6034 
S03,1.S424E+03,1.6107E+03,1.6790E+D3,1.7499E+03,1.8383E+03,1.9163E+CHD 609S 
603,1.9951E+03,2.3367E+03,2.35D8E+03,2.4364E+03,Z.5243E+03,2.6155E+CHO 609& 
703,2.7~68E+03,2.8872E+03,3.0841E+03,3.1874E+03,7.3129E+03~1.4994E+CHD 6097· 
803,7.6938E~D3,7.9053E+03,8.4736E+D3,8.7315E+0~,9.163&E+03,9.4307E+CHD 6098 
903,3.8756E+04,3.9909E+041 CHD 6033 

C Z = S 4 C HD 5 10 0 
DATA· IEIP (II ,1=1485,15391/131.30000,1.2129E+Ol,2 .1210E+01, 3.2120E+CHD 61H 

101,3.8300E+Ol,5.1500E+01,6.4200E+Ol,9.1400E+Ol,t.0650E+02,1.7520E+CHD 6102 
202,1.9620E+02,2.1860E+02,2.4230E+02,2.&74DE+02,2~936oE+02,3~236bE+CHD 6103 
302,3.S260E+02,3.827DE+02,4.1400E+D2,4.43&OE+02,S.&38DE+D2,S.9920E+CHD &10~ 
~D2,6.3S90E+02,~.908oE+02,7.30DOE+02,7.S3DOE+02,8.5~ODE+02,1.5210E+CHD &105 
S03,1.5820E+0!~1.E42DE+03,1.712oE+03,1.782DE~03,1.854oE+03,1.9450E+CHO· &106 
603,2.02S0E+03,2.106DE+03,Z.4610E+03,2.471~E+ri3,2.5590E+03,2.&4~OE+CHD 6107 
703,2.7420E+03,2.919DE+03,3~0220E+03,3.224oE+03,3.3300E+03,7.6320E+CHD 5108 
803,7.8220E+03,8.o200E+D3,8.234oE+03,8.821DE+03,9.082oE+D3,9.5i80E+CHD &109 
903,9.8020E+D3,4.0260E~04,4.1430E+041 CHD 6110 

C Z = sse HD 6111 
DATA (EIPUI ,I=154D,lS951/132.91oo0,3.893DE+OO,Z.SlDOE+Ol,3.5000E+CHD 0112 
101,4.6oo0E+~1,~.2000E+Ol,7.4DOOE+Ol,1.0100E+02~1.2000E+02,1~4400E+CHD 6113 
202,2.0500E+02,2.2490E+02,~.4863E+02i2.7364E+d2,3.DD09E+02,3.2753E+CHD &114 
302,3.S963E+02,3.8998E+02,4.2147E+02,4.5411E+02,4~9318E~02,6.1037E+CHD 611S 
402,6.4710E+o~,6.8506E+02,7.4517E+02,7.8575E+D2,8.15a6E+02,9.2476E+CHD 6116 
5~2,1.6178E+03,1.6808E+03,1.7431E+D3,1.8150E+03,1.8870E+03,1.9613E+CHD 6117 
603,2.0574E+03,2.1396E+oi,2.2230E+03,2.5&28E+03,2.5982E+0~,2.~884E+CHD· &lf8 
703,2 .• 780 7E + 0:3 , 2.87& DE +03, 3. o692E + 03, 3.174 7E+ 0 3,3.3826 E+O 3,3 .4910 E +C HO & 119 
803,7. 9631E +03,8.1571 E + 03 ,8.3599 E +03,8.579 DE + 0 3 ,9.225 8E+ 03,9. 4932E+ C HO 612 a 
903,Q.9508E+03,1.0231E+04,4.1958E+04,4.3151E+D41 CHD 6121 

C Z = 56 CHD 6122 

252 

o AT A IE I P (II , 1= 15 96 , 165 2 I 1137 • 35 0 0 0 , 5 .. Z 1 DOE + 0 0 , 1 • 0 D Ii 1 E + 0 1 , 3. 6 a aD E+ C HD 612 3 
101,4.9000E+Ol,6.2000E+Ol,8.0DOoE+Ol,9.3000E+01,1.2DOOE+~2,1.4300E+CHD 5124 
20 2 , 1 • 5 7 DOE + il 2, 2. 3 i 2 0 E + 0 2, 2. 5 S 2 9E + 0 2, 2. 8 0 35 E + a 2 ,3 • 0 &6 8E + 0 2, 3 • 3 '+ 4 7 E + C HOI) 1 2 5 
302,3.6335E+02,3.~735E+02,'+.2905E+02,4.6194E+02,4.9591E+02,5.4445E+CHO 6126 
402,6.58&3E+02,6.9669E+02,7.3592E+02,8.D12JE+02,8.4321E+02,8.8041E~CHD.6127 
502,9.8721E+02,1.7117E+03,1.1827E+03,1.8472E+03,1.9210E+03,1.9951E+CHO 6128 



60~,2.0717E+03,2.172~Ef03,2.2572E+03,2.3~30E+03,2.6675E+03i2.7285E+C~D 6129 
703,2.8~09E+03,2~915~E+03,3.0130t+0~,3.2225E+03,3.J305E.03,Jr54~2E+CHD 6130 
803,3.6550E+03,8.3009E+03,8.4990E+03,8.7065E+03~d.9308E+03,9.6374E+CHD 6131 
903,9.9111E+03,1.0380E~04,1.06b7E+04,4.3682E+0~,~.4698E+041 CHD 6132 

C Z = 57· . CHO 6133 
DATA IEIPIII ,I=1653,1710)/138.92000,5.610~E+00,1.1430E+01,1.9170f+CHO 6134 

101,5.2000E+Ol,6.6000E+01,8.00JOE+Ol,1.000QE+02,1.1400E+02,1.4400E+CHD 6135 
202,1.6500E+02,2.0400E+02,2.5910E+02,2.8739E+02,3.1378E+02,3.4142E+CHD 6136 
302,3.7056E+02,4.0078E+02,4.3678E+02,4.6983E+02,5.0411E+02,5.39~2E+CHO 6137 
402,5.9743E+02,7.0860E+02,7.4799E+02,7.8848E+02,6.5900E+02,9.0237E+CHD 6138 
502,9.4667E+02,1.0514E+03,1.8206E+03,1.8876E+03,1.9544E+03,2.0301E+CHD 6139 
603,2.1062E+03,2.1851E+OJ,2.2913E+03,2.3779E~03,2.4661E+03,2.7753E+CHD 5140 
703,2.6616Ei03,2.9564E+03,3.0532E+03,3.1531E+03,3~3766E+03t3.4893E+CHO 61~1 
803,3.7069E+03,3.8221E+03,6.6456E+03,e.8478E+03,9.0600E+03,9~2895E+CHO 61~2 
9D3,1.005~E+04,1.0~36E+04,1.0817E+04,1.1110E+0~,~.5~34E+04,4.6674E+CHO 6143 
i041 . CHD 6144 

C z. = 58 CHD 6145 
DATA IEIPII)4I~1711,1769)/140.13000,6.9000E+OO,1.2300E+01,2.OOOOE+CHD 614~ 

101,3.5000E+Ol,7.0000E+01,8.5000E+01,1.0~00E+02,1.2200E+02,1.3700E+CHD' 614~ 

202,1.6500E+02,1.8900E+02,2.2523E+02,2.6870E+02,3.211eE+02,3.4690E+CHD 614~ 
302,3.7786E+02,4.0834E+02,4.3990E+02,4.7790E+02,S.1230E+02,5.47geE+cH~ 6149 
4d2,5.8462E+D2,6.521DE+02,7.602~E~62,~.oci98E+D2,8.4274E+02,9.1846E+CHD 6150 
502;9.6322E+02,1.0146E+~3,1.11r2E+03,1.~2&5E+03,1.9955E+03,2~0645E+CHD 6151 
603,2.1421E+03,2.2203E+03,2.3015E+03,2.4127E+03,2.5015E+03,2.5921E+~HD 6152 
703,2. 8662E+0 3,2. 9g81E+0 3,3. 0'949E+03, 3.1939E+OJ, 3. 2961E+0 3, 3. 5381E+CHD 6153 
803,3.6511E+03,3.6765E+03,J~9921E+OJ,8.9971E+03,9.2033E+03,9.4203E+CHD, 6154 
903,9.6549E+03,1.0481E+04,1.0767E+04,1.1260[+04,1.1560E+04,4~7213E+CHD 6155 
~04,4.6476E+041 CHD 6156 

C Z=59 CH061:;7 
OAT A I E I P I I) , 1= 1 7.70,,1 629) 1140. 91 30 0 ,5. 80 ODE + 0 0 , 1 .6 786 E + 0 1, 2 • 36 46 E + C H D '6158 
101,J.313QE+Ol~4.9317E+01,e~9000E+Ol,1.0600E+02,1.2200E+02,1.4600E+CHD 6159 
2 '0 2, 1 • 6 20 0 E + 0 2 , 1. 970 0 E + 0 2 , 2 • 113 2 E + 0 2 , 2 • 4 8 16 E + 02 , 3 • 2 0 DOE + 0 2 • 3. 5 €I 67 E +C HO 61 €I 0 
3D2,3.e572E+02,4.1~OOE+D2,4.4782E+D2,4.8D72E+02,5.2072E+02,5.5647E+CHO &161 
402,5.~355E+02,6.3152E+02,7.D847E+D2,8~1362E+02,8.5567E+02.6.9870E+CHD &162 
502, 9. 796 2E + 0 2 , 1. 0256 E i: 0 3 ,1. 01343 E + 03, 1. 18 4aE + 0 3 ,'2 • 035 5E+ 0 3, '2. 1 065 E + C HO 6163 
603,2.1777E+03,2.2572E+03,2.3375E+03,2.4210E+03,2.5372E+03.2.~282E+CHD 6164 
703.2.7212E+03,3.tiOOOE+03,3.1375E+03,~.23e.5E+03,3.3377E+03,3.4422E~C~O 61~5 
~03,3.7005E+03,3.6160E+03,4.0472E+03,4.1652E+03,9.J55JE+03,g.5656E+CHO 6166 
903 ,9. 76 73.E +0 3,1 .0027 E + 04 • 1. 09 13 E + 0 4, 1. 12 06E + 04, 1. 1710 E + 04, 1. 201 7E + CHu 6167, 
i04,4.9020~+04,5.0305E+041 . CHD 6166 

C Z = 60' CHO &159 
D AT AlE I P I I) ,1= 1 B 30,169 ri 11144.25000,6. J 0 0 0 E+ 00, 1.60 51E+0 1,2.83 71E+ C H06HO 

101,3.7090E+Ol,4.7959E+Ol,6.S334E+Ol,1.1000E+02,1.2800E+02,1.4700E+CHO 61H 
202,1.7100E+02,1.6357E+02,2.190~E+02,2.3533E+02,2.721BE+02,3.5644E+CHO 6172 
302,3.9387E+02,4.2425E+02,4.5584E+02,4.8901E+02,5.2325E+02,5.6525E+CHD6173 
402,6.0235E+02,6.4082E+02,6.6013E+02,7.665SE+02,8.6869E+02,9.1207E~CrlO 6174 
502,9.5636E+02.1.0425E+03,1.0900E+03,1.1556E+03,1.2540E+03,2.1474E+CHO 6175 
603,2.2204E+0~,2.2939E+03,2.3753E+03,2.4576E+03,2.5434E+03,2.6647E+CHO 6116 
703,2.7579E+03,2.8533E+03,3.1424E+03,J.2798E+03,3.3810E~03,3.4e45E+C~u 6177 
803,3,. 5913E+ 03,3; 665 6E + 0 3, J. 983 6E + 0 3,4.220 9E + Ci J ,~. 3 413 E+ 0 3,9 .720 4E +C HD : (, 178 
9C3,9.9347E+03,1.D16iE+04,1.0406E+04,1.1352E+04,1.16S1E+04.1.2167E+CHD 6179 
i04,1.2460E+04,5.0B53E+04,5.2162E+04/' CHD 6180 

C Z = 61 . ·CrlO' 6181 
oA H lEI P I I) ,1= lB 91, 1952) 1147. 00000,6.0 il 0 OE+ Ii 0,1.601 6E" 0 1 , 2. 80 J 1 E+ C HD b 18 2 
101,4.1656E+Ol,5.2043E+Ol,6.4487E+01,B.3050E+Ol,1.3500E+02,1.5400E+CH~ 6183 



ZOZ,1.7300E+02,1.9ZZ~E+02,2.068~E+OZ,Z.~Z77£+02,Z.&105E+OZ,2.9911E+CHD &184 
3DZ,3.9457E+OZ,~.3Z7&E+02,4.6447E+OZ,4.9737E+02,5.3189E+DZ,5.6747E+CHD 6185 
402,6.114 7E+0 Z, 6.4 99.2E+0 2, &. 897 8E+0~, 7. ~04_3E_+02,8. Z6 32E+OZ, 9. Z545E+C HD 6186 
50Z,9.7016E+OZ,1.0157E+03,1.1070E+03,1.15&OE+03,1.2Z87E+03,1.3Z50E+CHO 6187 
603,Z.Z6Z4E+03,Z.3374E+03,2.4131E+03,Z.4964E+03,Z.5808E+03,2.6689E+CHD &188 
703,2.7952E+03,2.690&E+03.Z.9884E+03,3.Z879E+03,3.4Z52E+03,3.5286E+CHD 6189 
803,3.&343E+03,3.743~E+a3,4.034ZE+03,4.1547E+a3,4.3976E+03,~.5Z04E+CHO &190 
903,1.0092E+04,1.0311E+04,1.054ZE+04,1.0792E+04,1.1798E+04,1.Z103E+CHO 6191 
$0~,1.2630E+04,1.2950E+04,5.2714E+04,5.4046E+041 CHO 6192 

C Z = &Z CHO 6193 
DATA (E1PIII ,1=1953,20151/150.36000,5.6000E+00,1.1300E+01,3.1432E+CHO 6194 
101,4.1651E+Ol,5.6640E+01,6.8690E+Ol~8.Z71SE+Ol,1.0247E+02,1.6100E+CHO 619S 
20Z,1.8100E+02,1.9434E+02,2.1518E+02,Z.3181E+02,2.&821E+02,Z.8847E+CHO 6196 
302,3.Z714E+02,4.3441E+OZ,4.7335E+02,5.0639E~02,5~4061E~02,5.7647E+CHO &197 
402,6.1339E+02,6.5939E+02,&.9919E+OZ,7.4045E+02,7.8Z43E+02,8.8779E+CHO 6198 
502,9.8391E+02,1.0Z99E+03,1.07&8E+03,1.1733E+03,1.2236E+03,1.3D34E+CHO 6199 
603,1.3976E+03,2.3804E+03,2.4574E+03,2.5354E+03,2.&206E+03,Z.7070E+CHO 6200 
70.3,2.7974E+03,2.9288E+03,3.02&4E+03,3.126&E+03,3.4364E+03,3.5736E+CHO &201 
803,3.6792£+03,3.7872E+03,3.8986E+03,4.205&E+03,4.3286E+03,4.5774E+CHO 62J2 
903,4.7026E+03,1.0471E+04,1.0693E+04,1.D929E+04,1.1185E+04,1.Z250£+CHO 6203 
$04,1.2562E+0~,1.3101E+04,1.3~27E+0~,5.4602E+04,S.S956E+041 CHO 6204 

C Z = 63 - -- - CHO 6205 
DATA (EIPIII,I=Z016,20791/151.96000,5.&700E+00,1.1200E+01,2.9377E+CHO 6206 
101,4.6547E+01,5.7000E+Ol,7.3323E+Ol,~7J3&E+Ol,1.0264E+02,1.2358E+CHO 62a7 
202,1.8700£+OZ,Z.0165E+02,2.1738E+02,Z.398Z£+02,Z.5848E+02,2.9535£+CHO 6208 
30Z,3.1758£+02,3.5686E+OZ,4.7595E+02,5.15&4E+02,S.5001E+02,5.8555E+CHO 6209 
402,6.2275E+02,6.&101E+OZ,7.0901E+02,7.501&E+02,7.9282E+02,8.3613E+CHO 6210 
502,9.5~96E+02;1.0441E+03,1.0914E+ol,1.1395E+03,1.2413E+03,1.2930E+CHO 6211 
603,1.3799E+03,1.4720E+03,2.5014E+03,2.5804E+03,2.6607E+03,2.7478E+CHO 6212 
703,2.8362E+03,Z.9Z89E+03,3.0654E+03,3.165ZE+03,3.2678E+03,3.5879E+CHO 6213 
80j,3.7250E+03,3.83Z8E+03,3.9431E+03,4.0568E+03,4.3800E+OJ,4.5055E+CHO 6214 
903,4.7602E+03,4.8878E+03,1.0856E+04,1.1083E+04,1.1324E+04,1.1584E+CHO 6215 
$04,1.2709E+04,1.3027E+04,1.3578E+04,1.3911E+04,5.6517E+0 .. ,5.7895E+CHO 6216 
1041 - - CHO &Z17 

C Z = 64 CH 0 6 21 8 
DATA (EIP(I),I=2080.21 .... ,/157.25000,6.16DOE+OD,1.2000E+01,2.9835E+CHD 6219 
101,4.8541E+Ol,6.3361E+Ol,7.4049E+Ol,9.17D&E+D1;1.~7D8E+a2,1.2~27E+CHD 6220 
2ti2~1."639E+02,2.0732E+02,2.24~lE+D2;2."212E+02,2.66i6E+DZ,2~8685E+CHO 6221 
3DZ,3.Z~18E+02,3.4839E+OZ,3.8829E+02,5.1918E+D2,5.S963E+02,5.9533E+CHO 622Z 
"OZ,6.3Z18E+D2~6.j073E+02,7.1033E+D2,7.&033E+a2,8.0Z83E+02,8.4&88E+C~O &Z23 
502,8.9153E+OZ,1.0158E+03,1.1059E+03,1.15~6E+03,1.2040E+03,1;3109E+CHO 6Z2~ 
603,1.3640E+03,1.4580E+03,1.5 .. 8DE+D3,2.625 .. E+03,Z.706 .. E+03,2.7889E+CHO 6225 
7D-3t2.8779E+03,Z.968~E+03,3.D634E+03,3.Z049E+03,3.3a69E.03,3~4119E+CHO 6226 
8D3,3.74Z .. E+03,3.8794E+03,3.989"E+03,".lD19E+03,4.2179E+03,4.5574E+C~O 6227 
9D3,4.6854E+03,4.9459E+03,5.0759E+03,1.1Z~9E+04,1.1479E+04,1.1725E+CHO &Z28 
i04,1.1990E+04,1.3175E+0 .. ,1.3500E+O .. ,1.4062E+04,1.~4alE+0 .. ,S.8 .. S9E+CHD 6229 
$04,5.9860E+04/· - CHO 6230 

C Z = 65 CHO 6231 

254 

DATA IE1PI1I,1=21 .. 5,2Z10i/158.93000,6.7000E+00,2.065DE+Ol,2.81Q6E+CHO 6232 
101,4.9557E+D1,6.8792E+01,8.1875E+01,9.Z797E+D1,1.1179E+OZ,1.Z883E+CHO 6233 
Z02,1.4759E+02,1.7091E+D2,Z.293"E+OZ,2~4806E+02,2~6857E+02,2.9419E+CHD 6234 
302,3.16~ZE+OZ~3.547ZE+OZt3.8091E+02.4.Z141E+02,5.6412~+02,6.0532E+CHO &235 
402,6.4235E+02,6.8052E+02,7.2041E+OZ,7.6135E+OZ,8.1335E+02,8.572DE+CHO 6236 
5D2,9.~Z65E+02,9.4863E+02,1.D82"E+03,1.169SE+03,1.2195E+03,1.Z701E+CHO 6237 
603,1.38Z3E+03,1 ... 368E+03,1.5379E+03,1.6Z58E+03,2.7525E+03;2.8355E+CHD 623~ 



10J,2.920JE+OJ,J.0112E+03,3.1031E+03,3.2010E+03,3.3~7&E+03,3.4518E+CHD &219 
803, J. 5592 E. 03,3.13 0 0 a E + 0 3 , 4. 03& 9'E + 0 3 , 4. 1 ~ 13 1E + D 3 , ~. 2-6 39E + D 3 ,4 .3822 E +C HD & 2~ a­
gO 3 ,It. 737<3E+0 3,1t .868ItE+03,5 • 131t8 E+O 3,5. 2&72E+03, 1.161t8E+ Olt, 1.1882E+ CHD &21t1 
!01t,1.2132E+04,1.2~03E+OItJl.3648E+0~,1.3q7qE+0~,1.1t55~E+01t,1.~898f+CHD &2~2 
iO~,6.0~28E+O~,~.1853E+O~1 CHD 62~3 

C Z=66 ' CHD621t~ 
DATA (EIP(I~,I=2211,2277~/162.500rio,6.6000£+00,2.0272E'01,3.6227E+CHD ~2~5 
101,~.52<39E+oi,7.0367E+Ol,9.0132E+Ol,1.0209E+02,1.132~E+02,1.3357E+CHD 62~~ 
202,1.5227E+02,1.7262E+02,1.9712£+02,2.5306E+02;2.7381E+02,2.9670E+CHD 52~7 
30t,3.2393E+02,3.~8&8E+02,3.8695E+02,1t.1512E+02,1t.5623E+02,6.1075E+CHD 6248 
~ 02,6.5 271E + 02,6.9107 E + 0 2, 7. 30 5'5E + 02, 7. 717 9E + 02, 6. 1 ~ 07 E +02 ,8 .68 a 7E +C HD 621t9 
502,9.1327E.02,9.6011E+02,1.0074E+D3il.1507E+03,1.23~7E+03,1.2861E+CHD 6250 
603,1.3380E+03,1.4553E+03,1.5112E+03,1.619~E.03,1.7052E+03,2.8826E+CHD 6251 
703,2.9676E.03,3.~51t6r+0~,3.147~E+03,3.21t20E+03,3.31t16E+Q3,3.~932E+CHD 52~2 
803,3.5996E+03,3.709~E+03,~.0611E+03,4.197~E.03,~.3118E.03,~~4288E+CHD' 6253 
903,~.5494E+03,~.921~E+03,5.D5~4E+03,5.32&6E+03,5.~61~E.03,1~205~E.CHD 625~ 
$0 ~ , 1 • 229 2 E + 0 ~ , 1 • 2 5 ~ 7 E + 0 ~ , 1 • 2 8 2 3 E + a ~, 1. ~ 128 E + 0 4, 1. 44 65 E + 0 4 , 1 • 50 5'0 E. C rl D I) 2 5 5 
~DIt,1.51t03E+04,6.2425E+04,6.3872E+01t1 CHD &25& 

C Z= 67 CHD 6257 
DATA, (EIP(I) ,I=2278,2345)/16~.93700,6.DOOOE+01i,2.0781E+Ol,3.1t931E.CHD 625_8 

101,5.2892E+Ol,6.3580E+Ol,9.2265E+01,1.1256E+02,1.21t00E+02,1.3539E+CH6 6259 
2~2,1.5705E+02,1.774jE+02,1.993ItE+02,2.2503E.02,2.7aIt8E+02,3.0126E+CHD 6260 
302,3.2654E+02ij.5537E~02,3.8215E+02,1t.2088E+02,~~5103E+02,4.9276E+CHD 5261 
~02,6.5908E+02,7~0180E+02,J.1t1~9E+02,7i8228E+02,8.2487E+02,8.68~9E+CrlD 6262 
502,9.241t9E+02,9.7104E+02,1.0193E+03,1.0&79E+03,1.2206E+03,1.3017E+CHD 6263 
603,1.354~E+03,1.~075E+03,1.5301E+D3,1.587~E+03;1.7D27E+03,1.7864E+CHD &26~ 
703,3.0157E+03,3.1027E+03,3.-1919E+03,3.2866E+03,3.3833E+03,3.4852E+CHb 6265 
603,3.6418E+03,3.7SD~E~03,3.86Z6E+03,4.Z253E+03,~.3609E+03,~~4775E+CHD 626& 
903.1t.5967E+03,4.7196E+03,5.1079E+D3,5.243~E+03,5.S214E+03,5.6586E+CHD &Z67 
~03,1.2466E+04,1.27DqE+04,1.2969E+D~,1.3250E+0~,1.461~E+0~,1.4957E+CHD 5268-
$G4,1.5554E+04,1.5913E+0~,6.44~9E+01t,6.5919E+0~1 CHD 6269 

C Z = 68 CHD b270 
D AT A (E I P ( I) , I = 2 3 ~ & ,2414 ) 1167 • 27 0 0 0 , 6. a a 00 E + 0 0 , 2 • 0623 E + 0 1 , 3 • 5849 E + C HD 6271 
101,5.0678E.Ol~7.0645E+Ol,8.2949E+01,1.1525E+02,1.36D7E+02,1.4565E+CHD 6272 
202,1.5924E+02,1.8223E+02,~.D426E+D2,2.Z777E+02,2.51t61tE+02,3~050CE+CHD 5273 
302,3.30ItlE+02,3.5808E+02,3.8850E+D2,1t.1732E+02,1t.5652E+02,1t.88bItE+CHD &274 
402,5.3098E.ci2~7.0912E+C2,7.5259E+D2,7.9361E+02,8.3572E+02,8.79&5E+CHD 6275 
502,9.2~61E~02,9.~261E~02,1.03b5E+b3,1.0801E+03,1.1301E+03,1.2923E+CHD 6276 
603,1.3704E.OJ,1.424~E+03,1.~7~8E+D3,1.6066E+03,1.6652E.03,1.7~76E+CHD 6277 
7 a 3 ,1. 8692 E +0 3 ; 3 .1518 E + 03 , 3. 24 08 E + 03, 3. 3323 E. 03, 3. It 28 9E + 0 3, 3. 527 €IE + CH D 02" 8 
803,3;~318E+03,3.7935E+D3,3.90~3E+03,~.018~E.03,4.3925E~03,~.527~E.CHD 6279 
90~,~.6462E+03,~.7677E+03,4.8929E+03,5.Z97~E+03,5.~35~E+03,5.7193E+CHD 6280 
$03,5.8589E+03,1.2886E+04,1.3132E+04,1.3397E+O~,1.3683E+0~,1.5107E+CHD 6281 
~64,1.5457E+04,1.60~SE+OIt,1.61t31E+0~,6.&500E.01t,6.7993E+O~I .. CHb 5282 

C Z,·= 69 CHD 6283 
DATA (E I P ( I) , I = 24 15 , 2 ~ 8 ~) 116 8. 9 ~ 1 a 0 , €I. a 0 0 il E + 0 D , 2. 1 331 E + 0 1 , 3 • 6 333 E.+ C H 0 6284 
101,5.2D06E+Ol,6.75i3E+Ol,8.91t85E+Ol,1.03~1E+G2,1.3932E+02,1.6058E+C~D 6285 
202,1.1100E~D2,1.81t78E+02,2.0911E+02,2.3280E+02~2.5789E+02,2.8595E+C~b 6286 
302, 3 • 31t4 2 E + 0 2 , 3~ 6 126 E + 0 2 , 3.9 13 2E + 02, It. 2 3.3~E:" 0 2 , It. 51t 1 8E + 02, ~ ~ 93_ 85E + C .HD 6287 
~02,5.27g5E+02,5.7DgOE+02,7.6085E.02,8.0507E+02,8.4742E+02,a.9085E+tHD &28a 
502i9.3612E+02,9;8242E+02,1.0~2ItE+03,1.0917E+03,1.1~27E+~3,1.1140E+CHD ~289. 
60j~I.3657E+03,1.~~07E+03,1.~961E+03,1.5517E+03,1.6847E+03,1.7~~8~+CHD 6290 
7G3,1.8743E.03,1;9538E+03,3.2910~+03,3.382dE+03,J.4757E+03,3.5742E.C~D 6291 
803,3.6750E.03,3.7815E+03,3.9~82E+03,4.0612E+03,4.1782E+03,~.5627E+CrlD 5292 
903,1t.6970E+03,1t.8180E+03,~~9417E+~3,5.0692E+03,5.1t<300E+03,5.6~05E+bHD 6293 
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~03,5.9202E+03,6.0622E+03,l.3312E+04,1.3563E+04,1.1832E+04,1.4123E+CHO 6294 
$04,1.5607E+04,1.5963E+04,1.6583E+04,l.6956E+04,&.8578E+04,7.0095E+CHO &295 
$041 CHO 629& 

C Z = 70 CHO &297. 
DATA (ElP(l) ,l:2485,2555)/173.04000,6.2000E+00,1.2100E+01,3.7750E+CHO &298 
1~1,5. 3132E+01.&.9249£+01,8.5435E+Ol,l.0941E+02,1.2495E+02,1.6448E+CHO 6299 
202,1.8637E+02,1.9563E+02,2.12a3E+02,2.3769E+02,2.&304E+02,2.8971E+CHO 6300 
302,3.1897E+02,3.6494E+02,3.9381E+02,4.2626E+02,4.5987E+02,4.9275E+CHD 6301 
402,5.3288E+02,5.6697E+02,6.1252E+02,8.1428E+02,8.5926E+02,9.0294E+CHO 6302. 
502,9.4768E+02,9.9430£+02,1.0419E+03,1.1039E+03,l.1545E+03,1.2070E+CHD &303 
603,1.2596E+03,l.4407E+03,1.5128E+03,l.5695E+03,1.6264E+03,1.7646E+CHO 6304 
7 03 , 1 • 8 26 0 E + 0 3 , 1 • 9 (: 2 6 E + 0 3, 2. 0 40 0 E + 0 3, 3. 4 3 31 E + 0 3 , 3 • 5 2 61 E + 0 3 , 3 • 62 2 1E + C H [) 0 3 05 
803,3.7225E+03,3.8253E+03,3.9341E+03,4.1059E+03,4.2211E+03,4.3405E+CHD 6306 
903,4.7359E+03,4.8695E+03,4.9927E+03,5.1187E+03,S.2485E+03,5.6855E+CHO &307 
$03,5.8285E+03,6.1241E+03,6.2685E+03,1.3745E+04,l.4000E+04,1.4274E+CHD 63u8 
$04,1.4570E+04,1.6114E+04,l.6476E+04,l.7108E+04,1.7487E+04,7.0684E+CHD 6309 
$04,7.2223E+041 CHO 6310 

C Z = 71 CHO 6311 
DATA (ElP(l),I=25S6,2627)/174.98000,6.1000E+OO,1.5000E+oi,1.900GE+CHD 6312 

101,5.5256E+01,7.1017E+Ol,8.7581E+Ol,1.0444E+02,1.3043E+02,1.4758E+CHD &313 
202,1.9073E+02,2.1314E+02,2.2197E+02,2.4097E+02,2.67~7E+02,2.9498E+CHD 6314 
302,3.2324E+02,3.5367E+02,3.9715E+02,4.2806E+02,4.6289E+02,4.9810E+CHD 6315 
402,5.3301E+02,5.7361E+02,6.1167E+02,6.5584£+02,8.6941E+02,9.1515E+CHO &316 
502,9.6016E~02,l.0062E+03,1.0542E+03,l.1032E+03,1.1672E+03,1.2191E+CHO 63ij 
603,1.2729E+03,1.3269£+03,1.5175E+03,1.586SE+03,1.6445E+03,1.7028E+CHO 6318 
703,1.8461E+03,l.9090E+03,2.0527E+03,2.1280E+03,3.5783E+03,3.6733E+CHO 6319 
803,3.7716E+03,3.8739E+03,3.9787E+03,4.0898E+03,4.2667E+03,4.3841E+CHO 6320 
903,4.5059E+03,4.9121E+03,5.0451E+03,5.1705E+03,S.2988E+03,5.4309E+CHO 6321 
$03,5.8841E+03,6.0296E+03,6.3311E+03,6.4779E+03,1.4185E+04,l.4444E+CHO 6322 
$04,l.4722E+04,l.5~24E+04,l.6627E+04, 1.6996E+04,l.7640t+04,l.8025E+CHD 0323 
$04,7.2816E+04,7.4379E+041 CHO 6324 

C Z = 72 CHO 6325 
DATA (ElP(I),I=2628,27001/178.50000,7.0000E+00,1.4900E+Ol,2.1000E+CHO 6326 
101,3.1000E+01,7.3850E+01,8.9991E+Ol,1.0700E+02,1.245~E+02,l.S253E+CHO 6327 
202,l.7130E+02,2.1807E+02,2.4101E+02,2.5000E+02,2.7161E+~2,2.9995E+CHD 6128 
302,3.2862E+02,3.5846E+02,3.9008E+02,4.3107E+02,4.6401E+02,5.0123E+CHD 6329 
4D2,5.3804E+02,S.7~97E+02,6.160~E+02,6.56a8E+02,7.0086E+02,9.262~E+CHO 6330 
S02~9.7273E+02,l.0191E+03,l.06&~E+03,l.1158E+03,l.1661E+03,l.2321E+CHD &331 
603,1.2854E+03,l.3406E+03,l.39S9E+03,1.5960E+03,1~6620E+03,l.7213E+CHO &332 
703,l.7808E+03,l.9294E+03,1.9936E+03,2.1444E~a3,2.2176E+03,3.7265E+CHO &333 
803,3.8235E+03,3.9240E+03,4.0282E+03,4.1351E+03,4.2485E+03,4.4304E+CHD 6334 
903,~.5500E+0~,4.E742E+03,S.0914E+03,5.2237E+03,S.3513E+03,5.~818E+CHO &335 
$03,5.6162E+03,6.0857E+03,6.2337E+03,6.5410E+Y3,6.&902E+03,i.4631E+CHD &336 
$04,1.4894E+04,l.5178E+04,1.5484E+04,l.7148E+04,l.7523E+04,l.8178E+CHO 6337· 
$04,l.8570E+04,7.4976E+04,7.6562E+041 CHO &338 

C Z = 73 CHO 0339 

256 

o AT A (E I P ( I) , 1= 27 01 ,277 4 I 1180.95500,7.8800 E + 0 0 , 1.62 D Q E + 0 1, 2 ~ 2 DOD E + C HO & 34 0 
101,3.3000E+01,4.5000E+01,9.3531E+Ol,l.100SE+02,1.27S1E+02,1.4573E+CHD &341, 
202,1.7572E+02,l.9611E+02,2.4649E+02,2.6996E+02,2.7865E+02,3.033&E+CHD 6342 
302,3.3362E+02,3.6396E+02,3.9538E+02,4.2819E;02,4.66&8E+02,5.0165E+CH06343 
402,5.4127E+02,5.7967E+02,6.1864E+02,6.6017E+02,7.0219E+02,7.4758E+CHD 6344 
502,9.8~77E+D2,l.0320E+03,l.0797E+03,l.i284E+03,1.1790E+03,1.2307E+CHO 6345 
603,l.2987E+03,l.3S33E+03,1.4099E+03,1.4666E+D3,1.6761E+03,l.7391E+CHO 6346 
703,1.7998E+03"l.8606£+03,2.0143E+03,2.0800E+03,2.2379E+0~2.3090E+CHD 6347 
80.3,3. 8777E+0,3, 3.976 jEt 0 3,4.0 795E+0 3 ,~ .185& E+O 3,4. 2945E+0 3,4 .~io ?E~CHO 6348 



903,4.5972E+03,4.7190~+03,4.6'56E+03,5~2737E+03,5.4053E+03,5.5351E+CHD 6349 
~03,5.6679E~03,S.8046E+03;6.29D3E+03,6.4408E+03,6.7540E+03,6.9056E+CHD 6350 
$93,1.5085E+04,1.5352E+04,1.5640E+04,1.59S2E+04,1.7675E+04,1.8057E+CHD 6351 
~O 4, 1. 8723 E + 0 4 , 1.. 912 2E +04 ,7.7163 E + 04 ~ 7 .877 2 E + 041 C HD 6352 

C Z = 74 C HO 5 3 5 3 
DATA IEIPII),I=2775,2B49J/1B3.BoOOO,7.9BOaE+OD,l.77DOE+01,2.4OOOE+CHO 6354 

101,3.5000E+01,4.6000E+Ol,6.1000E+01,1.1430E+OZ,1.31Z0E+OZ,l.491QE+CHD 5355 
202,l.66DOE+02,Z.DCOOE+OZ,Z.Z20DE+02,Z.7500E+D2,3.0000E+OZ;3.0900E+CHD 0356 
302,3.3600E+02,3.690DE+DZ,4.D100E+OZ,4.3400E+02,~.6600E+02,5.0400E+CHO 5357 
402,5.~100E+02,5.8300E+OZ,6.Z300E+OZ,6.640DE+02,7.DoOOE+DZ,7.500QE+CHO 5358 
502,7.9600E+02,l.04S0E+03,l.0930E+03,l.14Z0E+03,1.1920E+03,l.2440E+CHO 53S9 
603,l.Z9~OE+03,l.3f70Et03,l.4230E+03,1.4810E+03,1~5390E+03,l.7580E+CHD 6360 
70 3', 1. 8180 E + 0 3 ,1. ~80 0 E +0 3, 1.94 Z DE + 0 3, 2.1010 E + a 3 , 2 • 16 B 0 E + 0 3, Z. 3330 E + C HD 5361 
603,2.4020E+03,4.0320E+03,4.1330E+03,4.Z36DE+03,4.~460E+03,4.4570E+CHD 63b~ 
903,4.5750 E +03,4.7670 E + 03 ,4. B 910 E + 0 3, S. 0 2 00 E+ 0 3, S. 459 OE+ 0 3,5. 590 DE + CHD 6363 
~03, 5.7 2Z0E+0 3,,5. 8570E+0 3, 5. 9960E+03, &.4980£+03 ,6.6S10E+03,6 .9700E+C HO 6354 
$03,7.1240E+03,1.554S£t04,1.5816E+04,l.6109Et04,1.64Z6E+04,l.8209E+CHD'6365 
104,1.8597E+04~1.9275E+04,l.9680Et04,7.9377Et04,6.1009E+041 CHD 6366 

C Z = 75 " CHO 6367 
DA TA I EIP C I) ,1=2850 ,29Z5) 1186."30000,7. 8700E+ 00, 1.6600E+0 1,2 .6000E+CHO 5356 

101, 3. 6000E+01,5.1000E+Ol,6.4000E+Ol,7.9000E+Ol,1.4108E+02, 1. S874E+CHD 5369 
202,l.77S3~~02,1.9719E+~Z,Z.2869E+~z,2.51~9E+OZ,3.io19E+OZ,3.3S94E+tHO 6370 
30"Z, 3.8743 E +02,4.169 3E + 02,4.48.3 0 E + 0 2,4.80 68E + 02,5.141 BE+ 02,5.486 8E+ C HD 6371 
4DZ,S.850SE+D2,6.2243E+02,6.6443E+OZ,7.0480E+OZ,7.461BE+02,7.8868E+C~D 6372 
S02,6.3305E+02,6.7930E+02~1.1339E+03,1.1822E+03,1.2314Et03,l.2618E+CHD 6373 
603,1.3342E~OJ,1.3674E+03,1.4SS8E+03,1.5122E+03,l.5704E+03,1.6288E+CHO 6374 
703,1.8494 E + 03, 1. 9 il9,8~ + 0 3,1. 9722 E + 03, 2. a 347 E + 0 3" 2 • 1 82 2E + 03, 2 • 2494 E + C H 0 6375 
603,Z.4138E+03,2.4831E+03,4.2363E+03,4.3369E+03,4.4414E+03,4.S491£+CHD ~37& 
90:5, It. 6597E+ 0 3,1t. 776 9E+ 03,4. 9S 93E +0 3,5. 0828 E + 03,5. 2113E+ 0 3,5.6116£ +C HD £137 7 
~a 3, S. 7787E+0 3;S. 9106E+03, 6. 0457E+03, 6.1848E+ 03,'£1. 6422E+03,6. 7948E+CHO 6378 
~03,7.11U4E+Oj,7.2643E+03,1.S930E+04,1.6228E+04,l.5S47E+04,1.6686E+CHO 6379 
104,1. 8807E+04, 1'. 9217E+04 ,1.9682E+04, 2.0 308E+ 04,8 .1834E+ 04,8. 3485E+ CHD 6380 
$041 " , CHD bHl 

C Z = 76 , CHD 6382 
OAT A ( E r P II) , I = 29 26 , 30 0 2 ) 119 0 • 2 (] 0 0 0 , 8. 7 0 0 0 E + 0 0, 1. 70 00 E + 0 1 , 2 • S OJ 0 E + C HO 5 3d 3 
101,4.0000E+Ol,S.4aofE+Ol,6.BOOOE+Ol,6.3000E+Ol,9.9000E~01,1.6895E+CHD 6384 
202,1.B737E+02,2.C7DSE+02,2.2747E+D2,2.5847E+02,2.8247E+02,3.4547E+CHO 6385 
302,3.7297E+02,4.6755E+02,4.97~5E+02,S.2930E+02,5.5205E+02,S.960SE~CHO 5386 
402,6.3105E+02,6.6760E+02,7.0S5SE+02,7.47SSE+02,7.~630E+02,8.:50JSEtCHO 6387 
S02,6.7305E.02,9.1760E+02,9.6430E+02,1.22~6E+03,1.2731E+03,1.3226E+C~D 6388 
603,1.3733E~03,l.4261E+03,l.4796E+03,1.5463E+03,l.6031E+03,1.66i6E+CHO 6389 
703,1.7203E+03,l.9426E+03,2.0033E+03,2.0£l61E+03,2.1291E+03,2.2651E+CHD 6390 
803,2.33Z6E~03,2.4963E+03,2.S£l56E+03,4.4436E+03,4.S439E~03,4.6479E+CHO 6391 
90~,4.7551E+03,4i8654E+03,4.9819E+03,S.1S46E+03,5.2776E~OJ,S.40S6E+CHO 6392 
$03,S.767iE+03,S.S704E+03,£I.I021E+03,e.Z374E+03,6.3766Et03,£I.7894E+GHD 6393 
~03,6.9416E+03,7.2539E+03,7.4076E+03,1.6322E+04,l.6647E+04il.6991E+CHD &394 
$04,1.7354E+04,1.9412E+04,1.9844E+04,2.0495E+04,2.0943E+04,8.4316E+CHO 639S 
104,8.5989E+041 ' CHO£l396 

C Z '=77., ' CHD 6397 
DATA IEIPCI),I=3003,3080)/192.20000,9.0000E+00,1.7000E+01,2.70aOE+CHD 6398 
101i3.9000E+01,Si700ctE+~1,1.200DE+Ol,B.8000E+01,1.0400E+02,l.21aQE~CHD 6399 
202,1.9791E+02,Z.1709E+02,2.3766E+~2,2.5884E+02,2.8934E+QZ,J.1434E+CHD 64JO 
302~3.8184E+02,4.11D9E+02i5.4938E+02,5.79d6E+02,6.1200E+02,6.4513E+CHD 6401 
402~6.7963E+02,7.1S13E+02,7.5225E+02,7.9Q38E+02,8.3238E+02,8.7350E+CHD 0402 
502,9.1563E+02,9.5913E+02,1.0043E+03rl.0510E+03,1.3169E+03;1.3£156E+CHD £1403 
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&03,1.4154E+03,1.46&5E+03,1.519&E+03,1.5734E+03,~.6385E+03,1.6956E+CHD &404 
703,1.754~E+03,1.8135E+03,2.0374E+03,2.D985E+03,2.161&Et03,2.2251E+CHD &405 
803,2.3496E+03,2.4174E+03,2.5805E+03,2.&503E+03,4.&540E+03,4.7538E+CHD &40& 
903,4.8573~~03,4.~64~E~03,~.07~lE+~3,5.1898~~~3,5.3530E~03,5.47~5£+CHD &407 
103,5.6030E+03,5.9257£+03,&.1651E+03,6.29&7E+03,6.4321£+03,6.5715£+CHO 0408 
103,&.9396£+03,7.0915£+03,7.4003E+03.7.5540E+03,1.&720E+04,1.7073£+CHO &409 
$04,1.7442£+04,1.7828£+04,2.0024£+04,2.0478E+04,2.1116E+04,2.1585E+CHO &410 
104,8.6829£+04,8.8520£+041 CHD 6411 

C Z = 78 CHO &412 
DATA IEIPII},I=3081,31591/195.10000.9.0000E+OO,I.8560E+01,2.8000£+CHO &413 

101,4.1000E+Ol,5.5000E+Oli7.5000E+Ol,9.2000E+01,1.0900E+02,1.2700E+CHD 6414 
202,1.4600E+02,2.2795E+02,2.4790E+02,2.6935E+02,2.9130E+02,3~2130E+CHD ~415 
302,3.4130E+02,4.1~30E+02,4.5030E+02,&.3290E+02,6.&390E+02,&.9&4uE+CHD 6416 
402,7.2990E+02,7.6490E+02,8.0090£+02,8.3840E+02,8.7690E+02,9.1890E+CHD &417 
502,9.6040£+02,1.0029£+03,1.04&9£+03,1.0924E+03,1.1394E+03,1.4109E+CHD &418 
60 3 , 1 .45 9 9 £ + 0 3 , 1 • 5 0 ':I 9 E + 0 3 , 1. 5 & 14 E + 0 3, 1. 6 14 9E+ 0 3 , 1 • 6 6 8':1 E + 03 , 1 .7 3 2 4 E + C H D 6 41 ':I 
703,1~78':1':1E+03,1.848':1£+03,1.9084E+03,2.1339£+03,2.1954E+03,2.2589E+CHD 5420 
803,2.3229E+03,2.4359£+03,2.503':1E+03,2.6664E+03,2~73&4£+03,4.8673E+CHD 6421 
':I03,4.9668E+03,5.06':18E+03,5.1763E+03,5.2858E+03,5.4008E+03,5.5543E+CHD &422 
103,5.6763E+03,5.8033E+03,&.0873£+03,&.3628E+03,6.4943E+03,6.6298E+CHD 6423 
103,6.7693E+03,7.0928E+03,7.2443E+03,7.54':18E+03,7.7033E+03,1.7126E+CHD &424 
104,1.7506E+04,1.7900E+04,1.830':lE+04,2.0643E+04,2.1119E+04,2.1743£+CHD 6425 
104,2.2233E+04,8.':I3&7E+04,9.1077E+041 CHD 6426 

C Z = 79' CHD 6427 
DATA (EIP(II,I=3160,3239)/19&.97700,':I.2200E+00,2.0500E+01,3.OOOOE+CHD 6428 

101,4.4000E+Ol,5.8000£+01,7.3000£+01,':I.6000E+01,1.1400E+02,1.3300E+CHD 6429 
202,1.5300E+02,1.8587£+02;2.5908£+02,2.7':17':1£+02,3.0213E+02,3.2484E+CHD 6430 
302, 3.5434£+02,3.8134£+02,4.5784E+02,4.9059E+02,7.1813E+02,7.4963E+CHD 6431 
402,7.8250E+02,8.1638£+02,8.5188E+02,8.8838E+02,9.2625E+02,':I.&513E+CHD 5432 
502,1.0071£+0~,1.04':10E+03,1.0':l19E+03,1.13&4E+03,1.18~3E+03,1.22':15E+CHD 6433 
&03,1.50&6E+03,1.5559E+03,1.&0&lE+03,1.6580E+03,1.711':1E+03,1.7&61E+CHD &434 
703,1.828QE+03,1.8859E+03,1~':I451£+03,2.005aE+03,2.2321E+03,2.294CE+CHD 6435 
803,2.3579E+0~,2.4224£+03,2.5239E+03,2.5921E+03,2.75~OE+03,2.82~3E+CHD &43& 
':I03,5.0837E+03,5.1828E+03,5.2853E+03,5.3915E+03,5.5006E+03,5.~1~8E+CHD 6437 
$03,5.7587E+03,5~8802E+03,&.0067E+03,6.2520E+03~6.5&36E+03,6.6950E+CHD 6438 
103,&.830&E+03;6.9702E+03,7.2491E+03,7.4002E+03,7.7023E+03,7.8557E+CHD &439 
103,1.7538E+04,1.7g4&E+D4,1.8365E+04,1.87':1&E+04,2.12&':IE+04,2.1767E+CHD &~40 
104,2.2377E+04,2.2888E+04,9.1':l13E+04,9.3&&3E+041 CHO &441 

C Z = 80 CHCI 641t2 
DATA IEIPIIl ,I=3240,33201/200.60000,1.0~30E+01,1.8751E+Ol,3.42ao£+cHD 61t1t3 

101,4.6000E+Ol,6.1000E+01,7.7000E+01,':I.4000E+01, 1~2000E+02,1.3900E+CHD 6444 
202,1.5900E+02,1.':I125E+02,2.2682E+02,2.9130E+02,3.1277E+02,3.3&00E~CHD 6445 
302,3.5947£+D2,3.8847E+02,1t.161t7E+D2,4.971t7E+02,S.3197E+02~8.0505E+CHD 644& 
402,8.3705E+02,8.7030E+02,9.0455£+02,9.4055E+02,9.7755E+02,1.0158E+CHD &447 
503, 1.0551E+03, 1.0971E+03,1.1393E+03,1.182&E+03,1.2276E+03,1.2738E+CHD &448 
&03,1.3213E+03,1.&041£+0~,1.&536E+03,(.7041E+03,1.7563E+03,1 •. 810&E+CHO 6449 
703,1.8651E+03,1.':I253E+03,1.':I836E+03,2.0431E+03,2.1033E+03,2.3321£+CHD 6450 
803,2.3943E+03,2.458&E+03,2.523&E+03,2.&136E+03,2.6821E+03,2.8433E+CHD &451 
903,2.':I138E+03,5.3031E+03,5.4019E+03,5.5039E+03,5.&096E+03,5.7184£+CHD &452 
103,5.831':1£+03,5.':I~61E+03,6.0871E+03,&.2131E+03,&.41':16E+03,&.~&74E+CHD 6453 
103, &. 8 ':I86E +03,7 .0 3 It 1+ E +03,7.171+ lE+ 03,7.40 64E + 0 3,7.55 ':I1E+ 03,7. 857 9E+ C HD 6'+54 
I03,8.0111E+03,1.7957E+04,1.8392E+04,1.883&E+0~,1.9291Et04,2~19alE+CHO 6455 
$04,2.2421E+04,2.!018E+D4,2.3550E+04,9.'+5~6E+04,9.6275E+O'+I CHD &45& 

C Z = 81 CHO 6457 
DATA IEIPII),I=3321,3402)/204.38000,&.lD&OE+00,2.0420E+01,2.9800E+CHD 6458 
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10 1 t 5 .0700 E +01 t 6 .It 0 0 0 E + 0 1 t 6 • 1000 E + 0 1 t 9.8000 E +'01, 1.1600 E + 02, 1. It 5 00 E + CH 0 61t59 
202~ 1.6600E+0 2, 1. '3596E+02, 2. 3058E+02 ,2.6887E+02,3 .21t61E+02, 3.1t&6ItE+C HO ,&lt60 
302,3.709&E+02,3.9519E+02,It.23&9E+02,It.5269E+02,5.3819E+02,5.71t"ItE+CHD &,,&1 
1t02,8.9368E+02,9.2618E+OZ,9.5980E+02,'3.9"1t3E+02,1.0309E+03,1.068ItE+C~D 61t62 
503,1.1071E+03,1.1467E+03,1.1887E+03,1.2313E+03j1.271t9E+03,1.3204E+CHO 6463 
603,1.3671E+03,1.4148E+03,1.7032E+03,1.7529E+03,1.8037E+03,1.8563E+CHD 6464 
703,1.9109E+03,1.9657E+03,2.02,,3E+03,2.0l29E+03,2.i427E+03,2.2033E+CHD &4&5 
80J,2.4337E+03,2.4963E+OJ,2.5609E+03,2.626ItE+03,2.7049E+03,2.7737E+CHD 6lt66 
90J,2.9343E+03,3.0051E+OJ,5.52~6E+03,5.&239E+03,5.7254E+03,5.8308E+CHD 6lt67 
103,5.9392E+03,6.0519E+03,6.1766E+03~6.2971E+03,&.4226E+03,&.59QJE+CHD 6"68 
$03,6.9742E+03,7.1053E+03,7.2lt12E+03,7.3811E+03,7.5707E+03,7.7211E+CHO 6469 
103,8.0164E+03,8.1696E+03,l.8382E+Olt,l.88lt5E+04,1.9315E+04,1.9792E+CHD 6470 
104,2.25ltOE+Olt,2.3082E+04,2.3666E+04,2.4219E+Olt,9.7i4&E+G4,9.891ltE+CHD 6ltJ1 
10~1 CHD 6472 

C Z = 8 2 C HD 6 4 7 3 
DATA IEIPII),I=340'3,3lt85)/z07.20000,7.4150E+00,1.5028E+01,3.1930E+CHD &474 

101,1t.2310E+01,&.8800E+Ol,B~1t000E+Ol,1.0300E+02,1.2200E+02,1.4200E+CHD 6475 
202,1.7300E+02,2.0100E+02,2.3400E+02,2.7100E+02,3 .• 120OE+02,3.5900E+CHD 6476 
302,3.8200E+02,4.0700E+02,It.3200E+02,1t.6000E+02,4.9000E+02,5.8000E.CHD &477 
402,6.1800E+02,9.6400E~02,1.0170E+03,1.0510E+03,1.086~E+03,l.1230E+CHD 6478 
503, 1. 1610 E + Ii 3 , 1. 200 OE +03,1. 21t0 0 E + 0 3 t 1. 2820 E + Q 3 ,1.3250 E +·03, 1 • 3690 E + C HD 61t 79 
6 03 , 1 • It 15 0 E + 0 3 ; 1 • It 6 ZOE + 0 3 , 1 .5 1 0 0 E + 0 3 , 1. 8 0 40 E + 0 3, 1. 8 51t 0 E + 0 3, 1 • 90 5 0 E + C H D I)" 8 0 
7D3,1.9580E+03,2.0130E+03,2.0680E+03,2.1250E+03,2.181t0E~03,2.2440E+CHD 6481 
803,2.3~5DE+03,2.5370E+03,2.6000E+03,2.6650E+03,2.7310E+03,2.7980E+CHD 6482 
903,2.8670E+03,3.0270E+03,3.0980E+03,5.7510E+03,5.8490E+03,5.9500E+CHD 6~83 
iO 3 , 6 .0550 E + D·~ ,6. 1630 E +03, 6. 2750 E + 03,6. 390 0 E + 03 ,6.51 00 E + 0 3 , C .6350 E +C HD & 4 8 4 
$03,&.761t0E+03~7.18ltOE~03,7.3150E+03,7.4510E+03,7.5910E+03,7.7360E+CHD 6lt85 
10 J ,7 • 88& 0 E + 0 3 , 8 • 17 80 E + 03, 8.331 0 E +'03, 1.88 15E + 0 .. , 1. 930 5E + 0 It, 1 • 9800 E +C HD & 1t8 6 
$01t,2.0300E+Olt~2.3186E+Olt,2.3750E+~It,2.1t120E+O",2.4895E+Olt,9.9793E+CHD 6487 
i 0 It, 1 • a 158 E + 0 5 I C H 0 -64 8 8 

C Z = 83 ' , C HD 6489 
DATA IEIPtIi ,I=3486,356ql/208~98800,7.2870E+00,1.6&80E+01,2.5560E+CHD 6lt90 

101,1t.5300E+Ol,5.6000E+01,8.8300E+01,l.070DE+02,1.2700E+Ol,1.4800E+CHD &1t91 
2D2,1.6900E+02,2.03S~E+02,2.3283E+D2,2.6524E+02,3.0127E+~2,3.4084E+CHD 6492 
302,3.ge03E+02,~.2211E+02,4.4813E+02,4.7407E+02,S.1209E+02,5~4289E+CHD 6493 
40~,6.2559E+02,&.7219E+02i1.0171E+03,1.0519E+03,l.0877E+03,1.121t7E+CHD 6491t 
50 3.d • 1& 3 6 E + 0 3, 1. 2 Ii 3 4E + 0 3.,1.'2 41titE + 03 , 1. 2 863 E + 0 3 , 1 • 3 3 21 E + 0 3 , 1 • 3 771E +C HO :; 435 
&03,1.4231E+03,1.4711E+03,1.5199E+03,1.5701E+03,1.S732E+03,l.9251E+CHD ~490' 
703,1.97~1E+03,2.0328E+03,2.0898E+03,2;1468E+03,2.2127E+03,2.2736E+CHD 0497 
803,2.3356E+03,2.3987E+03,2.&392E+03,2.7042E+03,2.7709E+03,2.8387E+C~D 6498 
903,2.91t54E+03~3.0171E+03,3.1853E+03,3.2586E+.03,5.9099E+03,6.0119E+C~D 6~99 
$03,6.1169E+03,6.2~5'3E+03,&.3379E+03,6.454&E+03,&.5989E+03,&.7233E+CHD 6500 
$03,6.8528E+03,6.9864E+03,7.4229E+03,7.5581E+03,7.&978E+03,7.8421E+CHD 0501 
i03,8.118ItE+03,8.273ItE+03,8.5802E+03,8.7It03E.~3,1.94&9E~04,1.9939E+CHD 65a2 
sa4, 2. 01t16E+04, 2. 0901E+ 04 ,2. 3'368E+ Olt,2. 4521E+ 04,2 .5131E+ 04,2 .5697E+CHD 0503 
iOIt,1.0270E+OS,1.0479E+051 CHD 6504 

C Z = 84' CHD 6505 
DATA IEIPII) ,I=3570,3651t1/210.00000,8.4300E+OO,1.9000E+Ol,2.7000E+CHD 6506 
10f,3.8000E+01,6~1000E+01,7.3000E+Ol,1.1200E+02,1.32dOE+0~,1.5Itdo~+CHD 6507 
202,1.7600E+02,2.0181E+02,2.3520E+02,2.6575E+02,2.~757E+02,3.3262E+CHD 6508 
302,3.7077E+02,4.3815E+02,4~6330E+~2,4.9035E+02,5.1722E+02,5.&527EtCHD 6509 
402,5.9687E+02,6.7227E+02,7.2747E+02,1.0518E+03,1.0886E+03,1.12&1E+CHD 0310 
5rr3,1.1651E+03,1.2058~+03,l.21t76E+03,l.2906E+03,1.3343E+Q3,1.3838E+CHD &511 
603,1.4368E+03,1.4788~+03,1.5288E+03,1.579&E+03,1.&318E+03,1.941t1E+CHD 5512 
703,1.9978E+03,2.0528E+03,2.1093E+03,2.1683E+03,2.2273E+03,2.3021E+CHD 6513 
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803,2.3648E+03,2.4288E+03,2.4941E+03,2.7431E+03,2.8101E+03,Z.8786E+CHD &514 
903,2.9481E+03,3.0946E+D3,3.1688E+D3,3.3453E+03,3.42D8E+D3,6.D719E+CHD 6515 
$03,6.1779E+03,6.2669~+D3,6.3999E+D3,6.5J~9E+D3,&.6371E+03,6.8109E+CHD 6516 
103,6.9396E+03,7.0736E+D3,7.2119E+03,7.&&49E+03,7.8041E.03,7.9476E+CHD 6517 
$03,8.0961E+0!,8.5039E+D3,8~6639E+03,8.9854E+03,9.15Z&E+D3,Z.D13DE+CHD 6518 
$04,2.0580E+0~,2.1039E+04,2.1509E+04,2.475&E+04,2.5299E+04,2.5949E+CHD &519 
$04,2.6505E+04,1.0563E+05,1.0802E+051 CHD 6520, 

C Z = 85 CHD ,521 
DATA (EIP(I),I=3655,3740)/211.00000,9.3000E+OO,2.0000E+Ol,2.9000E+CHO &522 

101,4.1000E+Ol,5.1000E+Ol,7.8000E+Ol,9.1000E+Ol,I.3800E+02,1.6000E+CHO &523 
202,1.830DE+02,Z.0998E+D2,2.3570E+02,2.6793E+02,2.9976E+02,J.3099E+CHD 6524 
302,3.6507E+02,4.0179E+02,4.7936E+02,5.0558E+02,5.336&E+02,5.6147E+CHD &525 
402,6.1954E+02,6.5194E+02,7.2004E+02,7.8384E+~2,1.0883E+03,1.12&9E+CHD &526 
503,1.1661E+03,1.2071E+03,1.2498E+03,1.2934E+03,1.3384E+D3,1.3840E+CHD 6527 
603,1.4373E+03,1.48E3E+03,1.5363E+03,1.5883E+03,1.6409E+03,1.6953E+CHD 6528 
703,2.D166E+03,Z.0723E+03,2.1293E+03,2.1875E+03,2.2485E+03,2.3095E+CHD 6529 
803,2.3931E+03,2.4S78E+03,2.5238E+03,2.5911E+03,2.8486E+03,2.9176E+CHD 6530 
903,2.9879E+03,3.0591E+03,3.2454E+03,3.3223E+03~3.5070E+03,3.5848E+CHD 6531 
$03,6.2368E+03,6.3468E+03,6.4598E+03,6.5768E+03,6.&968E+03,6.8227E+CHD 6532 
$03,7.0258E+03,7.1590E+03,7.2975E+03,7.4403E+03,7.9098E+03,8.0532E+CHD 6533 
$03,8. 2005E+0 3,8. 3532E+ D3, 8. 8923E+D 3,9.0 573E+03, 9. 3936E+D3, 3 .56S0E+CHD 0534, 
$03,2.0t98E+0~,2.12Z8E+04,2~1669E+04,2.21~~~+04,2.5552E+04,2.6084E+CHD &535 
$04,2.6774E+04,2.7321E+04,1.0859E+05,l.1128E+051 ' ' CHO &536 

C Z = 86 CHD &537 
DATA (EIP(I),I=3741,3827)/222.00000,1.0746E+Ol,2.1000E+Ol,2.9000E+CHD 6538 
101,4.4000E+Ol,5.5000E+Ol,6.7000E+Ol.9.7000E+Ol,1.1100E+02,l.6~OOE+CHD 6539 
202,1.9000E+02,2.1852E+02,2.4505E+02.2.7069E+02,3.0175E+02,3.3485E+CHD 6540 
302,3.6550E+02,3.9860E+02,4.3390E+02,5.2165E+02,5.4895E+02,5.7805E+CHD 6541 
402,6.0680E+02,6.7490E+02,7.D810E+D2,7.6890E+02,8.4130E+02,1.1264E+CHD &542 
503,1.1669E+D3,l.2079E+03,1.2509E+03.1.2954E+03,1.3409E+03,1.3879E+CHD &543 
&03,l.4354E+03,l.4924E+03,l.5434E+03,1.5954E+03,1.&494E+03,1.7039E+CHD 6544 
703,l.7604E+03,2.0909E+03,2.1484E+03,2.2074E+03,2.2674E+03,2.3304E+CHO 6545 
803,2.J934E+03,2.~859E+03,2.552~E+03,2.&204E+03,2.&89qE+03~2.955qE+CHD 6546 
':lif3, 3-. 026 9E+0-3, :3 ~-O g8gE: +0:3 ,3.1719 E + 0 j; 3. 3-q7q E+O-3, '3.4'7 74E+O,3, 3.e.7If4£+CHD 6547 
$03,3.7504E+03,e..4048E+03,&.5188E+03,6.6358E+03,6.75&8E+03,6.8808£+CHD 5548 
$03,7.0113E+03,7.2438E+03,7.3813E+03,7.5243E+03,7.6718E+03,8.1578E+CHD &549 
$03,8.3053E+0~,8.4563E+03,8.6133E+03,9.2838E+03,9.4538£+03,9.8048£+CHD 6550 
103,9.9863E+03,2.1473£+04,2.1883E+04,2.2306E+04,2.2746E+04,2.6354E+CHD 6551 
$ 04 , 2. 6870 £ + 0 4 , 2. 7606£ + 0 4 , 2 • 8143 £ + 04 , 1. 1158 E + 05 , 1 • 1457 E + 051 C HD 6552 

C Z = 87 CHD e.553 

260 

D AT A (E I P ( II , 1=3828, 3915) 1223.00000 ,4.0000 E + 0 0 , 2.200 DE + 0 1 , 3.3000 E + C HD e. 5 5 4 
101 ,4 • 3000 E +01,5.900 OE + 01,7. 1000 E + 0 1 , 8. 4000 E + 01 ,1. 1700£ + 0 2 , 1 • 3300 E +C.H D 6555 
202,1.97o0E+02,2.2782£+02,2.5514E+02,2.8121£+02,3.0676E+02,3.36&6E+CHD 6556 
302,3.7103E+02,4.0109E+02,4.3322E+02,4.&709E+02,5.&503£+02,5.9341E+CHD &557 
402,6.2353£+02,6.5322£+02,7.3134E+02,7.6534£+02,8.1884E+02,8.9984E+C~D &558 
502,1.1&63E+03,1.208&£+03,1.2514E+03,1.296~E+03,1.3428E+03,1.3901E+CHD 6559 
603,l.4391E+0~,1.4885£+03,1.54q3E+03,l.6023E+03,l.&5&3£+03,l.7123E+CHD &560 
703,1.7&86E+03,1.8273E+03,2.1669E+03,2.2263E+03,2.2873£~03,2.3490£+CHD &561 
803,2.4140E+03,2.4790E+~3,2.5804E+03,2.6488E+03,2.7188E+03,2.7904E+CHD 6562 
903,3.06 49E+ 03, 3.13 79 £ + 03,3.21 HE + 03, 3.2864£ + 0 3,3.55 21E+ 0 3', 3. e.34 3£ + C HD &5& 3 
$03,3.8355E+03,3.9178E+03,&.5758E+03,6.6938E+03,6.8148E+03,6.9398E+CHD 65&4 
~03 ,7 • 0678 E +03,7.2030£ + 0 3, 7.464 8E + 0 3, 7. e.0 67£+ 0 3,7. 75itZE+ 0 3 ~ 7. 90 & 3E +C HD 65e.5 
$03,8.4088E+03,8.5605£+03,8.7152E+03,8.8765E+03,9.&783E+03,9.8S33E+CHD 6566 
103,l.0219E+04,l.0408£+04,2.2155E+04,2.2545E+04,2.2949E+04,2.3374E+CHO &567 
$04,2.7163E+D4,2.7674E+04,2.8444E+04,2.8972E+04,1.1459E+05,1.1789E+CHD 6568 



$051 CH.D &5&9 
C Z = 88 CHD &570 

DATA (EIPII/,I=3916,40D4/1226.D5000,5.2770E+DO,1.01~4E+01,3.4000E+CHD &571 
101,4.&OOOE+D1,5.8000E+01,7.600DE+01,8.9000E+Ol,1.0300E+02,1.4000E+CHD &572 
202,l.5&OOE+02,2.38~8E+]2,2.&672E+02,2.9284E+02,3.1845E+02,3.4392E+CHD &573 
302,3.72&5E+D2,4.063DE+02,4.3777E+02,4.&892E+D2,5.0137E+02,&.095DE+CHD &574 
402~&.3895E+02,&.7010E+02,7.0072E+02,7.8'87E+02,8.2357E+02,B.&987E+CHD &575 
502,9.5947E+02,1.207BE+03,1.2521E+03,1.2966E+03,1.3436E+03,1.3918ETCHD 6576 
603,1.~~11E+D3,1.~921E+03,1.5433E+03,1.6078E+D3,1.6628E+03,1.7188E+CHD 6577 
703,~.7768E+03,1.6351E+03,1.895BE+D3,2.2446E+03,2.3058E+03,2.3688E+CHD 6578 
80J,2.432JE+03,2.4993E+03,2.S66JE+D3,2.6766E+D3,2.7468E+03,2.8188E+CHD &579 
903,2.6926E+03,3.1756E+C3,3.2506E+03,3.3261E+D3,3.4026E+03,3.7D81E+CHD 6560 
$03,3.7928E+03,4.0023E+03,4.0866E+03,6.7499E+03,6.8719E+03,6.9Q69E+CHD 6581 
$03,7.1259E+03,7.2579E+03,7.3976E+OJ,7.6889E+03,7.8351E+Q3,7.9871E+CHD 6582 
E03,8.14J9E+03,8.E629E+OJ,8.8186E+03,8.9771E+03,9.1426E+03,1.0076E+CHD 6583 
$04,1~D256E+D~,1.0636E+04,1.0832E+04,2.2843E+04,2.3213E+04,2.3599E+CHD 6564 
$04,2.4009E+04,2.7978E+04,2.8479E+04,2.9289E+D4,2~98Q8E+04,1.1764E+CHD 6585 
$05,1.212JE+D51 CHD 65~6 

C Z = :89 CHD &587 
DATA IEIP(I) ,I=~OD5,~094/1227.0DDOD,6.9DODE+OO,1.210QE+01,2.0000E+CHO 6588 

101,4.90DOE+Ol,6.2000E+Ol,7.6000E+Ol,9.5000E+Ol,1.0900E+02,1.2300E+CHO 6569 
202~1.6400E+02,1.9276E+02,2.8105E+02,3.0672E+02,3.3162E+02,3.5678E+Cl-tO 65~O 
302,J.8217E+02,~.097JE+02,4.4666E+02,4.755~E+02,5.0572E+02,5.367~E+CHO 6591 
402,6.5506E+02,6.8556E+02,7.1776E+02,7.4932E+D2,8.4749E+02,8.8J09E+CHD 6592 
502, 9. 2199E+0 2, 1.0202 E +0.3,1. 2511E + 0 J, 1. 29 7 2E + 0 3,1.34 34E+ 03,1. J 924E+ C HD & 5 9 3 
6D3,1.4426E+03,1.4937E+DJ,1.5467E+D3,1.5998E+D3,1.&681E+Ol,1.7251E+CHD 6594 
7D3,1.7831E+03,1.84l1E+03~ 1.9032E+03, 1.9661E+03,2.3239E+03,2.3871E+CHD 65'35 
80 J, 2 .4521 E + 0 J , 2 .5173 E + 0 3 ,2 .5863 E + 0 3 , 2.6553 E + 03·, 2 .77 4 4 E + 0 3, 2. 846 €IE + C HD & 5 9 6 
903,2.9206E+03,2.996~E+03,3.2879E+03,3.3649E+03,3.4422E+03,3.5204E+CHD 6597 
$ 03,3.8657 E + 03, 3.95 HE + 03,4.1708 E + 0 3,4.25 76E+ 03,6. 92 69E+ 03,7.052 9E + C HD 6598 
$03,7.1819E+03,7.3149E+03,7.4509E+03,7.5953E+03,7.9159E+03,8.0666E+CHD 6599 
$u3,8.2231E+03,8.38~4E+03,8.9199E+03,9.0796E+03,9.2421E+03,9.4118E+CHQ 6600. 
E03,1.0476E+04,1.0661E+04,1.1057E+04,1.1260E+04,Z.3538E+04.2.3688E+CHD 5501 
$0~,2.4250E+04,2.4651E+04,2.8801E+04,2.9291E+04,3.0141E+04,3.06~1E+CHD.6&02 
104,l.2070E+05,1.2460E+051 CHD 5603 

C Z = 90 CHD 6604 
DATA (EIP(I) ,I=4095,4185/1232.04700,6.950oE+oO,1.2000E+01,2.0000E+CHD &605 

101,2.9200E+01,6.5000E+01,8.0000E+01,9.4000E+Ol.l.1500E+02,1.300CE+CHD 6606 
202,1.4500E+02,2.1200E+02,2.3060E+02,3.2470E+02,3.4780E+02,3.7150E+CHD ~6D7 
302,3.9620E+02,4.2150E+02,4.4790E+02,4.661oE+02,5.144oE+02,5.4360E+CHD 66a8 
402,5.7320E+02,7.0170E+02,7.3330E+02,7.6650E+02,7.3900E+02,9.0720E+CHD ~609 
~02,9.4360E+02,9.7520E+02,1.08Z0E+03, 1.2960E+03,1.3440E+03,1.3920E+CHD 66rD 
603,1.4430E+03,1.4950E+03,1.5480E+03,1.6030E+03,1.&580E+03,l.7300E+CHD. &611 
7D3,1.789DE+03,1.8490E+03,1.9110E+03,1.9730E+03,2.0380E+03,2.405DE+CHD &6~2 
803,2.4700E+03,2.5370E+03,2.6D40E+03,2.6750E+Q3,2.746DE+03,2.8740E+~HD 56r3 
903,2.9480E+03,3.0240E+03,3.1020E+03,3.4020E+03.3.4810E+Ol,3.5600E+CHD &614 
$03,3.6400E+03,4.0250E+03,4.1150E+03,4.341DE+03,4.4300E+03,7.1070E+C~D 6615 
$ 03 ,7. 2370 E + 0 3 , 7. J 700 E +03 , 7 .5 070 E + 03,7.647 DE + 0 3 , 7. 7960 E + 03,6. 146 (I E +C HD 6616 
$03,8.3010E+03,8.4620E+03,8.6260E+03,9.1800E+03,9.3440E+03,9.5100E+CHD 6617 
$03,9.6840E+OJ,1.0680E+04,1.1070E+04,1.148DE+0~,1~1690E+04.2.4240E+CHO 6618 
i04,2.4570E+04,2.~920E+04,2.5300E+04.2.9630E+04,3.0110E+04,3il000E+CHD 6619· 
$04,3.1500E+0~,1.2J80E+05,1.2800E+051 CHD 5620 

C Z = 91 CHD 6621 
DATA (EIP(II ,I=418E,42771/231.00000,6.0000E+00,1.1891E+01,2.1016E+CHD 6622 

101,3.3121E+01,4.5471E+Ol,7.8306E+Ol,9.2306E+01,1.0601E+G2,1.3146E+CHD .6523 
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202,1.~581E+02,1.&11&E+02,2.1636E+02,Z.35Z6E+02,3.3146E+OZ,3.5506E+CHD 6&24 
3DZ,3.7931E+D2,~.D456E+D2,~.3046E+oZ,~.5741E+oZ,4.9651E+DZ,5.Z541E+CHD 6625 
4DZ,5.5526E+02,5.B556E+02,7.1691E+OZ,7.49Z6E+02,7.83Z1E+DZ,8.1646E+CHD 6626 
50Z,9.27Q6E+02,9.6426E+D2.1.Q3Z6E+Q3,1.1D60E+D3,1.32~2E+03,1.3732E+CHD 6627 
603,1 .4227E+0~,1.4747E+03,1.5277E+03,1.5822E+03,1.638~E+03,1.6947E+CHD 6628 
703,l,7682E t 03,1.8282E+03.1.8897E+03,l.9532E+03,2.0167E+03,2.o832E+CHD 6629 
803,2.4582E+03,2.5247E+03,2.5932E+D3,2.6617E+03,2.7342E+03,2.8067E+CHD 6630 
903,Z.9317E+03,3.0137E+D3,3.0912E+D3,3.1712E+03,3.4777E+03,3.5582E+CHD 6631 
i03,3.6392E+03,3.7212E+03,4.1162E+D3,4.2067E+oJ,4.4377E+03,4.5287E+CHD 6632 
l03,7.2660E+03,7.398DE+D3,7.5340E+D3,7.6740E+03,7.8175E+D3,7.9695E+CHD 6&33 
iD3,8.3275E+03,8.4865E+D3t8.651~E~O~,8.8205E+03,9.3850E+03,9.5525E+CHD 6634 
ID3,9.7225E+frJ,9.9005E+03,1.1123E+04,1.1318E+04,1.1738E+D4,1.1953E+CHD 6635 
$04,2.~782E+O~,2.5117E+O~,2.5477E+O~,2.58&7E+D~,3.0292E+04,3.0782E+CHD 6636 
l04,3.1&92E+04,3.2207:E+04,1.2709E+05,1.3024E+051 CHD 6&37 

C Z = 92 CHD 6638 
DATA (E I P ( I J , 1= 4 2 7 8 ,4370 J 12 38. 0400 0 .6. 12 DOE + 00 , 1 • 1450 E + 0 1, 1. 792 0 E + C HD 663 9 
101,3.112QE+Ql,~.7330E+Ql,6.2B30E+Ol,9.27ooE+Ol,1.0570E+02,1.191oE+CHD &640 
Z02,1.4900E+02,1.6Z70E+02,1.7840E+OZ,Z.ZIBOE+02,2.4100E+D2,3.3930E+CHD &&41 
302,3.63~OE+Q2,3.882DE+02,4.140DE+02,4.~a50E+02,~.6BODE+02,5.08DOE+CHD 6642 
402,5.3750E+Q~,5.6800E+02,5.9900E+02,7.3320E+02,7.6630E+OZ,8.Dl00E+CHD 6643 
502,8.3500E+02,9.4800E+02,9.B600E+02,I.D91DE+03,1.1310E+03,1.354DE+CHD 6644 
603,1.4040E+03,1.455DE+D3,1.5080E+03,1.5620E+03,l.618oE+03,1.675DE+CHD 6645 
703,1.7330E+D3,1.808DE+03,1.8690E+03,l.932DE+03,l.997~E+03,2.0620E+CHD &&4& 
8D3,2.1300E+D3,2.5130E+03~2.581DE+03,2.&51QE+03,2.721DE+03,Z.19S0E+CHD 6647 
903,2.8690E+03,3.0oJOE+03,3.o810E+03,3.160DE+03,3.242oE+03,3.5550E+CHD 6648 
l03,J.6370E+03,3.7200E+03,3.8040E+03,4.2D90E+Q3,4.300DE+D3,~.536DE+CHD6649 
i03,~.6290E+03,7.428DE+03,7.562DE+03,7.7010E+D3,7.8~~0E+D3,7.991CE+CHD 6650 
ID3,B.l~60E+03,8.5120E+03,8.6750E+03,B.8430E+03,9.016oE+03,9.5930E+CHD &651 
i03,9.7640E+03,9.93BOE+03,1.0120E+D~,1.137DE+04,1.1570E+04,1.200DE+CHD 6&52 
$O~,1.2220E+04,2.5330E+04,2.567DE+D4,2.6040E+04,2.6~40E+04,3.0960E+CHD 6653 
$0~,3.1460E+O~,3.2390E+D~,3.292DE+D4,1.30~DE+OS,I.3250E+051 CHD b654 

C CHD 6655· 
C •••••• 4 •••••••••••••••••••••••• ~ •••••••••••••••••••••••••••• •• •••• CHD 665& 
C LIBRARY OF ANALYTICAL EDS CHD 6657. 
C CHD &658 

EQUIVALENCE (fABLEtlJ,BIGDUM(10UJ, tTABPL(1',BIGDUM(3011l, (DTAB(CHD 6659 
llJ,BIGDUM(5Dll1 CHD 6660 

C CHD &661 
C THE FOLLD~ING ARE EXAMPLES FOR ILLUSTRATI~E PURPOSES CHD.666Z 
C DATA MIGHT NOT BE THE BE5T AVAILABLE CHD 6663 
C CHD &66~ 

DATA NUMTAB/91 CHD 0&65 
C DRY AIR SC-RR-7Q-28 CHD 66&6 

DATA TABLE(lJ,TABPLIlI/1.,I.1 CHD 6667 
D AT A CD TAB I I I , 1= 1 , 31 J 18 H A I R ( OR Y J , 3 ., 2., 22· 0 • , 7 • , • 78455, 8. , • 21 075 , 1 C HD 666 8 
lB.,.OO~71 C'HD.6669 

C GOLD SC-RR-70-28 CHD &670 
DATA TABLE(21,TABPLI2J/2.,3Z.1 CHD 6671 
DATA (DTAB(II,I=32,5BJ~4HGOLD,i.,~.,19.3,O.,O.,1.75E12,3.D5~'~~155CHD. 6672 

11,D.,2.,1.45El0,.1151,12·0.,79 •• 1.1 -CHD 6673 
C ALUMINUM SC-RR-70-Z8 CHD 6674 

DATA TABLE(3J,TABPLl3113.,59.1 CHD 6675 
DATA (DTAB(II,I=59,85J/8HALUHINUH,1.,4.,z.7,a.,O.,7.63El1,2.06,.03CHD 6676 

143,-1.,2.,1.2El1,.08,12·0.,13.,1.1 CHD &677 
C BERYLLIUM SC-RR-70-28 CHD 6678 
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DATA TABLE("',TABPL("'I".,86.1 CHD 6&79 
DATA (DTAB(II,I=86,1121/9HBERYLLIUM,l.,4.,l.845,1l."o.,-7.q7E5,1.17CHD 661:10 

1,.09995,1.091,2.,3.69£11,.134,12·0.,4.,1.1 CHD 6681 
C IRON 130 I(BAR PHASE TRANSITION SC-RR-70-28 CHD &&82 

DATA TABLE (5' ,TABPLlSII5. ,113.1 CHD 661:13 
DATA IDTABIII, I=113,13Q' 110HIRON 130PT,1. ,4. ,7.85,0. ,D. ,1.93EI2,1.CHO 66d4 

17S,0.,O.,2.,7.3El0,.282,S.0.,8.36,8.7S,I.12El1,2.3E12,S.E12,2·0.,2CHD 6&~S 
26. , 1 • I C HD 6686 

C ALUMINUM WITH MELT TRANSITION AND CONDUCTION CHD 6687 
DATA TABLElf)I,TABPLl61/6.,140.1 CHO 6688 
DATA IOTAEnl,I=140,166,/l0HALUMINUM/M,1.,4.,2.7,0.,0.,7.63E11,2.0CHO 668'1 
16,.0343,~1~,2.,1.2El1,-6.&39E9,3.SE12,.8,2.7El1,O.,2.30S,S·0. ,3.98CHD &6'10 
2E9,. 92'+, 13. ,1.1 CHD 66'11 

C LEAD WITH ~ELT TRANSITION AND ~ONDUCTION CHO 66'12 
DATA TABLE(7),TABPl(7)17.,167.1 CHD 66'13 
DATA I D TA elI' ,I = 167 , 19 3 I 16 H LE A DIM, 1. , 4. , 11 • 3 5 , O. , 0 • , - 2. OS 1 E 5 , 2 • 77 , C H 0 6 6 9 4 

1. 007 E, 1.46, 2 • , Q • 5 EQ, -4. 08 E8 , 2. E 12, O. ',4. E 1 0, 0 • ,9. 94 , S· D. ,2. 3 DE 8 , • 96 C H D 6& 95 
27,82.,1.1 CHD' 669& 

C BERYLLIUM WITK MELT TRANSITION AND CONDUCTION CHD &&97 
DATA TABLEC81,TABPLI81/8.,19'+.1 CHD &695 
DATA IOTABII',I=lg",22DI/4HBE/M,1.,,+.,1.8S1,O.,O.,-7.998E5,1.16,.OCHO 6&'39 
1999S,1.124,2.,3.69E11,-3.68El0,0.,0.,2.9E1D,-.54347,6·0.,1.3El0,0~CHD &700 
2, 4 • , 10 I C HD & 7 0 1 

C COPPER WITH MELT TRANSITION ,AND CONDUCTION CHO 6702 
DATATABLElg)',TAElPLl91/9.,221.1 CHD 5703 
DATA IDTABIII,I=221,2471/8HCOPPER/M,1.,4.,8.94,O.,O.,-3.94E5,1.gg,CHD 6704 

1.0271,1.489,2.,S.25El0,-4.637E9,6.EI2,.7,4.,+El1,7·0.,2.0S5E9,-8.21CHO &705 
27,29.,1.1' Co-tD &73& 

C CHO 6707 
C SELECT EOS FROM TABLE "CHD 6708 

TAB=ISETAB CHD 670'1 
DO 10,1=1, NUMTAil ,CHD 6710 
IF !TA B. N E. T A BL E I I I) GOT 0 10 C H D 6711 

'IS=TABPL (II CHD &712 
GO TO 20 CHD 6713 

10 CONTINUE CHD 67110 
PRINT 50, ISETAB CHD &715 
STOP CHO 6716 

20 PRINT 60, ISETAB,DTABIISI CHD 6717 
DO 30 1=1,24 CHD 6718 
IS=IS+l CHD 6719 

30 ZB(I'=DTABIIS' CHD 6720 
Jl = Z B ( 11 C HD & 7 21 
JI(=IZ-1C,",O 0722 
DO 40 I=l,Jl CHD 6723 
JK=JK+l CHD 672'+ 
ZZS(JK'=DTABCIS+ll CHD &725 
COTIJKI=DTAB(IS+21 CHD 672& 

40 'IS=IS+2 CHD &727 
RETURN CHD 6728 

C CHD: &72'1 
50 FORMAT (HHI THERE IS NO TABLE,I6,13H IN DATA LIST) CHD 6730 
&0 FORMAT (20HO LIBRARY EOS NUM8ER,Io,3H ( ,Al0,lSH I IS ~EaUESTED,/)CHD 6731 

END CHD 0732 
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SUBROUTINE ZAPPER CHO 67.}3 
C READS DTF OR BUCKL TAPE AND SETS UP CHART SOURCES. CHO &734 

COMMON IAI JBNO( 21>, !TRIED IItOO), IZPTL (400) ,IZPRL 140 ° 1 ,KPHASE litO ° I, CHD &735 
lKACT(4011~ISFALLI~001,NSPALl,OBS,IBS,I~~CLE,10TMAX,1DTM1N,JPRIN,NCCHD &736 
20UNT,NMTRLS,NZN,NZ,NZP,NOUMP,NBPRE5,NOSOUR,NACTION,NORAD,IGM,NRA~CCHD &737 
3K,MOVIE,1MPEXP,1HPA,KRD4,NOHYD CHO &738 

COMMON OiltOOI ,00(4001 ,T(4IJOI,TOlltOOI,PI400J,XM(401l1,XM2(4011,XI401CHD &73'3 
11 ,X 0 (401 I ,\I (It Oil ,VO (401) ,XL (4 il 0 I , XLO 1400 I, VL 140 a I , VL O( It 0 1) , CS 00 140 C HD &740 
2 a I , Q (40 0 I , S X 0 ( 4 0 a I ,S Z D ( 4 0 0 I ,F PAT H I 4 0 0 I I FLU X ( It ° 11 ,E ( 4 0 0 I ,P P P T (4 a 0 I I C HO & 7 4 1 
3P EP TI N (400) ,P SP ALL 140 a J I SO lit 0 a I I TE MP 14 a 0 J , T SAVE IIt,O a ) ,PSA 'IE (400) , ESC HO & 7 42 
4A'IE(400),TEMPRI401J,TMSPALLI20),OT,DTMAX,OTM1N,OTTEMP,OTRAO,TIME,TCHO &743 
5PN, TENO,OTRAOT,BL,BC,OTIMEP(251 ,OL TTMX 1251 ,DTMINNI251 ,TIMEP (251 ,TOCHO &71t1t 
&TMINN 1251 ,TIMES (25) ,WORKF ,WORKB,ENO ,ESOURS, TBPRE 5(251, PINNER I (5) ,PCHO &745 
7 OUTE R 125 I, XMA TUP ( 211 , OTC S, OTP, TI TH I 25) , T EINT H ( 25 I ,TE OUT HI 2 5) ,FL I NFC HO &74& 
8,FLINFO,FL1NB,FL1NBC,FLOUF,FLOUFO,FLOUB,FLDUBO,~ADEB,RAOEF,SCRAOF,CHD &747 
9SCRAOB,SPLA(20) ,SPLB(201 ,SPLC(201 ,SPLOI201 ,ENT51J(400) ,TMOVI 101 ,OTMCHO &748 
£0'1(101 ,TRADOFF,5WEP,YIELOI20,8) ,DRATIOlItOOI ,SWPOR CHD 674'3 

COMMON ICI TEMPA,TEHPB,TEMPC,TEMPD,TEMPE,TEMPF,TEMPG,TEMPH,TEMPI,TCHD &750 
lEMPJ,TEMP ~,TEMPL,TEMPM,TEMPN,TEMPAB,TBPU,PBDRYO,PBDRYI,TRAOHIN,RAOCHO &751 
2Kl,RAOK2,RAOK3,RAOK4,RAOK5,RADK6,TEBOUT ,TEB1N,TTHIU CHO &752 

COMMON 101 IS,IS1,ICALL,ITLOW,JTLOW,INES CHO &753 
DIMENSION S02111, SD3(1), TSOUR1l11, TSOUR211l, TSOUR3(1I, TSOUR4(CHD &754 

111 CHO 6755 
EQUIVALENCE IS0211',50(11" (5D3(1I,TEMPI1l), IT50URlIlI,TSAVE(1))CHO 675& 

1, ITSOUR2(1),PSA\lElll1, (TSOUR311),ESA\lEl1)), ITSDUR4(1),TEMPRI1))CHO &757 
DIMENSION NBCTF(ll . CHD &758 
EQUIVALENCE (NBOTF(l),IILO(1)1 CHD &759 
READ 1t40, TEMPAB,TEMPB,TE~PC,TEMPO,TEMPF,TEMPG,I5,I51 CHO &760 
JJ=7 CHD &761 
IF IIS.EQ.1) JJ=17 CHD &7&2 
IS=JJ CHD 67&3 
IF ITEMPA8.GE.O.1 GO TO ·10 CHD &7&1t 
TEMPA=-TEHPAB CHP &7&5 
TEMPAB=4.185E7-TEMPA CHD &7&& 
GO TO 20 CHD r,7&7 

10 TEMPA=TEMPAB/It.185E7 CHD &768 
20 REAO lIS,45QI 1)(0(lI,I=1,91,ICALL CHD &7&'3 

IF (ICALL. GT. 0 I GO TO 30 CHOana 
PRINT 4&0, ()(QIU.I=1,91 CHD &771 
GO TO 40 CHO &772 

30 PRINT 470, ()(01l),I=1,9) CHO &773 
Ita PRINT 480, TEMPA,TEMPAB CHD &774 

IF I1Sl.Ea.l) PRI~T 490 CHD &775 
IF (ICALL.GT.O) GO TO 170 CHO &77& 
READ IIS,500) NZDTF,NMATDTF CHD &777 
PRI NT 510, N ZDT F ,NHATDTF C HO &77 8 
JJ=NHATDTF+l CHD &779 
NZDTFP=NZDTF+l CHD &780 
READ (IS,500) INBDTFII),I=l,JJ) CHD &781 
NBDTF(JJ+l)=10000 CHD &782 
READ (IS,520) IDOII),VOII),I=l,NZDTFI CHD &783 
)(0(11=)((1) CHD &781t 
00 50 1=l,NZCTF CHD 6785 

50 XO(I+ll=XO(I)-DOII)/DII) CHD &78& 
PRINT 530 CHD &787 
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JL=l 
TEMPA=O. 
DO 90 I=l,NZDTFP 
DO 00 J=l,NZP 
IF (ABS(XOII)-X(J».GT.l.E-S·ABS(XO(II+X(J)11 GO TO 60 
XO!i:I=X(J) 
GO TO 70 

60 CONTINUE 
70 IF (I.NE.NBDTF(JL+1l1 GO TO 8il 

IF II.EQ.NZOTFP) GO TO 80 
JJ=JL+l 
PRINT 540, JL,JJ 
JL=JJ 

80 XX=XO(1)-XOI1) 
IF (I.EQ.NZDTFP) GO TO 90 
·TEMPA=TEMPA+DOII I 
PRINT 550, XOCII ,XX,I,TEMPA,VOCI) ,JL 

90 CONTINUE 
PRINT 55~, XO(NZDTFPI,XX,NZDTFP 
JL=l 
XX =X (1) 

FR=O. 
DO 150 I=l,NZ 
11=1+1 
SD3(11=~. 

100 JJ=JL+l 
IF IJJ.GT.NZDTFPI GO TO 160 
IF. (X(lll-XOIJJII 110,120,11,0 

110 .JK= 0 
GO TO .130 

120 JK=l 
13 OSD j (II =SD 3 (I I + 11. - FR)· V 0 (J Ll 

FR=O. 
-JL=JJ 
XX=XO(JJI 
IF (JK.EQ.OI GO TO 100 
GO TO 150 

140 Fl=IXX-XII1II/IXOIJLl-XOIJJI) 
-SD3IIi=SD~(II+F1·VOIJLI 
FR=FR+Fl 
XX=X(UI 

150 SD2(II=TEHPAS.S03(II/XMII) 
10il JL=l 

GO TO 350 
170 READ I IS, 560) JL, TEMPH, JJ 

C JL IS THE LAYER NUMBER, JL IS NEGATIVE FOR LAST LAYER 
NZDTFP=IAeSIJL) 
IF (NZDTFF.GT.1) GO TO 180 
PRINT 570 
TEHPL=O. 
GOT 0 190 

180.IIK=NZDTFP-1 
PRINT 540, IIK,NZDTFP 

190 JK1=JBNDINZDTFP) 
JK2=JBNDINZDTFP+l) 

CHD 6788 
C HD 6789 
CI-1D 6790 
tHO 6791 
CHD 67n 
CHD 0793 
CHD &n4 
CHD &795 
C HD 6796 
CHO & 797 
CHO &798 
CHO 67'39 
CHO &8~0 
C 1-10 & 80 1 
CHO&802 
tHO &803 
CHD &804 
CHD &805 
CHO 6806 
CHD 6807 
CHO &8iJ8 
C HD &1:109 
CHD &810 
CI-1D &811 
CHD &312 
CHO & 813 
C HD & 814 
CHD &815 
CHD6816 
C HD &.8J 7 

.. C HD 5818 
CriD 6819 
CHD &82·0 
CHD &821 
CHD &822 
CHD &823 
CHO &824 
CHD.&825 
CHD .&82& 
C HD &827 
CI-10 &828 
C HD &829 
CHD .5810 
CriD &83.1 
C HD &8.32 
CHD &833 
CHD &834 
CHD &835 
CHD &83& 
CHD &837 
C HD 6838 
CHO· 51139 
CHD 58 .. 0 
C HO &1341 
CHD &1142 
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TE MPJ= 0 IJKlI CHO 58'+3 
TEMPI=TEMPJ" IX IJKlI-XIJK2)) CHO 58'+'+ 
IF ITEMPH.LE.o.) TEHPH=TEHPI _ CHO 5845 
IF UBS(TEMPI-TEMPH) .LE.1.E-3"TEMPI) GO TO 200 CHO 5846 
PRINT 580, NlOTFP,TEMPH,TEMPI CHO 58,+7 

200 READ 11S,S(0) IXOII) ,VO!!) ,I=l,JJ) CHO 58'+8 
XX=X IJK1) CHD 58'+13 
XOlll=XX CHD 5850 
XOIJJ)=X IJK2) CHD 5851· 
JK3=JJ-1 CHD 5852 
00 210 I=2,JK3 CHO 5853 

210 XOII)=XX-XOII)/TEMPJ CHO 6854 
00 220 I=l,JJ CHO 5855 
XX=Xlll-XOII) CHO 5855 
IIK=I-1 CHO 5B57 
I F II. EQ • 1) II K = 1 C H 0 €I 858 
TEMPL=TEHPL+OIJH)"IXOlIIK)-XO!!)) CHO 0859 

220 PRINT 000, XOIIl,XX,I,TEf'1PL,IIOll),JL CHO 5850 
LK2=JK2-1 CHO 6861 
00 340 I=JK1,LK2 CHO 5862 
JK4=JKS=Q CHO 0803 
00270 JK=l,JJ CHO 085'+ 
IF IJK,+.GT.Q) GO TO 250 CHO 5865 
IF IXII)-XOIJK)) 270,240,230 CHO 6866 

23 Q J K 4 = J K - 1 C HO 0867 
GO TO 250 CHO 5858 

2'+0 JK4=JK .CrlD 58513 
250 IF IXll+1)-XOIJK)1 270,260,260 CHD 0870 
200 JKS= jK CHO 0871 

GO TO 280 CHD 5672 
270 CONTINUE CHO 5873 
280 JK5=JK4+1 Cf4D 5674 

JK7=JKS-l CHO 5875 
EB L = I V 0 ( J 1(5) • I X 0 I JK71 -x I 1+ 11 1 +VO 1 JK 71" 'X II + 1)-X 0 UK 51) 1 I I XO IJ K 71- XC f4D ,) 875 

10 1 J K 5 I , C rl 0 6877 
EBU = 1110 IJK'+)" 1 XO I JKo l- X II ) ) + 1101 JK61 "I X 1 II - XO I JK411 I I I XO I JK&) - X 01 JKC f40 €I 876 

1'+)) CHO b67g 
IF IJK7-JKo) 2130,300,310 CHD b860 

C NO POINTS INTERIOR TO ZONE CrlO 0681 
290SD21I1=.S"IEBL+EBU)4IXII)-XII+1I1 CHD 5882 

GO TO 330 CHO 5883 
C ONE POINT INTERIOR TO ZONE Cf4D 588'+ 

30 0 S 02 I I 1 =. 5 • 1 E eL • 1 X 0 1 J K 7l - X II + 11 1 + E B U" 1 X 1 I 1- X 0 I J K 7 I I + VOl J K 7 I • 1 X 1 I I - X C H 0 €I 8 8 5 
111+1))) CHO 0865 

GO TO 330 CHD 0887 
C TWO OR MORE POINTS INTERIOR TO ZONE CHO 58d8 

310 SD2(I'=.5·IEBL"IXOIJK71-Xll+1I1+EBU·IXIII-XOIJK51)+VOIJK71·IXOIJK7Ct1D 08613 
1-1I-XII+1>I+IIOIJKo)·IXIII';XOIJK6+1I)) CHO 58130 

JKo=JK6+1 Cf40 €ISH 
JK7=JK7-1 CHO .0.6132 
IF IJKo.GT.JK71 GO TO 330 CHD 08133 
00 320 JK=JK6,JK7 Cf40 &813'+ 

320 SD2 1 I 1 =S0211) +.5"\10 IJKI" 1 XO 1 JK-lI-XOIJK+l) 1 CHD 0695 
330 S03(I'=0III·S02111 CHD 56130 
340 S02111=TEMPAE·S03111/XMlll CHO 68137 
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C 

c 

350 

3&0 

370 

380 
390 

IF IJL.GT.O) GO TO 170 
JL= 1 
TEHPA=D. 
NOSOUR=O 
PRINT 610 
DO 38 ° 1= 1 , N ZP 
XX=X 11'-X (II 
IF II.Ea.~Zp) GO TO 390 
DROP SOURCES OF LESS THAN 0.1 CAL/GM 
IF (SD2III.GT.4.185E&) GO TO 360 
SD2(1)=SD3(1)=0. 
IF (SD311) .NE.O.) NOSOUR=I 
IF II.NE.JBNDIJL~111 GO TO 370 
JJ=JL+l ' 
PRINT 540, JL,JJ 
JL=JJ 
TEHPA=TEMPA~DIII·IX(II-X(I~lll ' 
PRINT 620, XIII,XX,I,TEMPA,SD3III,SD2(1),JL 
CONTINUE 
PRINT 620, XINZPI,Xx,NZP 
XX=1./3.El0 
IF (IS1.NE.1l xX=O. 
DO 400 I=1,NOSOUR 
S 03 II ) = X x· (X ( 1 I - X II I ) 
TSOUR1III=TEHPB~SD3II1 
TSOUR2(1)=TEMPC+SD3III 
TSOUR3 (I I =TEHP C+SD3 II) 

C HD 
'C HD 
,GHD 
CHD 
CHD 
GHD 
CHD 
C HD 
C HD 
CHD 
CHD 
CHD 
CHD 
CriD 
CHD 
CHD 
CHD 

400 

TSOUR4II)=TEMPF+S03(I) 
5D3III=2.·SD2(II/ITEHPF-TEMPC+TEHPG·ITEMPO-TEMP81) 
SD,2 (I)=TEHPG·SD3II) 

CHD 
GHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CI-tD 
GriD 
C HD 
CHD 
CHD 
CHD 
CHD 
CriD 
CHD 
CHD 
C HD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
CHD 
GHD 

410 

420 
430 

IF IICALL.GT.OI RETURN 
IF INMATD1F.LE.1J GO TO 430 
JJ= NMTRLS+ 1 
,DO .20 J=l,NMATDTF 
JL=N8DTF IJ) 
DO 410 I=l,JJ 
IS=J8NDI II 
IF IX (lSI .EQ.XO IJLI) GO TO 420 
,CON TI N UE 
PRINT 630, J,NBDTFIJI,X.OIJU 
CONT INUE 
CONTINUE 
RETURN 

440 FORMAT (&El0. 3, 215) 
450 FORHAT (9A8,I81 
460 FORMAT (25HO HEADING ON DTF TAPE IS ,9A81 
1t1o FORHAT (21HO HEADING ON BUCKL TAPE IS ,9A8) 
480 FORMAT 114HO TOTAL FLUX =,E15.7,loH CAL/CH2 
490 FORMAT 130HO TIHE RETARDATION IS INCLUDEDI 
500 FORMAT~lEI51 ' 
510 FORMAT (9HO NZDTF =,I4,11H NHATDTF =,141 
520 FOR MAT I 2 E 20 • 10 I 
530 FORMAT (24HO DTF DEPOSITION PROFILE,I,71H 

1(1) I HASS DEPTHII) NORMAL EOEPIII 

=,E15.1,9H ERGS/CH21 CHD 
CHD 
CHD 
CHD 

X I I I 
MA T, II 

CHD 
X (I) -x CriD 

CHD 

&898 
68'9'3 
6900 
&901 
&902 
6903 
&904 
6'305 
6906 
6907 
6908 
690,)9 
&910 
&911 
6'312 
&913 
& 914 
&915 
091& 
&'317 
&918 
6319 
6920 
6921 
&922 
6923 
6924 
6925 
692& 
6927 
6928 
€>ng 
6930 
6931 
6932 
6933 
&931+ 
6935 
6336 
6937 
6938 
6939 
0940 
6'941 
&942 
6~43 

'&944 
&945 
6946 
6947 
6'31t8 ' 
6 '3 It '3 
&95 a 
6'351 
6952 

540 FORMAT li7HO END OF HATERIAL,I3,18H START OF MATERIAL,13,1) CHD &953 
550 FORMAT 12E15.7,I5,2E15.7,151 CHD 6954 
560 FORMAT 114,E1&.7,141 GHD 6955 
570 FORMAT (26HO BUGKL DEPOSITION PROFILE,I,70H XBIII X(llCHD 6956 

1-X8111 I I1ASS DEPTH NORMAL EDEP MAT,n CHD 6957 
580 FORMAT (47HO SOI1ETHING IS WRONG WITH BUCKL INPUT FOR LAYER,I6,I,21CHD b958 

1H INPUT MASS DEPTH IS,E15.7,24H AND CALCULATED VALUE IS,E15.7) CHD 6959 
590 FORMAT (5E16.5) GHD 6960 
600 FORMAT 12E15.7,I5,2E15.7,151 CHD 69&1 
610 FORMAT 126Hl CHART DEPOSITION PROFILE,I,85H XII) XII)CHD 69&2 

1-X11I I MASS DEPTHII) NORMAL EDEPlll EDEPII) MAT,I) CHD 6903 
620 FORMAT 12E15.7,15,3E15.7,151 CHD 6964 
630 FORMAT (I,OHDSOMETHING APPEARS TO BE WRONG IN ZAPPER,I,23H DTF MATECHD 6905 

1RIAL BOUNDARY ,I3,1&H ZONE BOUNDARY ,I4,8H AT X =,E15.7,1,31H DOCHD 69&6 
2ES NOT LIE ON CHART BOUNDARY I CHO 6967 

END CHD 6968 
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SUBROUTINE ZONE IIG.IR.IL.IM.JBAD.RR.RL,D,DLEFT,RA,ER,X.Y,ZI 
C ZONING ROUTINE 

DIMENSION Xlll, Vll,. Z(ll 
IF IRA.GT.Oel GO to SO .--
IF ID.LE.D.OR.DLEFT.LE.Ool STOP 2020 
RAP:RR-Rl 
RAU:RR-D 
RAL:RL+DlEFT 
IF (IG-2) 10,20,30 

1D FH1=D/RAP 
F M 2=Dl EFT IRAP 
GO TO 40 

20 FM1:(D·(RR+RAUII/IRAp·CRR+Rl)) 
FM2=CDLEFT·CRL+RALII/IRAP·CRR+RLII 
GO TO 40 

30 FM1= 10· CRR"2+RR·RAU+RAU"21)1 (RAp·CRR.·2+RR·Rl+RL··21) 
FMZ:IDlEFT·CRl··2+RL·RAL+RAL··Z)I/CRAP.IRR·.Z+RR·RL+RL.·211 

40 RA:(1.-FM1)/11.-FMZ) 
.IFQ:l 
IRL=O 
GO TO 60 

50 IFQ=O 
IRL=O 
IF· I Dl EFT .l E. 0.) GO TO 6D 
IRL=l 
0= DLEFT 

60 IF IER.Ll •• OOil ER=.OOl 
IMN=IM-IR+1 
RAU=ll.+ERI·RA 
RAl= 11.-ERI·RA 
SRA=IiA 
A NUH= 1./3. 
IT=IST=ISQ=JKS=O 
IF IIRL.EQ.D) GO TO 26D 
CC=.OD1 4 RA 

C ZONE IN INCREASING POSITION DIRECTION 
IMM=IM-IMN 
I: I H-l 
Y II MI =RL 
YCII=RL+D 

7 D 11=1 
12=1+1 
1=1-1 

.. XX=Y <I Z) IV II 11 
IF (IG-Z) 8D,90.1oo 

80 YCII=VII11 4 11.+RA 4 11.-XX)1 
GO TO 110 

90 YIII=YII11 4 SCRTI1.+RA·(1.-XX)·Cl.+XXI) 
GO TO 110 

lOD YIII=Yllll·(1.+RA·Cl.-XXI·U.+XX 4 11.+)()())I··ANUM 
110 IF IYII'-RR' 120,14D,13D 
120 IF II-IMMI 330,330,70 
130 IF lIT.EQ.ll GO TO 100 

IT=l 
IF IY II I -RR.l T .RR-V lI.l) 1 GO TO 140 
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CHD 6969 
CHD 6970 
CHD 6971 
CHO 6972 
CHD 6973 
CHD &974 
CHD &975 
CHD 097& 
C HD 6977 
CHD 6978 
CHD &'H9 
CHD 0980 
CHD &981 
CHD 6982 
CHD 6983 
CHD &984 
CHD &985 
CHD &986 
CHD &987 
CHD &988 
CI-1D 6989 
CHD 0990 
CHD &991 
CHD 0992 
CfolD 6993 
CHD &994 
CHD 0995 
CHD 099& 
C HD 0997 
CHD &998 
CHD &999 
CHD 70010 
CfolD 7001 
CHD 7002 
CfolD 7003 
CHD 7004 
CHD 7005 
CHD 7()06 
CHD 7007 
CHD 7008 
CrlD 7009 
CHD 7HO 
C HD 7 Ot 1 
CfolD 7012 
CrlD 7~i3 
CHD 7014 
CHD 7015 
CHD 701& 
CHD 7017 
CHD 71118 
CHD 7019 
CHD 7D20 
CHD 71121 
C HD 7022 
CHD 7023 



C 

140 

150 
1&0 

170 

180 

lQO 

200 
210 
2Z0 

230 

210 I) 

250 

2&0 

270 

280 

2QO 

rop= Ii 
KSH=l 
GO TO 150 
IOP=I 
KSH=-l 
CC=- CC 
ION=IOP+l 
IF CI. GT. lOP) GO TO lZ0 
FM1=Y(IOP)-Y(ION) 
FMZ=RR-Y(ION) 
IF (lG-2) 190,170,18C 
FH1=FH1 4 (Y(IOP)+Y(ION» 
FMZ =FMZ4 (RR+Y (lON)) 
GO TO 1 gO, 

" . ' 

F H1 =F H 1- (Y (I OP) _. Z +Y (l ON) - (Y (lOP) + Y (ION) J ) 
FHZ=FHZ· (RR-·Z+Y IION)- (RR+Y (ION) J) 
IF (ABS(FM1-FHZJ.LE.1.E-It-(FH1+FH21) GO TO 21t~ 
IF (KSH) ZOO,ZOO,Z10 
IF (Y(IOPJ-RRI ZZO,2100,230 
IF (RR-Y,(IOP») ZZO,2100,230 
RA=RA-CC 
CC=.l-CC 
I5T=I5T+1 
IF ~IST-g) 230,230,500 
RA='RA+CC 
1SQ=ISQ+l 
1 F ( I 5 Q .G T • 1 0 I) 0) GO T 0 5 0 a 
IF (RA.GT.RAU) GO TO 520 
IF (RA.LT.RAl) GO TO 520 
r=IH-1 
GO TO 70 
DO 250 I=ION ,1M 
11 = I R- 10 N+ I+ 1 
XlIll=YCI) 
IL=I1 
RETURN 
1=2 
ZONE IN DECREASING POSITION DIRECTION 
CC=,.OOl-RA 
Y(ll=RR 
Y CZ) = RR- 0 
11=1 
12=1-1 
1=1 +1 
XX=YII2)/YII1I 
IF (IG-2) 280,2QO,300 
YIIJ=Y(l1l-C1.-RA-(XX-1.») 
GO TO,310 
XX=1.-RA-(XX-1.J-(XX+l.) 
IF (XX.LT.O.) GO TO 350 
Y(I)=Y(Il)-SCRTCXX) 
GO TO 310 

300 XX=l.-RA- (XX-l.)- (XX-Cl. +XX) +1. I 
IF (XX.LT.O.I GO TO 350 
Y( II =Y( I 11 -XX--ANUH 

CHD 70 21t 
C HD 7025 
C HD 70 Z & 
CHD 70Z7 
CHD 7028 
CHD 70Zg 
CHD 7030' 
CHD 7031 
CHD 7032 
CHD 7~33 
CHD 7031t 
CHD 7035 
C'"iD 703& 
CHD 7037 
CHD 7038 
CHO 703 Q 
CHD 7alt0 
CHD 701t1 
CHO 701t2 
CHO 701t3 
CHD 701t4 
CHO 701t5 
CHD 70lt& 
CHD 71)it7 
CHO 70108 
CHO lOIt g 
CHO 7a50 
CHO 7051 
CHD '7~52 
CHO 7053 
CHO 71)51t 
CH07055 
CHD 71)5&, 
C HO 7057 
CHO 7058 
CHO 7a5g 
CHO 71)& 0 
CHD 71)&1 
CHO 70&2 
CHO 70&3 
CHO 70&It 
CHO 7065 
CHO 7a&& 
CHO 70&7 
CHO 70&8 

'C HO 70& g 
CHD 7070 
CHD7J71 
CHO 707Z 
CHO 71)73 

,C Hi) 7 iJ 71t 
CHO 71)75 
CHO 7076 
CHi) 71)7.7 
CHO 7078 
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310 IF CRL-VCI)) 320,/tl0,3/t0 
320 IF II.LT.IHNI GO TO 270 

IF IIFa.Ea.O I GO TO 330 
IF (j KS ~ Ea. 0 I GOT a j 3 0 
NFR=O 
GO TO 900 

330 PRINT 960, RL,RR 
PRINT 970, It'N 
GO TO 950 

3ltO IF CIT .Ea.l1 GO TO 430 
IT=l 
IF C't(I'-RL.GT.RL-YCIUI GO TO /tl0 
IOP=I1 
KSW=l 
GO TO It20 

350 IF CIT. EC.l1 GO TO 360 
I T=l 
IOP=I1 
KSW=l 

360 ION=IOP-l 
1=11 
IF II.GE.IOP) GO TO 370 
IF IK5WI 510,1t90,/t90 

370 I=IOP 
Y C I I = RL 
INS=ION-l 
FaL=Y I IONI -v I II 
FaN=Y (lNSI-Y lION) 
IF IIG-2) /t00,360,390 

360 FaL=FaL-CYIIONI nUl I 
FQN=FQN- IV. IIN3)+Y lION) I 
GO T0400 

390 FaL=FaL-IYCION)--2+VCION).YIU+YCII--2) 
F Q N = F Q N - I V C INS I .. 2 +Y II NS ) - V I ION I + Y I ION) .. 2 ) 

ItO a FaN= FQLI FaN 
IF CAElSIFCN-RAI.Llo1.E-It-RA) GO TO 51t0 
IF CKSloI) 490,490,510 

410 IOP=I 
KSW=-l 
CC=- CC 

/t20 ION=IOP-1 
1+30 IF C I.Ll.IOPI GO TO 320 

FI11=V IIONJ-Y IIOP) 
FI12=YI ION) -RL 
IF (IG-2 I 1+60 , It It a ,1+50 

ItItO FH1=FH1-CYIIOP)+YIION)I 
FH2=FH2-IYIICNI +RU 
GO TO It60 

1+50 FH1=FH1-IYIIOPI--2+YIION).CYIlOPI+YIIONIIJ 
FH2=FH2-IRL··2+VCION)-IRL+VIIONI)1 

1t60 IF IAElSIFH1-FI121.LT.1.E-It-CFt11+FI121) GO TO 5'+0 
IF (KSW) 1t70,1t70,,+80 

470 IF IRL-YIIOP)) ItgO,lt90,510 
480 IF nIIOP)-RLI 1t90,1+90,510 
1+90 RA=RA-CC 
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CHD 7079 
CHD 7060 
CHO 7061 
C HO 7062 
CHO 7083 
CHO 71181t. 
Cf.lO 7065 
CHD 7066 
CHO 7087 
Cf.lD 73d6 
CHO 7089 
CHD 7090 
CHD 70'H 
CHD 7092 
CHO 7<193 
CHO 7091+ 
CHO 7095 
CHO 7096 
CHO 7097 
ClIO 70 '36 
CHO 7099 
Cf.lD 7100 
CHO 71tll 
CHD 7102 
CHO 7103 
CHD 710lt 
CHO 7105 
CHO 7106 
CHO 7107 
CHO 7138 
Cf.lO 7109 
CHO 7110 
CHO 7111 
CHO 7112 
CHO 7113 
CHO 7111t 
CHO 7115 
CHO 711& 
CHO 7117 
Cf.lO 7118 
C HO 7119 
CHO 7120 
CHO 7121 
CHD 7122 
CHD.7123 
CHD 7121t 
CHD 7125 
CHD 7126 
CHO 7127 
CHD 7128 
CHO 712'3 
Cf.lD 7130 
CHD 7131 
CHD 7132 
CHO 7133 



500 

510 

520 

530 

540 

550 

5&0 

570 

580 

590 

&00 

610 

620 

CC=.l-CC 
IST=IST+l 
IF CIST.LE.9) GO TO 510 
PRINT 960, RL,RR 
PRINT 980, IST,ISQ 
GO TO 950 
RA=RA,+CC 
ISQ=ISQ+l 
I F II SQ • G T .1 COO) GO TO SOD 
IF IRA.LE.RA!,;) GO TO 530 
PRINT 9&0, RL ,RR 
PRINl 990, RA,RAU,RAL 
GO,TO 950 
IF (RA.L T.RAL) GO TO 520 
1=2 
GO TO 270 
IF I IFQ. EQ.O) GO TO 550 
x x = Y I ION) - RL 
IF IABSIXX-OLEFT) .GT.ER-DLEFT) GO TO 570 
00 5&0 I=2,IOP 
Il=IR-l+1 
XIIlI=YII) 
IL=I1 
XIIL)=RL 
RETURN 
IF IIOP.Gl.2E) GO TO 580 
PRINT % 0, RL, RR 
PRINT 1030 
PRINT 1020 
PRINT 1000 
JBAD=JBAOi3 
GO TO 550 
RAI=l./RA 
RAIL=1~/111.+.999-ER)-RA) 
RAI U=l.1 111. -. 999-ER) -RA) 
11= 1-1 
12=1-2 
I F I X X • G T • DL EF TI NFR= 0 
IF I XX. LT. DLEFTI NFR=l 
Z I 11 =RL 
Z I 2 ) = RL+ D L EFT 
1=2 
Jl=I 
J2=I-l 
1=1 + 1 
X)(=ZIJ2)/ZIJ1) 
IF IIG-2) &00,&10,&20 
ZII)=ZIJ1)-Cl.+RAI-Cl.-XX) 
FH1=ZCI),-ZIJ1) 
GO TO 630 
Z C I ) = Z C Jl ) - S CR TIl • +RA I • C 1. -X X) • 11. + X X) I 
F M 1 = I Z-I I) - Z I J 1) ) - I Z I I ) + Z I J 1 ) ) 
GO TO 630 
Z I I) =ZI Jl ) • ( 1. + R A I· 11. - X XI - ( 1 • + x X- 11 • +X )( ) ) ) • - AN U H 
F H 1 = I Z I-I ) - Z (J 1) ) - I Z (I)" 2+ Z I Jl ) - C Z I I ) +Z ( Jl ) ) ) 

C HD 7131+ 
CHD 7135 
CHD 713& 
C HD 7137 
CHD 7138 
C HD 7139 
CHD 7140 
CHD7141 
CHD 7142 
CHD 7143 
CHD 7144 
CHD 711+5 
CHD 714& 
CHD 7147 
CHD 711+8 
CHO 7149 

"CHD 7150 
CHD 7151 
CHD 7152, 
CH07,153 " 
CHD 7151+ 
CHD 7155 

,CHD 715& 
CHD 7157 
CHD 7158 
CHD 71Sg 
C>iD 71&0 
CHD 7161 
CHD 7162 
C HD 7163 
CHD 7164 
CHD 7165 
CHD 71&6 
CHD 71&7 

>CHD 71&8 
'CHD 7169 

CHO 7170 
CHD 7171 
CHD 7.172 
C HD 7173 
CHD 7174 
C HD 717.5, 
CHD.717&.­
C>iD 7177-
CHD 7178 
CHD.7179 
CHD 718~ 
CHD 7in 
CHD 7182 
CHD 7183 
CHD 7181+ 

. CHD 718'5 
CHD 718& 
CliO 7187 
CHO 7188: 
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&30 IF (Z(I).LE.RR) GO TO &50 
6~0 PRINT 960, RL,RR 

PRINT 1030 
GO TO 950" 

650 IF <I.LT.It) GO TO 590 
FM2 =y (3) -y (41 
FM3=Y (31-Z(31 
IF (IG-21 660,66o,67G 

660 FM2=FM2-CV(31+Y(41) 
FM3=FM3-(Y(31+Z(3)) 
GO TO 660 

670 FM2=FM2 .. (YI31 .... 2+VI3) .. YI41+YI4) .... 21 
F H3 = FH3" (Y (3)'" 2 +Y 131" Z 131 +Z 131 .... 2) 

660 IF IV(4).LT.ZI41) GO TO &40 
RAP=ll.-FM1/FM31/(1.-FM2/FM3l 
IF IRAP.EQ.l.) XX=FM3/FMl 
IF IRAP.NE.l.1 XX=1.+ALOGIFH2/FM1)/ALOGIRAPI 
NUM=XX+.5 
IF (NUH.GT.IMNI GO TO 330 
XS=ALOGCRAPI 
XX=NUH 
IF CRAP.NE.l.1 FM1=FH3"Cl.-RAPI/(1.-EXPIXX"XSI) 
IF CRAP.EQ.l.1 FM1=FM3/XX 
1=3 
KLL=NUM-l 
DO 730 KN=l,KLL 
XX=KN 
IF CRAP.EQ.ll GO TO &90 
FH4=FM1"Cl.-EXPIX.X"XSll/Ci.-RAP) 
GO TO 70.0 

690 FM4=XX"FMl 
700 1=1+1 

Z(I)=Z(31 .... IG+FM~ 
IF (IG-21 730,710,72C 

710 ZIIl=SQRT(ZIl)) 
GO TO 730 

720 ZIII=Z(Il .... ANUM 
730 CONTINUE 

X IIR+ll=Y 121 
X(IR+2)=YC31 
10P=1R+2 
DO 7~0 11=2, I 
IOP=IOP+l 
12=1-11+2 

7~0 XCIOPI=ZII21 
IL=10P+l 
X <Ill =RL 
IF (IL-IR.LT. 241 GO TO 650 
K=l1 
N= 12 
J1=IR 

750 FH1=XIJ1+Kl-X(Jl+N) 
FH2=X(Jl+11-XIJ1+21 
FH3= XIJ1+2) -x (Jl+l() 
IF ClG;'21 780,760,770 
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CHO.7169 
C.HO 7190 
CHO 7191 
CHO 7192 
C HO 7193 
CHO 7194 
CHO 7195 
CHO 7196 
CHO 7197 
C1-40 7196 
CHO 7199 
C HO 7200 
CHD 72Ql 
CHO 7202 
CHO 7203 
CHO 720~ 
C HO 7205 
CHO 7206 
CHO 7207 
CHO 7208 
CHO 7209 

"CHO 7210 
CHO 7211 
CHO 7212 
C HD 7213 
CHO 7214 
Ci1D 7215 
CHD 7216 
Ci1D 7217· 
CHO 7216 
Ci10 7219 
CH07220 
CHD 7221 
CHO 7222 
Ci10 7223 
CHD 7224 
CHD 7225 
CHO 7226 
CHO 7227 
CHO 7226 
CHO 7229 
C HD 7230 
CHO 7231 
CHO 7232 
C HO 7233 
CHD 723~ 
CHD 7235 

"C HO 7236 
crio 7237 
CHO 7236 
CHO 7239 
CHO 7240 
CHO 72~1 

CHO 7242 
CHO 7243 



760 

7'70 

780 

820 

830 
81t Q 

85.0 

56!) 

870 

FM1=Ft11- (X (J1+IO +X (J1+NI 1 
FI12=FH2- C X(Jl+ll + X( Jl+211 
FH3=FH3-CXCJ1+21+X(Jl+KI) 
GO TO 780 
FI11=FI11-(X(Jl+KI·-2+XeJl+KI·X(Jl+NI+XIJ1+NI--21 
FI1Z=FMZ-(X(Jl+ll··Z+XeJl+1,·XeJl+2)+XeJl+21··21 
FM3 =FM3- C X CJl +21" 2+X (J 1 +21· X (Jl+KI +XC Jl+l() "21 
RAI~(FI12/FI111--.1 

X X = K-2 
IF (R A I. NE. 1 .) X X = 11. - EX P (X X -A LOG (RA III II ( 1. -RA I I 
XX=FM3/XX 
X P= X XlF M 1 
XQ= O. 
IF (XP.GT.RAIUI XQ=XX-RAIU-FMl 
IF (XP.LT.RAILI Xq?XX-RAIL.FMl 
XS=O. 
XP=FM2I (XX-RA--·I-· (K-311 
IF (XP.GT.RAIUI XS=XX-RAI.- CK-31-FH2/RAIU 
IF (XP.L T.RhLl XS=XX-RAI"el<-31~FH2IRAIL 
GO TO 800 
XQ=XS=O. 
ION= Jl+K 
IOP=-1 ' 
ION=ION-1 
IOP=IOP+1 
IF (lOP. EQ. 01 xp=-xa 
IF (IOP-.EQ.1J XP=-.5-XC 
IF CIOP.EO.2) XP=XS/16. 
IF (IOP.EQ.31 'XP=.5-XQ+3.-XS/16. 
IF (I b P. E a.1+ I X P= .75 - ( x a +)( S ) 
IF (lOP. Ea. 51 XP=~5.XS+-3'. ·j(a/16. 
IF

c 

(lOP. Ea.& I xp=xa/16. 
IF C I 0 p. Ea. 7) X P= - ~ 5" x~s :', 
IF (IOP.Ea.81 STOP 511 
XY T= XX -RA I-- rOp+xP' 
IF (XYT.LE.O.I GO TO 790 
X(IONI=X't'T+X(ION+U "IG 
IF (IG-21 81+0~820~,830 
XCIONI=SQRTC)( (IONII 
GO TO 81t0 
X (IONI=X CION I·-ANUM 
IF (ION.C;T.Jl+31 GO TO 810 
IF CJ1.NE.IR) GO TO 850 
Jl=IL-N-l 
GO TO 750 
KLL=O 
ION=O 
IOP=IL-l 
00 890 I=IR,IOP 
ION=ION+l 
ZUONI=XCI+1'-XCII 
IF (IG-21 880,860,870 
Z(IONI=ZeIONI-CXCI+ll+X(Il) 
GO TO 880 
Z (10 to,) = Z C ION I- (X (I + 11" 2 +x (I + 1 I - X (I I +X II ) .. 2) 

CHO 721t1t 
CHO 721t5 
CHO 721t6 
CHO 721+7 
CHO r21+S 
C riO 72,.9 
CHO 7250 
CHO 7251 
CHO 7252 

eCHO 7253 
CHO 7251+ 
CHO 7255 
CHO 7256 
CHO 7257 
CHO 7258 
CHO 725.9 
CH072&D 
CHD 7261 
CI:10 7262 
CHO 7263 
CHO 72&1t 
CHO 7205 
CHO 7266 
CHO 7267 
C HO 72& 8 
CHD 72&9 
CHO 7270 
CHO 7271 
CHO 7272 
CHD 7273 
CHD 7271t 
CHD 7275 
CHO 727& 
CHD 7277 
CHO 7278 
CHO 7279 
CHO 7280 
CHO 7261 

,CHO 7282 
C~D 7283 
CHD 7281+ 
CHO 7285 
CHD 72~6 
CHD 7267 
CHD 7268 
CHD 7289 
CHD 7290 
CHO 7291 
CHO 7292 
CHO 7293 
CHD 7291t 
CHO 7295 
CHO 729& 
CHO 7297 
CHO 7298 
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C 

880 

e90 

900 

910 

g20 
g30 

gSo 

IF (l. EQ. IRI GO TO e90 
IF (Z(lONI/Z(ION-U.GT.U.+ERI·RA) 
IF (Z(ION)/Z(ION-lI.LT.(l.-ER)·RA) 
CONTINUE 
IF (KLL.EQ.O) RETURN 
JKS= JKS+l 
IF (JKS.EQ.ll ONFR=O 
IF (j K s':' 10) 910, 92 0 , 940 
IF INFR.EQ.lI 0=.99g5·0 
IF (NFR.EQ.o) 0=1.0005·0 
GO TO g30 
O=ONFR 
IT= IST=ISQ=O 
RA=SRA 
GO TO 260 
JBAO=JBAO+3 
PRINT g60. RL,RR 
PRINT 101C 
PRINT 1020 
PRINT 1000 
RETURN 
PRINT 1020 
IL=IR 
JBAO=l 
RETURN 

KLL= 1 
KLL=l 

CHO 7299 
CH07300 
C HO 7301 
CHO 73il2 
CHO 7303 
CHO 730lt 
CHO 7305 
CHO 73oe. 
CHO 7307 
CHO 7308 
CHO 7309 
CHO 7310 
CHO 7311 
CHO 7312 
CHO 7313 
CHO 7314 
CHO 7315 
CHO 731e. 
CHO 7317 
C HO 731e 
CHO 7319 
CHO 7320 
CHO 7321 
CHO 7322 
CHO 7323 
CHO 7324 

9e.0 FORMAT (30HoTHE REGION WITH BOUNDARIES AT,E12~4,4H AND~E12.4,25H CCHO 7325 
lAN NOT BE ZONED BECAUSE) , . CHO 7326 

970 FORMAT 145H THE NUMBER OF ZONES REQUIRED IS GREATER THAN',IS,22H THCHO 7327 
lE MAXIMUM AVAILABLE) , CHO 7328 

980 FORMAT (31tH ITERATION WILL NOT CONVERGE IST=,I5,6H ISQ=,I&) CHO 7329 
990 FORMAT (9H, RATIO IS,E12.4,13H NOT BETWEEN~2E12'.It) " CHO 7330 

1000 FORMAT (lt7HOHOWEVER,WlLL C'ONTINUERUN AND STOP AT CYCLE O,/,4TH ICH07331 
lF ZONING IS SATiSFACTORY RESTART AND Gb •••• ~.,iI . . .. , , CHO 7332 

1010 FORMAT (31tH PROPER OVERLAP CANNOT BE OBTAINEO,I.30H THE ERROR LIHICHO 7333 
lT IS TOO ~EVERE) CHO 7334 

1020 FORHAT (35H TO ZONE SUCCESSFULLY CHANGE INPUTS) CHO 7335 
1030 FORHAT (7oH WIDTH OF FIRST AND LAST ZONES ARE T90 LARGE A FRACTIONCHO 7336 

1 OF TOTAL WIOTH) CHO 7337 
END CHO 7338 
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Appendix H 

CHART D INPUT INSTRUCTIONS 

Card 1 Format (13A6) 

78-column problem identification - any BCD information. 

If the problem is a restart," this name must agree exactly with the name on the restart tape. 

Card 2 Format (615, 3EIO.3) 

Variable 1. 
(1-5) 

Variable 2. 
(6-10) 

Variable 3. 
(11':'15) 

Variable 4. 
(16-20) 

Variable 5. 
(21-25) 

Variable 6. 
(26-30) 

Variable 7. 
(31-40) 

ITIMEL - Computer time limit in seconds. Shortly before this allotted 

time is used, the code writes a restart tape dump, edits last cycle, and 

terminates. If ITIMEL = 0, the job card time Umit is used. If ITIMEL < 0, 

the problem will generate and stop on cycle O. 

. NG - A s""itch to signify wh~ther the problem is to be generated or restarted. 

If NG ;;, 0, generate the problem from t"he following data cards. If· NG < 0, 

restart. The code reads -NG tape dumps before restarting. 

~. \ '! ' 

NDUMP - The time interv"al in seconds of computer tim~' between writing 

restarUape dUmPS. If NDUMP = 0, the code sets NDUMP = 9999 

(2.75 hours). 

IS - A switch to select restart output tape. If IS s 0, restart output on 

tape 10 (standard). If IS > ·0, restart output on tape 11 (optional). Under 

the latter option, tape 10 information past the restart pOint is not destroyed. 

lSI - A switch to select extra binary edit output on tape 2. If lSI sO, tape 2 

edit is not written. If lSI> 0, tape 2 edit is written. 

NEDREJ :- A switch to force edits whenever a fracture or rejoin takes place. 

If NEDREJ = O. no extra edit following fracture or rejoin. If NEDREJ > O. 

standard edit following fracture or rejoin. If NEDREJ < O. one line edit 

following fracture or rejoin. 

FRACDT - Fraction of Courant stability used to calculate sound speed time 

step. (Normally 0.8, in no case greater than 1). If FRACDT S 0, 

FRACDT = 0.8. 
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Variable 8. 
(41-50) 

Variable 9. 
(51-60) 

DTINCR - Factor used to increase time step from one cycle to the next 

(normally ~ 1.05). If DTlNCR ,;; 0, DTINCR = 1.05. 

TEND - The end of problem time. If TEND,;; 0, TEND is set to very large 

number and run is termin ated on ITIMEL variable. 

************************************************ 
* * * * * * ~ If the problem is being restarted, the preceding ~ 
* . * 
; cards are the only data cards required. ; 

=******~**************~*****~~**********~~~******~ 

Card 3 Format (1615) 
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Variable 1. 
(1-5) 

Variable 2. 
(6-10) 

Variable 3. 
(11-15) 

Variable 4. 
(16-20) 

Variable 5. 
(21-25) 

Variable 6. 
(26 - 30) 

Variable 7. 
(3l-35) 

IGM - A geometry switch. 

If IGM = I, plane geometry. 

If IGM = 2, cylindrical geometry. 

If IGM = 3, spherical geometry .. 

·NRZC - The number of different zoning regions (see card set 11). There is 

no limit oil the size of NRZC. 

NMTRLS - The number of material layers in the problem. A material is 

. counted more .than once if there is another material between the various 

pieces (see card set ll). NMTRLS,;; NRZC. NMTRLS,;; 20. 

NPRIN - The number of edit (print out) frequency intervals 

(see card set 5). l,;; NPRIN ,;; 24. 

NDTMAX·- The number of maximum input Ll.t intervals (see card set 6). 

o ,;; NDTMAX ,;; 24. If NDTMAX ,;; 0, the maximum Ll.t is set to a very large 

number. 

NDTMINN - The number of minimum input M intervals (see card set 7). 

o s:NDTMINN ,;; 24. If NDTMINN ,;; 0, the minimum Ll.t is zero. 

NBPRES - The number of points in the boundary pressure histories 

(see card set 9). 

NBPRES,;; 24. If NBPRES ,;; 0, there are no boundary pressures. 



Variable 8. 
(36-40) 

Variable 9. 
(41-45) 

Variable 10. 
(46-50) 

Variable 11. 
(51-55) 

Variable 12. 
(56- 60) 

Variable 13. 
(61-65) 

Variable 14. 
(66-70) 

NOSOUR - A switch for internal energy sources. If NOSOUR :s 0, there: 

are no internal sources. If NOSOUR > 0, there are internal sources and 

NOSOUR is the type of input information (see card set 13). NOSOUR = 1, 2, 

3, 4, 5, and 6 are possible. 

IBS - A switch to determine if boundary NZP (smallest X) is free to move 

or fixed in space. 

If IBS = 0, boundary NZP is free. 

If IBS = 1, bOlmdary NZP is fixed (V'" 0). 

,~ OBS - A switch to determine if boundary 1 (largest X) is free to move or 

fixed in space. 

"!fOBS'= 0, boundary 1 is free. 

If OBS = 1, boundary 1 is fixed (V '" 0). 

NSPA'LL - A switch for fracture calcul~tions. 
If NSPALL < 0, po material fracture is allowed. 

If NSPALL = 0, material fracturing is allowed. 

If NSPALL > 0, voids will be zoned into the initial configuration with card 

set 15. The latter may only be used for plane geometry. 

If NSPALL < ° and type 7 zoning (see card set 11) is used, this input is 

ignored. 

NACTION - The number of regions with initially ac'tive zones (see card 

set 14). 

If NACTION = 0, only zones with sources or moving boundaries are actlve' 

on cycle 1. 

NORAD - A radiation switch. 

If NORAD = 0, no radiation diffusion is calculated. 

If NORAD = 1, implicit radiation diffusion. 

If NORAD = 2, explicit radiation diffusion. 

If .NORAD = 3, approximate implicit radiation diffusion. 

If NORAD = 4, the code attempts to use faster of 1, 2, 3. 

The hydrodynamic calculation can be suppressed with options 1 through 4 

by using the negative of the option number. 

NTHIST - The number of points in the boundary temperatures histories 

(see card set 10), 

NTHIST :S 24. (Ignored if NORAD = D. ) 

If NTHIST :s 0, there are no boundary temperatures. 
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Variable 15. 
(71-75) 

Variable 16. 
(76-80) 

NRADCK - A switch for the radiation flux limiter. (Ignored if 

NORAD = 0.) 

If NRADCK = 0, the limiter is used (normal option). 

If NRADCK I 0, the limiter is not used. 

MOVIE - The number of movie frame frequency intervals. (See card set 8). 

MOVIE,;;: 9. 

If MOVIE = 0, no movie tape is produced. 

If MOVIE> 0, movie tape is produced on unit 3. 

Card 4 Format (8ElD. 3) 
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Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

Variable 4. 
(31-40) 

Variable 5. 
(41].50) 

Variable 6. 
(51-60) 

Variable 7. 
(61-70) 

BL - The constant in the linear viscosity term (normally O. 1). 

BQ - The constant in the quadratic viscosity term (normally 2.0). 

Note: Both BL and BQ should not be zero. 

If BL + BQ = 0, code sets BL = O. 1 and BQ = 2. O. 

XM2(1) - Tem'porary'storage for the fictitious outer bOlllldary mass 

(boundary 1) (normally 0). 

XM2(2) - Temporary storage for the fictitious inner boundary mass 

(boundary NZP) (normally 0). 

SCRADF - A scale factor for the front surface boundary temperature. 

(Ignored if NORAD '= 0.) 

If SCRADF > 0, the incident flux is scaled by SC~DF. 

If SCRADF = 0, the code sets SCRADF = 1. 

If SCRADF < 0, no radiation is allowed to pass through the front surface in 

either dir~ction, 1. e., FLUX(I) = o. 

SCRADB - A scale factor for.the back surface boundary temperature. 

Inputs are the same as for Variable 5. (Ignored if NORAD ;0 0.) In cylindri-
"- ..... 

, calor spherical, geometry, SCRADB is set = -1 whe'n there is no central 

void. If there is a central void, and SCRADB 2: 0;' any radiation passing into 

the void will be lost. SCRADB < 0 is the physically realistic choice. 

TRADOFF - The' earliest time at which the code will check to see if the 

radiation can be turned off (normally 0). 



Variable S. 
(71-S0) 

SWEP - elastic-plastic swit~h. 

If SWEP= 0, no elastic-plastic calculation. 

If SWEP = 1, elastic-plastic calculation. 

Card Set 5 Format (SE1O: 3)':Edit (Print Out) Information 

The times refer to problem times in seconds. There are NPRIN sets of these variables 

(see card 3). 

Variable Odd. TIMEP (1) - The time at which edit intervals switch from 

DTIMEP (1-: 1) to DTIMEP (1). 

_ [TIMEP (1) = 0, always. ] 

Variable Even. DTIMEP (1) - The time interval between edits from TIMEP (I) 

to TIMEP (1+1). 

For times> TIMEP (NPRIN), the last value of DTIMEP is used to the end of the problem. 

Card Set 6 Format- (Sihd. 3) Maximum Time Step Information 

Present only if NDTMAX > 0 (see card 3). 

There are NDTlVlAX sets of these variables. 

Variable Odd. TIMES (I) - Thetim~ atwhi~h the maximum time step switches from' 

DLTTMX 0-1) to DLTTMX (1). [TIMES (1) = 0', -~lways. J 

• - • -,' ' •• ' I J • ~, . - " -' •• 

Variable Even. DLTTMX (1) - The maximum time'- step 'allowed bedween 

TIMES(!) and TIMES(1+l). 

For times> TIMES (NDTMAX), the last value of DLTTMX is used 

, to the end of the proble~. 

Card Set 7 Format (SElO. 3) Minimum Time Step Information 

Present only if NDTMINN > 0 (see card 3). 

There are NDTMINN sets of these variables. 

Variable Odd. TDTMINN (I) - The time at which the minimum time step switches from 

I)TMINN (I-I) t~ DTMINN (1). 

[TDTMINN (1) = 0 always. ] 

Variable, Even. _ ,mrMINN(I),:- The ,minimum time step allowed between 
• • - • j ",: ,; .-

TDTMINN (I) and TDTMINN (1+1). For times> TDTMINN (NDTMINNL 
- -', ~ -' " . ] ~ . . 

the last value of DTMINN is used to the end of the problem. In case of any 

conflict. the minimum time step criterion is never violated. 
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Card Set 8 Format (8ElO. 3) Movie Frame Freguency 

Present only if MOVIE> 0 (see card 3). 

There are MOVIE sets of these variables,. 

Variable Odd. TMOV(I) - The time at which the movie edit frequency switches from 

DTMOV(I-l) to DTMOV(I) .. 

[TMOV(l) = 0, alwaysJ 

The dumps are terminated when the time 2: TMOV (MOVIE). 

Variable Even. DTMOV(I) - The movie edit frequency time interval ftom 

TMOV (I) to TMOV (1+ 1}. 

Card Set 9 Format (3E 10.3) Boundary Pressure Information 

Present only if NBPRES > 0 (see card 3). 

There are NBPRES cards with: 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21- 30) 

TBPRES(I) - The time of the Ith boundary pressure history point. 

[TBPRES(1) =0, always. J . 

PINNER(I) - The boundary pressure at boundary NZP (smallest X) 

at time TBPRES(I). 

POUTER(I) - The boundary pressure at boundary 1 (largest X) 

at time TBPRES (1). 

The code does a linear interpolation in time between these points. 

For times> TBPRES (NBPRES); the last boundary pressures are 

used to the end of the problem. 

Card Set 10 Format (3E10. 3) Boundary Temperature Information 
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Present only if NTHIST > 0 (see card 3). 

There are NTH 1ST cards with: 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

TITH(I) - The time of the Ith boundary temperaturehist\Jry point. 

[TITH(l) = 0, always. J 

TEINTH(I) - The ,boundary temperature at boundary NZP (smallest X) 

at time TITH (1) .. 



Variable 3. 
(21-30) 

l TEOUTH(I) - The boundary temperature at boundary 1 (largest X) 

at 'Utne 'i'fTH (I). 

The code does a linear interpolation in time between these ,points. 

For times> TITH(NTHIST), the last bou~daryteinperatures are used 
I,' ' ,', " 

to the end of the problem. 

Card Set 11 - Zoning the Problem 

The problem is zoned with a series of different regions, each of which is zoned independently. 

These are NRZC zoning regions and NMTRLS material ,layers;' with NRZC "NMTRLS. There 

can be several regions per material layer but not more than one material in any region. The, 

material boundaries must' be a subset of the region boundaries. 
c· ~ , " " '. ,:' 

Each region is zoned by first giving a set of region information cards and,. then by using one, 

and only one, of the seven types of zoning routines. The regions are con~idered in order" starting 

with the outermost (largest X) and working inward. 

Material Boundary Card Format (8ElO.3) 

Variable. XMATUP(I), I = 1, (NMTRLS + 1). These are the positions of the boundaries 

of the various materials, starting with thelargest X first. In, case lype 7 

zoning (voids) is ,used, the lower boundary of the void is used if the void is 

between different materials. A..void is not counted as a material. 

Next are NRZC sets of the following cards: 

Region Information Card 1. Format (15, 5EIO; 3, 15) 

This is always the first card for zoning a region with any of the seven types below. 

Variable 1. 
(1-5) 

Variable 2. 
(6 - 15) 

Variable 3. 
(16-25) 

ITYPE =, 90 + number of the zoning type tobe used for this region. 

X - The upper boundary of the region being zoned. Except for the first 
up 

region, this must always equal the lower boundary of the preceding region. 

X for the first region is the outer (first) boundary of the proble~. ' For 
up 

T:,:pe.6 zoning in the first region, this is ignored. 

X
l6w 

- ,The :lower bou~dary of the region. For the last region this denotes 

the inner (last) boundary of the Problem. ' For Type 6 'zoning in the last 

region, this is ignored. 
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Variable 4. 
(26- 35) 

Variable 5. 
(36-45) 

Variable 6. 
(46-55) 

Variable 7. 
(56-60) 

Po - The initial density to be used for each zone in this region. 

When Type 1 zoning is used, this density can he_ superseded for 

specified zones. 

T - The initial temperat~reto be used for each zone in this 
o 

region. When Type 1 zoning is used, this temperature can be 

superseded for specified zones. 

If T ,,; 0, code sets T = 0.02567785 (298°K). 
00-

V - The initial velocity to be used for the upper boundary of 
o 

each zone in this region. ,When Type-1 zoning is used. this 

velocity can be superseded for specified zones. 

IES -. The equation-of-state number for the materiai in this 

region. 

IES > 0 for tabular EOS. 

-20 ,,; IES"; -1 for analytic EOS (see card set 12). 

For Type 7 zoning, variables 4 to 7 are ignored. 

Region Information Card 2. Format (8ElO. 3) 

This is always the second card for zoning a region and contains the information for the 

elastic-plastic or distended material calculation. The eight input variables are named YIELD(I), 

I = 1, 8. 

Use only one of the following forms. 

1. Nonporous - hydrodynamic material and type 7 zoning. _ 

a blank card 

II. Elastic - Plastic Material (see Se ction IV - 2 and variable 8, card 4}. 
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Variable 1. - Y 
(1-10) 0 

Variable 2. - Y 
. (11-20) 1 

Variable 3. 
(21- 30) 

Variable 4. 
(31-40) 

O. - Computed internally. The absolute melt energy (8 ) 
m 

as determined from the equation of state is stored in this 

location. If a positive number is entered here, it will 

override the internally computed value. 

~ 0 - Reference density. If zero, the density is taken to ·be 

the same as Po on region information card 1. 



Variable 5. 
(41-50) 

Variable 6. 
(51-60) 

Variable 7. 
(61-70) 

Variable 8. 
(71-80) 

II - Reference Poisson IS ratio. 
o 

0' - Fraction of'melt en'ergy at which the material starts to 

lose strength (normally 0.8) 

If ex s. 0, code .sets Ct. = 0.8 • 
. . :, 

Blank 

Blank 

III. Distended or Porous Material (see Section V -5) 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

Variable 4. 
(31-40) 

Variable 5, 
(41-50) 

Variable 6. 
(51-60) 

Variable 7, 
(61-70) 

Variable 8. 
(71-80) 

p ~. Normal solid density at the temperature given by T 
so 0 

on region information card 1. This is used to calculate 

the initial distention ratio. 

k I - A constant used in computing the temperature dependence o . , 
of the crush strength. 

If ko I = 0, code sets ko I -2. 

(-1.) This is a switch~ 

.9' - The elastic limit pressure of the material.at full distention. 
e 

;¥ - The elastic limit pressure as all voids vanish in- the quadratic model, or s . 
(-a) - constantin the exponential model. 

C - Sound speed in the material at full distention. If no value 
eo 

is given, the normal solid sound speed is used. 

Blank 

Blank 
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Region Information Card 3. Format (8E10. 3) 

This is always the third card for zoning a region and contains the information for the 

material fracture calculation. The eight input variables are named FRACT(I), I = 1,8. 

Use only one of the four following forms. 

1. Suppression of Material Fracture (NSPALL < 0 on card 3) or type 7 zoning. 

A blank card. 

II. Stress Gradient Model (see Section VII for notation). 

Variable 1 
(1-10) 

Variable 2 
(11-20) 

Variable 3 
(21-30) 

Variable 4. 
(31-40) 

Variable 5. 
(41-50) 

Variable 6. 
(51-60) 

Variable 7. 
(61-70) 

Variable 8. 
(71-80) 

(]' - ultimate tensile strength (0" > 0). 
u u 

T - strength vanishing temperature. 
s 

If Ts ~ 0, code sets Ts = 10. 

A. 

B. 

If B = 0; code sets B = 1. 

C. 

If C = 0, code sets C = 1. 

a - static tensile strength (a > 0). 
o 0 

If a 0 code sets a = 0" • 
o 0 u 

Blank 

Blank 

III. Cumulative Damage Model (see Section VII for notation). 
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Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

K(O). (normally 0). 

T s - strength vanishing temperature. 

If T ~ 0, code sets T = 10. 
s s 

(]' - static tensile strength «(]' > 0). 
o 0 



Variable 4~ A. 
(31,.40) 

Variable 5. (-C) (must be negative). 
(41-50) 

Variable 6. K. 
(51-60) s 

Variable 7. Blank 
(61-70) 

Variable 8. Blank 
(71-80) 

IV. Tensile Strength Limit (see· Section VII for notation); 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

Variable 4. 
(31-40) 

Variable 5. 
(4.1-50) 

Variable 6. 
(51-60) 

Variable 7. 
(61-70) 

Variable 8. 
(71-80) 

(1 S - Maximum tensile strength «(1 s > 0). 

T s ~ Strength vanishing temperature. 

If Ts s: 0, code sets T~ = 10. 

Blank 

Blank 

c. 
If C = 0, code sets C = 1. 

Blank 

Blank 
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Seven Zoning Options 

Zoning Type 1 - AX(Hand) Zoning 

First Data Card Format (I5) 

Variable 1. 
(1- 5) 

NDXC - The number of AX zoning cards used to zone this region~ 

Next NDXC Data Card Format (I5, 4E10.3) 

Variable 1. 
(1-5) 

Variable 2. 
(6 -15) 

Variable 3. 
(16-25) 

Variable 4. 
(26-35) 

Variable 5. 
(36-45) 

The number of zones desired with this AX. 

The AX to be used for these zones. 

P * - .Used as the density for these zones if p "> 0; it overrides 
o 0 

the specified region density. If P ~ * =0, the specified region 

density is used. 

To~' - Used as the temperature for these zones if To':' > 0; 

it overrides the specified region temperature. If T ':;. = 0 o ,-

the specified region temperature is used. 

V 0':' - Used as the velocity of the upper boundary for these 

zones if V':' I- 0; it overrides the specified region velocity. 
o 

If V 0':' = 0, the specified region velocity is used. 

The sum of zone widths must equal the difference between the upper and lower region 

boundaries. 

Zoning Type 2 - Specification of Both Region Boundary Zone Widths (see Appendix B) 

Only Data Card Format (3E 10.3) 
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Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

WI - Width of first zone in region (largest X). If WI < 0, width 

of first zone is -WI times the width of last zone in last region 

sc-aled for density. W 1 cannot be negative for the first region. 

W 1 - Width of last zone in region (smallest X). 

Maximum fraction error allowed in ratio of adjacent zone 

masses (0. 01 is 1 percent). 

If the specified input is inconsistent with reality, the zoning will fail. 



Zoning Type 3 - Incr'easing-DecreasingMass Ratio (suggested only.for plane geometry) 

Only Data Card Format (2EI0. 3) 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

W - Specifies the width of the first and last zones of the region. 

If W = 0, an error has occurred. .If W > 0, W is the width of 

the first and last zones of the region. If W < 0, -W times the 

width of the last zo~e of the last region is the new zone width 

for the first and last zones of this region. W cannot be negative 

in the first region. Th~ zoning routine comes as close .to this 

value as possible. 

RATIO - The ratio of adjacent zone masses to be usec;lin the 

upper (first) half of this region. 1/ RATIO is the ratio of 

. adjacent zone mass'es to be used in the lower (last) half of the 

region. RA TIO may not be 1. 

If RATIO;:' I, this provides thin zones at the region boundaries arid 'thick zones in the region 

center in order to conserve the number of zones. RATIO < 1 results in thicker zones at the 

boundaries than at the center. The zone wic;lths are symmetric about the region center. 

Zoning Type 4 - Specification of One Region Boundary Zone Width and Mass Ratio (see Appendix B) 

" ;/' 

Only Data Card Format (4EIO. 3) 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

Variable 4. 
(31-40) 

W 1 - Width of first zone in region (largest x:). 
If W 1 < 0, widtli of first zone is RATIO times the width of last zone in last 

region scaled for density. WI cannot be negative for the first region. 

Wi. - W'idth of l~st zone in region (smalie~t X). ' 

RA TIO - Adjacent zone mass ratio. 

• " ~ 1 

Maximum fraction error allowed. 

,Note: Either W 1 or W i.,ITjust be zero. RATIO then applies to rpoving a,way from the nonzero 

value. - ,:' 
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Zoning Type 5 - Specification of Mass Ratio and Number of Zones (see Appendix B) 

Only Data Card Format (I5, EtO.3) 

Variable 1. 
(1-5) 

Variable 2. 
(6 -15) 

Number of zones desired in region. 

Mass ratio.in increasing position direction. 

Zoning Type 6 - Free Boundary (<;lnly for the first or last region) 

Only Data Card Format. (I5, 3E10.3) 

Variable 1. 
(1-5) 

.e. ,.. Number of zones. desired in region. 

Variable 2. 
(6-15) 

RA TIO - Mass .ratio in direction away from interior of problem. 

Variable 3. 
(16-25) 

Variable 4. 
(26- 3 5) 

Xm - Maximum or minimum position. 

Width of interior zone. 

The region will be zoned away from the interior until either f. zones are used or a position of 

Xm is encountered. If f. ,;; 0, .e. is ignored. 

to XMATUP(l) or XMATUP(NMTRLS + 1). 

Zoning Type 7 - Voids 

lfX 
m 

D, Xm is ignored. A correcti~n will be made' 

Used only on interior boundaries and cannot be used when a type 5 energy source is present. 

There are no data cards. 

Card Set 12 - Analytic Equation-of-State Data 

Any inputs for analytic equations of state go here. See Appendix 1 for format. 

Card Set 13 - Internal Source Information 

Present only if NOSOUR > 0 (see card 3). There are six types of internal sources.' However, 

only one of the six can be used in a given problem. NOSOUR on card 3 determines the type. 

Type 1 is the hardest to input, but all other types are reduced to Type 1 for code use. See 

Section VIll-4 for notation. 
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Source Type 1 - Hand Input for Each Zone 

Card 1 Ii'ormat (110) 

Variable 1. 
(1-10) 

NOSOUR - The last zone (largest zone number) in the problem to have a 

source. 

All Other Cards Format (I5, 6EI0.3) 

Variable 1. 
(1-5) 

Variable 2. 
(6-15) 

Variable 3. 
(16-25) 

Variable 4. 
(26-35) 

Variable 5. 
(36-45) 

Variable 6. 
(46-55) . 

Variable 7. 
(56-65) 

I =; Zone number. 

.,. 1 for Zone I. 

.,. 2 ,for Zone I. 

'1"3 for Zone I. 

.,. 4 for Zone I. 

9'2 for Zone I., 

.9>3 for Zone I. 

'1(" 

;" ~ - ; 

Cards must be ?rdered by increasing zone number with the smallest numb-:r first. The 

reading is terminated when the zone number = NOSOUR. Zones with number < NOSOUR are not 

required to have a source and may be omitted from the sequence. 

Source ,Type 2' - Input <Dotal Energy:perZQne -,' 

- Card I' is th~ same a; the first Type icard. 

All Other Data Cards Format (I5, 3EI0.3) 

'Variable 1. - > 

(1, -5) 

Variable 2. 
(6 -15) 

Variable 3. 
(16-25) 

I = Zone number. 

,:" . 
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Variable 4. 
(26-35) 

Zone energy (ergs). 

Order requirement on zone input is the same as for Type 1. 

zone energy 
(1"4 -1"l)M i 

Source Type 3 - Input Total Specific Energy per Zone 

Same as Type 2, except Variable 4 is the zone specific energy (ergs/ gm). 

Source Type 4 - Source Region 

Card 1 Format (nO) 

Variable 1. 
(1-10) 

KK - The number of source regions. 

Next KK Data Cards (one for each region) Format (5E10. 3) 

Variable 1. 
(1-' 10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

Variable 4. 
(31-40) 

Variable 5. 
(41-50) 

Right-hand boundary of source region (largest X). 

Left-hand boundary of source region (smallest X). 

Energy source strength, the total energy to be introduced 

between right and left boundaries. 

The code will try to match X values with z,one boundaries. If it is una?le to. do this, ,it will 

take the right-hand boundary at the first boundary to right of the region and the left-hand boundary 

at the first boundary to the left. 

Caution note on Type 4 when KK > 1: If some regions overlap, the code' wiU lose some of the 

input energy, since all but the last source in any overlapped, zone is dropped. This results in a 
diagnostic message. 
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Source Type 5 - Externally Generated Energy Profile (for plane geometry only) 

Only Input Card Format (6E10.;3, 215) 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21-30) 

Variable 4. 
(31-40) 

Variable 5: 
(41-50) 

Variable 6. 
(51-60) 

Variable 7. 
(61-65) 

Variable 8. 
(66-70) 

F = ± I total incident flux I . 
o . 2 

If F ~ 0 flux in ergs/ cm . 
o 2 

If F < 0 flux in cal/cm . 
o 

/72/ .~ (see Type I, same for all zones). 

A switch to select data input tape. 

If # 11 input tape unit is 7. 

If = I, input tape unit is 17" = card reader .. 

,:A switch for time retardation from front surface. __ 

If# I, there is no time retardation. 

If = I, time retardation is included. 

See Section VIII- 5. If card input is indicated, insert 'cards dis~ussed in A'ppendi~-: D at this 

point. 

Source Type 6 - HE Burn Format (8EIO. 3) (See Section X-2) 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21- 30) 

Variable 4. 
(31-40) 

Variable 5. 
(41-50) 

Variable 6. 
(51-60) 

x - Point of initiation of burn. 
o 

t -Detonation time (start of burn). 
o 

X
R 

- Right-hand boundary (largest X) of burn region. 

XL - Left-hand boundary (smallest X) of burn region. 

D - Detonation velocity. 

Q - Chemical energy release per unit mass. 
or 

(,-p CJ) - Chapman-Jouguet pressure. The self-detonation 
calculation is active only if P CJ is defined. 



Variable 7. 
(61-70) 

Variable 8. 
(71-80) 

N - Number of zones in the detonation front (normally -3). 

Switch = 1 if more HE burn region cards are to follow. 
Switch = 0 if no more cards are to follow. 

Card Set 14 - Initial Zone Activation Format (8E10. 3) 

Present only if NACTION > 0 (see card 3). 

There are NACTION sets of these variables. 

Variable Odd. Lower boundary of active region. 

Variable Even. Upper boundary of active, region. 

Card Set 15 - Rezone for Initial Voids with Type 5 Energy Source 

Can be used only in plane geometry. 

Present only if NSPALL > 0 (card 3). 

Card 1 Format (I5) 

Variable 1. 
(1-5) 

JJJ - Number of breaks in materials. 

Next JJJ Cards Format (I5, E15.7) 
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Variable 1. 
(1-5) 

Variable 2. 
(6-20) 

JJ - The material zone boundary number at the break. 

The space between the parts of the material. 

Initial space can only be made at an interior boundary, i. e., 2 ,;; JJ ,;; NMTRLS. ' 
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Appendix I 

, . 

INPUT CARDS FOR THE ANALYTIC EQUATION OF STATE 

The input cards described here form card set 12 in the preceding section but are also used in 

the program CKEOS
5 

and other hydrodynamic codes with the ANEO~ package. There is one set of 

cards for each analytic equation of state. These data are couplEid 'to the' rest of the code by an' 

equation-of-state number which'inust agree with that defined in the zoning section.' An analy-ti'c 

equation of state must have a negative number greater than or equal to (-20). Positive numbers 

are reserved for tabular :f~rms which require no input cards. 

All temperatures below are assumed in units of elect;on volts.' (See Reference 4 for a: " 
complete description;) Note that some variables have been moved from their locations in 

Reference 3 and new ones are present: 

Card 1. Format 03, 15.' -12, 5A10, 21<:10.3} 

Variable 1. 
(1-3) 

Variable 2. 
(4-8) 

Variable 3. 
(9-10) . 

Variables 4-8. 
(11-60) 

Variable 9. 
(61-70) 

Variable 10. 
(71-80) 

Equation-of-state number (negative number). 

Library equation-of-state numberJ.f de'sired; otherwise, zero.t 

Used only with a library equation of state'. 

This variable determines the type 'of analytic calculil.tion 
(see Variable 2, card 2 beloW). 

If· out of range 0 to 4 or library information is only for a 
gas, tJ1is irl,i?ut is ignore,d. 

Fifty-column identificaqon label - any BCD information. 
'. '_, ,_, -f 

RHUG - The Initial density for the Hugcmiot calculation .. 
If zero, the calcuiation is skipped. If negative; the 
initial density is taken to be the reference density 
(Varia,ble 3, card 2, below). 

THUG - The initial temperature for the"'Hug'onicit calculation. 
If zero, the calculation is skipped. 

If negative, the initial temperature is taken to be the reference 
temperature (Variable 4, card 2 below). 

tSee the end of SUBROUTINE ANDATA in Appendix G. 
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The Hugoniot calculation should normally be used only to test new equation-of-state 

information. 

************************************************ * * * * * * * If a library equation of state is requested, * 
* * * * * no further data cards are required. * : ~ 
************************************************ 

Cards 2, 3, and 4. Format (BE10.3) 

29B 

In the listing the following variables are called ZB(I), I = 1, 24. 

Variable 1. 
(1-10) 

Variable 2. 
(11-20) 

Variable 3. 
(21- 30) 

Variable 4. 
(31-40) 

Variable 5. 
(41-50) 

Variable 6. 
(51-60) 

Variable 7. 
(61-70) 

Variable B. 
(71-BO) 

The number of elements in this material. 

Switch for type of equation of state. 

O. - Solid-gas. without electronic terms and without 
detailed treatment of the liquid-vapor region . 

. 1. - Solid-gas with electronic terms but without detailed 
treatment of the liquid-vapor region. 

2. - Gas only with electrqnic terms. 

3. - Same as 0., but with a.detailed treatment of the 
liquid-vapor region. 

4. - Same as 1., but with a detailed treatment of the 
liquid-vapor region. 

Po - Referencedensiiy. 

To - Reference temperature. 

If To ~ 0, code sets To = O. 02567785ev (29BOK). 

P - Reference pressure (normally 0). 
o 

Bo - Reference bulk modulus (position number) 

or 

(-S ) constant in linear Hugoniot sh~ck-particlevelocity 
o relation ,{negative number). . . 

r - Reference Gruneisen coefficifmt. 
o· 

8 - Reference Oebye temperature. If 8
0 

" 0, code 
o sets 8 = 0.025. 

o 



Variable 9. 
(1-10) 

Variable 10. 
(11-20) 

Variable 11. 
(21-30) 

Variable 12. 
(31-40) 

Variable 13. 
(41-50) 

Variable 14. 
(51-60) 

Variable 15. 
(61-70) 

Variable 16. 
(71-80) 

Variable 17. 
(1-10) 

Variable 18. 
(11-20) 

Variable 19. 
(21-30) 

Variable 20. 
(31-40) 

Variable 21. 
(41-50) 

Variable 22. 
(51-60) 

Tr - Parameter 

or 

T r = ~ I, Slater theory;, 

Tr = 0, Dugdale and MacDonald theory; 

Tr =, I, free-yolume theory 

Sl - constant in linear Hugoniot shock-particle velocity relation. 

Input variable is defined in relation to variable 6. 

3C
24 

- Three times the limiting value ?f the Gri.ineise~ coefficient 
for large, compressions, usually either 2 or O. Wlien a 
value of 2is used" C24 = 2/3. 

E - Zero temperature separation energy. 
s 

T - melting temperature 
m, 

or 

(-E ) : energy to the melting point at zero pressure relative' to the,reference 
m point. This is not the same as 8

m 
due to 'reference point energy. 

C
53 

- parameter for low density Pc modification to move critical 
point (normally zero). 

C 54 - parameter for low density P ,modification, to, move critical 
point (normally zero) c , 

If C
54 

:; 0 and C
53 

# 0, code setsC
54 

~O. 95. 

H - Thermal cond~ctivity coefficient. 
o 

If zero, thermal' conduction 
C41 

is not included. Note that the'units of H = H T are ergs/ 
o 

(em sec eV). 

C
41 

- Temperature dependence of thermal conduction coefficient 
(see Variable 15). 

"P . - Lowest allowed solid density, usually about 0.8 P • 
mm 0 

If zero or negative, code sets Pmin = 0.8 Po' 

Parameter Dl 

Parameter D2 

Parameter D3 

Parameter D 4 

Parameter D5 

Solid - solid phase transition 
parameters (normally 0). ' 

2~9" 



Variable 23. 
(61-70) 

Variable 24. 
(71-80) 

H
f 

- Heat of fusion to determine melt transition parameters. 

If H
f 

= 0, no transition is included .. 
. 12 

If H
f 

< 0, code sets H
f 

= 1.117 x 10 TmlA (ergs/gm) 

where A is the average atomic weight. 

NOTE: Code will run slower if the melt transition is 
included. Use only when necessary and after 
testing. 

P £ IPs -Ratio of liquid to solid density at melt point. 

or 

(-P.Q) - Density of liquid at melt point. 

If H f 1 0 and p.QIPs = 0, code sets p.QIPs = 0.95. 

For a gaseous equation of state, Variables 5 through 14 and 17 through 24 are read but not 

used. 

Card 5. Format (5(F5.0, EtO.3») 

There is one set of the following variables for each element in Variable 1, card 2. I = 1, 

number of elements. 
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Variable Odd. zm - atomic number of elements. 

Variable Even. Unnormalized atomic number fraction of element [COT(I)] , or 

- Unnormalized atomic weight fraction of elemel)f. 

All elements' should be defined in the same way. 
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Appendix J 

A METHOD FOR OBTAINING FILM OUTPUT' LISTING 

It is possible'to'haye the standard edit information listed on the line printer or film or 

both. This involves manipula~ioh of the standard output file after execution of the' program but : 

before the end of the job. The exact method is very machine-dependent, and the one given here 

will, in all probability, only work:~ith the Sandia Albuquerque system as of September 1971. 

The idea is, of course, machine-independent and can be used fo:r ,any program. 

After the program 'has b,een executed, the printed output is contained fn the us~r file 

OUTPUT. It is desired tb,transfer these data to a file named" ~or example, FILM in a form 
. . , .'.:', \ r "1 

suitable for the SC 4020 plqtt~r p;i~t mode. The following set of control ,cards wiJl accomplish 

this and also yield the l10rrrial line :printer listing. The LGO card is the usual load and execute 

command which, in sta,nc;i"!,rd,operation, would be followed by the end-of-file card (7:'S:"9 pu~ch 

in column 1). 

LGQ>., 
RFL, 12000.~ " 
UNLQ>AD, LGQ>. 
UNLQ>A:O, $$$. ' ($$$=ANY Q>TH'ER TAPES USED) 
RE QUEST, FILM, HI,S. VRN = (YQ>UR TAPE) 
REWIND"Q>UTPUT. 
REWIND; FILM. 
CQ>PYCS, Q>U,TPUT, FiLM. 
UNLQ>AD;'F1LM." " 
(i-S-9) , 

The RFL (request field l~ngth) and unl~ad cards are to keep the system personnel happy. The 
, , . ' " - . 

loading and copying reqllire,:almost flO centra,l processor time but might take appreciable rep.l 

.~:, '-

time if the physical tape FILlv1.cannotbe mounted quickly. If a lineprinter listing is not desired, 

the file OUTPUT should be rewound after the copy operation. 

To obtain the film listing, , a peripheral request card should be submitt~d to ~end the tape 

to the SC 4020. 

. . ': 

i' 

Precedi~g paglSlank i 3(;) ~ 0 ~ 
~ ________________________ :: I 



DISTRIBUTION: (February 1972) 

U.' S. Atomic Energy Commission 
Division of Technical Information 
Rep. Sec., Hdqtrs. Library, G-017 
Washington, D. C. 20545 

U. S. Atomic Energy Commission 
Albuquerque Operations Office 
P. O. Box 5400 
Albuquerque, New Mexico, 87115 
Attn: H. C. Donnelly 

U.' S. Atomic Energy Commission 
Sandia Area Office ' 
P. O. Box 5400 
Albuquerque, New Mexico 87115 

Lawrence Livermore Laboraiory (31) 
P. O. Box 808 
Livermore, California 
Attn: Reports Library 

J. S. Chang 
A. Cole 

,W. J. Comfort 
G. Cooper 
B. Crowle'y 
W. Crowley 
W. Grasberger 
R. Grover 
A. C. Holt 
W. Hoover 
M. H. L. Jester 
R. N. Keeler 
J. Keller 

94550 

W. A. Lokke 
E. W. McCauley I 
W. McMaster 

, 

R. Nelson 
J. Osborn 
J. H. Pitts 
D. Post /-
E. B. Royce I 

B. Rozimyai 
S. Sack 
C. B. ,Tarter 
M. van Thfel 
R. J~ Wasley 
M. L. Wilk~ns 
J. Wilsori 
L. W. Woodruff 
J. W.:Zink 

.\ 

Los Alamos Scientific Laboratory (3,9) 
P. o. Box 1663 
Los AlaIflOs, New Mexico 87544 
Attn: Reports Library 

J. F. Barnes, TD-l 
'-., P. J. Blewett, TD- 5 

R. R. Brownlee, J-9 
D. H. Byers, W-OO 

.. ,: 

304 

J. M. Cortez, J-15 
, A. N. Cox, J-15 

A. Davis, J-9 
C. G. Davis, J-15 
W. Deal, GMX-6 
D. D. Eilers, J-15 
S. D. Gardner, GMX-7 
L. A. Gritzo, GMX-3 
F. H. Harlow, T-3 
L. C. 'Horpedahl, W-9 
W. F. Huebner, T-DOT 
M. J. Katz, W-9 
C. Keller; J-15 
G. 1. Kerley, TD-5 
D. A. Liberman, T-DOT 
E. D. Loughran, GMX-2 
C. L. Mader, T-5 
R. G. McQueen, GMX-6 
A. L. Merts, J-15, 
R. Morales, GMX-U 
F. T. Seibel, W-8 
B. P. 'Shafer, w-i' 
J. P. Shannon, T - 3 
G. R. Spillman, TD-3 
J. N. Stewart, J-9 
J. W. Taylor, GMX-6 
E. Teatum, W-4 
D. B. Thomson, OMX-6 
R. S. Thurston, W-I0 
T. L. Tolley, W-4 
D. Venable, GMX-ll 
J. Wackerle, GMX-7 
P. P. Whalen, TD- 1 
G. N. White, T-5 

Union Carbide Corporation (2) 
Bldg. 9302, Y-12" 
Oak Ridge, Tennessee '37830 
Attn: S. Wallace 

C. M.Davenport 

R. G. Fitzgerald, i221 
M. W. Edenburn,1222 
W. H. Schmidt, 12,22 
J. L. Wentz, 1222 
J. R. Piper, 1223 
V. J. Roh, 1223 

\G. E. Clark, 1314 
·P. L. Stanton, 1314 
P". D. Wilcox, 1316 
J. ":P. Shoup, 1330 
R. K,." Traeger, 1435 
C. E. 'Albright, 1435 
O. M. S~etzer, 1440' 
R. H. Braasch, 1441 
W. E. Alzheimer, 1517 
C. H. Mauney, 1530 
R. L. Alvis, 1534 
T. B. Lane l 1540 


