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DIGITAL COMPUTER PROGRAMS FOR STEADY-STATE 

OR TRANSIENT TEMPERATURF, ANALYSIS OF 

PLANE AND AXISYMMETRIC BODIES BY 

THE FINITE ELEMENT METHOD 

PROGRAMS E12202 

E12203 

E12206 

E12207 

I. INTRODUCTION 

The problem is to determine the temperature distribution of a complex 

two-dimensional body with various boundary conditions including radiation 

effects. The body can consist of several different materials; the material 

property parameters and boundary conditions can be both temperature and 

time dependent. The purpose of this report is to describe the numerical 

procedures and the input instructions for the computer programs vrhich provide 

the solutions. 

The basic numerical procedure which is presented here is the finite 

element method—FEM. Many published papers have demonstrated the validity 

of the finite element idealization via variational techniques. However, a 

formal mathematical approach will not be utilized in this report, rather, 

a completely physical interpretation of the heat transfer equations for a 

finite element system will be given. 

The advantages of the FEM as compared to other numerical approaches 

are numerous. The method is completely general with respect to geometry 

and material properties; complex bodies composed of many different materials 



Kimura/Thomas/Yee 
26 May 1972 

N8110R:72-040 
Page 2 

are easily represented. Inherent in most numerical procedures is the solu

tion of a set of linear equations for unknown mesh point temperatures. In 

the FEM the linear equations produce a symmetric positive-definite matrix 

in band form which is readily solved with a minimum of computer storage 

and time. In addition, the computer input can be made compatible with exist

ing stress analysis programs; therefore, the computer input and the over-all 

time necessary for the complete thermal stress analysis is reduced. 

II, METHOD OF ANALYSIS* 

A. ASSUMPTIONS 

The b a s i c element ( s u b - d i v i s i o n ) used i n the i d e a l i z a t i o n of a 

two-dimensional body i s a t r i a n g l e of a r b i t r a r y shape (Figure 1 ) . Since 

the thicT'H'^^'^ of thp t r inp^ l ' ? may Vip flnffprent for ear-h e]eripnt; axJRymiretric 

bodies a re a s p e c i a l case of t h i s fo rmula t ion . The f i r s t s t e p in the 

thickness *it" 

FIGURE 1 ° TYPICAL TRIANGULAR ELlHEHT 

*Most of this section was taken from Aerojet Report No. TD-44, March 1965 
by E. L. Wilson. 
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development of the heat transfer equations is to assume the follovring 

temperature distribution within each elements 

T(x^y) ^^ B3_ + 02 ̂  ^' ̂ 3 "^ (1) 

If Equation (1) is evalxiated at the three vertices and the resulting set of 

equations is solvedj the follovfing relationship for the constants g„^ $„ and 

B is obtained2 

P-3 

1 r̂ \ A 
V^d 

where X *« a. b^ - a^ b. 

or, symbolically 

• % 

b\- WW, 

0 

T. 

k 

(2a) 

(2b) 

B. TS-IPERATURE GRADIENTS 

The temperature gradients normal to the boundaries of the 

element are by definition 

3 = BT (3) 

If Equation (3) evaluated at the three boundaries of the element, the 

following normal gradients are founds 

NOTE: Subscript stands for vector. 
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\ 

0 - Sin ^^^ Cos S .j^ 

0 

0 

Sin e . Cos G 

Sin 0 . , Cos e , . 

^1 

h 

. ^ 3 . 

ih) 

The angles 0 are defined in Figure 2 . Equation (h) may be wr i t t en in 

symbolic form as 

bl" W [B]. (^) 

FIGURE 2 NORMAL GRADIENTS AND REFERENCE ANGLES 
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C. HK'iT FLOT 

The r a t e of heat flow through a boundary i s given by 

^N k A Sĵ . 

where k i s the conductivi ty of the mate r ia l and A i s the surface area of 

the boundary. Consequently^ the heat flcrrT^ as shorn in Figure 3a through the 

three i n t e r i o r boundaries^ wtiich are one half the length of the s ides j i s 

k t 

^jk 

0 

0 

0 

^ i 

0^ 

0 

0 

M . 

S i 

^3 

. \ 

(6) 

where i is the thickness of the element and i is the length of side mn 
inn ° 

Equation (6) wr i t t en syiabolically i s 

H.-WW (7) 

FIGURE 3 - HEAT FW.-I VECTORS 
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D. ELB4EOT CONDUCTIVITY M/iTRIX I^D ENERGY EQUATION 

Heat flcj for a t y p i c a l element m i s expressed i n terms of 

corner temperatxires by combining Equations (2)^ {$) and (7)s 

W," MM. (« 
where C^ i s defined as the '"element conductivi ty matr ix" and i s given by 

[=1 " b] [J b] (') 
In terms of bas ic element dimensions and properties^, Equation (8) becomes 

\ 

> . 

2x 

e2 . d2 

\ ^ - -̂k̂  

» b^ e + a^d 

V " V " 
y!: . a^ . 

K . JR. 

- ^ A *" Ĵ̂ C 

b . o -4- a .d 
0 ^ 

b ,b-. « ci-ja, 1 

v2 ^ 2 

^ 3 ^ ^̂  J 

h'l 
1 T . 1 

0 1 

W\ 
(10) 

where d ~ av - a . 

e «= b . - b. 

E. ELEMENT CONDUCTIVITY MATRIX AND ENERGY EQUATION FOR THE 

COMPLETE SYSTEM 

For a non-steady temperature condition, the heat flow out 

minus the heat flow into the region can be represented by the expression 

^'%^K . n = l, 2, ..., N 
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where p = average material density 

C = average material specific heat 

T = temperature 

t = time 

and subscript n represents the nodal point. Elements attached to typical 

nodal point n, as shown in Figure 4, form the basic region where a heat 

balance requires that 

pC p 8t 

M 

= Q n ZJ 
m T „ 
q̂  » n = 1, 2, 

m 

(11) 

^ov^"^ 
V̂  

FIGURE h - TYPICAL REGION FOR HEAT EQUILIBRIUM 
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In the l a t t e r e x p r e s s i o n , M i s the t o t a ] number of e lements and 

N i s the t o t a l number of nodal p o i n t s in the sys tems. Tlie s e t of N Equat ions 

(11) may be w r i t t e n in ma t r ix form as 

pC 
P "^t. 

n V 
V 

M 
m 

ra 
l_ 

(12) 
V 

In a similar manner, Equation (8) may be expanded in terms of all possible 

nodal points and be expressed as 

m 

V 

..m (13) 

m where zei"o valued elements have been inserted in order to expand the 3 x 3 C 

r ml 
maLxix Lo uhe N x IN i C m a t r i x . 

L " J 
The substitution of matrix equation (13) into matrix Equation (12) 

results in an expression in terms of nodal point temperatures and its partial 

derivatives, 

pC 8T 
p St /n 

+ 
n n 

(14) 

where C is the N x N "conductivity matrix" (for the complete body) which 

is given by 

M 

m = 1 
,m (15) 

The summation of element conductivities to form the complete con

ductivity matrix is similar to the combination of element stiffnesses in the 
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" d i r e c t s t i f f n e s s " apfjroach to s t r e s s a n a l y s i s 

Let 

then one can vjr i te 

)c a d iagona l ma t r i x wi th (fc ) on the d i a g o n a l . 

8T r 
3t v , t + v , t n v , t 

(14a) 

where the new subscript t refers to "at tim.e t". 

Now expand 

the 2nd order term to get 

T 
n 

L 

in a Taylor's series and truncate after 
v,t 

r T 

n v,t 
v,t-At 

+ At n 
9t v,t-At 

(At)' 
3̂ T 

n 

dt 
v,t-At 

Then approximate the 2nd partial derivative by 

2 
9 T n 

at 

_1 
At 

v,t~At 

8T 
r 

dt 
v,t 

9T 
n 

dt 
v,t-At 

and one gets fot 
n 

the following expression: 
v,t. 

At 
n v.t v,t-At 

3T 
r 

3t 

At 

v,t-At 

3T 
r 

dt v,t 
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Substitute the latter expression into Eq. (I4a) to get 

n 

ST 
r 

St v,t n n 
+ 

v,t-At 

At 
2 

ST 
n 

St v,t-At 

At 
2 

ST 

St v,t n i t 

Now use the following approximations 

ST 
r 

St 
v,t-At 

_1_ 
At 

v,t v,t-At 
For̂ 7̂ard 
differences 

ST^ 
L. 

It" v,t 
At L v,t v,t-At 

Backward 
differences 

in the latter expression with re-arrangement to get 

_2 
At 

D n 
+ C 

n 
T 

n 
v,t iv,t 

+ 
At 

D 
n J V, t-At 

(14b) 

Matrix Equation (14b) represents the energy equation for a time-

dependent system. It may be solved for 

the previous time temperatures, and 

in terras of 
v , t v , t - A t 

which comes from the boundary 
v , t 

conditions and internal heat generation. 
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Note t h a t --- D 
At n i s symmetric and p o s i t i v e d e f i n i t e 

from the o r i g i n a l assumpt ions ; and in most c a s e s , i t can be placed in band form. 

By t ak ing advantfige of those convenient c h a r a c t e r i s t i c s , an e f f i c i e n t a l g o 

r i thm (Gaussian e l i m i n a t i o n V7J th d iagona l t e r n s as p i v o t s ) was developed to 

handle the s o l u t i o n of (14b) e f f i c i e n t l y . 

For s t e a d y - s t a t e probltuus, the mat r ix energy equa t ion i s 

(14c) 

This comes from matrix Equation (I'la) by setting 
ST 
__jr 
St 

-• 0. The solution 

may require an iterative process (successive substitutions) if the material 

properties and boundary conditions are temperature dependent or if there are 

radiation effects. 

F. BOUNDARY CONDITIONS 

Programs E12202 and E12207 can handle several types of boundary 

conditions; 

1. Convection 

2. Sink to wall radiation 

3. Surface to surface radiation 

4. Specified temperatures 

1. Convection 

For convection, the programs assume the following heat 

transfer apply 

q. = h(T - T.) 
1 e x 

(16a) 
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q, = h(T - T.) (16b) 

for two adjacent boundary nodes. The q. and q, are substituted into the 

right-hand side of Equations (14b) and (14c). 

2. Sink to Wall Radiation 

For those cases in which there is radiative heat transfer 

between surface elements and a constant source or sink temperature, the 

equation used for radiative flux is 

q. = FEa(T'̂  - T'̂ ) (17) 

where F is the surface shape factor, F is the surface emittanre constant. 

1 / 0 / 

a is the Stefan-Boltzman constant (.33 x 10 Btu/in -sec-°R ), T is the 

source or sink temperature and T. is the node tcm.perature of an element. 

3. Surface to Surface Radiation 

For the general case of an enclosure consisting of N 

surfaces, the heat transfer expression is 

î = TAI (^ i - -0 (18) 

where e. is the surface emittance,<f is the Stefan-Boltzman constant, T. 
1 1 

is the nodal temperature and B. is the radiosity of the surface. B,'s 

are obtained by solving a set of linear simultaneous equations. For de

tails, see Bergquam's analysis in the Appendix. 
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4. Specified Temperatures 

This is not really a boundary condition, but there are 

cases where the temperatures are specified at certain points in the system. 

The way the program handles this case is by re-arranging the specified 

temperatures to the righthand side of (14b) and (14c) and solves for the 

unknown temperatures. For example, rewrite (I4c) in the following form: 

: I C , aa , ab 

^ba i Sb 
V V 

(19a) 

(19b) 

where Q and T, are specified and Q, and T are the unknowns in the system, 
a b b a •' 

Equation (lya) may be rev/ritten as 

r 
c 

aa 

- 1 

T 
a 

V 

= 
r ~i 

^a 
V 

r 
^ab 

r ~i 

^b (20) 

G. SEQUENCE OF OPERATIONS FOR E12202 AND E12207 

The following tabulation is a list of the important subprograms 

in E12202 and E12207 with a brief description of their main functions. 

Subprogram Name 

1. CONMAT 

Principle Functions 

Forms the conductivity matrix. For each element 

the following steps are performed: 
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(1) Each quadrilateral element is divided into four 

triangular elements as shown below. 

(2) The conductivity matrix for each triangle (Eq. 10) 

is formed and then combined to form a 5 x 5 con

ductivity matrix with respect to the five points. 

(3) This 5 x 5 matrix is then reduced to the 4 x 4 

quadrilateral conductivity matrix by the elementary 

marrix operations, i.e., elementary column and row 

operations. 

(4) The quadrilateral conductivity matrix is then added 

to the conductivity matrix for the complete body. 

The internal heat generation is also handled by 

CONtlAT. 

2. CONVBC 

3. FRAME 

MAIN 

This subprogram handles all of the boundary condi

tions as described in Section E of Part II. 

This subprogram occurs only in E12202. It is used 

to draw the graph coordinates for the geometry plot, 

This is the main portion of the program, in that it 

controls the sequences of operations. 
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5. RTAB 

6. SIMEQ 

10. 

11. 

SUBRO 

SUBRl 

SUBR2 

SUBR3 

SUBR4 

12. SUBR5 

13. SUBR6 

Reads and initialize the input tables. 

Used to solve a set of linear simultaneous equations. 

This subroutine is necessary for surface to surface 

radiation effects. 

Reads the header and control cards; sets the flags 

for proper sequencing. Reads and generates nodal 

point information. Calls RTAB for tables input. 

Main function is to read and generate the elements 

with their properties. Calls CONMAT. 

Reads in the necessary boundary condition cards, 

sets the necessary boundary flags. Calls CONVBC. 

Handles the transient cases v7ith constant material 

properties and constant boundary conditions. Prints 

solution. 

Handles the transient cases with constant material 

properties but with time and temperature dependent 

boundary conditions. Calls SUBR7. Prints solution. 

Handles the transient cases with time and temperature 

dependent material properties and time and tempera

ture dependent boundary conditions. Calls SUBR6, 

SUBR7. Prints solution. 

Keeps track of the element information and calls 

CONMAT to generate the conductivity matrix. 
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14. SUBR7 

15. SUBR8 

16. SYMS0 

Keeps track of the boundary conditions information 

and calls CONVBC. 

Handles the steady-state cases and prints solution. 

Calls SUBR6 and SUBR7. 

Use to solve a set of linear simultaneous equations 

which is summetric, positive definite and is in 

band form. 



Kimura/Thomas/Yee 
26 May 19 72 

1 

START 

IE 
INITIAI.IZE 

r 
-*a-

/ SUBR4 

N3110R:72-040 
Page 17 

• » - = * -

14, 
YES / CONST."̂  

SUBR5 

FIGURE 5 
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Explanat ion of flov/ char t (Figure 5) : 

1. Start of program. 

2. Initialization. Clearing storages. 

3. Call subprogram SUBRO. 

4. ISTART is a restart flag. If ISTART = 1, all the rest of the 

input data will be (or have been obtained) from the history 

tape. If ISTART ~ 0, continue to read input cards. 

5. Call subprogram SUBRl. 

6. Call subprogram SUBR2. 

7. Test for geometry plot. This option is not in E12207 because 

Ox- cornpUuCiT core j_iuiuit_adon. 

8. Generate geometry plot tape. This process occurs only in 

E12202. 

9. Test for geometry plot only option. 

10. Test for steady-state case. 

11. Call subprogram SUBR8 for steady-state case. 

12. Test for constaiit properties case. 

13. Call subprogram SUBR3 for constant properties transient case. 

14. Test for time and temperature dependent boundary conditions. 

15. Call subprogram SUBR4 to handle transient cases with time and 

temperature dependent boundary conditions. 
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16. Call subprogram SUBR5 which handles transient cases with time 

and temperature dependent material properties and boundary 

conditions. 

III. INPUT INSTRUCTIONS 

The following input instructions are for four computer programs, 

Program Code 

E12202 

Function 

Computes the temperature distribution of a two-dimensional 

body using the method as outlined in Section II for up to 

500 nodes. 

E12207 Performs the same calculations as E12202, except that 

E12207 can handle up to 900 nodes but with a smaller band 

width. 

E12205 Generates an isotherm tape from the output created by 

E12202 or E12207. This isotherm tape is used to generate 

isotherms via a Calcomp plotting device. 

E12206 Generates the time-temperature tape from the output tape 

created by E122G2 and E12207. This tape is used to plot 

time-temperature graphs via the Calcomp plotting device. 

NOTE: The units one should use are any system of units that are consistent. 
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A. INPUT FOR PROGRAMS E12202 AMD E12207 

There are nine types or sets of input cards. 

Ic IdenLLfication input card. 

2. Control input card. 

3. Damping and closure tolerance input card. 

4. Material property input cards. 

5. Input tables. 

6. Nodal po.int input cards. 

7. Element input cards. 

8. Boundary conditions input cards. 

9. Shape factors input for surface to surface 

radiation. 

NOTE: These cards must be ordered as listed above. 

1- Identification Input Card. FORMAT (12A6,6X,2I1) 

Col(s). 1-72 Alphanumeric characters to identify the case. 

79 Punch a '1' to restart the case from a history 

tape. Otherwise, leave it blank. 

80 Punch a '1' to generate a history tape for 

isotherm plots, time-temperature plots or 

restart capability. 
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2- C o n t r o l I n p u t C a r d . F0RMAT(6I5 ,3(E10 .4 ,15) , 4 L 1 , I 1 ) 

C o l ( s ) . 1-5 Number of n o d a l p o i n t s . (500 maximum f o r 

E12202; 900 maximum f o r E12207) 

6-10 Number of e l e m e n t s (2000 maximum). 

11-15 Number of b o u n d a r y c o n d i t i o n i n p u t c a r d s . 

T h i s number can exceed t h e a c t u a l number of 

b o u n d a r y c a r d s b u t t h e n t h e l a s t c a r d must 

be a " - 1 " c a r d . 

20 = 0 o r b l a n k f o r p l a n e s o l i d s . 

= 1 f o r a x i s y m m e t r i c s o l i d s . 

25 = 0 o r b l a n k f o r no p l o t o u t p u t . 

= 1 f o r p l o t o u t p u t . ( O p t i o n works o n l y 

f o r E12202) 

26-30 Number of p r o p e r t y t a b l e s t o b e i n p u t . 

31-40 I n i t i a l t i m e . 

4 1 - 4 5 T a b l e number of t h e At t a b l e , i f a n y . T h i s 

t a b l e p r o v i d e s a v a r i a b l e A t . 

46 -55 A t , c o n s t a n t i n t e g r a t i n g s t e p . I f z e r o , 

p rog ram w i l l s e e k a s t e a d y s t a t e s o l u t i o n . 
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56-60 Print integer; for example, print every fifth 

integrating step, use a '5'. For steady-

state case, this becomes the maximum number 

of iterations, default value is 20. 

61-70 Cut-off time or maximum time. 

71-75 Use any positive non-zero integer for punch 

output. 

76 To damp conduction nodes during steady-state 

iterations, punch a 'T', otherwise, leave it 

blank. 

77 To damp convection nodes during steady-state 

iterations, punch a 'T'. 

78 To damp radiation nodes during steady-state 

iterations, punch a 'T'. 

79 To change the iteration closure tolerance, 

punch a 'T'. Default value is 0.00005. 

80 Punch a '1' to dump intermediate calculations. 

Use with extreme caution. 

3. Damping and Tolerance Input Card. FORMAT(8F10.4) 

This input card is required if there is one or more T's 

punched in the control input card. 
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Col(s). 1-10 Damping factor for conduction nodes. Default 

value is 0.5. 

11-20 Maximum temperature change for conduction 

nodes. Default value is 10. 

21-30 Damping factor for convection nodes. Default 

value is 0.5. 

31-40 Maximum temperature change for convection 

nodes. Default value is 10. 

41-50 Damping factor for radiation nodes. Default 

value is 0.5. 

51-60 Maximum temperature change for radiation nodes 

is 10. 

61-70 Tolerance for iteration closure. Default 

value is 0.00005. 

The damping and maximum change option applies only if there 

is a corresponding 'T' pimch on the control input card. 

4. Material Property Input Cards (20 Maximum) 

Col(s). 1-5 Material number for identification. Any 

integers from '1' to '20'. 
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6-10 Table number of c o n d u c t i v i t y v s . t empera tu re . 

Blank i f t h e r e Js none. 

11-20 ConducLivity. I f t he re i s no t a b l e , program 

w i l l assume a cons tan t c o n d u c t i v i t y for t h i s 

m a t e r i a l . 

21-25 Table number of p'C v s . t empera tu re . Blank 
P 

i f t h e r e i s none. 

26-35 p'C . I f t h e r e i s no t a b l e , program w i l l 

assume a cons tan t p'C for t h i s m a t e r i a l . 
P 

36-40 Table number of Q (hea t ) genera ted i n t e r n a l l y 

as a funct ion of x (or r ) and y (or z ) . 

41-50 Q genera ted i n t e r n a l l y per u n i t volume. If 

t h e r e i s no t a b l e , program w i l l assume a 

cons tan t Q for t h i s m a t e r i a l . 

The p rope r ty cards must be ended by a ' - 1 ' ca rd ; i . e . , a 

' - 1 ' punch in columns 1-5. 

5 . Input Tables (32 Maximum) 

This s e t of cards i s o p t i o n a l . The op t ion i s t r i g g e r e d 

by a p o s i t i v e non-zero i n t e g e r in columns 26-30 of the c o n t r o l card ( 2 ) . The 

f i r s t card of the t a b l e i s the i d e n t i f i c a t i o n card . 
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Col(s). 1-5 Table number identification. Use any integers 

from 1 to 32. 

6-10 Code for type of table. 

16--72 Any alphanumeric characters for header purposes, 

CODES FOR TYPES OF TABLES 

Code 

0 At vs time. 

1 h (convection coefficient) vs. temperature. 

2 Temperature (external) vs. time. 

T (Sink temperature) vs. time. 

k (conductivity) vs. temperature. 

p'C (density'specific heat) vs. temperature, 

Q(x). Internal heat generation as a function 

of X. 

Q(y). Internal heat generation as a function 

of y. 

Heat flux (into node) vs. time. 

10 Temperature of a node vs. time. 
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-n Time factor table for table number n. 

Example: assume that Table 12 has code '-9'. 

ITiis means that a time factor from Table 12 

is used to multiply the value obtained from 

Table 9. Time factor is 1.0 when there is no 

time factor table. 

The input points of the table follow the below given format: 

Col(s). 1-10 Blank. 

11-20 Independent var iab le . 

21-30 Dependent var iab le . 

Maximum number of points per table i s 30. A ' - 1 ' card 

( ' - 1 ' in columns 1-5) ends the t ab le . If there are no table input, indicate 

th is on the control card. Another ' - 1 ' card following the l a s t table ends 

th is type of input. 

Note on the At vs. time tab le . Assume the l a t t e r table 

has the following values, t , , At , , t „ , At.,, . . . , t , At and t , < t„ < . . . < ^ 1 1 2 2 n n 1 2 

The computer program wi l l s t a r t with At̂  as the in tegra t ing step ( i f the 

i n i t i a l time i s greater or equal to t^) and use i t u n t i l the time t >_ t „ ; 

then the program wi l l use At„ u n t i l t >̂  t , e t c . Remember that a At must 

appear on the control card to signal a t rans ient case. 
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6. Nodal Point Input Cards. FORtlAT (215,4E10,4,15) 

One card for each nodal point with the following information, 

Col(s). 1-5 Nodal point number. 

10 = 0 or blank if external heat into node is 

specified. 

= 1 if temperature is specified. 

11-20 X (or r) coordinate. 

21-30 y (or z) coordinate. 

31-40 External heat flow or nodal temperature. 

41-50 Initial nodal temperature. 

51-55 Table number corresponding to column 10. 

In cases of axisymmetric bodies, the total heat flow for 

a one radian segment must be supplied in columns 31-40 or by a table. For 

insulated nodal points, this external heat flow is zero. 

Nodal point cards must be in numerical sequence. If nodal 

points are omitted, the omitted nodal points are generated at equal intervals 

along a straight line between the last two specified nodal points. For the 

generated points, the information's equivalent to column 10, columns 31-40, 

and columns 51-55, are set equal to zero; colunui 41-50 (initial temperatures) 

will be repeated. 
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7. Elemc-nt Input Card. FORMAT (615) 

One input card for each element with following information. 

Col(s). 1-5 Element number. 

6-10 Nodal point I. 

11-15 Nodal point J. 

16-20 Nodal point K. 

21-25 Nodal point L. 

26-30 Material identification. 

Nodal points numbers (I, J, K and L) must be input counter

clockwise order ,:iround each element. Maximum difference between nodal points 

(bandwidth) is 41 for program E12202 and 30 for program E12207. See Figure 6. 

The figure must be in the first quadrant for asymmetric cases. 

u 
o 

X (or r) 

Figure 6 
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Element cards must be in numerical sequence. If element 

cards are missing, the program automatically generates the omitted informa

tion by incrementing the preceding I, J, K and L. Itie information in columns 

26-30 is set equal to the value on the preceding card. The last element card 

must always be input. 

Triangular elements are possible and are identified by 

repeating the last nodal points (i.e., I, J, K, K). 

*NOTE: For axisymmetric problems the axis of rotation is the Y axis. 

8- Boundary Condition Input Cards, FORKAT (215,2F10.0,215, 

2E10.4,2I4,I2,F10.0) 

One of the following input cards must be supplied for each 

boundary element in v/hich the following heat tr,ansfer equation applies 

q = h(T - T ) + Fea(T ^ - T ̂ ) 
^ e w s r 

where 

q is the heat transferred to the elenient per unit of 

surface area. 

h is an empirical constant, usually called the convection 

coefficient. 

T is the external environment temperature. 

T is the nodal temperature at the wall at node i or j. 
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is the shape factor of the surface. 

is the surface emittance. 

1 / o / 
a Stefan-Boltzman constant (.33 x 10 Btu/in sec°R ) 

T is the sink or source temperature. 
s 

T = (T. + T. T. + T. T. + T.T. + T. )/5.0, 
r ^ 1 i j i j i j 1 

i.e., the average wall temperature to the fourth power. 

Each card may contain the follov/ing information: 

Col(s). 1-5 ) Boundary nodal points. If one point is missing 
6-10) 

the program will use the preceding opposite 

nodal point. Example: if I is massing, program 

will set I equal to preceding J. 

11-20 Constant h. Convection coefficient. 

21-30 Temperature of external environment. 

31-35 Table number of h vs surface temperature. If 

this number is negative, the program will assume 

the table is an h vs. time. 

36-40 Table number of external temperature vs time. 

41-50 Surface emittance, e. 

51-60 Surface shape factor, F. 
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61-64 

65-68 

69-70 

71-80 

A ' - 1 ' card must be used to end the boundary cards i f the 

number in Cols . 11-15 of the c o n t r o l card i s g r e a t e r than the number of 

boundary c a r d s . 

9. Shape Fac to r s Input for Surface to Surface Rad ia t ion 

F0RI4AT ( I5 ,5X,7E10.4 / (8E10.4) ) 

1 s t Card. 

Col(s). 1-5 Surface number on boundary conditions input cards. 

The number of active surfaces involved in 

surface to surface radiation. This iiumber must 

appear on all participating surfaces. For those 

surfaces not Involved, this number is zero. 

Maximum number is 20 for E12202 and 40 for E12207. 

Table number of sink or source time temperature 

vs. time. 

Flag. I'/hen flag = 0, sink or source temperature 

equal external temperature. If flag = '1', 

sink or source temperature comes from columns 

71-80. 

Sink or source temperature. 
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11-20 ] 

21-30 ' 

31-40 , 
I 

41-50 \ F i r s t seven shape f a c t o r s , 

51-60 

61-70 

71-80 

2nd, 3rd card. 

Col(s). 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

Additional shape factor;; 

INPUT FOR PROGRAM E3 2205 

There are two types of input required for Program E12205. 

1, History Tape 

The history tape is created by Programs E12202 or E12207. 

This tape contains all the original data used by E12202 or E12207 and the 

transient temperatures for the transient case or the steady-state temperatures 

for the steady-state case. 
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2 . Input Control Cards. (Tv/o to t h r e e c a r d s / c a s e ) . 

1 s t Card. FORMAT (6F10.2,514) 

C o l ( s ) . 1-10 Time or i t e r a t i o n number of 1 s t s e t of i so the rms . 

11-20 Time or i t e r a t i o n number of the l a s t s e t of 

i so the rms . 

21-30 X - o r i g i n . The X-or ig in of the p l o t w i l l s t a r t 

wi th t h i s i npu t v a l u e . 

31-40 The inc rementa l va lue for l a b e l i n g the X-ax i s , 

41-50 Y-o r lg in . The Y-or ig in of the p l o t w i l l s t a r t 

with t h i s i n p u t v a l u e . 

51-60 The inc rementa l va lue for l a b e l i n g the Y - a x i s . 

61-64 The inc rementa l l a b e l i n g of the X-axis w i l l 

be spaced by t h i s v a l u e . The s c a l e i s 

100 = 1 inch ; 50 = 1/2 inch . Defaul t va lue 

equals 150 (= 1-1/2 i n c h e s ) . 

65-68 The inc rementa l l a b e l i n g of the Y-axis w i l l 

be spaced by t h i s v a l u e . The s c a l e i s 

100 = 1 i n c h ; 50 = 1/2 i n c h . Defaul t va lue 

equa ls 150 (= 1-1/2 i n c h e s ) . 
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69-72 

73-76 

0, gives normal Y~Y plot, 

1, interchange X and Y. 

0, 12 inch plot. 

1, 30 inch plot. 

77-80 Maximum leng th of the graph i n inches , 

Defaul t va lue i s 30 i n c h e s . 

2nd Card. FORMAT (I2 ,10F7.2) 

C o l ( s ) . 1-2 Number of isotherm.s. Maximum number i s 20, 

3-9 i 

11-16 

17-23 

24-30 

31-37 

38-45 

46-52 

53-59 

60-66 

67-73 

\ Isotherms, 

3rd Card. FORMAT (10F7.2) 

Col(s). 1-7 Isotherms, 

8-14 
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15-21 

22-28 

29-35 

36-42 

43-49 

50-56 

57-63 

64-70 

Isotherms. 

C • INPUT FOR PROGRAI-I E12206 

There are two types of input required for Program E12206: 

1. History tape. 

The history tape is created by programs E12202 or E12207. 

This tape contains all the original data used by E12202 or E12207 and the 

transient temperatures. 

2. Input Cards. (Two cards). 

1st Card. FOPxMAT (2F10.2) 

Col(s). 1-10 Start time. 

11-20 Stop time or maximum time. 
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2nd Card. FORMAT (4F10.4, 1013) 

C o l ( s ) . 1-10 Label ing of the X-axis ( t ime) o r i g i n . 

Default value is 0. 

11-20 Incremental value for labeling X-axis. 

Default value is 10. 

21-30 Labeling of the Y-axis (temperature) origin. 

31-40 Incremental value for labeling Y-axis. 

Default value is 500. 

41-43 j 

44-46 1 

47-49 

50-52 

53-55 

56-58 

59-61 

62-64 

65-67 

68-80 

) 

The node numbers of the nodes to be plotted. 

The maximum number of nodes that can be 

plotted is 10. The 1st blank input will 

end the number of nodes to be plotted. 

IV. OUTPUT 

A. E12202. Output consists of: 

1. Printed hardcopy which lists all input data and nodal 

temperatures. 



Kimura/lhom.is/Yee N8110R: 72-040 
26 May 1972 Page 37 

2. History tape to be used to restart the problem or 

isotherm plotting or time-temperature plots. This output 

is optional. 

3. Geometry plot tape to check the geometrical configuration 

which was input. This output is optional. 

4. Punched card output; node number, coordinates, and tempera

tures. This output was designed as input to stress 

programs, and is optional. 

B. E12207. Program E12207 produces the same output as E12202 

except for the geoinetry plot. This option could be 

implemented on a computer vrith a larger core than the 

UNIVAC 1108. 

C. E12205. Output consists of: 

1. Printed hardcopy. 

2. Plot tape to be used by a plotting device to produce 

pictures of isotherms. 

D. E12206. Output consists of: 

1. Printed hardcopy. 

2. Plot tape to be used by a plotting device to produce 

time-temperatures curves. 
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V- REMARKS AND SUGGESTIONS 

REMARKS^ 

Tlie FEM has been applied to temperature analysis of complex plane or 

axisymmetric bodies by ANSC since 1965. Tlie original FEM was limited to 

constant material properties and steady-state cases. Tlie modification of the 

steady-state program to handle temperature dependent properties and boundary 

conditions proved so successful that the next natura] extension was the treat

ment of transient cases. Extension to the transient was pai'tially successful 

in that sm.all tixiie steps were required to maintain stability. The stability 

problem was solved by using the backward difference approximation for the 

partial derivatives in the energy equation. The last significant addition 

was the treatment of radiation effects which could be handled properly by 

damping the oscillations during the iterations. 

Those engineers who have used the FEM program successfully are convinced 

that it is a neat and efficient way to handle two dimensional temperature 

analysis. Then there are those who have misused it; their comments would not 

be appropriate here. Since experience is of great help, some minor remarks 

are given as a guide. 

1. The ease in preparation of the data naturally leads people to be 

careless. Don't be careless! The computer law "garbage in, garbage out" has 

not been repealed. As a check on the geometrical data, run a plot only 

option. This option is not available in E12207, but it can be easily 

implemented. 
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2. The ratio of the largest length of the quadrilateral to the 

shortest length, for optimum performance, should be less than 6 in most cases. 

3. Remember, all element input nodes should be input in a counter

clockwise fashion. 

4. For the transient cases where there are time dependent factors, 

the time steps should be chosen so that linearity holds. The programs, 

E12202 and E12207, use linear interpolation exclusively. 

5. Remember the basic assumptions (METHOD OF ANALYSIS) and the method 

of approximations. FEM gives approximate solutions which vary with element 

size and time steps. For simple cases, the answers are as good as those given 

by other methods. 

6. Since the FEM program uses a backward differencing technique 

for the transient solutions, the solutions will (theoretically) always be 

stable regardless of the time step used. However, the solution will not 

necessarily be correct. Therefore, a smaller time step should be chosen if 

large temperature variations with time are expected. The variable time step 

option may be used to provide satisfactory results with minimal computing 

time. 

7. The first and last nodal points should be boundary points; 

i.e., they should not be interior points. 

8. It is true that subprograms SUBR3 and SUBR4 are just special cases 

of SUBR5. But SUBR3 and SUBR4 do not take up much core space (no extra core 
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s p a c e , i f t h e r e i s o v e r l a y c a p a b i l i t y ) and t h e compu te r tim.e s a v e d may w e l l 

j u s t i f y t h i s a p p r o a c h . 

SUGGESTIONS f o r i m p r o v i n g t h e FEM p r o g r a m s . 

1 . E'or t r a n s i e n t c a s e s , t h e p r e d i c t e d new t e m p e r a t u r e s can b e used 

to i t e r a t e a c o r r e c t i o n . TTiis can be p u t i n a s an o p t i o n . 

2 . The p r e l i m i n a r j ' c o m p u t a t i o n s f o r t h e " g e o m e t r y p l o t o n l y o p t i o n ' 

can be e l i m i n a t e d . 

3 . The s u b p r o g r a m SUBR6's f u n c t i o n s can b e a b s o r b e d by s u b p r o g r a m 

CONMAT, t h u s e l i m i n a t i n g one e x t r a c a l l . 

4 . An o p t i o n t o modify t o t h e o r i g i n a l d a t a i n a r e s t a r t c a s e -

5 . An o p t i o n t o h a v e t h e geomet ry c o o r d i n a t e s move w i t h r e s p e c t t o 

t i m e may b e u s e f u l i n a b l a t i o n p r o b l e m s . 
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EXAMPLE PROBLEl'I NO. 1 

SIMPLE STEADY-STATE AXISYMMETRIC CASE 
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AEROJET-GFNERAL CORPORATION 

SACRAMENTO*CALIFORNIA 

***** PROGRAM E12202 ***** FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

AXISYMMETRIC SOLID BODY 
***** STEADY-STATE CASE FOLLOWS ***** 

EXAMPLE PROBLEM NO. If STEADY-STATE CASE. 

NUMBER OF NODAL POINTS— 56_ 
NUMBER OF ELEMENTS HO 
NUMBER OF CONVECTION BC- 2 
NUMBER OF MATERIALS 1 
OUTPUT INTERVAL 3 
TIME INTERVAL .000 
jNITIALjriME-r--!^-: ..000 . ^ 
MAXIMUM TIME .000 

M J A B L E T K K LA_BLE::̂ R RHOrCE TA0L_ErQ 
1 0 .100000+01 0 .000000 0 ,000000 



***** PROGRAM E12202 ***** 

8 
9 

_10 
11 
12 
13 
It 
15 

17 

23 
2'+ 
25 
26 
27 
28 
29 
30 
Jl_ 
32 
33 
3t 
35"^ 
36 

_37_ 
38 
39 
to_ 

12 
33 
tt 
ts 
17 
18 
3 9 
50 
51 
J52, 
53 
5t 

jA£BOUEIreFl^ERAL_CORPORATmN 
SACRAMENTO*CALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM_ 

N . P . NO. 
1 
2 
3 
4 
5 
6 
7 

CODE 
1 
0 
0 
0 
0 
0 
0 

1. 
1. 
2, 
2. 
2. 
3, 
3, 
3. 

3. 
1. 
1. 
1. 
2. 
2. 
_2_t 3. 

18 
19 
20 
21 
22 

0 
0 
0 
1 
0 

3 . 
3 , 
t . 
1 . 
1 . 
1, 
2. 
2. 
2. 
3. 

_3_i 

3. 
t. 
t. 
5. 
1. 
_1. 
1, 
2. 
_2, 
2. 
3. 
_3j 
3, 
t. 
3. 
5. 
1. 

X 
0000^ 
3333 
6667 
0000_ 
3333 
6667 
0000_ 
3333 
6667 
0000_ 
1000 
4222 
7441+ 
0667 
3889 
71il_ 
0333 
3556 
6778 
0000 
2000 
511l_ 
8222 
1333 

7556 
0667 
3778_ 
6889 
0000 
6000_ 
0000 
3000 
636'L 
9727 
3091 

2. 
2. 
2J 
3. 
3. 
3. 
1. 
t. 

6t55_ 
9818 
3182 
65t5_ 
9909 
3273 
6636__ 
0000 
tooo 
7273^ 
0545 
3818 
7091_ 
0361 
3636 
6909_ 
0182 
3155 

Y 
.oooo_ 
,1111 
.2222 
r3333_ 
,1111 
,5556 
L6667_ 
,7778 
,8889 
,0000 
,7000 
,7889 
.0778 
,9667 
,0556 
.1111_ 
,2333 
,3222 
3111 . 
,5000 
,1000 
3667. 
,5333 
,6000 
,6667 
,7333 
,8000 
,8667 
,9333 
,0000 
,R000 
,7000 
,1000 
,1091 
,1182 
,1273 
.1361^ 
,1155 
,1515 
,1636 
,1727 
,1818 
,1909 
,2000 
.8000 
.6182^ 
,8361 
.8515 
,8727. 
,8909 
,9091 
.9273_ 
.9155 
.9636 

_10DJ1. 

1000. 

T 
^0000 

• ooon 
.0000 
jOOOO 
.0000 
.0000 
_iOOOO _ 
,0000 
.0000 
.nnoo 
i.OOOO ' 
.0000 
.0000 , 
.0000 
.0000 
.OQOd. 
.0000 
.0000 
fOOOQ. 
.0000 

1000.0000 
,0000_ 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000^ 
.0000 
,0000 
;.(iono 
J.OOOO 
1.0000 
^,0000 
.0000 
.0000 
_.0000-
.0000 
.0000 
.0000 
.0000 
.0000 
.noon 
J.OOOO 
j.OOOO 
.0000 
.0000 
,0000 
_.0000_ 
,0000 
.0000 
_.0000. 
,0000 
.0000 

„75. 
75. 

1000. 

75. 
1000. 

TO 
,0000 „ 
.0000 
.0000 

_,0000_ 
.0000 
.0000 

...ooon _ 
.0000 
,0000 
,0000 _ 
,0000 
.0000 
.0000 _ 
.0000 
,0000 

_..0000_ 
,0000 
.ooon 

_,noon_ 
,0000 
.0000 

_.0000._ 
.0000 
.0000 
,0000 
.0000 
.ooon 
,0000 
.0000 
.0000 

_.0000_ 
.0000 
.0000 

_.oooo 
,0000 
.0000 

_,0000_ 
,0000 
.0000 

_,0000 
.0000 
.0000 
.ooon _ 
.0000 
,0000 
.0000_ 
.0000 
.0000 
.0000 
.0000 
.0000 

_,0000 
.0000 
.0000 

CODE TABLE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
_0 
0 
0 
0 
0 
0 
_0_ 
0 
0 
n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
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***** PROGRAM F12202 

I J 
10 20 ,2000{ 
20 30 .2000C 

NUMBER OF CONVECTION 

ITERATION NO, 1 
1 1000.0000 
7 281.8225 
13 665,7911 
19 18(3.2755 
25 160.7022 
31 75.0000 
37 130.1523 
13 102.6116 
19 119.7967 
55 103.0617 

***** 

H 
)0 + 01 
)0+01 

J30UNBARY 

8 
11 
20 
26 
32 
38 
11 
50 
56 

t \EROJET-GENERAL 
SACRAMENTOfCA 

FEM_TWO-Dljy£:NSlDlJAL_jri:MEEBArUP£ 

TEMPERATURE H-TAB T-TAB RADIATION 
,750000+02 0 0 
.750000+02 

CARDS - - -

801,7019 
222.2021 
517.1681 
110.7281 
380.7993 
75.0000 

351,0067 
75.0000 

313.6725 
75.0000 

0 

2 

JL_ 
9 
15 
21 
27 
33 
39 
15 
51 

0 

653.6923 
170,7901 
119.7117 
1000.0000 
313.0067 
1000,0000 
281.0P11 
1000,0000 
P79.2193 

:Of!PORAT. 

LIFORNIA 

ANJ\LY;SL' 
EPSILON 
.000000 
.000000 

t 

10 
16 
22 
2c. 
31 
1C 
16 
52 

tON 

5 PROGRAM 

F-
1 

« 

532.6913_ 
128.819? 
368.1095 
818.3965 
251.7101 
802.0191 
.226.8365 
773.8315 
223.9039 

•FACTOR 
000000 
000000 

5 
11 
17 
23 
29 
35 
11 
17 
53 

F-TABLE NO 
n 0 
0 0 

133.7291 
1000.0000 
299,1603 
673.1250 
201.1052 
616.6189 
177,2505 
625.1255 
175.7107 

• 

• 

6 
12 
18 
21 
30 
36 
1? 
18 
51 

w -

750000+0? 
750000+02 

351.3Q6T „, 
812.8R0A 
210.1615 
556.156'^ 
160.3217 
526.7003 
133.2917 
511.S615 
131.7105 • 

t 

1 

file:///EROJET-GENERAL


END OF PROBLEM— EXAMPLE PROBLEM NO. I f STEADY-STATE CASE. 
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N8110R:72-040 

EXAMPLE PROBLEM NO, 2 

STEi'iDY-STATE CASE WITH RADIATION 

4.Xll l^ Ov.'iN i ^ O ^, -L -A. V>iN i iWJ-VNjlJ lJ J.X N 1 i Xi 
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FORTRAN Coding Form 

fJAT 

P NCHING 
IMSTSUCTIO JS 

CI ^PhlC 

"ur- CH ' 

GX23 7 3 2 7 C U ' V 0 5 0 

Pr ntpd m U S A 

- ^^ 3 ! 
c . c . ^ 1 

1 FORTRAN S^MEWENT 

J ^ V 1 I A 1 

t X A ^ i F l L t P R C P ) L E M M C -

1 4c, 1 .aei ibP 
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1 c , 1 
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. ' i. 
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. ^S 
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. 0 1 
, 0 000 
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^CCOO 
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- — 
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qcooo 
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0' 
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0-
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o i 

0, 1 
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—. 
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CclMDv 
.01 
. 0 1 
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irr.! FORTRAN Coding Form 

M 

PUNCHING 
1" J I P J C T I O N " ; 

r i APii c 

P..NC^ 1 
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C J c 

GX28 7327 6 U VOoO 
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t / 

FORTRAN STATtViFNT 

1 J , 1 ; 
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AEROJET-GENERAL CORPORATION 
SACRAMENTO*CALIFORNIA 

•****.PROGRAM E12202 •••** EEJ!U:wO^IMEfclSI0NALJ:EMPERATUREL_ANALYSlS-_PROGRAM _ 

TWO DIMENSIONAL PLANE BODY 

1 

' 

***** STEADY-STATE CASE FOLLOWS ***** 
1 

. EXAMPLE PROBLEM NO. 2»STEADY STATF»RADIATION « CONDUCTION ACROSS A GAP ' 

NUMBER OF NODAL POINTS-- kO 
NUM3ER OF ELEMENTS 28 
NUMBER OF CONVECTION 8C- 16 
NUMJER OF MATEfaALS 2 

TIME INTERVAL • .000 
INITIAL TIME .000 
MAXIMUM TIME .000 

DviPl = .100000 + 01 DMAXl = ,200000+03 
DMP2 = .100000+01 DMAX2 = .200000+03 
DMP3 = .300000+00 DMAX3 = .200000+03 
TOLN = .500000-041 

M TABLE-K K TABLE-R RHO-CP TABLE-Q 
1 1 .100000-01 0 .100000-r2 O 
2 0 .100000-05 0 .1+00000-05 0 

t 

0 
-000000 
.000000 

i 
1 

1 

1 

1 
I 

1 

1 

• 

I 



AEROJET-GFNEPAL CORPORATION 

***** PROGRAM E12202 ***** 

SACRAMENTO•CALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

INPUT TABLES 

TABLE NO. 
X 

1 TYPE 5 
F(X) 

,000000 
.900000+06 

,100000-01 
.100000-01 

TABLE NO. 
X 

2 TYPE 1 
FtX) 

.000000 

.900000+06 
.300000-03 
.300000-03 

CONDUCTIVITY 

H VS. TEMP, 

—^ 



***** PROGRAM E12202 ***** 

AERO.JETTGENERAL J;ORPORATIQN 
SACRAMENTOFCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS_.PR06RAM 

N.P. NO. 
1 
2 
3 
H 
5 
6 

_ _7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
^34 
35 
36 
^37 
38 
39 
40 

CODE 
0 
0 
0 
0_ 
0 
0 

.^0 
0 
0 
0 
0 
0 
0 
0 
0 

_ 0 ^ 
0 
0 
0 
0 
0 
0̂ 
0 
0 

_ 0 
0 
0 
0 
0 
0 
0 

X 
î_0000_ 
.5000 

1.0000 
J._,5000_ 
2.0000 
.0000 

. ,5000. 
1.0000 
1.5000 
_2.0000__ 
.0000 
.5000 

1,C000_ 
1.5000 
2.0000 
__,„0000 
.5000 

1.0000 
1.5000 
2.0000 
.0000 

_.5000_ 
1.0000 
1,5000 
2,0000 
.0000 
.5000 

1.0000^ 
1.5000 
2,0000 
_.0000_ 
,5000 

1.0000 
J._,5000_ 
2.0000 
.0000 
._5000_ 

1,0000 
1,5000 
2,0000 

Y 
,0000_ 
,0000 
,0000 

_.0000_ 
,0000 
,5000 

^ ,5000 
,5000 
,5000 

_,5000 
1.0000 
1,0000 
.1,0000. 
i.oono 
1,0000 
1.5000 
1,5000 
1,5000 
1,5000 
1,5000 
1.5100 
_1.5100 
1.5100 
1.5100 
1.5100 
2,0100 
2.0100 
2.0100 
2.0100 
2.0100 
2,5100 
2,5100 
2.5100 
2.5100 
2,5100 
3,oino 
3,0100 
3,0100 
3,0100 
3,0100 

T 
_t0000 
.0000 
.0000 
tOOOO 
.0000 
.ooon 
.0000 
.0000 
.0000 
_,0000 
,0000 
.0000 
_,0000 
,0000 
,0000 
_,0000. 
.0000 
.0000 
.0000 
,0000 
,0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
_,oono 
.0000 
.0000 
_.nooo 
.0000 
.0000 
_. 0000 
.0000 
.0000 
_.0000 
.0000 
.ooon 
,0000 

TO 
,0000 
,0000 
,0000 
,0000 
,0000 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 
.0000 
.0000 
,0000 
,0000 
,0000 
,0000 
.0000 
,0000 
,0000 
,0000 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 

CODE TABLE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



AEROJET-GENERAL CORPORATION 
SACRAMENTO*CALIFORNIA 

***** PROGRAM E12202 ***** FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 



***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 
16 
17 
18 
19 
21 
22 
23 
24 

NUMBER 
1 

2 

3 

4 

5 

6 

7 

S 

ITERAT 
1 
7 
13 
19 
25 
31 
37 

PROGRAM E12202 ***** 

J 
2 .300000-
3 .300000-
4 ,300000-
5 ,300000-

37 ,100000-
38 ,100000-
39 .lOCOOO-
40 ,100000-
17 ,00000c 
18 ,000000 
19 ,OCOOOO 
20 ,000000 
22 ,000000 
2o ,000000 
24 ,000000 

_ 25 _ ,000000 

OF CONVECTION B( 
.000000 

.000000 

.000000 

.000000 

.100000+01 

.000000 

.000000 

.000000 

ION NO. 1 
1856.9196 
1864.5535 
1872.1878 
1879.8224 
3406.7782 
3422.0489 
3429,6853 

ITERATION NO. 2 
1 2056.9196 
7 
13 
19 
25 
31 
37 

2064,5535 
2072,1878 
1959,0825 
3206,7782 
3222.0489 
3229.6853 

H 
•03 
-03 
-03 
-03 
-03 
-03 
-03 
-03 

3UND» 
,00( 

,00 

AEROJET-GENERAL 
SACRAMENTOrCA 

FEM TWO-DIMENSIONAL TEMPFRATU9E 

TEMPERATURE H-TAB T-TAB RADIATION 
.134800+04 2 0 
,134800+04 2 
.134800+04 2 
,134800 + Oii 2 
,495700+04 0 
,495700+04 0 
,495700+04 0 
,495700+04 0 
.000000 0 
.000000 0 
.000000 0 
.000000 0 
.000000 0 
.000000 0 
.000000 0 
,000000 0 

ARY CARDS 16 
DOOO ,000000 

3000 ,000000 

.000000 .000000 

.000000 .000000 

.000000 .000000 

.100000+01 .000000 

.000000 .100000+01 

.000000 .000000 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 
38 

1856.9196 3 
1864.5535 9 
1872.1878 15 
1879.8225 21 
3414.4132 27 
3422.0490 33 
3429.6853 39 

2056.9196 3 
2064.5535 9 
2072.1878 15 
1959.0826 21 
3214.4132 27 
3222.0490 33 
3229.6853 39 

0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.100000+01 

1856,9196 
1864,5535 
1872,1878 
3406.7781 
3414.4132 
3422.0490 
3429,6854 

2056,0196 
2064.5535 
2072.1878 
3206,7761 
3214,4132 
3222,0490 
3229,6854 

CORPORATION 
LIFORNIA 

ArJALYSiS PRC 

EPSILON 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.1)00000 
.000000 
.500000+00 
.'500000-̂ 00 
.')00000 + 00 
.500000+00 
.000000+00 
.800000+00 
.800000+00 
.800000+00 

.100000+01 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

+ 1856 
13 1864 
15 1879 

_?,> 3406, 
23 3414 
3+ 3422. 
43 3429, 

+ 2056, 
13 2064. 
IS 1959 
22 . 3206, 
23 3214, 
3+ 3222 
43 3229, 

GRAM 

F-FACTOR 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.onoooo 
.000000 
.000000 
.onoooo 
.000000 
.000000 
.000000 

.000000 

,100000+01 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

919ft 5 
5535 11 
8224 17 
7781 23 
413? 29 
0490 35 
6855 

9196 5 
5535 11 
0824 17 
7781 23 
4132 29 
0490 35 
6855 

F-TABLE NO, 
0 0 
0 0 
0 0 
0 0 . 
0 0 
0 0 
0 0 
0 0 
fl 1 
8 20 
8 30 
8 40 
8 50 
8 60 
8 70 
8 80 

.000000 

.000000 

.100000+0 

.000000 

.000000 

.000000 

.000000 

,000000 

1856,9196 
1872,1878 
1879,8224 
3406.7781_ 
3U14.4133 
3422,0490 

20^^6,9196 
2072,1877 
1959,0825 
3206,7781 
3214,4133 
3222,0490 

» 

•• < 

I 

A 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

134800+04 
134800+04 
J34B00+04 
134800+04 
4^5700+04 
495700+04 
4Q5700+0U 
4̂ 15700 + 04 
ononno 
onoooo 
onoooo 
nooono 
oooooo 
oooooo 
oonooo 
oooooo 

,000000 

,000000 

.000000 

,100000+01 

,000000 

.000000 

.000000 

.oonooo 

1864.5535 
1872.1878 
1879.8224 
3406.7782 
7414,4133 
3429.6853 

2064.5535 
2072.1878 
1959.0825 
3206.7782 
3214.4137 
3229.6853 

1 

1 
1 

1 

' 

1 

! 

1 

IT tRATION NO. 3 



-

1 
7 
13 
19 
25 
31 
37 

_A._ 
2045,2071 
2055,6653 
2066,1239 
1994,3327 
3094,7894 
3022.0489 
3029,6853 _ 

ITERATION NO, 4 
. . .__ _ 1 2013,9594 

7 
13 
19 
25 
31 
37 

- -ITERAT 
1 
7 
13 
19 
25 
31 
37 

ITERAT 
1 
7 
13 
19 
25 
31 
37 

2023.9489 
2033.9388 
2009,2116 
3044,9402 
2948,6072 
2958,5990 

ION NO, 5 
2001,0375 ^ 
2010.8332 
2020.6293 
20J5.5759 
3021,8491 
2987,5639 
2997.3619 

ION NO, 6 
1995,2751 
2004,9843 
2014.5939 
2018.2243 
3010.9488 
3004.9352 
30J4.647a 

ITERATION NO. 7 
1 1992.6198 
7 
13 
19 
25 
31 
37 

ITERAT 
1 
7 
13 
19 
25 
31 
37 

2002,2892 
2011.9590 
2019.2458 
3005.7440 
3012.9412 
3022,6129 

ION NO, 8 
1991,3777 
2001,0285 
2010.6797 
2019.5714 
3003.,^353 
3016.6859 
3025.3391 

ITERATION NO, 9 
1 1990,7926 
7 

13 
19 
25 
31 

2000.4346 
2010.07b9 
2019,6159 
3002.0138 
3016.4504 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 
38 

2 
8 
14 
20 
26 
32 

2045,2071 
2055,6653 
2066,1240 
1994,3327 
3014,4132 
3022.0490 
3029.6853 

2013.9594 
2023,9489 
2033,9388 
2009.2116 _ 
2938,6159 
2948,6072 
295a,5990_ 

__2001.0375„ 
2010.8332 
2020.6293 

_2015,5759__ 
2977,7664 
2987,5640 
2997,3620 

1995.2751 
2004.9843 
2014.6939 
2018.2243 
2995.2252 
3004,9362 
3014,6478 

1992,6198 
2002,2892 
2011,95?0 
2019,2458 
3003,2700 
3012,9412 
3022,6130 

1991.3777 
2001.0285 
2010,6797 
2019,5715 
3007,0333 
3016,6860 
3026.339; 

1990,7926 
2000,4345 
2010,0769 
2019,6160 
3008,8066 
3018,4504 

3 
9 
15 
21 
27 
33 

_ 3 9 _ 

3 
9 

15 
21 
27 
33 
39 

3 
9 
15 
21 
27 
33 
39 

3 
9 
15 
21 
27 
33 
39 

3 
9 
15 
21 
27 
33 
39 

3 
9 
15 
21 
27 
33 
39 

3 
9 
15 
21 
27 
33 

__2045.?071 
2055.6653 
2066,1240 
3094,7894 
3014.4132 
3022.0490 
3029,6854 

_2013,9594 
2023.9489 
2033,0388 
3044,9401 
2938.6150 
2948.6072 
2958,5991 

^2001.0375 _ 
2010.8332 
2020,6293 
3C21,8490 
2977.7664 
2087,5640 
2997,3621 

1995,2750 
2004.9843 
2014.6940 
3010.0487 
2995.2252 
3004.9363 
3014.6479 

1902.6198 
2002.2892 
2011.9591 
3005.7440 
3003.2700 
3012.91+13 
3022.6131 

1991.3777 
2001.0285 
2010.6797 
3003.2352 
3007.0334 
3016,6860 
3026,3392 

_ 1990,7925 
2000,4345 
2010,0770 

_ 3002,0137 
3008.8067 
3018.4S05 

^ 

4 
10 
16 
22 
28 
34 

. 40 

4 
10 
16 
22 
28 
34 
40 

4 
10 
16 
22 
28 
34-
40 

4 
10 
16 
22 
26 
34 
40 

4 
10 
16 
22 
28 
34 
45 

4 
10 
16 
22 
28 
34 

_40 

4 
IC 
16 

_22___ 
28 
34 

.^2045,2071 
2055.6653 
1994,3326 

^3094.7894 
3014.4132 
3022.0490 
3029,6855 

2013.0594 
2023.9489 
2009.2115 
3044.9401 
2938.6159 
2948,6073 
2958,5991 

2001.0575 
2010.6532 
2015,5758 
3021,8490 
2977,7665 
2987,5641 
2997,3621 

19^5,2750 
2004.9847 
2018.2242 
3010.9487 
2995.225? 
3004.9363 
3014,6480 

1992,6198 
2002,289? 
2019,2457 
3005,7439 
3003.2701 
3012,9413 
3022,6131 

1091.3777 
2001,0285 
2019.5714 
3003.2352 
3007.0334 
3016,6850 
3026,5392 

1990,7925 
2000,4345 
2019.6158 
3002,0137 
7003.S067 
3018.4505 

5 
11 
17 
23 
29 
35 

_ 5 
11 
17 
23 
29 
35 

5 
11 
17 
23 
29 
35 

5 
11 
17 
23 
29 
35 

5 
11 
17 
23 
29 
35 

5 
11 
17 
23 
29 
35 

5 
11 
17 
23 
29 
55 

2045,2071 
2066,1239 
1094,3326 
3094,7893 
3014,4137 
3022.0490 

2013.9504 
2033.9388 
2009.2115 

__ 3044.9401 
2938.6160 
2948.6073 

2001.0375 
2020.6?93 
2015,5753 

_„ 3021,8489 
2977.7666 
2987.5641 

1005.2751 
2014.6930 
2018.2242 
3010.9487 
2095.2253 
3004,9363 

109?.6198 
2011.9590 
2010.2457 
3005,7430 
3003,2701 
3012.9413 

1991.3777 
2010.6797 
2019.5714 
3003.235? 
3007.0334 
3016.6861 

1990.7925 
2010.0769 
2019.6159 
3002.0137 
3008.8067 
7018.4505 

6 
12 
18 
24 
30 
36 

6 
12 
18 

_ 24 
30 
36 

6 
12 
18 

_ 2 4 
30 
36 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

0.-
2055,665-^ 
2066,1239 
19Q4a33?6 
3094,7804 
7014.41'^ •» 
30?9.6a53 

2023,9489 
2033,9388 
2009,2116 
3044,940? 
2938,6160 
2958,5989 

?010.877? 
2020.6297 
201>^,5758 
3-121.8400 
2077.7666 
2997.3619 

?004,OR(4i^ 

2014,6970 
2018.2'43 
•̂ niO.Oitqft 
?095,2?57 
3014,6478 

2002,2'^Q? 
2011,0500 
?01O.24'=;7 
7005,7440 
3003,2701 
3022.6129 

2001.0?85 
2010.6797 
201Q.5714 
3003.275? 
3007.07314 
3026.3301 

2000.471*5 
?0in.O769 
2010.6150 
3002.0177 
3008.8067 
3028,0Oi»8 

1 

1 

1 
1 

1 

1 
1 

1 

1 
1 



37 „3028_j_0?M_ 38 _302_6t09iie_ .39_ J 0 2 6 J J 1 9 < L 8 _ 

ITERATION NO, 10 
_1 
7 
13 
19_ 
25 
31 
37 

1990,5158 
2000.1537 
2009.7919 
_2019.5603_ 
3001.4113 
3019.2843 
3028,9245_ 

8 
14 

-20_ 
26 
32 

_38_ 

_1990,5158_ 
2 0 0 0 , 1 5 3 6 
2 0 0 9 , 7 9 1 9 

_2019,560JL 
3 0 0 9 , 6 4 4 7 
3 0 1 9 , 2 8 4 4 

. 2 0 2 a t 9 2 4 5 _ 

9 
15 

_2L_ 
27 
33 

^39^ 

J 9 9 0 , 5 1 5 8 
2 0 0 0 , 1 5 3 7 
2 0 0 9 , 7 9 1 9 

_^3001i4113_ 
3 0 0 9 , 6 4 4 7 
3 0 1 9 , 2 8 4 4 

JS028.9246^ 

ITERATION NO. 11 
_ 1 1990,3849. 

7 
13 
19_ 
25 
31 
37 

2000,0208 
2009.6570 
2019.4804 
3001,1094" 
3019.6794 
3029.3176 

ITERATION NO. 12 
1_ 
7 
13 
19 
25 
31 
37 

1990.o?ii6 
1999,9577 
2009.5930 
2019.4049 
3000.9547 
3019,8666 
3029,5039 

8 
14 
20_ 
26 
32 
38 

_2 _ 
8 
14 

_20_ 
26 
32 
38 

_1990,3849_ 
2000,0207 
2009,6570 
2019,4804 
3010,0417' 
3019,6794 
3029.3177 

1990,3227 
1999,9577 
2009,5930 
2019,4049 
3010,2299 
3019,6666 
3029,5039 

_ 3 _ 
9 
15 
21_ 
27 
33 
39 

3_ 
9 
15 
21_ 
27 
33 
39 

J.990.384a_ 
2000,^207 
2009,6570 
3001.1093 
'3010,0417 
3019,6795 
_3029_,317I_ 

1990,3227 
1999,9577 
2009,5930 
3000,9547L 
3010,2299 
3019,8667 
3029.5040__ 

ITERATION NO, 13 
1 
7 
13 
19 
25' 
31 
37 

1990.2933 
1999,9278 
2009.5627 
2019,3429 
3000.8734 
3019,9554 
3029,5923 

2 
8 

14 
20 
26 
32 
38 

_1990,2933_ 
1999,9278 
2009,5627 
2019.3429 
3010,3191 
3019,9554 
3029,5923 

_3 _ 
9 

15 
21_ 
"27 
33 
39 

1990,2933_ 
1999,9278 
2009.5627 
3000,8733 
3010,3191" 
3019,9554 
3029.5924 

4C : 

4 : 
10 i 
16 i 
22 : 
28 : 
34 : 
40 : 

4 
10 
le 
22 
26 
34 
4C 

4 
IC 
16 
22 
26 
34 
40 

4 
10 
16 
22 
28 " , 
34 
40 

iD.28..0949_ 

1990,5158 
2000.1537 
2019.5603 
3001,4113 
3009.6447 
3019,2844 
3028,9247 

1990.7848 
2000.0207 
2019.4803 
3001,1097 
3010,0417 
3019,6795 
3029.3178 

1990.3227 
1999.9577 
2019.4048 
3000,9547 
3010,2299 
3019.8667 
3029.5041 

1990.2933 
1999.9278 
2019.3428 
3000.8737 
3010.3191 
3019.9555 
3029,5924 

5_ 
11 
17 
23 
29 
35 

1O90.5158 
2009.7919 
2019.5603 
3n01.4117 
3009.6447 
3019,2845 

5 
11 
17 
23 
29 
35 

5 
11 
17 
_23 
29 
35 

_ 5 
11 
17 
23 
29 
35 

1990.3848 
200°,6570 
2019,4803 
3001,1093 
3010,0418" 
3019,6795 

__ 6_ 
1? 
18 
24 
30 
36 

6 
12 
18 
24 
30 
36 

1990,3227 
2009,5030 
2019.4048 
3000.9546 
3010.2290 
3019,8667 

1990.2977 
2000.5627 
2019,3-28 
3000,8777 
3010,3102 
3019.9555 

6 
12 
18 
24 
70 
36 

6 
12 
18 
24 
30 
36 

2noo.i=s-^7_ 
200O.791O 
2010.5607 
3001,4113 
3009.6447 
3028.024S 

?000,0?07_ 
2009.6570 
201O.i4«03 
3001.10O3_ 
3010,0418 
3029,3176 

igqc).qĉ 77_ 
2009,5070 
2019,4040 
3000.O5U7_ 
7010,??oq 
3029,5070 

1999.9?78_ 
200O.5627 
2019,7428 
7000.8773_ 
3010,3192 
3029.5922 



END OF PROBLEM— EXAMPLE PROBLEM NO. 2>STEADY STATEfRAQIATION & CONDUCTION ACROSS A GAP 
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EXAMPLE PROBLEM NO. 3 

TRAINISIENT CASE 17ITH CONVECTION, 

SURFACE - SINK RADIATION 
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&EROvJET-GENERAL_CORP0RATI0N 

SACRAMENTO.CALIFORNIA 

***** PROGRAM E12202 ***** FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TWO DIMENSIONAL PLANE BODY 

EXAMPLE PROBLEM N0".~3r TRANSIENT CASÊ liTlinH 1:0'NVECTION7SUPFACE-SINK RAD^. 

NUMBER OF NODAL POINTS— 40 
NUMBER OF ELEMENTS 28 
.NUf'BER OF CONVECTION aC- 8 
NUNBER OF MATERIALS 2 
OUTPUT INTERVAL 2 
_TiyE INTEKVAL ,̂_500 
INITIAL TIME .000 
MAXIMUM TIME 20.000 

~~t' TABLE-K JT 
1 1 .100000-01 

TABLE-R 
0 

RHC-CP 
.100000-01 

TABLE-Q 
0 .000000 



AEROJET-GFNERAL CORPORATION 

SACRAMENTO*CALIFORNIA 

***** PROGRAM E12202 ***** FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

INPUT TABLES 
TABLE NO. 1 TYPE 5 CONDUCTIVITY 

X F(X) 

,100000+00 .100000-01 
.900000+07 ,100000-01 



J 

r-

_ • _ 

****4c PROGRAM 

N.P. NO, 
1 
2 
3 

5 
6 

. .7 ... 
8 
9 

10 
11 
12 
13 
li+ 
15 
16 
17 
16 
19 
20 
21 
22 
23 
2t 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3"+ 
35 
36 
37 
38 
39 

E12202 ***** 

CODE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

AERO. 
SI 

FEM TWO-DIMENSIONAL 

X 
.0000 
.5000 

1.0000 
l.SOOf) 
2.0000 
.0000 
.5000 

1.0000 
1.5000 
2.0000 
.0000 
.5000 

1.0000 
1.5000 
2.0000 
.0000 
.5000 

1.0000 
1.5000 
2.0000 
.0000 
,5000 

l.COOO 
1.5000 
2.0000 
.0000 
.5000 

1.0000 
1.5000 
2.0000 
.0000 
.5000 

1.0000 
1.5000 
2.0000 
.OCOO 
.5000 

1.0000 
1.5000 
2,0000 

Y 
.0000 
,0000 
.0000 
.0000 
.0000 
.5000 
,=,000 
,5000 
,5000 
.5000 

1.0000 
1.0000 
l.nnoo 
1,0000 
1.0000 
1.5000 
1,5000 
1,5000 
1,5000 
1.5000 
1.5100 
1.5100 
1.5100 
1.5100 
1.5100 
2.0100 
2.0100 
2,0100 
2.0100 
2,0100 
2.5100 
2.5100 
2.5100 
2.5100 
2.5100 
3.0100 
3,0100 
3,0100 
3,0100 
3.0100 

JET-GENE 
^CRAMENT 

TEMPERA 

• 

RAL CORPORA 
O.CALIFORNI 

TyRE^NALY.S 

T 
,0000 
,0000 
.0000 
.oonn 
.0000 
,0000 
-oonn 
,0000 
.0000 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
,0000 
,0000 
,0000 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 

TION 
A 

IS PROGRAM 

TO 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2C00.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
2000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 

^3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 
3000.0000 

. 3000.0000 
3000.0000 
3000.0000 
3000,0000 

CODE TABLE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

• 

;KJJ. 

-

-

' 

1 

1 

. 

1 



t:tcn(** PROGRAM E12202 ***** 

AEROJET-GFNERAL CORPORATION 
SACRAMENTO.CALIFORNIA 

FEM TWO-DIMENSIONAL. TEMPERATURE_.ANALYSIS. PROGRAM . 

N 
1 
2 
3 

„ t 
5 
6 

_ 7„ 
8 
9 
10 
11 
12 
J.3_ 
14 
15 
„16 
17 
18 
19 
20 
21 
22 
23 
24 
25_ 
26 
27 
_28 

I 
1 
2 
3 

J^_ 
6 
7 
6 
9 
11 
12 
13 
14 
_16_ 
17 
IS 
19 
21 
22 
23 
24 
26 
27_ 
28 
29 
31 
32 
33 
34 

J 
_ 2 
3 

5_ 
7 
8 
9 

10 
12 
13_ 
14 
15 

Al^ 
18 
19 
20 
22 
23 
24 
25 
27 
28 
29 
30 
_32„ 
33 
34 
35 

K 
7_ 
8 
9 
10 
12 
13 
14 
15 
17 
18_ 
19 
20 

23 
24 
25 
27 
28 
29 
30 
32 
33^ 
34 
35 
_37 
38 
39 
_40_ 

L MATERIA 
6 
7 
8 
9 
11 
12 
13 
14 
16 
17 
18 
19 
.21 
22 
23 
24 
26 
27 
28 
29 
31 
32 
33 
34 
_36 
37 
38 
39 

2 
2 
2 



— 

***** 

I 
1 
2 
3 

36 
37 
38 
39 

NUMBER 

TIME= 

7 
13 
19 
25 
31 
37 

.M 

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .OOUOOO 
4 .000000 
5 .000000 

37 .100000-03 
36 .100000-03 
39 .lOOCOO-03 
40 .100000-03 

OF CONVECTION BOUNDARY 

.00000 
2C0O.O00O 2 
2000.0000 8 
2000.0000 14 
2000.0000 20 
3UOO.O00O 26 
3000.0000 32 
3000.0000 38 

AEROJET-GENERAL 
SACRAMENTO.CA 

FEM TWO-DIMENSIONAL TEMPERATURE 

TEMPERATURE H-TAE T-TAB RADIATION 
.000000 0 0 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 

__.49570Q+04__ 
.495700+04 

CARDS 

2000^JD0DQ 
2000.0000 
2000.0000 
2000,0000 
3000.0000 
3000.0000 
3000,0000 

0 0 
0 0 
0 0 
0 0 
0 0 
n 0 
0 0 

8 

3 pooo.poon 
9 2000.0000 
15 2000.0000 
21 _3000.DnOQ 
27 3000.0000 
33 3000.0000 
39 3000.0000 

M _̂_ 
CORPORATION 
LIFORNIA 

ANALYSIS PROGRAM 

E?5IL0N F-FACTOR F-TABLE NO 
.500000+00 .700000+00 0 0 
.500000+00 
.500000+00 
.500000+00 
.300000 
.000000 
.onnono 
.000000 

4 ?non.nnoo 
1) 2000.0000 
16 2000.0000 
22 3000.0000 
21} 3000.0000 
34 3000.0000 
40 3000.0000 

.700000+00 0 0 

.700000+00 0 0 

.700000+00 0 0 

.000000 0 0 

.000000 0 0 
,000000 n 0 
.000000 0 0 

5 pnnn.oooo 
11 2000.0000 
17 2000.0000 
23 3000.0000 
29 3000.0000 
35 3000.0000 

• 

• 
.ooonoo 
.000000 
.000000 
.POOnno 
.495700+04 
,495700+04 
.4P5700+04 
.405700+04 

fi ?non.noon 
12 2000.0000 
18 2000.0000 
24 3000.0000 
30 3000.0000 
36 3000.0000 

1 ( 

^ 

i 

1 



***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

TIME= 
1 
7 
13 
Ifi 

25 
31 
37 

PROGRAM E12202 ***** 

J 
2 
3 
4 
5 

37 
38 
39 
40 

H 
.000000 
.oooono 
.000000 
.000000 
,100000-03 
.100000-03 
,100000-03 
.100000-03 

1.00000 
2002.2725 2 
2003.6644 8 
200o.l7i*6 14 
2010.1879 20 
2997.5095 2 D 
3u08.«717 32 
3017.2766 38 

FEM TWO-D 

TEN'PERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2002.2725 
2003.6645 
2006.1747 
2010.1879 
3002.7027 
3006.9717 
3017.2765 

AEROJET-GENERAL COI PO 
SACRAMFNTOfCALIFOR 

IMFNSIONAL TEMPERATURE ANAL 

3 
9 
15 
21 
27 
33 
39 

( 

2002.2725 
2003.6645 
2006.1747 
2997.5091 
3002.7027 
3008.971R 
3017.2766 

4 
IC 
IC 
22 
2t 

_34 
4C 

RATION 
MIA 

fSIS PROGRAM 

2002.2725 
2003.6645 

_ 2010.1879 
2997.5091 
3002.7028 
3008.9719 
3017.2766 

5 
11 
17 
23 
29 
35 

2002.2725 
2006.1746 
2010.1R7C? 
2°<57.50P? 
3002.7029 
3008.9719 

6 
12 
18 
24 
30 
36 

2003.6644 
2006.1746 
2010.1878 
?9<57.S0q3 
3002.7030 
3017.2765 

1 
I 

! 



***** 

I 
1 

-P
 

CM
 

IV
 

36 
37 
38 
39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

PROGRAM E12202 ***** 

J 
2 
3 
4 
5 

37 
38 
39 
40 

.000000 

.000000 
,000000 
.000000 
.100000-
.100000-
.100000-
.100000-

2.00000 
2007.2310 
2008.8060 
-2011.e'^o? 
2015.9332 
3002.8856 
3015.7341 
3024.5515 

H 

-03 
-03 
-03 
-03 

2 
8 
14 
20 
26 
32 
33 

AEROJET-GENERAL 
SACRAMFNTOrCA 

FEM TWO-DIMENSIONAL TEMPERATURE 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2007.2310 
2008.8060 
2011,6907 
2015.9333 
3008.5502 
3015.7341 
3024.5516 

3 
9 

_15 
21 
27 
35 
39 

1 

2007.2310 
2008.8060 
2011.6907 
3002.8851 
3008.5502 
3015.7342 
3024.5517 

CORPORA 
.IFORNI 

ANALYS 

4 
10 
15 
22 
28 
34 
40 

TION 
A 

IS PROGRAM 

2007.2310 
2008.8061 
2015,9332 
3002.6852 
3008.5504 
3015.7343 __ 
3024.5517 

5 
11 
17 
23 
29 

^ 3 5 __ 

2007.2310 
2011.6906 
2015.9332 
3002.8853 
3008.5505 
3015.7344 

6 
12 

_1R _ 
24 
30 
36 

200R.flnfi0 
2011.6P06 

^ 201S.P332, 
3002.RR54 
3008.5^^05 

_ 3024,5515^ „ 

, 

1 

1 

1 
1 

1 

t 

1 

1 



~ 

***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

T1ME= 
1 
7 
13 
19 
25 
31 
37 

• 

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .000000 
4 .000000 
5 .000000 

37 ,100000-03 
38 ,100000-03 
39 ,100000-03 
40 ,100000-03 

3.00000 
2012.5063 2 
2014.1105 8 
2017.0436 14 
2021.3126 20 
3009.057j 2b 
30 52.U4S1 32 
3030.8937 38 

# 

AEROJET-GP-NERAL COfiPORATION 
SACRAMENTOfCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
,000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2012.5062 
20m.ll05 
2017.0437 
2021.3126 
3014.7725 
3022.0',R1 
5030.8937 

3 2012.5063 4 2012.5063 
9 2014.1106 10 2014.1106 
15 2017.0^37 lf5 2021.3125 
21 3009.0568 22 3009.0569 
27 3014.7724 28 3014.7726 

. 33 3022.0482 34 3022.0483 .__ 
39 3030.8938 40 3030.8938 

5 
11 
17 
23 
29 
35 

. 

2012.5063 
2017.0435 
20?1.31?'=i 
3009.056P 
3014.7727 
3022.0483 

6 
12 
18 
24 
30 
36 

• 

2014.1105 
2017.043S 
2021.3125 
3009.0572 
3014.7728 
3030.8937 

t 

1 



— 

***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

TINiE= 
1 
7 
13 
19 
25 
31 
37 

• - -

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .000000 
4 ,000000 
5 .000000 

37 .100000-03 
38 .100000-03 
39 .100000-03 
40 .100000-03 

4.00000 
2017.8105 2 
2019,4261 8 
2022.3709 14 
2026.6475 20 
3NJi5.2747 26 
3028.2o82 32 
3037.0946 38 

FEM TWO-DIN 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700f04 
.495700+04 

2017.8105 
2019.4261 
2022.3710 
202b.6475 
3020.9942 
3028,2682 
3037,0946 

lENSI 

3 
9 
15 
21 
27 
33 
39 

- . • 

AEROJET-GFNERAL C(RPORATION 
SACRAMENTOrCALIFORNIA 

ONAL TEMPERATURE ANALYSIS PROGRAM 

2017.8105 4 2017.8105 
2019.4261 JO 2019.4262 
2022.3710 16 2026.6474 
3015.2743 22 3015.2743 
3020.994? 28 3020.9Q44 
3028,2683 34 3028.2685 
3037.0947 40 3037.0947 

5 
11 
17 
23 
29 

_ 35 

2017.8106 
2022.3709 
2026.6474 
3015.2744 
3020.9945 
3028.2685 

6 
12 

. 18 
24 
30 

. 36 

• 

2019.42^0 
2022.3709 
2026.6474 
3015.97ti6 
3020.9^46 
3037.0945 

, 

1 

! 

1 
1 

1 

1 

1 

1 
1 

1 

1 

1 

J 



— 

***** 

I 
1 
2 
3 
4 
36 
37 
38 _ 
39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

• . 

.̂ P.ROt.RAM E12202J 

J 
2 .000000 
3 ,000000 
4 ,000000 
5 .000000 

37 ,100000-
38 ,100000-
39 .100000-
40 ,100000-

5.00000 
2023.1111 
2024.7361 
2027,68e'> 
2031.9707 
3021.4557 
3034.4364 
3043.2384 

%**** 

H 

•03 
•03 
•03 
•03 

2 
8 
14 
20 
2b 
32 
38 

m 
AEROJET-GENERAL CORPORATION 

SACRAMENTO.CALIFORNI 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYS 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2023.1111 3 
2024,7330 9 
2027.6586 15 
2031.9707 21 
3027.1743 27 
3034.4364 33 
3043.2385 39 

2023.1111 4 
2024,7361 10 
2027.6887 16 
3021.4553 22 
3027.1743 28 
3034.4364 34 
3043.2386 40 

A 

IS PROGRAM 

2023.1112 
2024.7361 
2031.9706__ 
3021.4553 
3027.1745 
3034.4366 _ 
3043.2386 

— 

5 
11 

._17 
23 
29 

^35 

2023.1112 
2027.6886 
2031.9706 
3021.4554 
3027.1746 

_3034.4366 

6 
12 

_ 1 8 
24 
30 
36 

9 

2024.73ftO 
2027.6RR6 
2031.°70f. 
7n?1.4S=^6 
3027.1747 
3043,2383 

1 

1 
1 
1 
1 ' 

' 

1 

1 

1 

f 

1 



'J 

V 

C 

^ 

,; 
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-

•• 
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3 

y 
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***** 

I 
1 
2 
3 
4 
36 
37 

39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

_ • 

PROGRAM_E12202 ***** 

J H 
2 .000000 
3 .000000 
4 .000000 
5 ,000000 

37 ,100000-03 
38 ,100000-03 
39 .100000-03 
40 ,100000-03 

6.00000 
2028.4043 2 
2030.0384 8 
2032.99ai 14 
2')o7.2db3 20 
3027.5916 26 
3040.5577 32 
3049.3351 38 

FEM__TWOrDI 

TEMPERATURE 
.000000 
.000000 
.000000 
,000000 
.495700+04 
.495700+04 
_,49b700+04 
.495700+04 

2028.4043 
2030.0334 
2032.<^981 
2037.2-554 
3033.3087 
3040.5577 
3049,3351 

• 

AEROJET-GENERAL CORPORATION 
SACRAMENTOrCALIFORNIA 

MENSIONAL TEMPERATURE ANALYSIS PROGRAM 

3 2028,4043 4 2028.4043 
9 2030.0384 10 2030.0384 
15 . 2032.9982 15 2037.2P53 
21 3027.5912 22 3027.591? 
27 3033.3087 28 3033.3088 
33 3040.5577 34 3040.5578 
39 3049.3352 40 3049.3352 

5 
11 

_17 
23 
29 

_ 35 

, 

2028.4044 
2032.9P81 

-_ 2037.2D53 . 
3027,5913 
3033,3090 
3040,5579 

* 

• 

6 
12 
18 
24 
30 
36 

• 

2030,0383 
2032.9Q«1 
2037.2«S^ 
30?7.5Q1<S 
3033.3090 

, 3049.3350 

-

i 

1 

1 

1 
1 

1 

t 



"— 

***** 

I 
1 CM

 IO
 

d-

36 
37 
38 
39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

i 

PRO 

J 
2 
3 
4 
5 

37 
38 
39 
40 

1 

5RAM E12202 ***** 

H 
.000000 
,000000 
,000000 
.000000 
.100000-03 
.100000-03 
,100000-03 
.100000-03 

7,00000 
2033,6893 2 
2035,3325 3 
2038,2993 14 
2042.5915 20 
3033.6621 26 
3046.6332 32 
3055.3860 38 

•"T ••'<--

AEROJET-GFNERAL 

_ • ... 

CORPORATION 
SACRAMENTOrCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
,495700+04 
,495700+04 

2033,6892 
2035.3325 
2038.2993 
2042.5915 
3039,3973 
3046.6332 
3055.3860 

1 

3 2033,6892 
9 2035.3325 
15 2038.2994 
21 3033.6816 
27 3039.3973 
33 3046.6332 
39 3055.3861 

4 2033.6893 
10 2035.3326 
16 2042,5915 
22 3033.6816 
28 3039.3975 
34 3046.6334 
40 3055.3861 

5 
H 
17 
23 
29 
35 

2033.6^93 
2038.2993 
2042.5915 
3033.6817 
3039.3976 
3046.6334 

1 

6 
12 
18 
24 
30 
36 

• 

2035.3324 
2038.2^^3 
2042.591'i 
3033.6«lo 
3039.3977 
3055.3850 

-

• 1. . t -e^-.-.-.-' •?%•-. 

. 

1 

1 
1 
1 

1 

1 
1 

1 
i 

1 

1 

1 

1 
I 

1 

j : j * * *6* * * * l * * * * / i * * jM=2*J»** i *J * * *3 j t i * *JLA*** *4** * *A** i < * * * 7 * * * * A * * * * a * * * * A * * * * 9 * * * * A * * * * 0 * * * * i * * * * l * * * * A * * * * 2 * * * * A * * * * 3 * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I 5 D « 2 7 . 1 5 : I M P n R M A T T 0 N - S f S T E M S - D E S I G N : i 5 - A P f - l c 3 7 ? * * * * * * * * * * * * * * * * * * * * * * * * * * • • • * * • • • • * * * • * * * 
* * * A * * * l * * * A * * * 2 ' 5 * * 4 * * * 3 * * * A * * * 4 * * * A * * * 5 * * * A * * * 6 * * * A * * * 7 * * * A * * * 0 * l ' * A * * * l * * * A * * * ? * * * A » * * 3 * » + A * * * 4 * * * A * * * 5 * * * A * * * 6 * * * A * * * 7 * * * A * * * 0 * * * A 
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***** PROGRAM E12202 ***** 

I J H 
1 2 .000000 
2 3 ,000000 
3 4 .000000 
4 5 .000000 

36 37 .100000-03 
37 38 .100000-03 
38 39 .100000-03 
39 40 .100000-03 

Tl'>'ie= 8.00000 
1 2038.9656 2 
7 2040.6180 8 
13 2043.5918 14 
19 2047.3889 20 
25 3039.7274 26 
31 3052.e^34 32 
37 3061.3918 38 

AEROJET-GENERAL 
SACRAMENTOrC 

FEM TWO-DIMENSIONAL TEMPERATURI 

TEMPERATURE 
.000000 
.000000 
,000000 
,000000 
,495700+04 
.495700+04 
.495700+04 
.495700+04 

2038.9656 
2040.6180 
2043.5919 
2047.8689 
3045.4407 
3052,6634 
3061.3918 

3 
9 
15 
21 
27 
33 
39 

2038.9656 
2040.6181 
2043.=^919 
3039.7269 
3045.4407 
3052.6635 
3061.3920 

• 

C">RPf 
ULIFOF 

£_ANAl 

4 
10 
16 
?2 
98 

_ 3 4 _ 
40 

JRATION _ 
WIA 

.YSIS PROGRAM 

2038.9656 
2040.6181 
2047.8888 
3039.7260 
3045.4409 
3052,6636 
3061.3920 

5 
11 
17 
23 
29 

^ 3 5 _ 

2038.9657 
2043.5918 
2047.8889 
3039.7271 
3045.4410 
3052.6637 

1 

6 
12 
18 
24 
30 

. _ _ 3 6 _ 

- - • 

2040.6180 
2043.'̂ 91fl 
2047.8'^nR 
303O.7P72 
3045.4411 
3061.3917 

-

— 



-

***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

T1ME= 
1 
7 
13 
19 
25 
31 
37 

# 

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .000000 
4 .000000 
5 ,000000 

37 ,100000-03 
38 ,100000-03 
39 ,100000-03 
40 ,100000-03 

9,00000 
2044.2331 2 
2045,8946 8 
2048.8754 14 
2053,1772 20 
3045.72ol 26 
3058.6490 32 
3067.3532 38 

FEM TWO-DI 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2044.2330 
2045.8946 
201^8.8755 
2053.1772 
3051.4395 
3058.6490 
3067,3532 

A 
AEROJET-GFNERAL CORPORATION 

SACRAMENTOrCALIl'ORNI 

MENSIONAL TEMPERATURE ANALYS 

3 
9 
15 
21 
27 

_ 3 3 _ 
39 

2044,2330 4 
2045,8947 10 
2048.R755 lb 
3045.7277 22 
3051.4395 28 
3058.^491 34 
3067.3533 40 

A 

IS PROGRAM 

2044.2331 
2045.8947 

.2053.1771 
3045.7277 
3051.4397 
3058.6492 
3067.3533 

5 
11 

^17 
23 
29 

2044.2331 
2048.8754 
2053.1772 
3045.7278 
3051.4308 
3058.6493 

6 
12 
18 
24 
30 
36 

# 

2045.8946 
2048.8754 
2053.177? 
3045.7?nn 
3051.4'̂ ofl 
30fi7.3531 

1 

t 

1 
1 

! 

-



_AEROJET-SENERAL CORPORATION. 
SACRAMENTOrCALIFORNIA 

***** PROGRAM E12202 ***** ^FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

I 
1 
2 
3 

^_4. 
36 
37 
_3a. 
39 

J 
_ 2 _ 
3 
4 
5_ 
37 
38 
39 
40 

H 
^,000000. 
,000000 
,000000 
.,000000 
,100000-03 
,100000-03 
..,J.O00C0-O3. 
,100000-03 

TEMPERATURE 
__,000000 
,000000 
,000000 
tOQOOOQ 
,495700+04 
,495700+04 

_JL495700+04.. 
,495700+04 

1 

10,00000 
2049,4912 
2051,1620 
2C54.1'J-97_. 
20=18.4501 
3051.6848 
30.54.5905__ 
3073.2705 

2 
8 

14.̂  
20 
26 
32. 
38 

2049.4912 
2051.1620 
_20b4.l498_. 
2058.4561 
3057.3940 

_30O4,5^'J05_. 
3073.2705 

3 
9 

_15__ 
21 
27 
.33 _ 
39 

2049.4912 
2051.1621 
_2054.]49S-
3051.fe43 
3057.3940 
.3064.5905. 
3073.2706 

4 
10 
_16 
22 
28 
34. 
40 

2049.4912 
2051.162? 
2058.4560 
3051.6843 
3057.3942 
3064.5907 
3073.2707 

5 
11 
.17 
23 
29 
-35. 

2049.4013 
2054.1497 
.2058.4560 
3051.6844 
3057.3043 
.3064.5907.. 

6 
12 
.18 
24 
30 
36 

2051.1620 
2054.1407 
2058.4561. 
3051.6846 
3057.3044 
.3073.2704. 

1 < 

I ( 



-

• •*•* 

I 
1 

CM
 to

 
d-

36 
37 
38 
39 

TrviE= 
1 
7 

13 
19 
25 
31 
37 

• 

PROGRAM E12202 ***** 

J H 
2 ,000000 
3 ,000000 
4 ,000000 
5 ,000000 

37 ,100000-03 
38 ,100000-03 
39 ,100000-03 
40 ,100000-03 

11.00000 
2054.7398 2 
2056.4199 8 

.2059,4145 14 
2063,7253 20 
3057.5979 26 
3070.4flP.4 32 
3079,1444 38 

• . . _ 

AEROJET-GENERAL CORPORATION 
SACRAMENTOrCALIFDRNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
,000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
,495700+04 
,495700+04 

2054.7398 
2056.4199 
2059,4145 
2063.7253 
30D3.3050 
3070AiJ8a"-
3079.1444 

3 2054.7398 
9 2056.4200 
15 2059.4146 
21 3057.5975 
27 3063.3050 
33 3n7n,4flAU 
39 3079,1445 

4 2054,7399 
10 2056,4200 
16 2063.7252 . 
22 3057.5975 
28 3063.3051 
34 3070,4afl5 
40 3079.1445 

5 
11 
.17. 
23 
29 

-_35 

2054.7399 
2n50.ctl(tit 
2063.725? 
3057.5976 
3063.3052 
3070.4886 

•' 

6 
12 

._ 18 
24 
30 
36 

. • 

2056,4108 
?0'^9,4144 
?0ft3.7?5? 
3057.507P 
3063.3053 
3070,14^3 

-

i 

1 

1 

t 

i 

1 

' 

1 

1 



-

***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

i 

PROi 

J 
2 
3 
4 
5 

37 
36 
39. 
40 

1 

iRAM E12202 ***** 

H 
.000000 
.000000 
.000000 
.000000 
,100000-03 
,100000-03 
.100000-03 
.100000-03 

L2.00000 
2059.97S6 2 
2061.6679 8 
2064.6693 14 
2068.9844 20 
3063.45faO 26 
307b.3431 32 
3084.9753 33 

FEM TWO-DI 

TEMPERATURE 
.000000 
.000000 
.OOuOOO 
.000000 
.495700+04 
.495700+04 
J 4 9 5 7 0 0 + Q 4 

.495700+04 

2059.9786 
2061.6680 

_2064,6693 
2068,9844 
3069,1727 
3076,3431 
3084,9753 

- . . # - . 

AEROJET-KFNFRAL CORPORATION 
SACRAMENTOrCALIFORNIA 

MENSIONAL.TEMEERATURF AfJAJ-YSlS PROGRAM . 

3 2059,0786 4 2059,9787 
9 2061,6680 10 2061,6681 
15 2064.6694 16 ?0f>fl.9843 
21 3063.4675 22 3063.4676 
27 3069.1728 2d 3069.1720 
33 3076.2431 34 3076.3432 
39 3084.0755 40 3084.9755 

5 
11 
17_ 
23 
29 
35 

2059.9787 
2064.6693 
2068.9843 
3063.4677 
3069.1731 
3076.3433 

1 

6 
12 
18 
24 
30 
36 

. . _ • 

2061.6670 
2064.6603 
2068.opif^. 
3063.4679 
3069.1731 
3084.9753 

-

1 

1 



***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

TIME = 
1 
7 
13 
1^ 
25 
31 
37 

PROGRAM E12202 ***** 

J H 
2 ,000000 
3 ,000000 
4 ,000000 
5 .000000 

37 .100000-03 
38 .100000-03 
39 .100000-03 
40 .100000-03 

13.00000 
2065.2072 2 
2066.9059 8 
2069.91i'-0 14 
2074,2333 20 
3069,2956 2£> 
3082,1552. 32 
3090,7639 38 

FEM TWO-D 

TEMPERATURE 
,000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
,495700+04 
,495700+04 

2065.2072 
2066.9059 
2069.9141 
2074,2334 
3074.9980 
3082.1552.. 
3090.7639 

AEROJET-GENERAL CORPORATION 
SACRAMENTOrCALIFORNIA 

IflENSIONAL TEMPERATURE ANALYSIS PROGRAM 

i 

3 2065.2073 4 2065.2073 
0 2066.0060 10 2066.9060 
15 2069.0141 16 2074.233? 
21 3069.2951 22 3C69.2952 
27 3074.9980 28 3074.9981 
33 3082-155? 34 3082.1554 
39 3090.7640 40 3090.7640 

5 
11 
17 
23 
29 
35. 

2065.2074 
2069.9139 
2074,2332 
3060.2953 
3074.9982 
.3082.1555 

6 
12 
18 
24 
30 
„36 

2066.O05O 
206O.OJ3O 
2074.?-^3? 
306O.2°54 
3074.09R3 
3090.7638 ._ 

« 

1 

/ 



— 

***** 

I 
1 
2 
3 
4 
36 
37 
38 
39 

TIME= 
1 
7 

13 
19 
25 
31 
37 

- • . 

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .OCOOOO 
4 .OOOOOO 
5 ,000000 

37 ,100000-03 
38 ,100000-03 
39 ,100000-03 
40 ,100000-03 

14,00000 
2070,4255 2 
2072,1335 8 
2075.1463 14 
2079.4716 20 
3075.0811 26 
3037.9252 32 
3096.5104 38 

• 

AEROJET-GENERAL COf^PORA 
SACRAMENTOrCALIFORNI 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYS 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2070.4255 3 2070.4255 4 
2072.1335 9 2072.1335 10 
2075.1483 15 2075.1483 lb 
2079.4716 21 3075.0806 22 
3080.7809 27 3000.7809 28 
3037.9252 33 3087.9253 34 
3096.5104 39 3096.5105 40 

TION 
A 

IS PROGRAM 

2070.4255 
2072.1336 
2079.4715 
3075.0807 
3080.7811 
3087.9254 
3096.5105 

5 
11 
17 
23 
29 
35 

2070.4256 
2075.1482 
2070.1^716 
3075.0808 
3080.7812 
3087.9254 

6 
1? 
18 
24 
30 
36 

• 

?072.1334 
2075.14fl? 
207O.4716 
3075.0810 
3nP0.7813 
3096,5103 

1 

I 

1 

1 

1 

1 



-

***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

# 

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .000000 
4 .000000 
5 .000000 

37 .100000-03 
38 .100000-03 
39 .100000-03 
40 .100000-03 

15.00000 
2075.6330 2 
2077.3503 8 
2080.3717 14 
2084,6990 20 
3080.8251 26 
3093.6536 32 
3102.2154 38 

. • 

AEROJET-GENERAL CORPORATION 
SACRAMENTOrCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
.000000 
.000000 
.000000 
,000000 
,495700+04 
,495700+04 
,495700+04 
,495700+04 

2075.6330 
2077.3503 
2080.3717 
2084.6990 
3086.5223 
3093.6536 
3102.2154 

3 2075.6330 4 
9 2077.3503 10 
15 2080.371R 16 
21 3080.3246 22 
27 3086.5223 28 
33 3093.6537 34 
39 3102.2155 40 

2075,6330 
2077,3504 
2084,6989 
3080.8246 
3086.5225 
3093.6533 
3102.2155 

-

5 
11 
17 
23 
29 
35 

2075.6331 
2080.3717 
2081+.6980 
3080.8247 
3086.5226 
3093.6539 

6 
12 
18 
24 
30 

_36.__. 

2077.3503 
2080.3717 
2064.6089 
3080.«?5n 
3086.5227 

.3102.2153 

. • _ _ 

-

-



. # . _ . „ 

***** PROGRAM E12202 ***** 

I J H 
1 2 ,000000 
2 3 .000000 
3 4 ,000000 
4 5 ,000000 

36 37 ,100000-03 
37 38 ,100000-03 
33 39 .100000-03 
39 40 .100000-03 

TXME= 16.00000 
1 2080.6295 2 
7 2082.5562 8 
13 2035,5842 14 
19 2089.9153 20 
25 3086.5280 26 
31 3099.3408 32 
37 3107.8794 38 

FEM TWO-DI 

TEMPERATURE 
.000000 
.000000 
.000000 
,000000 
,495700+04 
.495700+04 
t495700+04 
.495700+04 

2080,8295 
2082,5562 
2085,5842 
2089.9154 
3092.2225 
3099.3409 
3107.8794 

AEROJET-GENERA 
SACRAMENTOr 

ME_NSIONAL_ TEMPERA_rJ 

3 
9 
15 
21 
27 
33 
39 

2080.8295 
2082.5562 
2085.5843 
3086.5275 
3092.2225 
3099,3409 
3107.8795 

L 
CA 

RE. 

• 

COF;PORATION 
LIFORNIA 

ANAJJfSIS_PROGRAM 

4 2080.8296 
10 2082.5563 
16 2089,9153 
22 3086.5275 
28 3092.2226 
34 3099.3410 
40 3107.8795 

5 
11 
17 
23 
29 
35 

2080.8296, 
2085.5=^42 
2089.9153 
3086.5276 
3092.2228 
3099.3411 _ 

• 

6 
12 
IB 
24 
30 
36 

. . # . 

2082.5561 
2085.5842 
208O.Q153 
3086.5278 
3092.2220 
3107.8793 

-

1 

1 
1 



> 

-

***** 

I 
1 
2 
3 
4 
36 
37 
38 
39 

TIME= 
1 
7 
13 
19 
25 
Jl 
37 

• 

PROGRAM E12202 ***** 

J 
2 .000000 
3 .0000^0 
4 ,000000 
5 ,000000 

37 ,100000-
38 ,100000-
39 ,100000-
40 ,100000-

17,00000 
2086,0147 
2037,7507 
2090,7854 
2095.1202 
3092.1902 
3104.9874 
3113.5029 

H 

-03 
-03 
•03 
-03 

2 
8 
14 
20 
26 
32 
33 

AEROJET-GENERAL 

# 

CORPORATION 
SACRAMENTOrCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
.000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700•^04 
,495700+04 

2086,0147 
2087,7508 
2090,7854 
2095.1202 
3097.8820 
3104.9874 
3113.5029 

1 

3 2086.0147 
9 2087.7509 
15 2090.7855 
21 3092.1897 
27 3097.8820 
33 3104.0875 
39 3113.5030 

4 2086.0148 
10 2087.7509 
lb 20Q5.1201 
?2 3092.1898 
28 3097.8621 
34 3104.9876 
40 3113.5030 

5 
11 
17 
23 
29 
35 

2086.0348 
2090.7853 
2095.1202 
3092.1890 
3007.8823 
3104.9876 

6 
12 
18 
24 
30 
36 

• 

2087.7507 
2000.7853 
20OS.1201 
3002.loni 
3007.8824 
3113.502B 

1 
1 

1 
1 
1, 

1 
1 

1 
1 

' 

1 

1 

1 

1 

' 

-



-

***** 

I 
1 
2 
3 

36 
37 
38 
59 

TIN.E= 
1 
7 

. 13 
19 
25 
31 
37 

. # 

PROGRAM E12202 ***** 

J H 
2 .000000 
3 .000000 
4 .000000 
5 .000000 

37 .100000-03 
38 .100000-03 
39 .100000-03 
40 .100000-03 

18.00000 
2091.168'-; 2 
2092.9338 fa 
20O5.9750 14 
2100.3134 20 
3097.8123 26 
3110,5937 32 
3119,0863 36 

FEM TWO-DIM 

TEMPERATURE 
,000000 
.000000 
.000000 
.000000 
.495700+04 
.495700+04 
.495700+04 
.495700+04 

2091.1884 
2092.9338 
2095.975n 
2100.3135 
3103,5012 
3110,5937 
3119,0863 

ENSI 

3 
9 
15 
21 
27 

.33 
39 

.AEROJET-GENERAL 

# 

CORPORATION 
SACRAMENTOrCALIFORNIA 

ONAL TEMPERATURE ANALYSIS PROGRAM 

2091,1884 
2092,9339 
2095.0751 
3097,8118 
3103.5012 
3110.5937 
3119.0664 

4 2091.1884 
10 2092.9340 
16 P100.3134 
?2 30Q7.8118 
28 3103.5013 
34. 3110.5939 . 
40 3119.0864 

5 
11 

. 17 
23 
29 
35 

2091.1885 
2005.9749 
2100.3134 _ 
3007.8110 
3103.5014 

.3110.5939__. 

• 

6 
12 
18 _. 
24 
30 
36 

2002,9338 
2095,9740 

._ 2100.3134 
3007.8121 
3103.5016 

. __3119,0862 

• . 

-

G 

Q 

i ̂  

^ 

^ 

€ 

€ 

€ 

Q 

C 

€ 

€ 

€ 

€ 
1 

C 

,̂ 

t-



-

***** 

I 
1 
2 
3 
4 

36 
37 
38 
39 

TIME= 
1 
7 
13 
19 
25 
31 
37 

• 

PROGRAM E12202 ***** 

J H 
2 .000000 

1 
CM
 C
M
 C
M
 

JD
 C
D
 
«g
 O
l
 
P
 
CM
 

M
 M
 
M
 O
 
O
 
O
 

O
O
O
O
O
O
 

O
O
O
O
O
O
 

O
O
O
O
O
O
 

O
O
O
O
O
O
 

I
I

I
, 

O
 o
 
o'
 

40 .100000-03 

19.00000 
2096.3503 2 
2098.1051 8 
2101.1528 14 
2103,4947 20 
3103.301,6 26 
3116,1603 32 
312^.6301 3a 

— ~ . - ^ 1 i . 

• 

AEROJET-GFNERAL CORPORATION 
SACRAMENTOrCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
,000000 
.000000 
.000000 
,000000 
,49b7uO+04 
,495700+04 
,495700+04 
.495700+04 

2096.3503 
2098.1052 
2101,1528 
2105.'i94d 
3100,0806 
3116.1603 
3124.6300 

3 2096.3503 4 2096.3503 
9 20O8.5052 10 2098.1053 
15 2101.1529 16 2105.4946 
21 3103.3942 22 3103.3942 
27 3109.0606 23 3109.0807 
33 3116.1803 34 3116.1605 
39 3124.6302 40 3124.6302 

5 
11 
17 
23 
29 
35 

2096.3503 
2101.1527 
2105.4947 
3103.3043 
3109.0809 
3116,1605 

6 
12 
18 
24 
30 
36 

2098,10=51 
?101,15?7 
2105,4047 
3103,3945 
3109,0810 
3124.6300 

• 

— — -

1 
1 

-



-

***** 

I 
1 
2 
3 
4 

36 
37 

. 33 
39 

TIME= 
1 
7 

13 
19 
25 
31 
37 

. . # . . 

PROGRAM E12202 ***** 

J H 
2 . 000000 
3 . 000000 
4 . 000000 
5 . 000000 

37 . 1 0 0 0 0 0 - 0 3 
36 . 1 0 0 0 0 0 - 0 3 
39 . 1 0 0 0 0 0 - 0 3 
40 . 1 0 0 0 0 0 - 0 3 

2 0 . 0 0 0 0 0 
2 1 0 1 . 5 0 0 1 2 
2 1 0 3 . 2 5 4 4 8 
2 1 0 6 . 3 1 8 5 14 
2 1 1 0 . 6 6 3 8 20 
3 1 0 8 . 9 3 7 7 26 
3 1 2 1 . 6 8 7 5 32 
3 1 3 0 . 1 3 4 7 38 

• 
• 

AEROJET-GFNERAL CORPORATION 
SACRAMENTOrCALIFORNIA 

FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

TEMPERATURE 
.000000 
. 000000 
. 000000 
. 0 0 0 0 0 0 
,495700+04 
, 495700 1-04 
,495700-<-04 
,495700+04 

2 1 0 1 . 5 0 0 1 3 
2 1 0 3 , 2 6 4 5 9 
2 1 0 6 . 3 1 8 5 15 
2 1 1 0 . 6 6 3 8 21 
3 1 1 4 . 6 2 0 7 27 
3 1 2 1 . 6 8 7 5 33 
3 1 3 0 . 1 3 4 7 39 

2 1 0 1 . 5 0 0 1 4 
2 1 0 3 . 2 6 4 6 10 
2 1 0 6 . 3 1 8 6 16 
3 1 0 3 . 9 3 7 3 22 
3 1 1 4 . 6 2 0 7 28 
3 1 2 1 . 6 8 7 5 34 
3 1 3 0 . 1 3 4 8 40 

2 1 0 1 . 5 0 0 2 
2 1 0 3 . 2 6 4 6 
2 1 1 0 . 6 6 3 7 
3 1 0 8 . 9 3 7 3 
3 1 1 4 . 6 2 0 3 
3 1 2 1 , 6 8 7 7 
3 1 3 0 , 1 3 4 8 

-

5 
11 
17_ 
23 
29 
35 

t 

2 1 0 1 . 5 0 0 ? 
2 1 0 6 . 3 1 8 4 
2 1 1 0 . 6 6 3 7 
3 1 0 8 . 9 3 7 4 
3114 .6210 
3 1 2 1 . 6 8 7 7 

6 
12 

_ 1 8 . 
24 
30 
36 

• 

2 1 0 3 . 2 6 4 4 
2 1 0 6 . 3 1 8 4 
2 1 1 0 . 6 6 3 8 
3 1 0 8 . 9 3 7 6 
3 1 1 4 . 6 2 1 0 
3 1 7 0 . 1 3 4 6 

1 

1 

I 

1 
1 

1 

1 
i 
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END OF PROBLEM— EXAMPLE PROBLEM NO. 3r TRANSIENT CASE WITH_CONVECTI0N».Si)RFACE-SINK RAHi 
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EXAMPLE PROBLEM NO, 4 

STEADY-STATE WITH CONVECTION DAMPING 



IBM 
E : I Z 2 _ C ^ G R . & 1 7 - Z O 7 
PvM^.d 

FDHTRAN C 

• " -

rding Form 

lUNCHING 
INiTRUCHON^ 

GFA?HIC 1 
1 

PJ\CH 1 

GX2S7327 6U/r/0S0 
Printi-d 1 U S 1̂  

PAGt 1 *• 3 
^/^JLLLCIKC J yi 1 

1 ' 

^ S4 

— 
1 
1 
i 

.... 

1 

1 

i 

P 

-

-

FORTRAN STATEMENT 

L £ ^i 

A"^ 

• 

— 

— -— 

1 

' 1 J f r 1 j 

0 . 4 

.4 

— — 

— - — 

— -

^3>J3•^ Dy ^ T I P ^ T E Wl TH OjdKJvEC 

"̂9 i -5 

HATUR. 

1 4 0 . 

180.. 
210. 
2 3 2 . 
23^^, 
Z4C^ 
2 ^ 2 , 
244. 
24(^-
24^8-

2^4. 
Zb6. 
2 6 Z . 
2 6 6 . 
270. 

f^L ed̂  

q. 
L, 
i . 

I . 
1. 
1 . 
2. 

8-
i. 

4-. 

L 
.10 

MV£CT 
q . - j ; 
q . - 5 

4-1s-.b" 
77a-^ 
947-5 
4-1 t - 5 
!37-Jr 
i}97-4 
33^--4 
lF;Z0-4 
s^ ' i - 4 
qp.1-4 
£46-4 
?cr)-4 
tel-3 
67^ - 3 
74^-3 

0 . 1 

lAiw £ L^uC^^ 

Tldl\! 

e 

^'bdJLEa 

D A M P K 6 - 1 

^ 6 0 ? 

B C I L 

h so\ 
Or CC3 

I H G -̂W 14-OF HXO 

1 

1 

____ \ „ T T 1 

AT 1 .5 

1 
i 

AT^A 
1 
1 

. ~1' 
1 1 

1 
1 

1 

\ i i •' * i 3l 5 J J ' 5 ^ 34 * t " . ' 1 1 
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FORTRAN CoiiRB Form 

i [ 

[ JNLHIHG 
1 •JiTRUCriONS 

GPAf H C 

i>UKC 1 

1 

GX28 73?'' C U/M05Q 
Printed in U S A 

PAC r 2 . c " ^ 
t./^UUL^.ifa II..I yj 

1 
1 FORTRAN 31A.TEMENT 

( I . ^ > 

1 !! ! I T S . 

_ 

_ 
1 
1 
i 
q 

._ 

io[ 
1^' 
1̂  n 
26 
3t. 

-

_ 1 57\ 
! 4bl_ 

1 

4 ^ 
5 4 

1 
9 

17 
1 oc-l 

._ 

3 3 
40 
4 ^ 

190000,0000, 

i 

3 7 
44 
47 
4f 

2 
ii 

4 5 

0,S 
2 . ^ 
0 . 5 
2 . 5 

, 0 ' ^ 
2 . 5 
0>S 
2.5 

2 . 5 
0 < 5 
Z . 5 

11 
2 0 

47 
^^4 

id 
iq 

M 
>57 
4̂ > 
5 o 

Z'-^M-C^ 1 

2?^i-3 
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o. 
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C\Z 
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0 . 3 
0^4^ 

1 0 ,4 
r 0.-5 o-s 

* 
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. 

i 
140. 
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1 
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ISO-
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iso^ 
2V0. 
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2 5 0 . 

1 2 5 0 ' 
ZSO^ 
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r 2 5 C . 

2 S C ' 
2SQ' 

_ . — 
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1 

1 
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»•**» PROGRAM E12202 ***** 

_AEROJET-GENERAL COPPORATIOtL. 
SACRAMENTO*CALIFORNIA 

FEN TWO-DIMENSIOMAL TEMPERATURE ANALYSIS PROGRAM 

TWO DIMENSIONAL PLANE BODY 

***** STEADY-STATE CASE FOLLOWS ***** 

_tXAMPLE_NO..Jft__SI£ADY STATE WITH CONVECTION DAMPING 

NUMBER OF NODAL POINTS—^.S'L-
IMUN'LiEK OF ELEMENTS HO 
NU''-BER OF CONJVECTIOf' BC- 8 
NU'-IJER OF I MATERIALS t _ 
OUTPUT INTERVAL 0 
TIf E INTERVAL .000 
INITIAL _TIME~----r- .000 
MAXIMuvi TIME 500.000 
ON PI = ^.500000 + 00 DMAX1.J 
DyiP2 = .100000 + 0 0 " DMAX2 : 
DKP3 = ,500000+00 DMAX3 : 
70LN = .500000-02 

M TABLE-K 
0 

_._10.0000 + 0 2 
.100000+00 
.200000+03 

.499100-03 
TABLE-R 

0 
RHO-CP 

_. 00000.0 
TABLE-Q 

_0_ 
0 

^,760800-01 



. 6£.ROJE.T^F_NERAL_COI-;PORATLQN 
SACRAMENTOrCALIFORNIA 

***** PROGRAM E12202 ***** FEM TWO-DIMENSIONAL TEMPERATURE Ar IA LJY SIS PRO GJtA .M_ 

INPUT TABLES 

TABLE NO. 1 TYPE 1 NATURAL CONVECTION « SUBCOOLED BOILING IN H^OF H20 AT 1.5 AT 
X F(X) 

.000000 .900000-04 

.140000+03 .900000-04 
_, 150000 + 03 ,92920 0-05.̂  
.180000+03 .147500-04 
.210000+03 .177300-04 
_t23^0 00 + 03 .194700-04. 
.236000+03 .341600-04 
.240000+03 .713700-04 
_, 242000 + 03 ,109700-03.. 
.244000+03 .133600-03 
.246000+03 .182000-03 
_j 246000 + 03 ,258100TD3_ 
,250000+03 .298100-03 
.254000+03 .524600-03 
_, 2560 00 + 03 j850000-03__ 
.262000+03 .158100-02 
.266000+03 .267900-02 

.J 27000 0 + 03 ,474800.̂ Q2__ 
.275000+03 .926900-0$ 
.900000+09 .928900-02 



_&EROJEJ-GEMERAL CO,?PORATIO^L 
SACRAMENTO»CALIFORNIA 

*****j>BOGRAM E122fl2 J4***-^ _F£M._TJ(!lQ-DlK£MSLONAL T£MEEfiAXUR£ J.'-IALYSIS PROGRAM 

N.P. tJO. 
1 

CODE X 
.5000 
.7500 

1.0000 

Y 
î)J)00_ 
,0000 
,0000 

T 
jOOQO, 
,0000 

.ooon 

TO 
,250.000(1 
250.0000 
250.0000 

CODE TABLE 
0 
0 
0 

4 '.wi> 

AEROJET-GENERAL CO(?PORATION 
S A C R A K E N T O J C A L I F O R N I A 

***** PROGRAM E12202 ***** ;M TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM 

XAB.LE_NO. 

X 

,0000 
.1400 
,1500 
.16C0 
'.21^0 
.23^0 
.23c-.C 
.2400 
,2420 
.2440 
^2460 
.2480 
^2501 
.25'i0 
.2530 
.2f?.0 
.2oo0 
.27uO 
.2750 
,9000 

TYPE 

00 „ 
00 + 03 
00+03 
00 + 03 
00 + 03 
0 0 T 0 3 

00 + 03 
00 + 03 
CO + 03 
00+03_ 
00 + 03 
OOi-03 
Cf>i-03 

0 0 + 03 
00r03 
00+03_ 
00 + 03 
00^03 
00+03 
00+09' 

INPUT TABLE'S 

NATURAL CONVECTION & SUBCOOLED BO[LING IN 140F H20 AT l.S AT 
F(X) 

_.900000-04_ 
.900000-04 
,929200-05 
,l'f7500~04_ 
.177800-04 
,194700-04 
.3^l600"04_ 
.713700-04 
.109700-03 
.133600-03 
.182000-03 
.258100-03 
.296100-03 
,524600-03' 
,650000-03 
.158100-02^ 
,267900-02 
,474800-02 
.928900-02_ 
.928900-02 



# , 

***** PROGRAM 

N.P, NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Io 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 

• 

E12202 ***** 

CODE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

AEROJE 
SAC 

FEM TWO-DIMENSIONAL T 

X 
.5000 
.7500 

1,0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
i.,7500 
2.0000 
2,2500 
2.5000 
.5000 
.7500 

1.0000 
1,2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
.5000 
.7500 

1.0000 
1.2500 
1,5000 
1,7500 
2.0000 
2.2500 
2.5000 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 

Y 
.0000 
,0000 
.0000 
,0000 . 
,0000 
,0000 
.0000 
.0000 
,0000 
,1000 
,1000 
,1000 
.1000 
.1000 
,1000 
,1000 
,1000 
.1000 
,2000 
,2000 
,2000 
.2000 
.2000 
.2000 
,2000 
,2000 
,2000 
,3000 
,3000 
,3000 
,3000 
.3000 
.3om 
.3000 
,3000 
,3000 
,4000 
.4000 
,4000 
,4000 
,4000 
,4000 
.4000 
.4000 
.4000 
,5000 
.5000 
,5000 
,5000 
,5000 
.5000 
.5000 
.5000 
.5000 

" " ^ 

T-6ENERAL CORPORATION 
RAMFNTOfCALIFORNIA 

EMPERATURE ANALYSl 

T 
.0000 
.0000 
.0000 
,noao 
,0000 
.ocoo 
.0000 
,nooo 
,0000 
,0000 
,opon 
,0000 
.0000 
.0000 
.nnoT 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
.0000 
.0000 
.0000 
,0000 
,0000 
• oopn 
,0000 
.0000 
,0000 
.0000 
.nooo 
,0000 
,0000 
,0000 
.0000 
,0000 
,0000 
,0000 
,0000 
,0000 
.0000 
.onoo 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.nooo 
.0000 

S_PROGRAM 

TO 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
? D 0 . 0 0 0 0 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.P000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 

250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250.0000 
250,0000 
250.0000 
250.0000 
250.0000 
250.0000 
250,0000 
250.0000 
250.0000 
_250.0000 
250.0000 
250.0000 

CODE TABLE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

^ 

— . . — _ — 

I 

i 

i 

I 

t 

1 
1 

' 

1 

1 

1 

1 
1 
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***** F 

I 
45 
47 
48 
49 
50 
51 
52 
53 

NUMBER 

• 

'R0GRAM_E12202 * 

J 
47 ,298100. 
48 ,293100-
tjg .298100-
50 ,298100. 
51 ,298100-
52 .298100 
53 .2^8100. 
54 .298100-

OF CONVECTION B 

ITERATION NO. 1 
1. 286.6593 _ 
7 
13 
19 
25 
31 
37 
43 
49 

ITERAT 
1 
7 
13 
19 
25 
31 
37 
43 
49 

ITERAT 

7 
13 
19 
25 
31 
37 
43 
49 

ITERAT 
1 
7 
13 
19 
25 
31 
37 
43 
49 

2d&.6593 
285.8971 
283.61C6 
2S3.61C6 
279.7998 
274.4o48 
274.4648 
250.1000 

ION NO. 2 
2S4.2306 
284.2803 
283.5164 
281.2320 
281.2319 
277.4211 
272.0361 
272.0SG1 
240.2000 

ION NO. 3 
281.9890 
281.9890 
281.2263 
273.9404 
278,9403 
275.12'--;5 
269,7945 
269,7945 
250,3000 

ION NO, 4 
279.7798 
279.7798 
279.0175 
276.7312 
276.7312 
272.9204 
267.5653 
267.5353 
250.4000 

»:*** 

H 
-03 
-03 
-03 
-03 
•03 
-03 
-03 
-03 

3UNDARY 

2 
8 
14 
20 
26 
32 
38 
44 
50 

2 
8 
14 
20 
26 
32 
38 
44 
50 

2 
8 

14 
20 
26 
32 
38 
44 
50 

2 
b 
14 
20 
26 
32 
33 
44 
50 

FEM TWO-DIM 

TEMPERATURE H 
.140000+03 
,140000+03 
,140000+03 
,140000+03 
,140000+03 
,140000+03 
,140000+03 
,140000+03 

CARDS 

286.6593 
285.6593 
285.8971 
283.6106 
283,6106 
279.7998 

__ 274.4648 
274.4648 
250.1000 

284.2806 
284.2806 
283.5184 
281.2319 
281.2319 
277.4212 
272.0S61 
272.0861 
250.2000 

281.9890 
281,9890 
281.2268 
278.9403 
278.9'103 
275.1295 
269.7945 
269.7945 
250.3000 

279.7798 
279.7798 
279.0176 
276.7312 
276.7312 
272.9204 
267.5853 
267.5653 
250.4000 

AEROJET-GENERAL 
SACRAMENTOrCA 

ENS I ON AL_„TEMPER AJ.URE 

-TAB T-TAB RADIATION 
1 0 
1 
1 
1 
i 
1 
I 
1 

8 

3 
9 
15 
21 
27 
33 
39 
45 
51 

3 
9 
15 
21 
?7 
53 
39 
45 
51 

3 
9 
15 
21 
27 
33 
39 
^5 
51 

3 
9 
15 
21 
27 
33 
39 
45 
51 

0 
0 
0-
0 
0 
0 
0 

286.6593 
286.6593 
285.8971 
283,6106 
263.6106 
279.7999 
274.4648 
274.4648 
250,1000 

284.2806 
284,2806 
283.5184 
281.2319 
283.2320 
277.4212 
272.0861 
272.0861 
250.2000 

281.98°0 
281.O890 
281.2268 
278.9403 
278.9403 
275,1205 
269.7945 
269.7945 
250.3000 

279.7798 
279.7798 
279.0176 
276.7311 
276.7312 
272.9204 
267.5P53 
267.5853 
250.4000 

• 

CORPORAT 
LIFORNIA 

AKALYSI< 

EPSILON 
.000000 
.000000 
.000000 
_.000000 
.000000 
.000000 
.000000 
.000000 

t 
10 
16 
22 
28 
31! 
40 
46 
52 

1 
10 
16 
22 
28 
34 
40 
46 
52 

4 
10 
16 
32 
23 
34 
40 
46 
52 

4 
10 
16 
22 
26 
34 
40 
46 
52 

tON 

> PROGRAM 

F 

286.6592 
285.6971 
285.8971 
283.6106 
279.7999 
279.7999 
274,4648 
250.1000 
250,1000 

284.2805 
283.5134 
283.5184 
281.2319 
277.421? 
277.4212 
272.0861 
250.2000 
250.2000 

281.9889 
281.2268 
231.2268 
278.9403 
275.1296 
275.1296 
269.7945 
250.3000 
_250.3000 

279.7798 
279.0177 
279,0176 
276.7311 
272.9204 
272.9204 
267.5853 
250.4000 
250.4000 

-FACTOR 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 __ 
.000000 

5 
11 
17 
23 
29 
35 
41 
47 
53 

5 
11 
17 
23 
29 
35 
41 
47 
S3 

5 
11 
17 _ 
23 
29 
55 
41 
47 
53 

5 
11 
17 
23 
29 
35 
41 
47 
53 

F-TABLE NO 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

286.659? 
285.8971 
?'=5.8971 
283.6106 
279.7999 
279.7099 
274.4648 
250.1000 
250,1000 

284.2806 
283,5184 
283.5184 
P81.2319 
277,4212 _ 
277.4212 
272.0861 
250.2000 
250.2000 

"281.9889 
281.2268 

. 281.2268 
278.9403 
275.1296 
?75.1?96 
269,7945 
250.3000 

_?50.3000 

270.77^8 
279.0176 
279.0176 
276.7311 
272.9204 
272.9204 
?67.5R53 

' ?5n.4000 
?50.4000 

• 

6 
12 
18 
24 
30 
36 
42 
48 
51* 

6 
1? 
18 
24 
30 
36 
4? 
4ft 
54 

6 
12 
18 
?4 
30 
36 
42 
48 
54 

6 
12 
18 
24 
30 
36 
4? 
48 
54 

• 

140000+03 
140000+03 
140000+03 
140000+0? 
140000+03 
140000+03 
140000+03 
140000+03 

286.6593 
285.8"571 
285.8071 
283.6106 
279.7^596 
279.7990 
274.4648 
?5n.ionn 
250,1000 

284.2806 
283,5l«4 ._ 
283,5184 
2B1.2310 
277.4212 
277.4212 
272.0861 
?SO.?Onn 
250.2000 

?ai.98Q0 
281,2268 
28t.?26ft 
278.9403 
P75.1295 
?75.1?^6 
269.794S 
250.3000 
250.3000 

279.77QP 
279.0176 
279.0177 
276.7311 
272,0904 
272.9204 
?67.«;8«5"̂  __ 
2sn.4nnn 
250.4000 

i 
1 
1 
1 
1 
1 
1 

1 

1 

[ 

t 

1 
1 

- - — • 

1 



ITERATION NO. 
1 
7 

13 
19 
25 
31 
37 
43 
49 

ITERATION 
1 
7 

13 
19 
25 
31 
37 
43 
49 

ITERATION 
1 
7 

13 
19 
25 
31 
37 
43 
49 

ITERATION 
1 
7 

13 
19 
25 
31 
37 
43 
49 

ITERATION 
1 
7 

13 
19 
25 
31 
37 
43 
49 

ITERATION 
1 
7 

13 

277.6486 
277.6485 
276.8863 
274.5999 
274.5999 
270,7391 
265,4541 
265,4540 
250.5000 

NO. 6 
275,5912 
275,5912 
274.8290 
272.5426 
272.5426 
268.7318 
263.3968 
26^,39^7 
250.6000 

NO. 7 
273.6041 
273.6041 
272.8419 
270»5555 
270.5554 
266.7446 
261.4096 

26i.4C96 
250.7000 

NO. 8 
271.6837 
271,6836 
270.9214 
268.6330 
268.6350 
264.8242 
259.4392 
259.4891 
250.6000 

NO. 9 
269.82o5 
269.8264 
269.0643 
266.7778 
2S&.777S 
262.0670 
257.6320 
257.6320 
250.7972 

NO. 10 
269.6766 
269.8766 
269.1144 

2 
8 

14 
20 
26 
32 
38 
44 
50 

2 
S 

14 
20 
26 
32 
38 

44 
50 

2 
8 

14 
20 
26 
32 
38 
44 
50 

2 
8 

14 
20 
26 
32 
38 
44 
50 

2 
8 

14 
20 
26 
32 
38 
44 
50 

2 
8 

14 

277,6485 
277,6485 
276,8863 
274.5999 
274.5999 
270,7891 
265.4540 
265^4540 
250.5000 

275.5912 
275.5912 
274.8290 
272.5426 
272.5426 
268.7316 
263.3967 
263.3967 
250j60QO 

273.6041 
273.6041 
272.8419 
270.5554 
270.5554 
266.7446 
261.4096 
261.4096 
250.7000 

271.6836 
271.6836 
270.9214 
268.6350 
268.6350 
264,8242 
259.4891 
259.4891 
250.8000 

269,8265 
269.8265 
269.0643 
266.7778 
266.7778 
262.9670 
257.6320 
257.6320 
_250jiI972 

269,8766 
269.8766 
269.1144 

3 
9 

15 
21 
27 
33 
39 
t5 
51 

3 
9 

15 
21 
27 
33 
39 
45 
51 

3 
9 

15 
21 
27 
33 
39 
45 
51 

3 
9 

15 
21 
27 
33 
39 

_ 45 
51 

3 
9 

15 
21 
27 
33 
39 
45 
51 

3 
9 

15 

277.6485 
277.6485 
276.8864 
274.5999 
274.5999 
270.7891 
265.4540 
265.4540 
250.5000 

275,5912 
275.5912 
274,8290 
272.5426 
272.5426 
268.7318 
263.3967 
263.3967 
250.6000 

273.6041 
273.6041 
272.^419 
270.5554 
270.5554 
266.7446 
261.4096 
261.4096 
250,7000 

271.6836 
271.6836 
270.0215 
268.6350 
268.6350 
264,8242 
259.4891 
259.4891 
250.8000 

269.8265 
269.8265 
269,0643 
266,7778 
266,7778 
252.9670 
257.6319 
257,6320 

_ 250.7972__ 

269,8766 
269,8766 
269.1144 

4 
10 
16 
22 
?8 
34 
40 
46 
52 

t. 

10 
16 

?a 
28 
34 
40 
4 b 
52 _ 

4 
10 
16 
22 
28 
34 
40 
46 
52 

4 
ID 
16 
22 
28 
34 
40 
46 
52 

4 
10 
Io 
22 
23 
34 
40 
43 

. 5? 

+ 
13 
Io 

277. 
276. 
276. 
274. 
270. 
270. 
265. 
250, 
250. 

275, 
274. 
274. 
272. 
268. 
266. 
263 
250 

_ 250 

273 
272 
272 
270 
266 
266 
261 
250 
250 

271 
270 
270 
268 
264 
264 
259 
250 
250 

269 
269 
269 
266 
262 
262 
257 
250 
250 

269 
269 
269 

6485 
8864 
8664 
5999 
7891 
7891 
4540 
5000 
5000 

591? 
8291 
8291 
5426 
7318 
7318 
3967 
6000 
6000 

,6040 
,8419 
.6419 
5554 
,7447 
,7447 
,4096 
7000 
7000 

6836 
9215 
9215 
6350 
8242 
6242 
4891 
800n 
8000 

.3264 
,0643 
,0643 
,777R 
,'5671 
,0670 
,6319 
,7972 
,7972 

,8765 
.1144 
.1144 

5 
11 
17 
23 
29 
35 
41 
47 
53 

5 
11 
17 
23 
29 
35 
41 
47 
53 

5 
11 
17 
23 
29 
35 
41 
47 
53 

5 
11 
17 
23 
29 
35 
41 
47 
53 

"^ 5 '̂  
11 
17 
23 
29 

_ 35 
41 
47 

_ 53 _ 

5 
11 
17 

277. 
276. 
276. 
?74. 
270. 
270. 
265. 
250, 
250. 

"^ 275. 
274, 
274. 
272. 
268. 

_.. 268. 
?53 
250 
250 

273 
272 
272 
270 
266 
266 
261 
250 
250 

271 
270 
270 
26R 
264 
264 
259 
250 
250 

~ 269 
269 
?60 
266 
?62 

_ 262 
257 
250 

_ 250 

„^ 269 
?6Q 
269 

6485 
8n64 
8864 
5099 
7891 
7891 
4540 
5000 
5000 

5912 
8291 
82Q1 
5426 
7318 
7318 
3067 
6000 
6000 

,6040 
,8419 
,B41Q 
,5554 
,7447 
,7447 
,4096 
,7000 
,7000 

,6836 
,9215 
9215 
6350 
8242 
.8242 
,4891 

,8000 
,8000 

,8264 
,0643 
.0643 
,7778 
,9670 
,9670 
.6320 
.797? 
.7972 

,8765 
,1144 
,1144 

6 
12 
18 
?4 
30 
36 
42 
48 
54 

6 
12 
1ft 

24 
30 
36 
42 
48 

___54 

6 
12 
18 
24 
30 
36 
42 
48 
54 

6 
12 
18 
24 
30 

" 36 
42 
48 
54 

~ " 6 
12 
18 
24 
30 
36 
42 
48 
54 

6 
12 
18 

277. 
?76. 
276. 
274. 
270. 
270. 
265. 
250. 
250. 

275 
274 
274 
27? 
268 
268 
263 
250 
250 

277 
27? 
272 
270 
266 
266 
?6t 
250 
250 

271 
270 
270 
268 
264 
264 
259 
250 
250 

269 
269 
?60 
266 
?62 
26? 
257 
250 
250 

269 
269 
269 

648>^ 
fl8A4 
8864 
SqoQ 
7ftoi 
7PQ1 
4 54 0 

5onn 
5000 

5912 
8291 
8291 
54?6 
7318 
7318 
,3067 
,6000 
,6000 

,6041 
,841CJ 
,8419 
5554 
,7446 
.7447 
.4006 
.7000 
,7000 

,6836 
,0215 
,9215 
,63'^n 
,824? 
,8242 
,4891 
,8000 
,8000 

.8?64 
,0643 
.0643 
.7770 
,0670 
,9670 . 
.6320 
.707? 
.7972 

.8765., 

.1144 

.1144 

t 

1 

1 

, 

' 



19 
25 
31 
37 
43 
49 

' 

' 

266,8279 20 
266.8279 26 
263.0171 32 
257,6821 38 
257.6821 44 
250.7998 50 

, -

. 
"i 

266.8279 
266.8279 
263.0171 
257.6621 
257.6821 
250.7998 

21 
27 
33 
39 
45 
51 

266,8279 ?2 266,8279 
266.8279 28 263.0172 
263.0171 34 263.0171 
257.6820 40 257,6820 
257.6821 46 250.7998 
250,7998 52 250,7998 

23 
29 
35 
41 
47 
53 

' 

266,8279 
263.0171 
263.0171 
257.6ft21 
250.79OP 
250,7998 

i 

24 
30 
36 
42 
48 
54 

266,8279 
263.0171 
263.017? 
257.68?1 
250.7008 
250,79Qn 

— 

1 



END OF PROBLEM— EXAMPLE NP_._4»_STEADY STATE WITH CONVECTION DAMPING 



<***A****1****A****2****A****3****A****4****A****5****A****6****A****7****A****8****A****9****A*+**0****A****1****A****2****A****3* 
**************+*****•* .-*******************!sO-27.16!INFORMATION-SYSTEMS-DESIGN:15-APR-1972****************************************** 
#**A***1***A***2***A***3***A***4***A***5***A***6***A***7***A***0* lt*A***l***A***2***A***3***A***4***A***5***A***6***A***7***A***0***A 
C lUd AtiCDEF6HIJKLMN0PQRSTUVWXYZ)-+<=>&S*(S<:?;>\0123456769M/.\ SC ItlA ABCDEFGHIJKLMN0J=QfLSTUVWXYZ)j-+<=>«S*(«:?Xt\0_123456789!'7.A-OL^aA-

25 APR 72 P 12:56:00 IDENT.=FYEE ACC0UNT=428235 CARDS IN= 200, 0UT=_ 

PAGES= 52» LINES= 1277. TIME=00:00:28 (HMS) 

ALL SOFTWARE ISD PROVIDES OR MAKES AVAILABLE FOR USE» IN ANV FORM WHATSOEVER, IS PROPRIETARY 
.INFORMATION Oî  ISD AND IS NOT-TQ_SE_J:0PJ£D_0R REPRODUCED WITHOUT PRIOR WRITTEN AUTHORIZATION BY ISD. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ « « * 4 ( i | c * * * * * * « 4 t * 

*** USER NOTICES - APRIL 20» 1972 *** 

(1) ISD 1108 TERMINAL SERVICE IS SCHEDULED AS FOLLOWS 

MON : 0 7 : 0 0 - 2 4 : 0 0 
TUE - FRi : 0 0 : 0 0 - 0 4 : 0 0 ;_ or:oo_ t-ZMJio 
SAT : 0 0 : 0 0 - 2 2 : 0 0 
SUN : 0 4 : 0 0 - 2 2 : 0 0 

(2) LARGE-CORE (LCR) PRODUCTION JOBS ARE NOW BEING RUN ON AN OVERNIGHT BASIS STARTING AT 04:00 EACH DAY. 

(3) ISO NOW HAS AVAILABLE REMOTE-BATCH JOB ENTRY VIA LOW-SPEED TELETYPE COMPATIBLE TERMINALS USING DIAL-UP COMMUNICATIOM LINES. 
THIS SERVICE HAS tJEEN IN USE FOR OVER TWO MONTHS AND IS CALLED RON/I. 
THE DIAL-U? TELEPHONE NUMBERS AND TRANSMISSION RATES ARE LISTED BELOW. 

10"CHAR/SEC "~ 415-562-40357^415-562-4036,- 415-562-5186" " - - -
30 CHAR/SEC 415-562-4716 ** EFFECTIVE 4/24/72 THIS NUMBER WILL BE CHANGED TO 415-562-4294 ** 

(4)^ ISO'S SECOND PUBLIC TERMINAL IN SAN FRANCISCO IS LOCATED AT » 1 CALIFOR̂ 'IA ST., ROOM 2555. ' " "~ " 

_ (5) BEGINNING 4/24/72 AND AFFECTIVE MONDAY -^FRIDAY TURNAF̂ OUN[) TIME SHOULD BE REDUCFD BETWEEN THE HOURS OF 10;30 - 11!30 AND 
14:00 - 16:00 FOR USERS SUBMITTING NON-TAPE JOBS WITH RUN TIMES ESTIMATED AT LESS THAN 6 MINUTES. 

ADDITIONAl^ INFORMATION ON (2|_a (3J IS NOW AVAILABLE TO ALL INTERESTED USERS BY CONTACTING YOUR SALESMAN AT 415-562-4204. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * 4 : * * * 4 i * * * * 4 r * * * * * * « « 
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PROGRAM E12202 



.-^^ ^ ti^w^--W»%ii^l^ltf«a?rim,m>r«aafr^..—1.^ t^ ^» ->>^^ - t t i - k*K^*^ Miw..tM^a. ^ u s. - w ^ ^ . j >- ^ - • .̂ f̂a-̂ J* l ^ ^ ^ rtMS/'lfc'.W*** •* * * *__ , * ^^ -U .« 

LLT- C O f J > A T , l . 7 I 0 4 0 i , . 56711 

nuOOOl I SUBROUTINE CONMAT 
000002 / DIMENSION TC(500 ) 
000003 / COMMON A ( 5 0 0 . 4 1 ) . 8 ( 5 0 0 ) . D ( 5 0 0 ) . D D ( 5 1 » _ _ E ( 3 . 3 ) . HED(12)_»_P(5)_ 
UuO'H/'t COMMON O C J O O ) . S ( 5 » 5 ) . T ( 5 0 0 ) . X ( 5 0 0 ) . Y ( S O O ) . T I ( 5 0 0 ) 
OOOfiPb C0M-10N Q ? 7 S ( s n O ) . T A n ( 6 0 . 3 2 ) 
UUOtinb COMMON x c o r j o ( ? 0 ) . D r r ' S ( ? o ) » QX(20) 
OOOtOT COMMON TFM( IO) 
0U0G08 COMMON CO^'D. RHO. QXX. 07Z 
000009 COMMON T I M E . DT. 0 T 2 . H. TEMP. X L . XX._VY. TMAX.JT IN IT 
0000:10 CO'UOtJ tJUMBC. NUMMr. NDT. INTE*?. MBAND. NUM. NTAB 
OOUOII COriVQN N D l M . I V A R H . I i / A R C . I P T . I D T . I P U N C H . I D D M 
0I)U''1?__^ COMMON KODE(SOO) . I X ( 3 ) , K X ( t > . LM(S)_. KAT. NUM-JP.^ NUMEL 
000013 COMMON I T E M ( I O ) . I D T A n ( 3 2 ) » I T F A C ( 3 2 ) " 
COOOlit COMMON IKODE(bOO) 
0O001'S^_ COMf'ON IMTA»(?0.1) 
C00016 EQUIVALENCE (TCM(1>.XTEMl). (TrM(2).XTFM2). (TEMC3).XTEM3). 
C00f37 C (TEMCt) .XT^M'O 
0)00 la LOUIVLENCC ( TTĈ I (1) . ITABK ) . (ITEv(2) . ITABR). (ITEM(3) . ITARQ) > 
030019 " C (ITEMC*) .VTYPE) 
COUCJO EQUIVALEfJCE (TI(l).TC(l)) 
CJOii '^l C •_ •_-•T-T:!?!^ • - - • 
r JOI J2 DO 120 1 = 1.5 
C'l t i023 O D ( I ) - 0 , 0 
0 0 0 5 : 4 P ( I ) = 0 . 0 
CO0C25 DO 120 J=1.5 
000026 120 S(I.J)=0.0 
000027 I=LM(1) . 
000020 J=L!1(2) 
000029 K=LM(3) 
0OUG30 L=LM(4) 
0(10031 LM(Ei)=I 
000032 TEMPX = (TC (I)+TC (J)+TC (K)+TC(L) )/'+.0 
000033 FAC = 1.0 
Ot'OOSi* C — ~ — — . 
000035 C ITABO .LT. 0 Q VS. TIME TABLE. 
00003b C ITA30 .EQ. 0 MO TABLE. 
00003^ C ITABQ .GT. 0 0 VS X OR Y TABLE. 
00003S C 
000039 IF(ITABQ) 128.130.129 
OuOÔ tO 128 ITABQ = -ITABQ 
OOOO'+i CALL LINT (TIME.TAB (1»ITABQ) .QZZ.DX) 
00001+2 GO TO 150 
000043 129 CONTINUE 
000044 LOC = ITFAC(ITABQ) 
000045 _ IF(LOC .6T._0) CALL LINT(TIME.TAB(1.LOC).FAC.DX) 
000046 130 QXX = 07?*FAC 
000047 XX = (X(I)+X(J)+X(K)+X(L))/4.0 
000048 YY =„ (Y(I)+Y(J)+Y(K)+Y(L) )/4.0 
0 U 0 0 4 9 C • 
000050 C COMPUTE GEOMETRICAL CHARACTERISTIC 
oaoo5i. c — -
000052 DO 152 Krl.t 
0OU053 C 
0U0054 I = LM(K) 
000055 J = LM(K+1) 
0OU056 IF(I .FO. J) SO TO 1S2 



^000057_ 
000058 
000059 
_000060 
000061 
000062 
000063 
"000064 
0C0065 
_000066 
000067 
ouoooa 
0000&9 
000070 
000071 
0OU072 
000073 
000074 
000075 
000 076 
000077 
0 00078 
0C0O79 
OOOOdO 
ooonaj 
ôooi'ac; 
CC0083 
000084 
000035 
000036 
000067 
"onooaa 
000039 
oooo-^o 
"OU0091 
0u0092 
0C0093 
OC0094 
0U0G9D 
Oi. 0096 
"0U0097 
0C0093 
000099 
'oooioo 
OCUlOl 
010102 
'0CQ103 
0C0104 
000105 
"OC 0106 
000107 
OC 0100 
Ot01C9 
000110 
COOl.'l 
010112 
0C0113 
JC011'+ 
0C0115 
0LU116 

135 AO=X(J)-X1I1_ 
AK=X'X-X(I) 
nJ=Y(J)-Y(I) 
BK=YY-Y(I) 

BK 

136 

_l«tO 
145 

C=BJ 
DX=AK-AJ 
XMULrl.O 
IF (KAT) 
XMUL 

136.137.136 
XMUL*(X(I)+X(J)+XX)/3.0 

137 XLAM=AJ*BK-AK*BJ 
XTEMl = .S+XMUL/XLAM 
XTEM2 = XLAM*XMUL/4.0 

=(C*C+DX*DX) * XTEMl 
=(BK*C-AK*DX) * XTEMl 

151 

__= (-BJ ̂ C + AJ'KOX )_*_XTEMl _ 
=(bK*BK+AK*AK) * XTEMl 
=(-BJ^BK-AJ*AK) * XTEMl 

_=(BJ*BJ+AJ*AJ) * XTEMl_ 
= XTEM2 
(TC(I)+TC(J)+TEMPX)/3. 

0) 

Zl 
Z2 
Z3 
Z4 
Z5 
_Z6 
Z7 
XTEM3 = 
IFdTABK .GT. 
FAC = 1.0 
LOC = ITFAC(ITABK) 
IF(LOC .GT. 0) 
COtJD = COND*FAC 
I F d T A B R . G T . 0) 
FAC = 1.0 
LOC = ITFAC( ITABR) 
IF(LOC . G T . 0 ) 

RHO*FAC 
Z7*0XX 

CALL L I NT J XTEM3j_TABli. ITABK) j_COND»DX) _ 

_C ALL L I NT_(T I ME»T_AB (JL. LOC )_.JF AC_?_DX) 

CALL L INT (XTEM3.TAB(1 . ITABR) .RH0.DX) 

CALL L INT ( T I M E . T A B d f L O O . F A C D X ) 
RHO = 
00 = 
OSTORE 
Ed.l) = 
Ed.2) = 
Ed.3) = 
E(2.1)_ = 
E(2.2) = 
E ( 2 . 3) = 
E(3,l) ̂  = 
E(3.2) = 
£(3.3) = 
IXd)=K 
IX(2)=K+1 
IP (K-4! 
IX(2)=1 
IX(J)=5 

•NEW 
*NEW 
*NEW_ 
*NFW 

_*NFW 
*NEW 
*MFW 
*NEW 

= Z7*RH0 
= Zl 
= Z2 
= Z3 

_= Ed.2) 
= Z4 
= Z5 
= Ed.3)^ 
= E(2 
= Z6 

3) 

145.140.145 

:1.3 00 151 I: 
II = IXd) 
P{II>=P(II)+QQ 
DD d I) =DD (11 )-»-QSTOR!: 
"DO 151 J=1.3 
JJ=IXfJ) 
Sdl.JJ) = Sdl.JJ) + E<I»J)*COND 

152 CONTINUE 

00 155 
DO 155 

1 = 1.4 
J=1.4 



000117 ^k 
OOOllS ^ 
000119 
000120 
000121 

1 155 Sd.J)=Sd.J)-Sd.5)*S(J.5)/S(5.5) ^ B 
C ^ 
C 3. ADO ELEMENT CONDUCTIVITY TO COMPLETE CONDUCTIVITY MATRIX 

DO 175 L=1.4 
I=LM(L) 

0 
*•«««. 

000121 
000122 
000123 
0U0124 
0C'U125 
000126 
000127 
000128 
000129 
000130 
000131 
000132 
000133 
000134 
000135 
000136 
000137 
000138 

/ [ 

E 
[ 
V 

158 : 
160 r 
165 ] 
170 / 
175 ( 

C 
180 C 

F 
185 \ 

C 
2021 f 

E 

Dd)=Dd)+DD(L) 
Bd)=Bd)-^P(L) 
DO 175 M=1.4 
J=LM(M)-I-^1 
IP(NDIH-J) lB5.15fl.l58_ 
IF(MBAND-vJ) 160.165.165 
MBAND=J 
IF(J) 175.175.170 
Ad.J)=A(I.J)+S(L.M) 
CONTINUE 

CONTINUE 
RETURN 
WRITE (6.2021) NUM 
GO TO 180 
FORMAT COBAD CARD NO.' It ) 
END 

http://lB5.15fl.l58_


CONVBC,1.720212. 62555 

000001 ; SUBROUTINE CONVBC (III. JJJ. NNN) 
000002 / DIMENSION IEPS(200) 
000003 DIMENSION TC(500) 
C00004 / COMMON A(500.41), B(500). 0(500). 0D(5). E(3»3)» HEDd2). P(5) 
000005 COMMON Q(bOO). S(5.5). T(500)f X(500). Y(500). TI(500) 
000006 ĈOMMON QZZS ( 500 ) ._ TAB (60. 32) _ 
009007 COMMON XCONO(20). DENS(20). QX<20) 
OC'OOOa COMMON TEMdO) 
000009 COMMON COND . RHO. OXX . OZZ 
000010 COMMON TIME. DT. DT2. H. TEMP. XL. XX. YY. TMAX. TINIT 
000011 COMMON NUMbC. NUMMf. NOT. INTER. MBAND. NUM. NTAB 
C0['0l2 COMMON NDIM. IVARH. I VAf'C. IPT. IDT. IPUNCH. lOUM _ 
000013 COMMON KOOE(500). IX(3), KX(4). LM(5)» KAT. NUMNP. NUMEL 
000014 COMMON ITEMdO). IDTAB(32). ITFAC(32) 
000015 COMMON IK0L)E(500) 
000016 COMMON INTAB(20.3) 
000017 COMMON /BC/ IBC(200). jgC(200). IH8C(200). ITBC(200). HBBC(200)» 
000018 1 TEf-,EBC(200) . XLBC(200). I1BC<200)» JJBC(200)_. „_ 
000019 COMMON /RADCON/EPS(200), F(20.20). SIGMA. NRF(200)» IFLAGR 
000020 1 . FN(200). B0(20). KTEM(20). TS(200) 
000021 DIMENSION FM(20.?0) 
000022 EQUIVALENCE (TEM(1).XTEMl) , (TFM(2>.XTEM2). (TEM(3).XTEM3). 
000023 C (TEM(4).XTEM4) 
00 01124 EQUIVALENCE _dTEM ( 1 ) . ITAPK ) . ( ITEM ( 2 ) > I T A B R ) . ( I T E M ( 3 ) . ITABQ) . 
000025 C (ITEMCtj.MTYPE) 
000026 EQUIVALENCE (Tld).TC(l)) 
000027 EQUIVALENCE JH._IHH) .̂ __(EPS (1) . lEPS d) ) 
000028 C I = II 
000029 C J = JJ 
000030 C T̂EWP_ r H*XL*TEMP/2.0 
000031 C Bd)=Bd)+TEMP 
0UU032 C B(J)=B(J)+TEMP 
000033 I =111 
000034 J = JJJ 
000035 N = NNN 
000035 IFdHH .EO. 0) SO TO 215 
000037 TEMPI = TEMEBC(N) 
000038 TEMPJ = TEMPI 
000039 II = II8C(N)_ ^ ^ 
OOOO'IO JJ = JJBC(N) 
000041 IFdl .GT. 0) TEMPI = (TEM°I+TEMFBC (11) )/2.0 
^000042 IF(JJ .GT. 0) TEMP_J_=_(TEM?J+TEMEBCJJJJ_)^a«JL 
000043 TEMPI = H*XL*TEMPI/2.6 
0(0044 TEMPJ = H*XL*TEMPJ/2.0 
^000045 ^ Bd) = Bd)+TEMPI 
000046 B(J) = B(J)+TEMPJ 
000047 C H=H*XL/4. 
000048 H=H*XL/2. 
000049 Ad.l)=A(I»l)+H 
000050 A(J.1)=A(J»1)+H 
000051 C K=J-I + 1 
000052 C IP (K) 212.212.210 
000053 C 2l0 A(I.K)=Ad.K)+H 
QC0054 C GO 10 215 
000055 C 212 K=I-J+1 
0UOO56 C A(J.K)=A(J.K)+H 



_Q 00057_J^p 215 CONTINUE 
C0005S IFdrPS(N) .EO. 0) GO TO 220" 
000059 Tl = TCd)*TCd) 
_000060 T2_=TC(J)*TC(J) 
000061 T3 = TCd)*TC(J) 
000062 , TR = (T l *T l+T l *T3+Tl*T2+T2*T3+T2i>T2) /5 .0 
0OT063 / TEMP = TS(N) 
C00C64 / TEMX = XL*FN{N)*EPS(N)*SIGMA*(TEMP**'I-TR)/2.0 
jw:065 B d ) = TEMX + B(I) 
U00036 R(J)_= TEMXt3(J) 
000067 220 CONTINUE 
000068 RETURN 
000 069 C — — 
000070 C BERQUAMts RADIATION CALCULATION FOR SURFACE TO SURFACE. 
0 0 0071 C 
0 00072 ENTRY RAD 
000073 M = 0 
000074 DO 2200 1=1.20 
000075 DO 2200 J=1.20 
000076 2200 FMd.J) = Fd.J) 
000077 DO 221 M=l.NUMBC 
000073 NRFI = NRF(N) 
000079 IF(NRFI .EQ. 0) SO TO 221 
000080 I = IBC(N) 
000031 M__ =„M + 1_ 
"000082 J '= JBC(N) 
( 00083 TK = TCd) 
0 0 00 84 TL_=„ TC (J) 
00008D T2' = TL*TL 
000086 Tt = T2*T2 
_000087 •rR_=_TK*_(TK* (TK*JTK+TL)+T2 )-»-T2*TL) •«• T4 
000088 BQ(M) = EPS(N)•SIGMA^TR/S.0 
000089 221 CONTINUE 
_000090 CALL SIMEQ (FM.BQ. NRFl. 1. 20. KTEM. PET. NO. KERR) 
000091 M = 0 
000092 DO 222 N=l.NUMBC 
0 0 0 0 9 3 ^ IF(NRF(N) _._EQ._0) G0_Tp__222 
000094 M = M+1 
000095 I = IBC(N) 
000096 J = JBC(N) 
000097 XL = XLBC(N) 
000098 TEMP = EPS(N)/d.-EPS(N))*XL/2.0 
000099 Tl _=_TCd)*TC(I) _. 
000100 T2 = TC(J)*TC(J) 
000101 T3 = TCd)*TC(J) 
000102 TR =_(Tl*Tl + Tl*T3±Tl*T2+T2*T3+T2*T2)^/5t0_ 
000103 TEMP = TEMP* (BO(M)-SI6MA*TR) 
000104 B d ) = TEMP + B d ) 
000105 B(J) = TEMP +_B_(J) 
"000106 222 CONflNUE 
000107 RETURN 
00 010 8 C 
C00109 ENTRY TEMPBC 
000110 C 
000111 C 2. TEMPERATURE BOUNDARY CONDITIONS 
000112 C 
U0U113 DO 300 N=l.NUMNP 
000114 LOC = IKODE{N) 
000115 II^^CLOC .GT. 0) CALL LINT (TIME.TA9 (l.LOC). T(N) »DX ")' 
000116 B(N)=B(N)+T(N) 



_0P_0117__^ I.FJKPDE.(NL)_)_22J._̂ 0_0 ,̂ 225_ 
0 00118 ^ 225 bo 250 M=2'.MBAND 
0 00119 K=N-M+1 
00 0120 • IFlK )_235»235j_230 : 
000121 230 B(K)=B(K)-A(K.M)*T(N) 
000122 • A(K,M)=a.0 
000123 235_L=N+M-1 _ 
000124 / IF(NUMNP-L) 2'*"5.240.240 
000125 21+0 B(L)=B(L)-A(N.M)*T(N) 
_000126 245 Â(N.M> _̂=_J3,0 
000127 250 CONTINUE 
000128 A(N.1)=1.0 
000129 B(N)=T(N) 
000130 300 CONTINUE 
000131 RETURN 
0(10132 
000133 ENTRYCONVBI ----- . , 
000134 DO 405 11=1.NUMBC , i 
00 0135 11B C (I n_ = _0 ' 1 
000136 405 JJBC(II) = 0 . _ - ^ 
000137 DO 415 11 = 1.NUMBC • / | 
000138 I = TBCdl) ' I i 
000139 J = JBCdl) T "' ] 
00U140 DO 410 JJ=1.NUMBC / i 
_0001'H IFd .EQ. JBC(JJ)) IIBC(II) = JJ ^ ' 
000142 IF(J .EQ. IBC(JJ)) JJBCdl) = JJ • • ' ] 
000143 410 CONTINUE - i 
_0DQ144 415 CONTINUE _J i 
000145 RETURN" ^ " ^ - - | 
000146 END 



0 EC DATA.1.720212. 62590 

000001 
000002 
_000003_ 
OOOOO ̂  
000005 
_00000o 
000007 
000003 
000009 
000010 
QOOOll 
000312 
000013" 
000014 
^000015 
00001b 
000017 
_000018_ 
00001" 
000020 
000021 
0000-^2" 
000023 
_0U0 024 
000025" 
000026 
000027_ 
'000026 
000029 
00r030_ 
000031 
C00032 
0(i0033_ 
000034 
000035 
000036_ 
000037 
000038 
_000039^ 
000040 
000041 
000042 
0OU043" 
000044 
000045^ 
OOOO'vb 
000047 
_00004a_ 
000049 
000050 
_00^05i_ 
000052 
000053 
_0 0 0054_ 
000055 
000356 

JACK.S MODEL CONVECTION BOUNDARY 
i+O 24 16 
1 .01 ,001 

.CONDUCTION.AND SURF-SINK RADIATION 
1. 5 200. 

-1 
1 

__5 
6 

10 
_11_ 
15 
16 
,-20_ 
21 
25 
26 
30 
31 
_35_ 
36 
40 
_ 1_ 
5 
9 

_13_ 
17 
21 
_?4_ 
36 

2. 

.5 

.5 
_1«0._ 
1, 
1.5 
_!_' 5 _ 
1.51 
1.51 
_2.01_ 
2.01 
2.51 
2.51 

J:6_ 
17 
18 
_19_ 
21 
22 
_23_ 
24 
1 

6 
11 
_21 
26 
31 
_3t_ 
37 
38 
_39_ 
to 
2 

__3_ 
4 
5 

_17_ 
18 
19 
20_ 
22 
23 
_2'L. 
25 

7 
12 
_22 
27 
32 
35 

12 
17 
27 
32 
37 
40 

.0001 

.0001 

.0001 

.0001 

3.01 
3.01 

6 
11 
16 

__26 
31 
36 

_ 39 
3224.555 
3224.555 
_3?24.555 
322+.555 

_o._ 

0, 

""OT 

1. 

0. 

3000. 
3000. 
_3000._ 
3000. 
3000. 
3ono._ 
3000. 
3000. 

1. 
_1. 
i. 
1. 

.5 

.5 

.5 

.3 

.3 

.a 

.8 

1 . 
1 . 
1 . 
1 . 

8 
8 
8 
8 
8 
8 
8 

1 
2 
3 
4 
5 
6 
7 

1 . 

1 . 

1 . 



_000057_ 
000058 
00OC59 
_000060 . 
003061 
000062 
000063_ 
OOOObt 
000065 
OOOOo'j 
000067 
000068 
_000069^ 
000070 
0O0C71 
000072_ 
0 0 0073 
000074 
000075 
oro07o 
000077 
_00007e 
000079 
000080 
ooooai_ 
ooooa'' 
C0008O 
10J084 
ooooeb 
OOOOBb 
_n00087 
OU0003 
000039 
_000090 
003091 
000092 
000093_ 
000091-
003095 
_oaoo96_ 
000097 
000098 
000099^ 
0(10100 
000101 
_000102 
000103 
OC 0104 
_00U105 
OOOlOo 
OdOtO'' 
_000103 
0M0109 
000110 
_0(I0111 
000112 
000113 
000114 
000115 
000116 

_o. 

0, 
„JACKJLS_ 

40 
1 
2 

-1 
1 

1 
5 

_6_ 
10 
11 
_15_ 
16 
20 
_21_ 
25 
26 
_30_ 
31 
35 
^36_ 
40 
1 

_ 5_ 
9 
13 
17 
21 
25 
28 

36 

M0I!E1,_ CONVECXIOM 
28 08 
1.01 
.000001 

JiQUNDARY_( 
1 
0.01 

__,00000t 

1.0 

CONDUCT I ON »_AND_ 5URFj?S-INK_RAr)IATI0N_ 
.5 2 20. 

9000000. 

CONDUCTIVITY 
_.01 
.01 

•5_ 
.5 
1.0 
1. 
1.5 
1.5 
_1.51_ 
1.51 
2.01 
2.01_ 
2.51 
2.51 
3.01 
3.01 

2000. 
2000. 
2000.^ 
2000. 
2000. 
?000._ 
2000. 
2onn, 
30O0._ 
3000. 
3000. 
3O00._ 
3000, 
3000, 
^3000._ 
3000, 

2 
7 
12 
17 
22 
27" 
32 
35 

7 
J 2 
17 
22 
_27 
32 
37 
40 

6 
11_ 
16' 
21 
_-o 
31" 
3o 
39 

1 
_6^ 
11 
16 
21 
26" 
31 
34 
2 
3 

_ 4 
5 

37 .0001 «+957, 
_38_.00 01 4957. 
39 .0001 4957. 
40 .0001 4957. 
_RAD_IANT INTERCHANGE t SURFACES 

.7 

.7 

._7_ 

.7 

3 
4 

_ 5_ 
6 
7 
8 
9 
10 

0. 
0. 
2. 
2. 
2. 
2._ 
4. 
4. 

<*. 
3. 
1. 
0. 
'̂•_ 
3. 
1. 
0. 
4. 
3. 

3000. 

2000. 
3000. 

2000.^ 
3000. 



000H7_ 
000118 
000119 
_000120 
000121' 
000122 
_0 00123^ 
000124 
C0Q125 
_0OO126 
C00127 
000128 
C00129 
000130 
000:31 
_0001J2_ 
000133 
000134 
J)00135 
000136 
0UO137 
_0 00133 
0 00139 
000140 
J)00141 
000142" 
000143 
_00C144_ 
000145 
000146 
_000147^ 
o"ooi4a 
000149 
_000150_ 
000151 
00U152 
_000i53_ 
000154 
000155 
_00U15G_ 
000157 
000158 
_000159_ 
000160 
000161 
J1D0162 
000163 
30016't 
_0 00165_ 
000166 
000167 
J30 016H_ 
0 0 0169 
000170 
_000171 
000172 
000173 
_00 0174_ 
000175 
000176 

11 
12 
1 
2 
3 
4 

/ 2 

1 
1 

_ 3 _ 
5 
7 
6 
10 
7 

11 

2 
4 
6 
8 

6 
_8 _ 
10 
12 

5 

9 
11 

_1_<L. 
0. 

. _ 2 _ 
1 

2000. 

.9 

.5 

._5_ 

4 
4 
4 

1 1 
5 2 
) 3 
) 4 

SAMPLE PROBLEMS. 
\ 1+0 28 16 

.7 .3 

.3 .7 
CASE 1'. Kl=.01» 

1 

.7 .3 

.3 .7 

STEADY STATE. RAD.+ COND. ACROSS GAP 
TTTT 

1. 
1 

_2_ 
-1 
1 

200, 
1,01 
.000001 

1. 200. 
.001 

4_OOOP04_ 

.3 200. 

0. 
9000000, 

-1 
2 

9000000, 

CONDUCTIVITY 
_,01 
.01 

_VS^ _TEV!P. 
.0003 
.0003 

-1 
1 
5 
6 
10 
11_ 
15 
16 
_20_ 
21 
25 
_26_ 
30 
31 
_35_ 
36 
40 
_ 1 
5 
9 
13 
17 
21 
_25 
28 
1 

.5 

.5 
_L«o_ 
1. 
1.5 

_1'5_ 
1.51 
1.51 
_2.01_ 
2". 01 
2.51 
_2_. 51_ 
3.01 
3.01 

7 
12 
1J_ 
22 
27 
_32_ 
35 

36 

6 
11 

_16_ 
21 
26 
-31_ 
34 
2 

_ 3 
4 
5 

37_.J)001_ 
38 .0001 
39 .0001 

12 
17 
?2 
27 
32 
37 
40 

11 
16 
21 
26 
31 
36 
39 

1348. 
_134a. 
1343. 
1348. 
4957. 
'4957. 
'•957. 

2 
2 
2 
2 



000177 . ^ ?• 0_._0 OJ 1 4957. 
000178 ^ 16 17 .5 
000179 17 18 • .5 
000180 16 19 .̂5 
000181 19 20 .5 
000182 21 22 .8 
00 0183 _2? 23 .8 , 
tools'^ 23 24 .8 
000135 24 25 .8 
000180 1 ^_^_____ 1^ 
000187 0. 
000188 2 1, 
000189 0̂, , __^ ^ 
000190 3 
000191 0. 
000192 4 
000193 1. 
000194 5 1. 
000195 0, ^ 
000196 6 1. 
000197 0, 
0 0 019 ci 7____ 1. 
000199 0. 
000200 8 1.0 
000201 0. 
0OJ202 1ST EXAMPLE PROBLEM FOR STEADY STATE CASE. PROGRAM D12202. SEPT 10.1971 
000203 56 '•0 2 1 3 
00 0204 1̂ JL. 0 
000205 - 1 
000206 1 1 1.0 2.0 1000. l2t014Q9 
000207 _ 1 0 ^4.0 3.0 12U01500_ 
CI 0208 11 1 1.1 1.7 1000. 12^*01501 
0(10209 20 4,0 2.5 12401502 
000210 21 1 1.2 1_.4 1000. ^12t01503_ 
000211 30 4.0 2.0 12401504 
000212 31 1 4.6 1.8 75. 12401^05 
0C0213 32 1 5.0 1.7 75. __l2'*ni506_ 
0(1021^ 33 1 1.3 1.1 1000. 12401507 
0(10215 44 1 5.0 1.2 75. 12401508 
00 02I0 45 1 1.4 0.8 1000. I2t 015n9_ 
000217 56 1 5.0 1.0 75. 12401510 
000218 1 11 12 2 1 1 -12401511 
000219 10 21 22 12 11 1 12401512 

56 
1 

10 
19 
30 
40 

1 
11 
21 
33 
45 
55 

12 
22 
34 
46 
56 

000220 19 33 34 22 21 1 12401513 
000221 30 45 46 34 33 1 12401514 
00322? 40 55 56 44 Hi 1 12401515_ 
000223 10 20 2.0 75. 
0U0224 20 30 2.0 75. 
000225 TEST CASE 2. CONVECTION DAMPING OF El?207_^ 
O002?'j 54 40 8 1 50 T T 
000^27 .10 0.1 0.005 
000220 1 .4991-3 .07608 
000229 -1 
000230 1 1 NATURAL CONVECTION i SUBCOOLED BOILING IN 140F H20 Al.5 ATM 
000233 0. 9.-5 
00U232 140, 9.-5 
000233 150. 9.292-6 
000:34 180. 1.H75-5 
000235 210, 1.778-5 
000236 232. 1.947-5 



in
,in

 
;
r

r
f
*

if
d

-
d

-
*

io
io

io
io

t
o

 
11 I 

I 
I 

I 
t 

I 
I 

I 
I 

I 
I 

I 
I 

^
0

^
-

^
~

^
C

<
M

"
^

•
-

^
^

0
O

r
^

0
^

a
C

C
^

C
^ 

.-1
,1

0 
O

^
i

o
c

O
c

a
c

C
d

-
O

C
T

h
-

^
c

C
c

O
 

^
l*

-
. 

o
 

.0
 

• 
in

 
O

 
O

J L'̂
 LT* ' c> r^

 
CM

 
Ĉ
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__000297 ^m 1 1 0 . 0. 3000. 
000298 ^ ^ 2 1. 0. 
000299 5 4. 0. 
0 0 030 0 6 1 0 . 1̂_. 3000. 
000301 7 1. 1. 
000302 10 4. 1. 
0 0 0^03 1 1 2 7 6 1 
000304 ^ 4 4 5 10 9 1 
000305 5 10 0. 

___00030o I£ST_CASE_5 4_=_0.00D05-
000307 10 4 2 TT 
000308 0.5 200. 0.0005 
000309 1 0.0002.0 
000310 -1 
000311 1 1 0 . 0. 3000. 

__ C( 0312 2 Ij. 0 . 
000313 5 4. 0. 
000314 6 1 0 . 1. 3000. 
000315 7 1,_ 1. ! 
0C0316 10 4. 1. 
000317 1 1 2 7 6 1 
000318 4 4 5 10 9 1 
000319 5 10 0.000050 0. 
000320 5 10 0. 1. 1, 
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000 
000 
_000 
000 
0 00 
000 
000 
300 
000 
000 
000 
0 00 
000 
000 
^000 
000 
000 
000 
000 
000 
000 
000 
OOO 
00 0 
000 
0 00 
_00 0 
0 00 
003 

_0 0 0 
000 
OOO 
000 
000 
003 
_00 0 
000 
000 
000 
000 
Ol'O 
_000 
0 00 
000 
_00 0 
000 
000 
_900 
000 
000 
00 0 
000 
003 
000 
000 
000 

001 
002 
003 
00'-, 
005 
GO'S 
007 
003 
0 09^ 
010 
oil 
012 
013 
Olii 
015 
016 
017 
OIR 
019 
020 
021 
02^" 
C23 
024__ 
025 
026 
0 27_ 
02ci 
029 
030_̂  
031 
032 
033_ 
034 
035 
056_ 
037 
033 
039 
040 
041 
042_ 
043 
044 
045_ 
046 
047 
048_ 
049 
050 
051 
052 
053 
054 
Oo5 
Ob& 

10 

12 

14 

16 
25 

30 

32 
34 

_36_ 

40 

50 

SUBROUTINE FRAME (XMIN.XMAX.YMIN.YMAX.XL.YL.TITLE.K.J.LENGTH. 
IISCALE) 
_ DIMENSION CONST(101. XI L5)_»YI (5) »XL_( 3) »YLX^L'JIJLE (12) 
DATA CONST/1..1.25.1.5.2.0.2.5.4.0.5.0.6.0.8.0.10.0/ 

_MOVEON = 0 
IF(K.EO,0 ) K = 1 
XORI = XMIN 

_YORI =_YMTN 
NXPLOT = 200 
NYPLQT = 100 

_ NXLABL =̂ 150 
NYLABL = 150 
NXFRAC = 3 

_NYf-RAC =_3 , 
NXLINE = 175 
NYLINE = 75 

_ N X S C A L_J^ 0 . 
NYSC/>L = 0 
X L A B L O = XMAX 

_YLAdLD_=_YMAX 
1F(J .LF, -1) GO TO 
YLABLO = (YMAX-YMIN)*.18 

_TEST = XLABLD 
FACT = 1.0 
IF(TEST.LT.IO.O) GO TO 

_JEST_=_ TEST/10. 
FACT = FACT*10. 
GO TO 10 

_ IF (TEST . GE. 1.0) 60 TO 
TEST = TEST*10. 
FACT = FACT/10. 

_G0 TO JL2 
DO 16 1=1.10 
DELT = CONST(I) 

1?401823 
12401824 

50 

12 

14 

) _IF(TEST.LE^DE;LX 
CONTINUE 
YLABLD= DELT*FACT 
^XLABLD = YLABLD 
TEST = XORI/XLABLO 
TEST = AIN T ( T E S T ) 
XORI = XLAbLn*TEST_ 
IF(XORI .GT. XMIN) 
TEST = YORI/YLABLD 
_TEST =_ AINT(TEST)_ 
YOPI = YLARLD+TEST 
IF(YORI .GT. YMIN) 
_CONTINUE_ 

GO TO 25 

XORl' = XORI-XLABLD 

YORI = YORI-YLABLD 

FACT = (XMAX-XORI)/<LABLD*150. 
LEtJGTH = FACT 
IF(LENGTH-4000) 50.50.«f0 
TESr = LENGTH 
LENGTH = 4000 
XLABLD _= XLABLO*TEST/4000, 
CONTINUE 
MAXX = LENCTH+300 

12401826 

_124018?7 
12401828 
12401829 
_1?401830_ 
I240l8n 
12401832 
12401834_ 
12401835 
12401836 
^i?4oia^7_ 
12401838 
12401839 
_12401857 
12401855 

_12401B40_ 
12401841 
12401842 
_12401843_ 
12401B44 
12401845 
12401846 
12401847" 
12401848 
^12401849 
12401850 
12401851 
12401852^ 
12401853 
-12401854 
_12401856_ 

12401859 
J2401860_ 

_124ni862_ 
12401863 

_J24ni864_ 
12401865 
12401866 
^1?401867_ 
12401868 
12401869 
12401R70 
12401871' 
12401372 



000057_ 
00005B 
000059 
00u060_ 
000051 
000062 
0000b3 
ncooo't 
000065 
00006r-> 
000067 
000063 
OfOC69_ 
000070 
0J0G71 
0U0r72 
000073 
000074 
000075_ 
00007b 
000077 
0UU07b_ 
000079 
000080 
ooooai__ 
0000^2 
CO0C83 
ooooa'}_ 
000085 
000086 
0U0087 
000038 
000039 
0C0090_ 
000091 
000092 
000093__ 
OOOOV'i 
000095 
O000'^&_ 
O0OOC7 
000098 
000099_ 
000100 
oooiei 
oco:o2 
000103 

_c-
c 
c 
c_ 
c 
c 
c 

XORI.YORI 
NXPLOT.NYPLOT 

XLABLD.YLABLO 
NXLABL.NYLABL 

"NXFRACNYFRAC"" 
NXLirJE.NYLINE 

_MAXX 
NXSCAL.NYSCAL 

v/ELY. 
X AND 

PLOT ORIGIN. 
LOCATION (RASTERS) OF VERTICAL AND HRIZONTAL 
LINES. RESP'^CTI"P-LY. 
DELTA-X AND DFLTA-Y.RESPECTI 
NU^'BER OF RASTERS PER DELTA-
DPLTA-Y.RESPFCTIVPLY. 
NO,/DECIMAL PLACES FOR X AND 
RASTER LINE TO PRINT THE X A 
MAXIMU*' LENGTH. 
SCALE FACTORS FOR X AND Y. 

Y LABELS. 
)̂D Y LABELS. 

_CALL PLTSU (MOVtOM.J<ORI» YORI.NXPLOT.NYPLOT.XLABLD.Y 
INYLABL,NXFRAC.NfFRAC.NXLINE.NYLINE.MAXX,NXSCAL.NYSC 

lOO 

NUI'GCI = 
NXBEGN _ -
NYBLGN = 
ISIZE = 
_IVERT = 
CALL PLTBC 
NUf'iCI = 
NXWEGN _ = 
NYBEGN = 
ISIZE = 
IVERT __= 
CALL PLTBC 
NUMBCI = 
NX3EGN = 
NYBEGN 
ISIZE 
IVERT 
CALL PLTBC 
GO TO 100 
ENTRY CURVE 
IPLOT 
MUMPT 
INCX _ _= 
It-ICY = 
ICODE = 
iCODE = 
INCSYM = 
CALL PLTPT 
GO TO 100 
ENTRY ENDPLT 
CALL PLTFIN 
RETURN 
END 

72 
210 
1050 
2 
0 
(TITLE.NUMBCI.NXBEGN.NYBEGN.ISIZE.IVERT 
6 
LENGTH/2__ + 200 „ _ 
20 
2 
0 

..ABLD-.NXLABLJ 1^40187-3 
'(L ) 12401874 

12401876 
12401877 
12401878 
12401R79 
12401880 

(XL. 
= 6 
=_100 _ 
= 400 
= 2 
= 1 

NUMBCI.NXBEGN.NYBEGN.ISIZE.IVERT ) 

(YL. NUMBCI.NXBEGN.NYBEGN.ISIZE.IVERT ) 

( X I . Y I . N P T I . L J 
= 0 
= NPTI 
= _4____^ ^ 
= 4 
= 64 
= 0 
= 5 

dPLOT.NUMPT. INCX. INCY. ICODE. INCSYM.X I . Y D 

_12401SR2 
12401883 
12401884 
12401B85 
12401886 

_12401888 
12401889 
12401890 

"12401892 
12401893 
12401894 

"12401B<55 
12401896 

12401900 
.12401901 
_124nig02 
12401903 
12401904 

_124019r'5 
12401906 
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000001 SUBROUTINE LINT (X.TABLE.Y.DY) 
0O0C02 C 
000003 C / LINEAR INTERPOLATION WITH INDEPENDENT VAR1ABLE_IN^SCENDING_0RDER_._ 
000004 C THIS SUBROUTINE IS NOT THE ORGINAL LINT/LINTS. 
000005 C THIS IS A SPECIAL SUBROUTINE FOR E1220? AND E12401. 
000306 C THE SUBROUTINE WILL STOP THE PROGRAM_iF^THE_INPUTj^X 
"000007 C IS NOT WITHIN THE TABLE RANGE. 
0003 08 C — — — 
OU0004 DIMENSION TABLE(2) 
01 00 10 C-
0(0011 1F(X .LT. TABLEd)-.05) GO TO 15 
0l'GT12 DO 10 1=3.60.2 
0u00i3 IF (X .LE. TABLEd)) GO TO 20 
000014 10 CONTINUE 
C00015 , 15 WRITE (6.6000)__X . 
QOOOlt) 6000 FORMAT C O X = •. E14,6. • IS BEYOND THE TABLE RANGE" OF THE FOLLOWI 
OOOOIV 1N6 TABLE.' // ) 
OOO-iJB WRITE J6.6005)_ ITAIiLE d ).__!=!. 60) 
300019 6005 FORMAT d X . 2E14.6) 
000120 STOP 
000021 2(D Xl_=_ TABLE (1-2) 
"'OOC022 ' X2 = TA-^LEd) 
000023 Yl = TABLEd-l) 
_000024 Y2 =jrABLE(I + l) , 
Ct0C25 DY = (Y2-Yl)/(X2-Xlt 
000026 Y = Y1+DY*(X-X1) 
0C0:27 30 RETURN 0001.28 ENTRY LINTS (TABLE.N) 
000029 NN = IJ+N + 1 
000030 I^(NN_.GT. 5 8 J NN = 59 
000031 DO 70 I=NN.60 
000032 70 TABLEd) = 0. 
000033 GO TO^O 
000034 ' C-— " . — 
00003b END 
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000001 
000002 
000003_ 
C00004 
000005 
_C00006 
000007 
000008 
000009_„ 
000010 
000011 
J)00012 
000013 
000014 
_000015 
000016 
000017 
000018 
000019' 
000020 
_000021_ 
000022 
0U0323 
_0 00 024_ 
000025 
000026 
000027_ 
'0 0 0028 
OC0029 
_000030_ 
000031 
000032 
OC0033_ 
000034 
000035 
_000036_ 
000037 
000038 
^000039_ 
000040 
000041 
000042 
000043" 
000044 
0(10045_ 
'000046 
000047 
000048 
000049 
000050 
000051 
"000052" 
000053 
000 054_ 
000055 
000056 

c-
c 
_c 
c 
C 
_C 
c 
C 
_c_ 
C 
r 

_c_ 
C 
C 
C 
C 
c 
_c^ 
c 
c 
c 
"c 
c 

c 
c 
c 
c" 
c 
_c_ 
c 
c 
c 

A(500.30) 
B(500) 
D(500) 
DD(5) 
E(3.3) 
HED(18) 
P(5) 
_G(500) 
5(5.5) 
T(500) 
_X(500) 
Y(500) 
HBC(200) 
TBC(200) 
TAB(60.32) 
Tl(bOO) 
COND 
'RHO 
QXX 
QZZ 
TIME 
DT 
_DT2 
H 
TEMP 
XL 
XX 
YY 
_TMAX 
TINIT 
NUMBC 
_NUMMT 
NDT 
INTER 
MBAND 
"NUM 
NTAB 
_NDIM 
IVARH 
IVARC 
IPT 
IDT 
KODE(500. 
IX (3) 

'KX(4) 
LM(5) 
KAT 

CONDUCTIVITY MATRIX 
_Q-HEAT (FROM NODE I) VECTOR 

NUMNP 
_NUMEL 
TEM(lO) 
ITEM(IO) 
1DTAB(32) 
ITf-AC(32)' 

HEAT CAPACITANCE (FOR NODE I) VECTOR 
TEMPORARY STORAGES FOR 0-HEAT FOR 5 NODES 
_GEOMETRICAL PARAMETERS 0P_ELEMENT 
TITLE STORAGE 
TEMPORARY STORAGES FOR HEAT CAPACITANCE FOR 5 NODES. 
_INTFRMEDIATE STORAGE 0= TEMPERATURE DISTRIBUTION! 
ITERMEDIATE STORAGE FOR CONDUCTrVITY E..EMFNT 
TEMPERATURE DISTRIBUTION VECTOR 
X OR R-ORDINATE 
Y OR Z-ORDINATE 

PARAMETER TABLES STORAGES 
INITIAL TEMPERATURES 
CONDUCTIVITY 
RHO-CP 
RATE OF HEAT GENERATED/UNIT VOLUME OF ^ELEMENT 
= FAC+QXX WHERE FAC = TIME FACTOR ___^__ 
TIME OF TEMPERATURE PROFILE 
DELTA TIME FOR INTEGRATING TIME 
l./OT _ _ 
FILM COEFFICIENT 
EXTERNAL TEMPERATURE 

__MA_)<IMUM_TIME OR CUT-OFF TIME 
INITIAL TIME 
NO./COUNDARY CONDITION CARDS 
NO./DIFFE'?ENT MATERIALS 

PRINT INTERVAL 
BAND WIDTH _ 
ELEMENT NUMBER 
NO./INPUT TABLES 
^MAXIMUM BAND WIDTH 
FLAG FOR VARIABLE ELEMENT PROPERTIES 
FLAG FOR VARIABLE BOUNDARY CONDITIONS 
PLOT FLAG 
DELTA TIME TABLE NO. 
FLAG FOR NODE POINT 
ITERMEDIATE STORAGE 
INPUT NODE NUMBERS OF ELEMENT 
WORKING STORAGE OF NODAL NOS, OF ELEME^JT 
_= O.FOR PLANE SOLID_ ^ 
=1 .FOR AXISYMMETRIC SOLID 
NO. OF NODAL POINT 
NO. OF ELEMENTS 
TEMPORARY WORKING STORAGES FOR REAL NUviBERS 
TEMPORARY WORKING STORAGES FOR INTEGER:". 
STORAGE FOR STORING TABLE CODES 
'STORAGE FOR STORING Tl'iT FACTOR TABLE 



000057 
000058' 
000059 
_000060_ 
000061 
000062 
OOOObS 
0''0064 
0U0063 
000066 
'000067" 
000068 
0('0069_ 
000070 
000071 
_OOoa72_ 
000073 
003C74 
000075 
000076 
000077 
000071, 
000079 
C00080 
000081 
000032" 
000063 
_3000R4^ 
000035 
000086 
_0O0OR7 
000068" 
0 00089 
000090^ 
000091 
000002 
0 00 093_ 
0 00094 
000095 
_000096_ 
OO0C97 
000098 
0 00099 
'OOOlOO 
00010.1 
000102 
000103" 
000104 
_000105_ 
000106 
000107 
00010B_ 
'000109 
000110 
_000111_ 
000112 
000113 
OOODf 
000115 
000116 

SUBROUTINE SUBRO 
READS AND PRINTS CONTROL INFOR'v'ATTON. 
READS OR GENERATE NODAL DQINIT INFORMATION. 

SUBROUTINE 'SUPRl 
FORMS CONDUCTIVITY MATRIX FOR WHOLE BODY. 

SUBROUTINE SUBR2 
HANDLES THEBOUNDARY CONDITION INPUT. 

SUBROUTINE 5UBR3 
SOLVES FOR THE TEMPERATURE DISTRIBUTION FOR A 2-DlMENSION 
BODY WIT_H_CONSTANT PROPEPTIEJ.. 

SUBROUTINE 5UBR4" 
BODY WITH VARIABLE BOUNDARY CONDITIONS. 

_SU_BROUXINE SUBR5 
BODY fllJH VARIABLE ELEMENT P'ROPE^TIES - THV.S INCLUDES 
THE BOUNDARY CONDITIONS. 

SUBROUTINE SUBR6 
HANDLES THE VARIABLE ELEMENT PROPERTIES ANE) BOUNDARY 
CONDITIONS FOR SUBROUTINE SUBR5. 

_SUBROUJ_INE SUBR7 _ 
HANDLES VARIATIONS IN BOUNDARY CONDITIONS. 

SUBROUTINE SUP^B 
HArjDLES_ST£Ar)Y-STATE CASE. 

SUBROUTINE RETA(3 
READS AND 

_SyBRoyiI_NE CONMAT_ 
HANDLES THE ACTUAL 
VATRIX AND ADDS IT 

_SyBROUTLNE CÔ !VBC 
HANDLES THE BOUNDARY CONDITION COMPUTATIONS. 

SUBROUTINE SYMSO 
SOLVES THE BAND MATRIX EQUATION - A*B = Q 

INITIALIZES THE INPUT TABLES. 

CONSTRUCTION OF 
TO THE COMPLETE 

ELEMENT CONDUCTIVITY 
CONDUCTIVITY MATRIX. 

DIMENSION T C ' 5 0 0 ) 
j;OMMON A ( 5 0 0 . 4 1 ) . 8 ( 5 0 0 ) . D ( 5 0 0 ) . DD(5)_. EiZtZU HED(12)> 

0(500). 5(5.5). T(500). X(500). Y(5(3"0). TI(500)" 
QZZS(500). TAB(60.32) 
XCONO(20). DENS(2_0). QX(20) 
TEM(10) 
COND.RHO.QXX.QZZ 
TIME. DT. DT2._H» TEMP. XL. XX. YY. TMAX. TINIT 
NUMBC. NUWMr. NDT. INTER. MBAND. NUM. NTAB 

P(5) 
COMMON 
COMMON 
_COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

NUWMr. NDT. INTER. MBAND 
NDIM. IVARH. IVARC. IPT. IDT. IPUNICH.IOUM 
KODE(500)_L IX(3) . KX(4). LM(5)_. KAT. 
ITEM(IO). IDTAD(32)» ITFAC(32) 
!KODE(500) 
INTAB(20.3J_ _ 
/ U K / IPTC 
/BC/ IBC(200)» JBC(200)» IHBC(?00). ITBC(200). 

NUMNP. NUMEL 

HBBC(200)» 
_1 TEMEBC(200). XLBC(200). IIBC(20n). JJBC(?00) 
COMMON /RADCON/EPS(200). F(20f20). SIGMA. NRF{200). IFLAGR 

1 . FN(200). BQ(20). KTFM(20). TS(200) 
_COMMON /SAVEl/ ISAVE(500.5) 

ITAPE. I5TART. ISS 
(TEMd).XTFMl) . (TEM(2).XTEM2). (TEM(3) .XTEM3) . 

COMMON /TAPE/ 
EQUIVALENCE 

; JTEM(4).XTFM4) 
EQUIVALENCE (ITEM(1).ITABK) 

: (ITEM(4).MTYPE) 
EQUIVALENCE (Tld).rC(l)) 

IPTC = 0 

, dTEM{2)»ITABR)» (ITEMO) . ITABO). 



_0 0 0 U 7___^B NDI M__=_41 ,_ 
000113 ^^^ SIGMA = .33E-14 
000119 50 CONTINUE 
J300120 IVARH = 0 
000121 IVARC = 0 
000122 • ' PE'.vINO 1 
_000t23 ' DO 52 _I = 1.32 
000i24 ~' ITFACd) = 0 
003125 52 IDTAP-d) = 0 
_000126 00 60 _ 1 = 1.10 . 
000127 DO 60 J=1.3 
000123 60 INTABd.J) = 0 
OOO 129 ISS = 0 . , 
000130 CALL SUBRO 
000131 IFdSTARr .EQ. 1) GO TO ISO 
_000-'32 1̂00 CALL SUBRl , 
000133 C ' 
000134 C IF IVARC IS NON-ZERO. CONDUCTIVITY IS VARIABLE WITH TEMPERATURE. 
000135 , C_ OTHERWISE' ONLY_^ THE _H ON THE POUNDARY_AT_VAr<IABLE ;/ITH TEMPERATUR£_ 
0O0i3fa C 
000137 CALL SUBR2 
000133 180 _COrJriNUE _ __ _ 
"000139 C — — »-_—..«- — . — — _ - « 
030140 C IPT = 0. NO PLOTS. 
030141 C IP"^_.GT, 0 GEOMETRY PLOTS. 
000142 " C IPT ,LT. 0 GEOMETRY" PLOTS ONLY. PROGRAM WILL CYCLE TO NEXT CASE • 
00J143 C IF ANY. 
000144 C — -^^^ 
00014b I F d P T .NE. 0) CALL PDATA 
0fi0146 I F d P T . L T . 0) GO TO 420 
000147 C-i::^-^- — 

\ . C 0 1 4 8 C TEST FOR STEADY-STATE CASE. 
000149 C > — — . _ — — „ _ - _ _ - . - — — . _ _ 
_000150 IF (ISS ,E0. 1) _ GO TO 430 
Of'0151 IF(NTAB+IFLAGR) 400.200.400 
000152 200 CALL SUBR3 
000153 GO TO 420 
00015" 400 CONTINUE 
000155 IFdVAPC .NE. 0) GO TO 410 
000156 C/'LL SUiM^4 
"000157 GO TO 420 
090158 410 CONTINUE 
000159 CALL SU8R5 ^ 
000160 420 WRITE (6.6000) HED 
OOOlbl GO TO 50 
000162 430_CONTINUE 
"000163 C •' 
000164 C STEADY-STATE PROBLEM. 
C 0 0165 C — ---_-_____-. 
'000166 CALL SUBR3 
000167 GO ro 420 
_00ai66 C - — •- -^-- —--. 
000169 6000 FORMAT (d«.14X.'END OF PROBLEM—•»12A6 ) 
000170 END 



Q ELT^NTAPS.1.720212. 62592 

000001 NTABS 10 
000002 DRUM 1.40000 
00 0003 T̂APE 2. • R ' ^_REC ALL_T APE_ 
000004 TAPE 3.'S' . RESTART TAPE 
000005 DRUM 4.20000 
000006 READ 5 
000007 PRirjT 6 
000008 PUNCH 7 
000009 DRUM 8.20000 
000010 TAPE 9.'H« . ANSC PLOT TAPE 
000011 END 



13 £I:T^PDATA.1.720212. 62562 

000001 I SUBROUTINE PDATA 
000002 C 
000003 C_ PLOT THE GEOMETRICAL.CONFIGURATION. 
0 00 004 C — 
000005 COMMON A(500.41), B(50r). D(500). CD(5). E(3.3). HED(12). P(5) 
ono006 COMMON Q{500). $(^.5). T(500). X ("=̂00) ._Y.{500) .__TI C5Da) 
000007 COMvioN QZZS(500). TAB(60,32) 
000008 COMMON XCOND(20). DENS(20). QX(20) 
^000009 COMMON TEMdO) _ 
003010 COMMON COND.RHO.QXX.QZZ 
OuOOil COMMON TIr'E. DT. DT2. H. TEMP. XL. XX. YY. TMAX. TÎ JIT 
000012 COMMON NUMdC. NUMM T . NDT. INTER. MBAND_? NJM. NTAB 
000013 COMMON rJOIM.IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 
000014 COMMON K0DE(500). IX(3). KX(4). LM(5). KAT. NUM^JP. NUMEL 
000015 COMMON ITEMdO), IDrAB{32)' ITFAC(3a) 
OOOOlb COMMON IK0UE(530) 
000017 COMMON INTAB(20.3) 
OOOOIJ COMMON /SAVEl/ TSAVE ( 500 . 5) 
000019 DIMENSION AXES(2). RR(5). ZZ(5) 
000020 DATA AXES(1)/•X-AXIS'/ AXES(2)/'Y-AXIS'/ 
0 00021 C •_ —. — — . 
000022 C GET MIN AND MAX 0"F X AND Y. 
t 00023 C-̂  
000024 I = 1 
"000025 J = 0 
00002b ISCALE = 0 
003027 LENGTH = 180 
000023 II = lABSdPT) 
000029 IFdl .LT. 10) GO TO H 
OOOOoO RVIN = TABd.II) 
000031 ZMIN = TAB(2.II) 
000032 RMAX = TAB(3,II) 
003033 ZMAX = TAB(4.II) 
"000034 LENGTH = TAD(5.II)*100 + 300 
00003b IF(LEN6TH .LT. 1800) LENGTH = 1800 
000036 IF(LENGTH .GT. 4000 ) ^LENGTH_=_4000_ 
'000037 J = -1 
000030 60 TO 12 
000039 4 CONTINUE 
000040 RMIN = X d ) 
000041 RMAX = RMIN 
003042 ẐMIN = Y d ) 
000043 ZMAX = ZMIN 
000044 DO 10 1=1.NUMNP 
000045 IF(X(I) .LT^_PMINJ RMIN = X(I) 
00004D IF(RMAX .LT. Xd)) RMAX = X(I) 
000047 IF(Y{I) .LT, ZMIN) ZMIN = Y(I) 
000048 IF(2MAX .LTj^Yd)J^ ZMAX = Yd) 
"C00049 10 CONTINUE 
000 050 C 
000051 C X-AXIS ,R- -AXIS (HORIZONTAL). 
000052 C Y - A X I S . Z - A X I S (VERTICAL) 
0(J0053 C— — — — 
00u0b4 12 ITt̂ A = 1 . 
003055 IF(AB5(ZMAX-ZMIN) .GT.~ABS(RMAX-RMIN)) I T R A = 2 
000056 GO TO (13,14). ITRA 



000057 ^m 13 CALL FRAME (RMIN.RMAX.ZMIN.ZMAX. A X E S d ) .A.'^B2) .HED.I. J. 
000058 1 LENGTH.ISCALE) 
000059 60 TO 15 
_0no060 14 CALL FRAME (ZMIN.ZMAX.RMIN.RMAX. AXES(2) .AXES( 1) .HED. I .J. 
000061 rr^LENGTH.ISCALE) 
000062 15/ CONTINUE 
000063 DO 24 N=1.NUMEL 
COOOG'i" C — — — " 
000065 C PLOT LOOP FOR CURVES (ELEMENTS). 
0 0 0 066 C _̂__________-̂ _̂ -̂̂ .̂._̂ ,̂  
0(!0067 DO 16 M=1.4 
000063 16 LM(M) = ISAVE(N.M) 
0 0 0 069 D̂O „18 _M= 1. 5 
000070 I = LM(M) 
000071 IF(M,EQ. 5) I=LMd) 
000072 ZZ(M) = Yd) 
000073 RR(M) = X(l) 
000074 18 CONTINUE 
000075_^ ĜO TO (21.22). ITRA 
000075 21 CALL CURVE (RR.ZZ.5.-1) 
000077 60 TO 24 
303078 22, CALL_CURVE_(Z_Z_»RJL'_5._-1>_ 
0000"'9 24 CONTINUE 
000080 RETURN 
000081 END 



Q ECTPLTSU.I.720212. 62560 

000001 / SUBROUTINE PLTSU (MOVEON.XORIG* YORIG. NXPLOT.NYPLOT.XLABLD. 
000002 / 1 YLABLD.NXLAB.NYLAB.NXFRAC.NYFRAC.NXLINE.NYLINE. 
000003 / 2 MAXX.NXSCAL.NYSCAL) , 
000004 / DATA IPLOTF. NPLOTS /O.O/ 
300005 DIMENSION iBUFdOOO) 
0 00005 C . r-— — , — — — — . . - . — — , . . . — . 
000007 IFdPLOTF ,EQ. 1) GO TO 10 
000008 REWIND 9 
000039 CALL PLOTS dBUF.lOQO.9) 
0 n 0 010 C 
000011 C CONVERT OFF-SET ORIGIN TO INCHES. 
0 00 012 C •-— -— — 
000013 IPLOTF = 1 " 
000014 NPLOTS = 0 
000015 XCOk'ST = 0, , , 
OOOOlb • GO TO 15 
000017 CIO XLEN = tl^XLEN 
0O0C18 C CALL PLOT ( XLEN.. Q, ._95e) . 
000019 10 CONTINUE 
000020 IF(MOVEON .EQ. 1) GO TO 15 
000021 XCONST = XCONST -» FLOAT(MAXLEN) 
000022 15 NPLOTS = NPLOTS+1 
000023 SCALEX = 1. 
000024 SCALEY = 1. 
000025 IF(NXSCAL .NE. 0) SCALEX = 10.**NXSCAL 
000026 IF(rJYSCAL .NE. 0) SCALEY = 10.**NYSCAL 
000027 XORIGN = XORIG*SCALEX 
000023 YORIGN = YORIG-*SCALEY 
000029 XORI = FLOAT(NXPLOT)/100. 
000030 YORI = FLOAT(NYPLOT)/100. 
000031 DXL = FLOAT(NXLAB )/100. 
000032 DYL = FLOAT(NYLAn )/100. 
000033 DELTAX = XLADLD/DXL + SCALEX 
00003" OELTAY = YLABLD/DYL-KSC ALEY 
000035 MAXLEN = IABS(MAXX)/100 + 2 
00u03b C — — ..—,-.-.— 
000037 C SET-UP NEW LOGICAL ORIGIN. 
000033 C — 
000039 XORIG = XORI+XCONST __ 
000040 CALL PLOT (XORIG.YORI.-3) 
000041 LEN = (IABS(MAXX)-NXPL0T+99) 
0000 '̂ 2 C 
000043 C CONVERT LENGTH OF X-AXIS TO INCHES." 
000044 C 
000045 ITICK = LEN/NXLAB + 1 
'000046" ' XLEN = FLOAT(ITICK-l)*DXL 
000047 XL = XLEN + DXL 
_000048 XV = FLOATdTICK) _ *XLABLD + XORIGN 
000049 HEIGHT = 0.0007*FLOAT(NXLAB) 
000050 C 
000051 Ĉ DRAW X-AXIS 
00 0052" C" 
000053 CALL PLOT (0.,0..3) 
000054 CALL PLOT (XLEN,0..2) 
"00 0 055' C ^— ' 
00005b C DRAW TICK MARKS AND LA3ELS. 



000057 ^ V C-
000058 C 
000059 WRITE (6.6000) NPLOTS. XORI. YORI. XLEN. DXL. XOPIG'J. YORIGN. 
_0 0 0 060 1 ITICK 
000061 C — — - - — — — — 
000062 DO 100 I=1.ITICK 
003063 XL = XL - DXL 
nooOS'i CALL PLOT (XL.0,.3) 
OOOGob CALL PLOT(XL,-0.14.2) 
003U65 XV = XV-XLAPLD 
000067 CALL NUMBER (XL.-.25.HEIGHT.XV.0..NXFRAC) 
003068 100 CONTINUE 
00 0 069 C — — ~ 
000070 C DRAW Y-AXIS. 
0 03071 C ~ _ — — - — 
O0O072 ^YLEN = 1000. 
'000073 IF(MAXX .LT. 0) YLEN r 2850. 
000074 YLEN = YLEN - YORI 
000075 ITICK = IFIX(YLEN)/NYLAB •» 1 
00007b YLEN = FLOAT(ITICK-I)*DYL 
30 00 77 YL = YLEN+OYL 
000078 YV = FLOATdTICK) fYLABLD + YORIGN 
000079 HEIGHT = 0.0007*FLOAT(NYLAB) 
000030 CALL PLOT (0..0..3) 
000081 CALL__PLOT (0,.YLEN.,2J 
0000c32' DO 110 1 = 1,ITICK 
1,00083 YL = YL - DYL 
100084 CALL PLOT (0.,YL,3) 
00008b CALL PLOT (-.14.YL.2) 
000086 YV = YV-YLABLD 
000087 CALL rJUMPER (-0 .25. YL. HEIGHT. YV.90. .NYFRAC) 
000088 110 CONTINUE 
OU0039 RETURN 
0 0 0090 C — — _ _ _ — , 
000091 ENTRY PLTBC (BCI.NUMBCI.NXBEGN.NYBEGN.ISIZE.IVERT) 
00 0092 C 
000093 C CONVERT TO INCHES. 
00009'' C -• 
000095 XPAGE = FLOAT(NXBEGN)/lOO.-XORI 
00009C '.'PAGE = FL0AT(NYaEGN)/100.-YORI 
0 00097 NCHAR = NUMBCI 
000098 ANGLE = 0. 
0O0099__ IFdVERT .EQ. 1) ANGLE _=_90_. 
000100 HEIGHT = FLOAT(ISIZE)*0 .10 
000101 CALL SYMBOL (XPAGE.YPAGE.HEISHT.BCI.ANGLE.NCHAR) 
000102 RETURN 
000103 C ' 
000104 ENTRY PLTPT (IPLOT.NUMPT.INCX,INCY.ICODE.INCSYM.X.Y) 
_̂0 0 010 5 c 
OOulOo " D I M E N S I O N XARPAY(102).YARRAY(102).X(1). Y(l) 
OOOiO'7 C . 
000108 INTEQ = ICODE 
CU0109 LINTYP = INCSYM 
000110 IFdPLOT .EQ. 1) LINTYP = - LINTYP 
COOlll ICOUNT = NUMPT 
000112 IX = INCX/4' 
000133 lY = INCY/4 
OOOll't II = 1 
000115 JJ = 1 
000116 XARRAYd) = Xd)*SCALEX 



000117__J^p___ YARRJVYll) =JfJA) *SCALEY_ 
000118 "^^ 200 NPTS = 100 
000119 IFdCOUNT .LT.'IOO) NPTS = ICOUNT 
000120 ICOUNT = ICOUNT-lOO 
000121 DO 210 I=2»NPfs 
000122 II = II+IX 
000123 JJ = JJ+IY 
0(i012'i XARRAY(I) = X d D + S C A L E X 
00012S YARR,"-Y(I) = Y(n)*SCALEY 
O0012''> 210 CONTINUE 
000127 XARRAY!NPTS + 1) V X O R I G N ' 
000120 XARRAY(rJPTS+2) = DELTAX 
000129 YARRAY(NPTS + 1)_= YOR!GN___ 
L'dO'.̂ O YARRAY(NPTS + 2) = DELTAY 
000131 CALL LINE (XARRAYr r-ARRAYrNPTStlt LINTYP» INTEQ) 
0(101̂ .̂ . X A R R A Y d ) = XARRAY(lOO) 
000133 YARRAY(l) = YARRAY(lOO) 
0{i013't IFdCOUNT .GT. 0) 60 TO 200 
000!.35 RETURN _ _ ^ _ _ 
CO 013b C .-
CU0137 ENTRY PLTNU (XLOC.NUMDECrNXLOC»NYLOCrIST7C»IVERT) 
000138 C-^rr L-- --^-J-^ 
000139 XORR = FLOAT (NXLOC)/50C. - XORI 
OOOltO YORR = FLOAT <NYLOC)/lno. - YORI 
000141 H L I & H T =_FL0AT_y:s_IZE)*.12 
O001'!2 ANGLE = 0. 
0001it3 IFCIVERT .ST. 0) ANGLE = 90. 
000144 CALL NUMBER (XORR #Y.3RR» HEIGHT • XLOC» ANGLE »NUMDE:C)__ 
000145 RETUR'N 
000146 C -. 
J)00147 ENTRY P L T F I N __ 
00 0148 C • — — — — . 
0Ci0i49 XLEN = MAXLEN 
n'.'OlSO CALL PLOT <XL^Nf_0j_»J399) 
OUOibl REWIND 9 
000152 WRITE (6»9000) 
0U0153 C tfRITF (I0f9000) 
^000154 PtlURN 
00015'i 6000 FORMAT C I Er.'TRY PLT5U» PLOT NO.'fIS/ • X-ORIG DIST = •» F10.6/ I 
JjnOlS'S ^ 1 < _Y-ORIG DI5T =__''_P10.6 /_• PLOT Si;!E_=_'» FIO. 4 ̂ _J_ INCHES V ^ , 
OOOlb? 2 » TICK MARK INCR. = '. F10.6»' INCHES'/ ' 1ST TI:;K MARK AT : •/ 
000158 3 • X = 'f F10.6» » Y = ». FlO.6 / 
_0001':>9 4̂ ' ^ N O . OF TICK f>!ARKS ON. X-AXJS = ', If,^ ) ! 
000160 9000 FORMAT ('OFILE CLOSED ON TAPE HrDISMOUNT AND SEND T:) ANSCfSACRAMEN 
000161 ITO. THANK YOU.' ) . ,•_ 
_P00J^62 END _______ _ 



13 E C T RTAB.1.720212. 62564 

000001 SUBROUTINE RTAB 
000002 DIMENSION TC(500) 
000003 / COMMON A ( 500 »41)^»_8 (500) r_D (500) f _DD(_5J » El3rJ5J t HED(12)» P(5) 
C00C04 / COMMON QtSOO). S(5»5)» T(500). X(500)» Y(500)» TI(500) 
'J00005 COMMON QZZS(500)f TAB(60»32) 
00 0006 COMMON XCOND(?0) >_D|:NS (.20)_»_ QX (20) 
000007 COMMON TEM(IO) 
000008 COMMON COND»RHO»QXX.QZZ 
000009 COMMON TIME. DT. DT2._ H. _TEMP. _XLf XX» YY. TMAX. U N I T 
000010 COMMON NUMaC. NUMMT. NDT. INTER* MBAND. NJM. NTAB 
O O O O U COMMON NDIM.IVARH.IVAPC.IPT.IDT.IPUNCH.IDUM 
OOoni? COMMON KO'-)E{500). r<(3). KX(4)» LM(5). KAT> NUMNP. NUMEL 
000013 COMMON IlEfKlO). IDrAB(32)» ITFAC(32) 
000014 COMMON IKODE(500) 
000015 ^ COMMON INTAR(20»3) . 
000016 EQUIVALENCE (TEM(1).XTEMl)» (TEM(2).XTEM2). (TEM(3)»XTEM3)> 
000017 C (TEMt4).XTEM4) 
000018 E_QUIVALENCE__(ITEM(1) . ITABK) »_ ( T T F M ( 2 ) > ITABR) . (ITEM(3) »ITABQ) . 
000019 C (ITCM(4).MTYPE) 
000020 EQUIVALENCE (TI(1).rC(1) ) 
000021 C — — 
000022 C READ AND WRITE INPUT TABLES FOR VARIABLE PROPERTIESfB.C..AND TIME 
0COC23 C FUNCTION. 
OrioO?4 C — . 
0(J025 C TABLE CODE NO. CODE 
000026 C I H (CONVECTION COEFFICIENT) 
000027 C 2 _TEMP. OF EXTFRNAL BOUNDARY. 
Cl002c^ C 5 K (CONDUCTIVITY) 
000029 C 6 RHO-CP 
000030 C 7 Q(X) 
000031 C 8 Q(Y) 
00003? C 9 HEAT FLUX INTO NODE 
0(10033 C 10 TEMPERATURE OF NOOE 
OUOO.^4 C -N TAbLE N HAS A TIME FUNCTION WHOSE LOCATION IS 
000035 C IN ITFAC(N) 
_̂0 0 0 0 3 6 c — « — ' — 
00003/ IVARH = 1 
00003B DO 5 I=lr32 
000039 5 ITFAC(I) = 0 
000040 LINE = 60 ' 
000041 10 IF(LINE+20.LE.60) 60 TO 20 
.000042 WRITE (6.9000) , ^ | 
000043 ' WRITE (6.6000) | 
0(.0044 LINE = 1 • I 
.000045 20 READ (5.5000) ID>IC. TEM 
0(i004b IF (ID .LE. 0) GO TO 70 
000047 IF(ID .GT. 32) GO TO 90 ' 
OOOOiia I F d C .bT^_4J IVARC_=1 ' 
000049 IDTABdD) = IC i 
000050 WRITE (6.6010) ID»IC»TEM 1 
.000051 . IFdC.GE.O) GO TO 30 I 
000052 IC = -IC I 
000053 ITFACdC) = ID | 
00U054 30 N = 0 j 
'000055 K = 1 I 
000056 40 READ (5r5010) lENDrXTEM*YTEM 



0OOC57 ^m L=:(JE.NDJ 60.5.0<L5.0_ 
000058 50 WRITE (6.6020) XTEM.YTEM 
0C0059 LINE = LINE+1 
000060 N = N+1 
000061 i IF(N .GT. 30) GO TO 80 
00^062 / TAB(K»ID) = XTEM 
0 U 0 C D 3 , / TAD(K-dflD) =.JjrE.M. 
000064 K = K+2 
000065 GO TO 40 
Jt̂ 'UOefr 6Q lFdC_.CQ._DJ 6_0 J[0.^6S-
0C0067 62 CALL LINTS (TAB(1.ID)»N ) 
00U068 GO TO 10 
000069 65 TAB(KflD) =_IMAX+JL. 
000070 TAB(K+lfID) =TA8(K-1.1D) 
0OJ071 N = N+1 
0fi0072 GO TO 62 
00U073 70 RETURfi 
000074 80 WRITE (6.6030) ID 
000075 GO TO 40 
OC007b 90 WRITE (6.6040) ID 
01 0077 95 READ (5.5010) lENDfXTFvi,YTEM 
00007o IFdE'^JD .LT. 0) GO _T0 10 
000079 WRITE (6.6020) X T E M P Y T E M 
000000 GO TO 95 
OOOOi 1 C- — — — — 
0 0 J O 8 2 C F O R M A T STATEMENTS 
C00003 C 
J00084 5000 FORMAT (2I5f5X.10A6 ) . 
0000B5 5010 FORMAT (15.5X.2E10.4) 
00008b 6000 FORMAT (•0».53Xf'INPUT TABLES') 
000087 6010 FORMAT COTADLE NO. ' . 15. 3X>'TYPE'. I5.5Xf 10A6/8X.'X'. 14X»'F(X) */ ) 
000086 6020 FORMAT (lXf2E16.6) 
C00089 6030 FORMAT C/TABLE».14.' HAS EXCEEDED 30 POINTS OR THE'tE NO -1 CARD T ; 
_0U0090 CO END THE TARLE' _ ) j 
000091" 6040 FORMAT COTABLE NO.'.15.'EXCEEDS 32. PROGRAM WILL S<IP TABLE.' ) 
000092 9000 FORMAT C1»r46X»'AEROJET-GENERAL CORPORATION' / 
_00009o 1 50X.'SACPAMENTOrCALTFORNIA' / 'n***** PROGRAM E12202 J*****.'.? 
010094 2 5Xr'FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PPOGR'iM' ) ' ~t 
000095 END 



SIMEG»1.720212f 62567 

000001 SUBROUTINE SIMEQ(A.B»NN.MM.NA .ITEM.DO.MND»KERR) 6l210o02 
000002 C 
000003 C / SOLVES MATRIX EQUATIONS - AX = B 61210004. 
000004 C GAUSS ELIMINATION WITH COMPLETE PIVOTING ON ABSOLUTE LARGEST 61210005 
000005 C ELEMENT TO FORM TRIANGULAR MATRIX.WITH RACK SUBSTITUTION FOR 61210006 
.000006 C SOLUTION VECTORS. _ „ . 61?10007_ 
000007 C 
000008 C 61210009 
.000009 C CALL SIMEQ (A .B.NN.MM. NA . ITEM»Dn.NNn.KFRR._) 61210010_ 
000010 C A = A(t.l) OF INPUT MATRIX 63210011 
000011 C B = INPUT VECTORS 61210012 
.COOT 12 C NN = NUMBER OF SIMULTANEOUS EQUATIO.N_S.. 61210013_ 
000013 C MM = NUMBER OF B-VECTORS. 61210014 
000014 C NA = DIMENSION 0- MATRIX ArTHAT IS. A(NA.—) 61210015 
000015 C ITJM =J"EMPORARY_ STORAGE (FOR PERMUTATIOJv|_VECXQ=0 61210016 
00001b C WITH DIMENSION - ITEM(NA) 61210017 
000017 C DD = DETER^'INANT 61210018 
.Ol'COia C NND r.J'OWER OF TEN TO MULTIPLY PETFRMINANT 61210019 
0('0019 C ND = POWERS 01- TENS FACTOR FOR DETERMINANT. 61210025' 
000020 C KERR = ERROR COUE» =K. SINGULAR RANK f =-1 SOLVED EQUATIONS 61210020 
000021 C — ~ 
COoOPa DIMENSION A(NA»NA)fB(NA.l ) 61210021 
000023 Dlr^ENSION ITEM(2) 61210022 
000024 FQUIVALEIJCE IID.D) 
00 0025 C ' — 
OU0026 D = 1.0 61210024 
_000027__ ND =J3 61210026. 
000028 \i-HH " 61210027 
000029 M='".M 61210028 
000 030 Ĉ .^ 
010031 C TEST FOR TRIVlA in :ASE~N=l . 
000032 C • 
000033 IF(N .EQ. 1) GO TO 110 
00u03'i C-
000035 C SET-UP THE PERMUTATION VECTOR. 61210030 
^000030 C^ --^ . — — 
'000037 DO r 1 = 1.N' ~ eiMOOSr 
000038 1 ITEM(I) = I -61210032 
_000039 Nl = N-1 . ^61?10033_ 
000040 DO 6"0 K = 1.N • 61210034 
000041 C — — — ~ 
000042 C SEARCH AND .SET_THE_A.B50LUTE LARGEST ELEMENT_AS_THE_PIV0T.5 61210036. 
000043 C — ~ " 
T00044 PIVOT = 0. 612in0-^8 
_C00045 DO 10 I = KfN 612100-^9_ 
00004O DO 9 ~J=KfN 61210040 
C00047 XTEM = Ad.U) 61210041 
_000048 IF( ABS(XTEM) .LE. ABS(PIVOT)) GO TO 9 61210042^ 
000049 PIVOT = XTEM 612100(^3 
000050 IS = I 61210044 
OOQOSl IT =.J 61210045 
000052 9 CONTINUE " " 61210046 
000053 10 CONTINUE 61210047 
00 0054 C 
0U0055 C COMPUTE DETERMINANT AND TEST FOR SINGULAR MATRIX. " 61210043' 
0 00 056 C 

file:///i-HH


. 000057 ^m D = D»PIVOT ^M 61210051.. 
000058 IFdD .NE. 0) GO TO 11 61210052 
000059 C 
.000060 C IF MATRIX IS_SI_NGULAR_. SET.THE RANK_OF J1ATJR.IX_A_IN_KERR AND_EXIT612in0S3_ 
000061 C — ~ — — 
000062 KERR = K-1 61210054 
000063 ^ GO TO 100 ^ 61210055 
(0J064 11 XTEM = ABS(D) 61210056 
'^OOObS IF(XTEM.LE.1.0 ) GO TO 13 612100=17 
.OOOO&b D =.D/10. , 61210058^ 
000067 ND = ND+1 61210059 
000068 GO TO 11 61210060 
0000b9 1.3 IF(XTEM.GE.O.l) ^60_T0 14 61210061 
000070 D = D*10.0 61210062 
000071 ND = ND-1 61210063 
000072 GO TO 11 , , 61210064 
000073 14 CONTINUE 61210065 
000074 IF(K.EQ.IS> GO TO 30 61210066 
00 0075 __C-- L ..?-̂ -
00007b C IF THE PIVOT IS NOT IN THE RIGHT ROW.INTERCHANGE ROWS. 61210068 
0 00077 C 
000078 DO 20 _J=lfN _ „ 6t210070_ 
000079 XTEM = AdS.j") 61210071 
000080 AdS.J) = A(K.J) 61210072 
^OOOObl A(K .J) = XTEM ^ , 61210073 
0OUCC2 20 CONTINUE 61210074 
000183 ro 21 J=1.M 61210075 
_0O00S4__ XTEM = BdS.jJJ 61210076^ 
000085 ndS.J) = B(K fj) 61210077 
000086 B(K ,J) = XTEM 61210078 
_000037___ 21 CONTINUE 61210079. 
000088 D ="-D 61210080 
00003-' 30 IF(K.EO.IT) 60 TO 40 61210081 
0 ci 0 0 9 0 _ c — — •_•:—j-r-"—_ — « - , — — — . - . - , — — — . — 
000091 C IF THE PIVOT IS~ NOT IN THE RIGHT COL. .EXCHANGE COLS AND RECORD" 61210083 
010092 C THIS IN THE PERMUTATION VECTOR. 61210084 
0 00093 C .̂ -_ .. _ 
0CU094 DO 31 I=1»N ' 61210086 
01.0095 XTEM = Ad.IT) 61210087 
0 00096 A d . U ) = A(I.K_)^ 612100R8_ 
000097 Ad.K ) = XTEM 6121^089 
000098 31 CONTINUE -61210090 

_0 00099 D =_-D , 61210091 
Ot'OlOO C • ' 612100°2 
000101 C SET PERMUTATION VECTOR 612100Q3 
_000102 C . 612100P4.. 
000103 I = ITEM(IT) 61210095 
000104 ITEM(IT) = ITEM(K ) 61210096 
_000105 ITEM(K )_=_! 612100P7_ 
OOOlOu C - . — . . » - , — « — — . _ — — — _ _ — — — - , — » — 
000107 40 CONTINUE 61210099 
^000100 Kl = K + 1 61210100_ 
000109 IF(Kl.GT.N) GO TO 60 61210101 
0 00110 C 
_000111 C MULTIPLY THE K-TM ROW BY -A (I .K)/PIVOT AND_ADD_JO_JHE_IrJH .ROW 61210103_ 
00 0112 C 
000113 DO 50 I=K1»N 61210104 
Odull'v no 50 U='<1.N 61210105 
000115 Ad.J) = Ad.J) - A(K.J)/PIVOT * Ad.K) 61210106 
000116 50 CONTINUE 61210107 



000IJJ__JI^ DO 51 I=K1.N H I 61̂ 21010fl 
C00118 DO 51 J=1.M 61210109 
000119 B d . J ) = B d » J ) - A(I.K)/PIVOT*B(K.J) 61210110 
0001.2 0 51 C ONTJ NUE 61210111 
000121 60 CONTINUE 61210112 
00 0122 C~» 
000123 C / BACKSUBSTITUTION FOLLOWS. 61210114 
Orn.a24 C 
000'.25 DO 70 J=1»M 61210116 
0 00X26 B(Nr J) = B(N>J)/A(N«N) 61210117 
000127 70 CONTINUE 61210118 
000128 I = N 61210119 
0001 29 DO 73 K.=2.N . 61210120 
000130 II = I 61210121 
000131 I = I-l 61210122 
00 0132 PIVOT =.A(I.IJ ^ 61210123 
000133 DO 72 IT=1.M 61210124 
000134 XTEM = O.DO 61210125 
00015o_^ DO 71 J=I3fN ^ , 61210126 
00U136 71 XTEM = A(I»J)*B(J.IT) + XTEM 61210127 
U00137 72 Bd.IT) = (Bd.IT) - XTEM)/PIVOT 61210128 
000138 73 CONTINJJE 61210129 
0 0 0139 C — 
000140 C USE PERMUTATION VECTOR TO EXCHAN6E ROWS OF B-MATRIX. 61210131 
0 0 0141 C —-------_-r^- - — — — — . — — . — — . . -
000142 DO 81 1 = 1.N ' " 61210133 
(00143 79 I F d T E M d ) .FO.I) GO TO 81 612101^4 
000144 K = ITEM(_I) , , 61210135 
000145 DO 80 J=1.M 61210136 
000146 XTEM = B(K.J) 61210137 
0 0 01 47 D (K.J) =^ D (I r J)_. ^ 61210138 
000140 B d . J ) = XTEM 61210139 
000149 80 CONTINUE 61210140 
000150 I T E M ( n _ = ITEM(K) 61210141 
000151 ITEM(K) = K 61210142 
000152 GO TO 79 61210143 
000153 81 CONTINUE 61210144 
000154 82 KEKR=-1 "61210145 
000155 DD = D 61210146 
00 0156 IsIND = ND 61210147 
01)0157 100 RETURN 61210148 
000158 110 DO 115 J=1»M 
000159 115 B(1.J)_JL B(liJ.)/A(JL.ll 
OOU160 D = Ad.l) 
000161 GO TO 82 
000162 END 61210149 
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SUBROUTINE SUBRD 

_DIMENSION T C ( 5 0 0 ) 
COMMON A ( 5 0 0 . 4 1 ) . B(500) '» D ( 5 0 0 ) r DD(5)» E ( 3 f 3 ) . H E D ( 1 2 ) . 

COI'IMON Q ( 5 0 0 ) . S ( 5 f 5 ) » T ( 5 0 0 ) f X ( 5 0 0 ) . Y ( 5 0 0 ) » TKSOO) 
P(5) 

^COMMON 
COMMON 
COMMON 
_COMMON 
COMMON 
COMMON 
COMMON 
"COMMON 

COMMON 
COMMON 
"COMMON 
COMMON 
COMMON 
COMMON 

QZ7S(500)._TAB(60.32) 
XCOND(20)» DENS(20)» QX(20) 
TEM(10) 
COND.PHO.OXX.QZZ _ 
TTME. DT. DT2> H, TEMPf XL . XX. 
NUMiiC. NU'-'MTf NDT. INTER* 

YY. TMAXi 
MBAND. 

NOIM. IVARH. IVARC. IPT. IDT. IPUNCH. lOiiTi 
KODL(500>. I<(3). KX(4). LM(5). KATf 
ITEMdO). IDrAP(32). ITFAC(32) 
IKODE(500) . 
IMTAB(20.3) 
jr.'00E(500) 
/ U K / IPTC_ 
/DC/ 

TINIT 
NUM. NTAB 

NUMNPf NUVEL 

I B C ( 2 0 0 ) f J B C ( 2 0 0 ) ' I H B C ( 2 0 0 ) . I T B C ( 2 0 0 > . 
1 T£MEBC(2nO). XLF3C(200)f I I B C ( 2 0 0 ) . JJP.C(200) 
COMMON /RADCON/EPS(?00) f F(20»20). SIGMA_»_NR.F(2.001._ 

1 . F'M200)» RQ(2D). KTEM(20). TS(200) 
COMMON /SAVEl/ ISAVE(500.5) 

_COMMOtL/TAPE/ ITAPE» ISTART. ISS 
LOGICAL DAMP. DFl. DF2. DF3. T0L4 
COMMON /LOGIC/ DAMP» D^^l. DF2. D^Jr T0L4 

_COMMON /D"PING/ DMP L f DMAXl. D"-*P2» D'>'AX2._ DMP3. 0MAX3_i 
EQoIVALENCE 

1 

H B B C ( 2 0 0 ) . 

IFLAGR 

TOLN 

C _ 
' C * * * 

d D M P l . D M P l ) . ( IDMP2.DMP2) . dDMP3.DMP3) . 
( T M A y i . D M A X l ) f ( rMAX2»DMAy2) f dMAX3.D ' 'AX3) . ( IT'>L»TOLN) 
EOUIVALENCE ( T ^ M ( 1 ) . X T E M l ) . ( T E M ( 2 ) . X T F M 2 ) . ( T E M t S ) . X T E M 3 ) . 

(TEM(4) .XTFMU) 
EQUIVALENCE ( ITEM ( 1 ) . ITABK ) r ( I T E M ! 2 ) . ITABR) . ( I TEMO) • ITABQ) . 

(ITEM(4).MTYPF) 
red)). EQUIVALENCE (TI ( 1 ) . rC (1) ) . (JTdNTDT) 

READ AND PRINT OF CONTROL INFORMATION 

50 

IDMPl = 0 
__IDMP2 : 

JDMP3 : 
IDMAXl 

_IDMAX2 
1DMAX3 
ITOL : 
READ (5. 

1 HEDdSTART.JTAPE 'NUMNP,MUMELrNUMBC.KAT . lPT .NTAB»T I^ IT . i nT fDT . 
2 INTER- TMAX. IPUNCH. DFl. D"^?' DF3. T0L4f IDUM 
ITAPE = JTA^E _ 

0 
0 
: 0 
=_0 
= 0 
0 
inOO.FRR=70lO.END=7000) 

•NEW 
_*NFW 
• NEW 
•NEW 
_*NEW_ 
• NEW 
• NEW 

0) DT2 l./DT 

1) 

IFdflTDT .GT. 
TIME = TINIT 
IFCISTART .EO. 
IFdPT .NE. 0) 
WRITE (6f9000) 
.IFdDT .to. 0 .AND. INTDT ,EQ. 0). 
NUMMT = 0 
DAMP = DFl .OR. DF2 .OR. nF3 

—r 

GO TO 7050 
IPTC = 1 

ISS=1 



_000057_ 
000058 
0O0C59 
000060_ 

"0OOO6I 
000062 
_000063_ 
'000o4 
OO0065 
.1 0 0 066 
000067 
OOOCoS 
00006° 
C00(70 
000071 

.000' /2 
000073 
000074 
_000075. 
00007o 
000C77 
.0C0C76_ 
000079 
OOOOOO 
C00u8i_ 
00 J 082 
C"0083 
000034 
000085" 
00003b 

_0C'3C37_ 
000t88 
0(0C39 

_0 00n90 
Ct 0091" 
0(0092 

_000093_ 
000094 
3C0095 
000r96_ 

"000097 
000 098 

_0OOC99_ 
000100 
000101 
Ou0102_ 
000103 
000104 

_J00105_ 
OOOlOo 
000107 
00J108. 
000109 
000110 

_0(I0111 
OUOII2" 
000113 
001114_ 

'000115 
OOOllo 

IF(DAMP.OR. T0L4) RFAD_(5»50lO)_nMP1.| 

DMP3. DMAX3. TOLN 

HAXl. DMP2. nMAX2. 

SET DEFAULT VALUES. 

IFdDMPl .EQ. 0) 
IF(IDMP2 . £ 0 . 0) 
IFdDMP3 .EQ. 0) 
I F d M A X l .CO. 0) 
IFdMAX2 .CQ._0) 
IFdMAX3 .CQ. 0) 
IFdTOL .EQ. 0) 

DMPl = 
DMP2 = 
DMP3 = 
DMAXl : 
.DMAy2 : 
D''AX3 : 
TOLN=0, 

0.5 
0.5__ 
0.5 
: in. 
: 10. 
: 200. 
00005 

51 READ (5.i003fERR=7010.! •ND=7000) 
y.ITABK » XTFMl,ITABR r XTEM2.ITA8Q r XTEM3 

52 
53 

54 

56 
58 

JF(M.LE.O) GOJTO. 52_ 
IF(M .GT, 20) 
NUMMT = NUMMT-t-1 
yCOND(M) = XTr"Ml 
LCNS{M) = XTFM2 
OX(M) = XTFM3 
.IF(ITABK._.GT._32) 
IFdTABR .GT. 32) 
IFdTABQ .GT. 32) 

IhTAB(M.l) =. ITARK 
lrjTA3'Mr2) = ITABR 
IN"^AB(M.3) = ITABO 

GO TO 51 
IF(NUMNP) 900.900.53 
IF(KAT) 54.56.54 
WRITE (6.2010) 
GO TO 53 
WRITE (6.2011) 
IF (ISS ,E0. 1)_ 
"WRITE (6.2000) 
IF(DAMP .OR. 

WRITE (6.6020) 

.ITABK_= 
ITABR = 
ITABQ = 

WRITE (6.6000) 
HED»NJWNJP. NUMEL»NUMBC .NUMMT. INTER. DT. TINIT»TMAX 

T0L4) WRITE (6.2012) OMPl. DMAXl. UMP2. DMAX2. 
X _ DMP3. DMAX3r TOLN 

WRITE (6.2009) (w. [NTAB (M» 1) . XCOND (M) . INTAB(M»2) .D-"NS(M) . 
C irjTAB(Mr3) .QX(M) .M=l.NUMMT ) 
__IF(NTAB.NE.0J CALL RTAB 

I F d P T .NE. 0) WRITE (6.2013) 
IF(JTAPE .EG. 1) WRITE (6.2014) 

•NEW 
•NEW 

•NEW 
•NEW 

C**********.***** + ***+****i»:*+*•**•••***• •••*•*•••••*•**•**( • * * * * * * « • * * * * * 
C READ OR GENERATE NODAL POINT INFORMATION 

_C,J*****^ * If.**,******•¥*******¥******************************* ^************** 
WRITE (6f9000) 
WRITE (6.2001) 
L=l 

60 READ (5.1001.ERR=7l)10.END=7000) 
LN. ITEM(l). XTEMlr XTEM2> XTEM3. XTEM4f ITEM(g) 
KODE(N) = ITEM(l) 
X(N) = XTEMl 
_Y(N) = XTE^2 
T(N) = XTEM3 
TI CO = XTEM4 
IKOOE(N) = ITFM(2) 
irdKOOh(N) .GT. 321 IKODE(N) = 0 
DIFF=N+1-L 



_0001_17__J^ IF (N-L)_65»80.70 
000118 65"wRITE (6.2020) N 
000119 GO TO 60 
^000120 70 DX=(X(N)-X (L-1) ) /DIFF. 
000121 PY=(Y(N)-Y(L-1))/DIFF 
000122 75 KODE(L)=0 
.0OJ123 / IKODF(L) = 0 . 
O00';24 ' ^X(L)=X(L-1)+DX 
000125 Y(L)=Y(L-1)+DY 
_0U0'!26 ^T(L)=0.0 
000127 T K L ) = TKL-l) 
0U012U 80 WRITE (6.2002) L.KODE(L)»X(L)»Y(L)rT(L).TKL)»IKODE(L) 
0 00 3 29 L _= L + 1 
0CJ13O IF (N-L) 90.80.75 
003131 90 IF (NUMNP+l-L) lOOfLOO.60 
000132 100 CONTINUE 
000133 DO 110 I=1.NUMNP 
000134 D(I)=0, 
00013b Bd)=0. 
00013G DO 110 J=1»NDIM 
000137 110 A(I.J)=0. 
000138 M[iANO=0 
0 001.59 NUM=0 
000140 WRITE (6»9000) 
000141 WRITE (6j2003) 
000142 DO 115 I = 1.4 
( 00143 115 L M d ) = 0 
_00ul44 120 CONTINUE 
000145 RETURN 
00014b 900 WRITE (6.3000) 
000147 CO TO 120 " 00014(:" 
C00149 C END OF FILE RETURN. | 
000150 7000 IF( IPTC .EG.l) CALLENDPLT j 
000151 IFdTAPE .GT. 0) "END FILE 2 '" , 
000152 STOP . j 
000153 7010 WRITE (6.3005) _ ' 
000154 READ (5.3010 •END"=7000 ) (HED( I). 1 = 1.12) ' ' "' 
000155 WRITE (6.3010) (HEDd). 1 = 1.12) I 
_000156 GO TO 7000 j 
000157 7050 CONTINUE " " ' 
000158 REWIND 3 - I 
O0015'> READ (3) HED. NUMNP. NUMEL. KAT. NUfiMT._NTAB»_ ISS. IVARC _ _ _ ^ __i 
000160 1 . ((INTABd.J). J=L.3). XCONDd). OENS (I) . Q X d ) . I = 1.MUMMT)» \ 
000161 2 ((TALi(K.L). K=1.60). IDTA0(L). ITFAC(L)r L=1.32). • .-, 1 
000162 3 (MM.KODE(M) . IKODE(M) .X(M) r Y(M) .T(M) .TT (M) .OZZS(r') . M=1»NUMNP) I 
000163 4 . DAMP. DFl. DF2. 0F3. T0L4. OM'^l. DMAXl. DMP2f DMAX2. i 
0O016'> 5 DMP3» DMAX3. TOLN 
0 00165 DO 7060 N = l .NUMEL _ [ 
OOOloo" READ (3) NN. dSAVE(N.J). J=lf5) " I 
C00167 7060 CONTINUE l 

_0 00168 WRITE (6.2000) HED.UUMNP.NUMEL'NUMBC .NUMMT. INTER.DTf TINIT..TilA.X. . ' 
000169 WRITE (6»2009) (M.INTAB(M.1),XCOND(M).INTAD(M.2)»DENS(M). ' ~| 
000170 C INTAB(M.3).QX(M).M=1,NUMMT ) 
.000171 READ (3) NUMBC. MB\ND. IFLAGR. IPF. SIGMA. 
0110172 1 (iBCd)f J B C d ) . IHRCd). ITRC(I). HRBCd). TEMEBC (I) . XLBC(I). 
000173 2 IIBCd). JJDCd). L P S d ) . N R F d ) . T S d ) . FN(I). 1 = 3.NUMBC). 
000174 3 ((F(I.J). Jrl.IDF). 1 = 1.IDF), (JNODEd)' I = l_»_NyMNP) 
000175 7065 READ (3) TIME. (TC(N). N=1»KUMNP) 
000176 IF(TINIT .GT. TIME) GC TO 7065 



000177 ^ W ĈA.LL SUBR6 
000178 WRITE (1) ((Ad.J)»J=l.MBAND)»1=1.NUMNP) 
000179 WRITE (1) (T(I), 8(1)f D(I)» I=1.NUMNP) 
0003 30 REWIND 1 
000181 LL = 0 
000182 / CALL SUBR7 (LL) 
000133 / GO TO 120 
000134 C-
000185 C FORMAT STATEMENTS 
000'Ho Cr^--
000187 1000 FORMAT (12A6. 6X. 211/ 615, E10.4» I5» E10.4.I5.E10.4»I5.4L1.ID 
000188 1001 FORMAT (215.4F10.0.15) 
0(l0-'«9 1003 FORMAT (15,4 d5»E10.4) ) . 
o'.Oigo 2000 FORMAT (Ih'O 12A6// 25H0NUMBER OF NODAL POINTS— 14/ 
000191 1 25H NUMBER OF ELEMENTS 14 / 25H NUMBER OF CONVECTION BC-I4/ 
.000192 2 2bH NUMDER_OF MATERIALS 14 / 
000193 3 25H OUTPUT INTERVAL 14 / 2nH TIME INTERVAL F10.3/ 
000194 4 20H IfJITIAL TIME F10.3/ 20H MAXIMUM TIME F10.3 ) 
.000195 , 2Q01 FORMAT__(20HO N . P , _ N 0 . „ _. CODE X 4 X > 1 H 1 0 14Xf 1HY.14X.J.H1JJ_3XI2HT0J_ 

C'i019G 1 12H CODE TABLE ) 
0001^7 2002 FOt^MAT (2110 ,4F15.4 .112 ) 
.000198 2003 FORMAT_(35H0.___>J_ 1 J K L ^'^TERIAL_) 
00U199 2009 FORMAT C O M',lOX.'TABLE-K',14X.'K'.lOX.'TAPLE-R'»9X»'RHO-CP'»lOX 
OOO200 C » 'TABLE-Q',14X.'Q'/ 10(14.3(10Xd7.E15.6)/) ) 12200258 
OOOPOl 2010 FORMAT_ (24H0AXISY"MErRIC SOLID BODY ) 
003..02 2011 FORMAT C OTWO DIMENSIONAL PLANE BODY' ) 
000203 2012 FORMAT CODMPl = ', El4.6» ' DMAXl = ', E14.6/ • 0MP2 = 'f E14.6» •NEW 
_000-:0u !__' DMAX2 = J_._ £14.6/.' DMP3 = '. E14.6. ' DMAXS = *> E14.6/ •NEW. 
000205 2 • TOLN = ', E14.6 ) •NEW 
000206 2013 FORMAT COOUTPUT INCLUDES GEOMETRY PLOT') •NEW 
_000207 2014 FORMAT COOUTPUT INCLUDES RECALL TAPE' ) •NFW, 
000208 202'0 FORMAT (lOHOCARD NO. 14. 13H OUT OF ORDER ) 
0D0209 3000 FORr'AT (15H0EPROR .NlJMNP = 0 ) 
OOOr'lO ^3005_FORMAT_( 'OINPUT ERROR. NEXT CARD.IF ANY.IS'//) 
000211 3010 FORMAT (IX. 12A6 ) 
000212 5010 FORMAT (8F10.4) 
000213 6000 FORMAT (»0**>** STEADY-STATE CASE FOLLOWS •••••' ) 
000214 6020 FORMAT COCAUTiON. NUMBER OF PROPFRTY CARDS EXCEEDS 20.' ) 
003?13 9000 FORMAT C1»,46X,'AEROJET-GENERAL CORPORATION' / 
.000216 1 50X,'SACRAMENTO.CALI^^ORNIA' / 'o***** PROGRAM El2202. ••.••J<L!_»_ 
000217 2 5X,'FEn TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM' ) 
000218 END 



# 0 Err SUBRl'1.720214, 34816 

000001 
000002 
.000003. 
(00004 
000005 
.000006 
000007 
000008 
000009 _ 
000010 
OOOOll 
000012 
000013 
000014 
000015 
000016 
000017 
000016 
000019 
000020 
000021 
000022" 
000023 
.000024. 
000025 
000026 
_000027_ 
"00'J02o 
000029 
000030 
000031" 
0(10032 
0('0033_ 
000034 
000035 
00003b_ 
000037 
000038 
000039. 
000040 
000041 
J100042 
000043 
000044 
000045 
"00004b 
000047 
_000048 
000049 
000050 
OOOObi 
000052 
000053 
.00005'i 
000055 
000056 

SUBROUTINE SUBRl 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C FORM CONDUCTIVITY MATRIX FOR COMPLETE BODY 
C*********************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

DIMENSION TC(500) 
COMMON A(500,41). B(500)» D(500). Dn(5)., E<Jf_3)» HEDd2)j_P(5) 

0(500), S(5»5)» T(500). X(500). Y(500). TKSOO) 
QZ7S(500), TAB(60,32) 
XC0ND(20), Oi;NS(20)» QX(20) 
TEM(IO) 
C0N0,RH0,QXX,gZZ 
TIME, DT. DT2. H. TEMP. XL, XX,_YX» _TMAX,_TINIT_ 
NUMHCi 

COMMON 
COMMON 
,COMMON 
COMMON 
COMMON 
.COMMON 
COMMON 
COMMON 
.COMMON 
CO\MON 
COMMON 
COMMON 
COMMON 
LOGICAL 
COMMON 
COMMON 

NUMMT. NDT. INTER, MBAND 
^JD1M,IVARH.IVARC.IPT.IDT,IPUNCH.IDUM 
KOnE(500), IX(3), KX{4), LM(5). KAT_. NUMNp. 
ITEMdO). IDTAB(32)» ITFAC(32) 
IKODE(500) 
INTAn(20,3) . 
/SAVEl/ ISAVE(500,5) 
DAMP, DFl, DF2, DF3. T0L4 
/LOGIC/ DAMP, DFl, DF2. DF3. T0L4 
/DMPING/ 

NUM. NTAB 

.NUMEL, 

DMPl, DMAXl, DMP2» DM4X2. DMP3. 0MAX3» TOLN 
EQUIVALENCE (IDMPl.DMPl). (IDMP2,DMP2)» dDMP3.DMP3?. 

J, (IMAXl,DMAXl), (IMAX2,DMAX2)» (IMAXI.DMAXS)»_(ITOL'TOLN) 
EOUIVALENCE (TEM(1).XTEMl) , (TEM(2)»XTEM2)• (TEM(3)»XTEM3)» 

C (TEM(4),XTEM4) 
EQUIVALENCE (ITEf! (1), ITABK ) . (ITEM(2)_r_ITABR) »_ (ITEM(3) »ITARQJ_»_ 

C" " (ITEM(4),MTYPE) 
EQUIVALENCE (U,ITEM(5)), 
EOUIVALENCE (TI(1),TC(1)) 
COMMON /TAPE/ ITAPE, ISTART. 

(I2,ITEM(6))» (I3,ITEM(7)), (I4.ITEM(8)) 

ISS 

GENERATE RECALL TAPE 1=̂  ITAPE IS NONZERO. 

ITRA = 1 
IF (ITAPE.LQ.qj GO TO 70 
WRITE (2) HED, NUMNP, NUMEL, KAT. NUMMT, NTAB. ISS. IVARC 
1 , ((INTABd.J), J=1.3). XCONDd). DFNS d) , QX(I). I=1»NUMMT)» 
2_ ({TAB(K,L). K=l,60). IDTAB(L), ITFAC(L)> L=l,32)f _ . 
3 (M, KODE(M) ,IKODE(M) »X(M) .Y(M) ,T(M) ,TI(M) ,QZZS(''') , M=1»NUMNP) 
4 , DAMP, DFl. DF?, DF3» T0L4, DMPl, DMAXl, DMP2, DMAX2. 
5^DMP3» DMAX3, TOLN 
ITRA = 2" 

70 CONTINUE 
C ~-

DO 200 N=l»NUMEL 
C 
_C. _ 1. READ OR GENERATE ELEMENT PROPERTIES 
C 

IF (NUM-N) 120.121.121 
. 120 READ (5,1002) NUM.K < (1) ,KX (2) ,KX (3) ,KX (4).»MTYPE 

TERR = 0 
DO 90 1=1,3 
DO 90 J=l,3_ ____^ 
IF( IABS(KX(I)"-KX(JH)) .GT. 40) lÊ R̂ = 1 

90 CONTINUE 



_000_057__JMf I F d E R R . E G . 1) WRITE J 6 . f i 0 J 5 J _ 
000 058 C • 
000059 C CHECK INPUT FOR COUNTER-CLOCKWISE DIRECTION. 
000060 C 
000061 AREA = 0. 
000062 DO 100 1=1,4 
OO'JObo J = I + l 
0u0064 IF(J .GT. 4) J = 1 
000065 K = K X d ) 
000066 L = KX'J) 
00C067 YB = (Y(K)+Y(L))/2.0 
000068 DX = X(L) - X(K) 
000069 100 AREA = YB*DX+AREA 
C00070 IF(APEA .GT. 0.) WRITE (6,8000) NUM 
000071 1?1 00 122 1=1,4 
0OU079 122 LM(I)=LM(I)+1 
000073 IF (NUM-N) 123,124,126 
000074 123 WRITE (6,2021) NUM 
000075 GO TO 120_ 
000076 124 DO 125 1=1,4 
000077 125 Lfld)=KX(I) 
00007b ITYPE = MTYPF 
000079 IFdTYPE .EQ. 0) ITYPE = 1 
000080 COND = XCOND(ITYPE) 
000081 RHO = DENSdTYPE) 
000032 OZZ = QXdTYPE) 
C00083 ITABK = INTAB(ITYPE,1) 
0 00 084 ITABR__=^INTAD(ITYPEf?) 
000085 ITABQ = INTAB(ITYPEf3) 
000086 126 CONTINUE 
000087 • 127 CONTINUE 
000038 WRITE (6.2004) N, (LM(M). M=1.4), ITYPE 
OCOOa^ GO TO (142»140). ITRA 

j:00090 140 WRITE (2) N, (LM_(M) . M=lf «n »_JTYPE 
000091 142 CONTINUE 
00 0092 C . —. 
000093 _C 2. FORM ELEMENT_CONDJCTIVITY MATRIX_ 
00 0 094 C 
00 009b I=LM(1) 
0000 9h J=LM (2) 
000097 K=L"M(3)" 
000093 L=LM(4) 
000 099 LM{5)=I 
"OOOIOO" C 
000101 XX=(Xd)+X(J)+X(K)+X(L))/4. 
0C0102 YY=(Yd)+Y(J)+Y(K)+Y(L))/4. 
000103 C 
0C0104 C ITABQ .LT. 0 0 VS. TIME TABLE. 
.000105 C ITABO .EQ._ 0 NO TA3LE. _ 
000106 C ITABQ .GT. 0 Q VS X OR Y TABLE. 
0 0 0107 C 
JDC0108 IFdTABQ) 128^130,129 
000109 123 ITABQ = -ITA"BQ 
0(0110 CALL LINT (TIME.TAB(1,ITABQ),QZZ.OX) 
OOOUl GO TO 130 
0(10112 129 CONTINUE 
000113 ZZ = XX 
000114 • r F d D T A i U I T A B 0 ) . E 0 . 8 ) ZZ = YY 
000115 CALL L INT (ZZ»TAB (1 - ITABQ)»QZZ»DX) 
OCOllfa 130 CONTINUE 

http://J6.fi


000117_ 
000118 
000119 

03 20 
0121 
0122 
0123_ 
0124 
0125 
0126 
0127 
0128 
012".. 
0130 
0133 
0132_ 
0133 
0134 
0135 
0136 
3137 
0138 
0130 

200 

_GZZ_ _QZZS.(N)_ 
ISAVE(N,1) = LM(l) 
ISAVE(N.2) = LM(2) 
_I SAVE (N' 3 )__= _LM (3)_ 
I SAVE(N.4) = LM(4) 
ISAVE(N,5) = ITYPE 

CALL CONMAT 
CONTINUE 

_WRITE (1) J(A_(I..J)»J=l«MBAND)»I=l»NUMNW_ 
WRITE (1) (Td). B d ) . D d ) . I = 1»NUMNP) 
REWIND 1 

..RETURN ^ _. 

FORMAT STATEMENTS 

1002 
2021 

_2004 
8000 

FORMAT (1015) 
FORMAT (13H0BAD CARD NO. 14) 
FORMAT J515,110)_ 
FORMAT COPOSSIBLE ERROR IN ELEMENT',14,'.CHECK FOR CLOCKWISE NODA 
IL ItJPUT.' ) 

80 05 FORMAT COCHECK NEXT CARD FOR NOPAL WIDTH ERROR. ') 
END 



# U ELT SUBR2,1,720212, 62576 

) 

5 

) 

) 

000001 
000002 
000003_ 
000004 
000005 
r'00006 
000007 
000008 
000009^ 
OOOCIO 
OOOOll 
000012_ 
000013 
000014 
00u015 
000016 
000017 
000018 
000019 
000020 
000021_ 
000022 
000023 
.000024^ 
000025 
000026 
_0000?7_ 
000023 
000 029 
000030_ 
000031 
0(10032 
000033_ 
000034 
000035 
000036 
0U0037 
000038 
000039. 
000040 
000041 
000042 
000043" 
000044 
000045 

"0(l004b 
000047 
.000048_ 
000049 
000050 
.000051_ 
r"0052 
0000b3 
JJ0 0 054_ 
0 00 055 
0 00 056 

SUBROUTINE SUBR2 
DIMENSION TC(500) 
COMMON A(500,41),_B(500), D(500), D0(5)i. ^EL3J_3)_» HED(12)t P(5) 

COMMON 0 ( 5 0 0 ) , S ( 5 » 5 ) » T ( 5 0 0 ) . X ( 5 0 0 ) , Y ( 5 0 0 ) » TKSOO) 
O Z Z b ( 5 0 0 ) , T A 8 ( 6 0 . 3 2 ) 
X C 0 N D ( 2 0 ) , _ D E N S ( 2 0 ) . QX(20) 
TFM( IO) 
COND,RHO,OXX.QZZ 
TIME, DT. DT2,_H, TEMP, XL. XX» YY. TMAX, TINIT 
UUMbCi 

COMMON 
_COMMON 
COMMON 
COMMON 
_COMMON 
COMMON 
COMMON 
COMMOfJ 
"COMMON 
COMMON 
.COMMON 
COMMON 
COMMON 

, NUM. NTAB 

NUMNP, NUMEL 

NUMMT, NDT, INTEPf MBAND 
NDIM,IVARH,IVARC,IPT,IDT,IPUNCH,IDUM 
KOOE(500), IX(3). KX(4), Lv(5). KAT> _ 
ITEMdO), ID TAB (32), ITFAC(32) 
IKODE(500) 
irjTAr!(20,3) 
JNODE(500; 
/BC/ IBC(200), JBC(200)» IHBC(200)» 1TBC(200). HBBC(200) 

TE«'E'"!C(200) , XLqC(200), IIBC{200'» JJnC(20flJ 
COMMON /RADCOM/EPS(200), F(20,20), SIGMA. NRF(200)r IFLAGR 
, FN(200)» B0(20), KTEM(20), TS(200) 

COMMON /SAVEl/_ISAVr(500,5) _ 
COMMON /TAPE/ ITAPE. ISTART. ISS 

EQUIVALENCE (TEM(1).XTEMl) , (TEM(2).XTEM2)» <TEM(3)»XTEM3)» 
(TFM(4) ,XTPM4) _ 

EQUIVALENCE (ITEM(1),ITABK). 
(ITEM(4).MTYPE) 

(TKl) ,T(LLl)) » (lEPSI.EPSI) 

(ITEM(2),ITABR), {ITEM(3)rITABQ)» 

EQUIVALENCE 
DATA IDF/20/ 
* * * * * * * * * * * * * * * * * * * f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : 

BOUNDARY CONDITIONS 
C^*+^+ 
C_ 
C******************************************************** *************** 
c 
_C_. SIGMA 
C 

STEFAN-B0LT7MAN CONSTANT. 

NUMNP DO 180 1=1 
180 JNODE d ) = ̂ 

IFLAGR = 0 
WRITE (6,9000) 
IF (IDUM .EO._0.) 
WRITE (6,6011) 
WRITE (6,6000) 
WRITE (6,6012) 
WRITE (6,6000) 
WRITE (6,6050) 
DO 600 I = 1,NUM.NP _ 

600 WRITE (6,6600) I,(A(I.J)»J=l.NDIM 
602 CONTINUE 

_I50_T0.602 

(Dd).1 = 1,NUMNP) 

TB'CI )"7I=I7NUMNP ) 

1. CONVECTION BOUNDARY CONDITIONS 

203 

JNBC = 0 
IF(NUMBC .EQ. 0) 
WRITE (6.2006) 
.ISAV = 0 
JSAV = 0 

GO TO 225 



000057 ^ p C INPUT CONTROL BY EITHER NUMBC = EXACT_NUM^p OF CONVECTION CARDS 
0 0 0 0 5 8 C OR SET NUMBC = NUMNP AND END CONVECTION BOUNDARY INPUT BY A 
000059 C NEGATIVE INTEGER 
OOQ060 C — — — — , — .̂ _-_-_ — . — — . . 

?OUND. 

000061 / DO 215 N=l,NUMBC 
000062 / READ (5,5001) I,J,H.TEME.IH.ITEMP.EPSI.FI,NRFI.IS.ITS.TEMS 
000063 c — — --.-—_r r 
0OOJb4 C ' SET FLAG FOR RADIATION CALCULATIONS. 
000065 C — • — — • 
000066 IFd) 217,206,206 _ . 
000067 206 INBC =INBC+1 
000068 TEMP = TEME 
000069 IFd.EO.0)__I=JSAV 
000070 IF(J.EQ.O) J=ISAV 
000071 ISAV = I 
00007 2 JSAV = J 
0 00073 XL=SQRT((X{J)-Xd))••2+(Y(J)-Y(I>)^^2) 
000074 IF (KAT) 207,203,207 
000075 207__XL=XL*(X(I).+X(J))/2, 
000076 208 CONTINUE 
000077 C 
000073 Ĉ SET NODE FLAGS. . 
000079 C JNODEd) = 0, CONDUCTION NODE. 
000030 C JNODEd) = 1. CONVECTION NODE. 
0000 51 C JtiODEd) = 2, RADIATION NODE. 
000082 C — 
1.00033 NI = 0 
000034 IF(IEPSI_.NE, .0) NI .= 1 
000035 JNODEd) = 1+NI 
000036 JNODE(J) = 1+NI 
000037 I8C(N) = I 
OOOOSC JBC(N) = J 
0(i0089 IHBC(fJ) = IH 
000 090 ITbC(N) = I TEMP 
000091 XLBC(N) = XL 
000092 EPS(N) = EPSI 
000093 FN(N) = FI 
000094 NRF(N) = NKFI 
00009b IF(NRFI .GT, 0.) IFLAGR = 1 
0 0009b C — - _ — — —_-
000097 C CHECK FOR H AND TEMP TABLES. 
000098 C 
000099 IF(NTA8 .EQ. 0) _GO_TP 210 
000100 IFdTEMP .GT. 32) ITEMP = 
000101 IFdH .GT. 32) IH = 0 
000102 C • 
000103 C IH .LT. 0 H VS. TIME TABLE. 
000104 C IH .EO. 0 NO H-TABLE. 
000105 C IH .GT. 0 H VS. TEMP. TABLE. 
0 00106 C ~ 
C00107 IF(IH) 201,204,202 
COQIOO 201 IH = -IH _ _ . __ 
C00109 CALL LINT {TIME»TA"B( 1, IH) .H.DX) 
000110 GO TO 204 
000111 202 CONTINUE 
000112 TEMPX = (TI(I)+TI(J))/2.0 
000113 CALL LINT (TEMPX.TA8(1.IH).H, OX) 
0003 14 LOC = ITFACdH) 
000115 FAC = 1.0 
0 0 0 d 6 IF(LOC .GT. 0) CALL LINT (TIMF»TAB( 1,LOC) »FAC,DX) 



_00011_7_J^ H = H_̂ R\C 
000118 ^ 204 CONTINUE 
000119 IFdTEMP .GT. 0) CALL LINT(TIME'TAR( 1, iTEMP) , TEMP,DX) 
0^0120 210 CONTINUE 
0 0 D121 C 
000122 C CHECK VALUE OF EXTERNAL TEMPERATURE, 
0 001?3 C — — • 
Ot0124 HBUC(N) = H 
000125 TEMEdC'N)= TEMP 
000126 TS(N) _= TEVS 
0L0127 IFdTS .EO. 0) TS(N) = TEMP 
0C0i28 WRITE (6,6007) I»J,H,T'EMP»IH,ITEMP»EPSI,FI»NRFI»IS»TS(N) 
.0(0129 215 CONTINUE 
0C0130 217 NUr'UC = IN3C 
0CO131 WRITE (6,2010) NUMBC 
01.0132 CALL CONVOI 
OC 0133 C . 
0^0134 C CALL CONVBC TO CALCULATE THE CONVECTION EFFECTS. 
0C0135 C 
0'0136 DO 218 N=l,NUMBC 
0IIC137 I = IBC(N) 
VJ00133 J_ = JBC(N) 
000139 H = Hn3C(N) 
000140 TEMP = rE'iiiBC(N) 
000141 XL = XLHC(N) 
0i.0.,2 218 CALL CO^vBCd.J.N) 
OC 0143 C 
000144 C CHECK FOR SURFACE-TO-SJRFACE RADIATION CO'-iPUTATIONS._ 
000145 C MORE DATA IS REQUIRED -OR THE LATTER OPTION, 
OOOlii-6 C 
000147 IFdFLAG'^ .EG. 0) G0_TO 225 
"0L0143 DO 220 N=l,NUMbC 
0003 49 NRFI = NRF(N) 
000150 IF(NRFI .EO. 0) 60_TO 220 
OCOlil READ (5,5005,END=800) ISf (FdS.ll. 1 = 1,NRFI) 
0C0152 WRITE (6,6005) IS. (FdS,I)» 1 = 1.NRFI) 
00J153 DO 219 1=1.NRFI 
0LJ151 FdS.I) = (EPS(N)-1.0)*FdS»I) 
000155 IFdS .EO. I) FdS.I) = F(IS.I)+1. 
_000i56 219 CONTINUE 
000157 220 COtiflNUE 
0:0158 CALL RAD 
000159 IFdOUM .EQ. 0) GO TO 612 
000160 WRITE (6,6011) 
OCOlol WRITE (6,6000) (Dd ) »1 = 1 »NUMNP) 
000162 VPITE (6,6012) 
000163 WRITE (6,6000) (B(I),1=1rNUMNP) 
0001o4 WRITE (6,6050) 
000165 DO 610 I=1,NJMNP 
00016b 610 WRITE (6,6600) I,(A(I,J),J=l.NDIM ) 
000167 612 COriTINUE 
000168 225 CONTINUE 
000169 C 
0C0170 C CALCULATE THE TEMPERATURE BOUNDARY CONDITIONS. 
.O00iri_ C -^^j^^" Tr_-:=r 
000172 CALL TEMPDC 
000173 IFdDUM .EQ. 0) (,0 TO 622 

.000174 WRITE ( 6 , 6 0 1 1 ) 
0CO175 WRITE ( 6 , 6 0 0 0 ) ( D d i , I =1 »NUMNP) 
00017b V'RITE ( 6 , 6 0 1 2 ) 



000177 fl 
000178 "^ 
000179 
0 00130 
000131 
000132 
000133 
1.00134 
000185 
000186 
000137 
000188 
000189 
0003 90 
000101 
00J192 
000193 
000194 
000195 
0001Q6 
000197 
000198 
000199 
000200 
000201 
Oi'J202 
000203 
0O9204 
003205 
000206 
000207 
000200 
000209 
000210 
000211 
000212 
000213 
0(10214 

WRITE (6,6000) (0 (I) . I=1,NUMMP) ^ ^ 
WRITE (6,6050) "^' 
DO 620 1=1,NUMNP 

620 WRITE (6,6600) I,(A(1,J).J=l.NDIM ) 
622 CONTINUE 

C GENERATE RECALL TAPE IF ITAPF IS NONZERO. 
r ___« 

IF (ITAPE.EQ.O) GO TO 624 
WRITE (?) NUMPC, MBAND, IFLAGR, TDF, SIGMA, 
1 (IBCd), J B C d ) , IHBCd), ITBCd), HBRCd), TEMEBC (I). XLBC (I) , 
2 IIBCd), JJBCd), E P S d ) , N P F d ) , T S d ) . F N d ) , 1 = 1,NUMBC), 
3 ((Fd.Jl, J=l,inF), 1 = 1,TDF), (JNODFd), 1 = 1,NUMNP) 

624 RETURN 

STOP 
r______ ___________ ___ 
C FORMAT STATEMFNTS 

1001 FORMAT (215,2F10.0.215, 2E10.4»I4, 14, 2A6 ) 
2006 FORMAT C O I J',14X,'H TEMPERATURE H-TAB T-TAB RADIATION 

1EP5IL0N F-FACTOP F-TAPLE NO. ' ) 
2007 FORMAT (IX ,2I5,2E15,6d5,16, 7X,E3 5.6, F17.6,15. IX, 2A6 ) 
2010 FORMAT CONUMBER OF CONVECTION BOUNDARY CARDS - - -',15 ) 
5001 FORMAT (215, 2F10.0, 215, 2E10.4, 214, 12, FIO.O ) 
5005 FORv,(iT (15, 5X , 7E10 .4/( 8E10.4 ) ) 
6000 FORMAT (1X,10C12.4 ) 
6005 FORMAT (IX, 15, 8Elt.6 / (3X.5X, 8E14.6) ) 
6007 FORMAT (jX, 215, 2E15.6, 15. 16. 7X, E15,6, Ei7.6r2I5» 1X» E14.6) 
6011 FORMAT COVECTOR D') 
6012 FORMAT COVECTOR B'l 
6600 FORMAT COUOr',15/ (1X,10E12.4 / ) ) 
6050 FORMAT CO'>"ATRIX A' ) 
9000 FORMAT C 1 ' , ('6X,'AEROJET-GENERAL CORPORATION' / 

1 SOX,'SACRAMENTO,CALIFORNIA' / •0*+*+^ PROGRAM E12202 •••••'. 
2 5X,'FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM' ) 

END 

' 

# 

1 

' 

1 

1 

1 

1 

1 

1 

I 
i 

I 



# a E L T SUBR3.1,720212. 62578 

000001 
000002 
_000C03^ 
0"0004 
300005 
.00 300b_ 
000007 
000008 
000009. 
OCOOIO 
000013 
0000 i2_ 
000C13 
0C0C14 
000015 
"OOOOlb 
000017 
000013 
"OOOCI'J 
000020 
000021 
000022 
'00023 
.000 024 
00002o" 
000026 
_00 0027_ 
000028 
000029 
000030^ 
"000031 
000032 
000033 
0000.0'f 
000035 
000036 
000037" 
000038 
.000039_ 
0(10040 
000041 
0OJC4?_ 
003043 
000044 
_0030'i5 
003046 
C('3047 
.000048 
000049 
000050 
.000051 
000052 
0O0C53 
000054 
000055 
000056 

COMMON 
COMMON 
.COMMON 
COMMON 
COMMON 
.CO>̂ MON 
COMMON 
COMMON 
COMMON 
"COMMON 
COMMON 
COMMON 
"COMMON 

EQUIVALENCE 

El3,_3), HED(t2)» 
TKSOO) 

SUBROUTINE SUBR3 
DIMENSION TC(500) 
COMMON A(500,41). B(500), D(500)f DD(5), _ 

0(500), S(5f5)» T(500), X(500). Y(500), 
OZ75(500), T^B(60,32) 
XC0ND(20) ,_DENS(20). GX(20) 
TEMdO) 
COND,RHO,QXX,QZZ 
TIME, DT, nT?,_H,_TEMP»_XLf XX> YY, TMAX, TINIT 
NUMBC 

P(5) 

NUM» NTAB 

NUMEL 

.EQUIVALENCE 

NUMMT, NDT, INTER» MBAND, 
NDIM,IVARH,IVARC.IPT,IDT,IPUNCH.IDUM 
KODE(500), I<(3). KX(4), LM(5)> KAT> NUMNP, 
ITEMdO), IDTAP(32)» 1TFAC(32) 
IKODE(500) 
INTAB(20,3) 
/TAPE/ ITAPE 

(TFM(1)»XTEM1). (TEM(2),XTFM?)» (TEMtJ)»XTEM3)» 
(TEM(4).XTEM4) _ 
(ITEM(1),ITABK)» 
(ITEM(4),MTYPE) 

(TI(1)»TC(1)) 

EQUIVALENCE (ITEM(2)fITABR). (ITEM(3).ITABQ)r 

NPT = 0 
2. SOLVE FOR TEMPERATURES 

Cx 
C 
C************************ *********************************************** 

;****************************** ***********^***:**i*-************-*1t******^:*rll 
SOLVE FOR NODAL POINT TEMPERATURES 

FORM EFFECTIVE CONDUCTIVITY MATRIX FOP TIME INCREMENT 

DO.320 N=l.NUMNP _ 
IF"(KODE(N)) 320,305,320 

305 IF (D(N)) 310,320,310 
^10_D(N)=DT2*D(N)_ _ 

A(N,1)=A(N,1)+D(N) 
320 CONTltiUC 

WRITE (6»2005) TIME. <N» TC(N)» N=l.NUMNP) 

340 

CALL SYMSO (1) 

CALCULATE TEMPERATURE AT THE END OF EACH TIME INCREMENT 

LL = 1 

CONTINUE ^ '• "" 

1. CALCULATE EFFECTIVE LOAD MATRIX 

DO 400 1=1,NUMNP 
Od)=B(I) 
IF (KODEd)) 400.395,400 

395 Q(I)=Hd>+D(I)^TC(I) 
400_CONTINUE 

CALL SYMSO (2) 

DO 500 1=1.NUMNP 
500 TCd) = 0(1) 



.000057. 
00005S '^ TIME =TIME+DT 
000059 IF(TIME .GE. TMAX) 60 TO 550 
000060 __LL=LL-H 
000061 I IF(LL-INTER) 600,550,550 
000062 550 V'RITE (6,2005) TIME, (N,TC (N) .N=l .NUMNP ) 
0OL063 LL=0 _ 
000064 C "" 
000065 600 CONTINUE 
0O0OG6 IF (TTAPE.G.T.O) 
000067 •WRITE (2) TIME,(TC(N).N=l.NUMNP) 
000068 IF(TIME .LT. TMAX) GO TO 340 
r,V0<jh9 , 50 CONTINUE . 
000070 IF(IPUNCH .EG. 0) GO TO 710 
C03071 C 
0OC072 C PUNCH OUTPUT CARDS FOR_RESTART OPTION 0R_3TRESS_ANALYSIS._ 
0 f) 0 J73 C 
000074 DO 700 N=l,NUMNP 
000075 _̂  700_ WRITE (7,7000) N,KODE(N) .X{N) »Y(N) .T(N) .TKN) »IKODE<N) 
G001"'6 710 CONTINUE 
000077 RETURN 
000078 C 
000079 C FORMAT STATEMENTS 
000080 C 
0(10081 C 
000082 2005 FORMAT (6H0TIME= F12.5/ ( 6(I6»Fi4.4) ) ) 
000083 7000 FORMAT (2I5»4F10,2d5 ) 
0"3034 C__ 
000085 C 
000086 END 
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SUBROUTINE SUBR4 
DIMENSION TC(500) 
COMMON A(500.41). B(500), D(500), DD(5). E(3..3), HED<12)» 

COMMON Q(500), S(5f5)f T(500). X(500), Y(500), TI("5"()"0) 
Q22S(500), TAB{60.32) 
XCOND(20) .__DENS(20) ._GX(20) 
TEM(IO) 
COND,RHO.QXX,QZZ 
TTMC, DT, DT2,_H,.TEMP» XL, XX» YY. TMAX. TINIT 
NUMdC, NUMMr, NDT, INTER» M"BAND, 
NDIM,IVARH,IVARC,IPT.IDT,IPUNCH,IDUM 
K O D E ( 5 0 0 ) , I X ( 3 ) , K X ( 4 ) . _ LM(5)_, KA.Tj 

I T E M d O ) , IDTAB{3?)» ITFAC(32) 
I K 0 D E ( 5 0 0 ) 

INTAn(20,3)^ „ _ 
/TAPE/ 

P(5) 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
'COMMON 
COMMON 
COMMON 
"COMMON 

EOUIVALENCE 

NJM, NTAB 

NUM^Pf NUMEL 

ITAPE, ISTART 
(TEM(l),XTEMl). 
( T F M ( 4 ) , X T F M 4 ) _ 

(TEM(2)'XTEM?), (TEM(3)»XTEM3)» 

EOUIVALENCE 

0) 
C300 
C 
301 

EQUIVALEN_CE_ 
LL = 1 
NPT = 0 
JF(ISTART_.EQ 
READ (3) TIMEf (TC(N) 
IF(TINIT .GT. TIME) 
WRITE (6>2005) TIME* 

M = 1 
GO TO 304 

(ITEM(l).ITABK), 
(ITEM(4),MTYPE) 

( T K D . T C d ) ) 

(ITEM(2).ITABR), (ITEM(3)»ITABQ)» 

_G0 TO 301 
N=l,NUMNP) 
GO TO 300 
(N. TC(N), N=l,NUMNP) 

C 2. SOLVE FOR TEMPERATURES 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C 

c 

SOLVE FOR NODAL POINT TEMPERATURES 
li.*** *************** A******** **************************ili*i********iit!r* 
FORM EFFECTIVE CONDUCTIVITY MATRIX FOR TIME INCREMENT 

( T d ) , B d ) . D d ) , 1 = 1,NUMNP) 

GO TO 305 

302 CONTINUE 
READ (lL_KAJIj.J)_,_J=l»MBAND) .I = 1,NUMNP1. 
READ (1) 
REWIND 1 
LL=LL+1 
CALL SUBR7(LL) 

304 I F d D T . E G . 0) GO TO 305 
I F (J IM E . L T . _T AB (MA,tJ)T)_) 
DT = T A B ( M + 1 , I D " T ) 
DT2 = l . / D T 
M =_r i4 2 
GO TO 304 

305 DO 320 N=l,NUMNP 
I F ( K 0 D E ( N ) ) _ 320.308,320 

300 IF(U{N)) 310,320.310 
310 D(N)=DT2*D(N) 

A(N,3 )=A(N.l)-t-D(N) 
320 CONTIfJUE 

CALL SYMSO ( 1 ) 



^ I , 
000058 C CALCULATE TEMPERATURE AT THE END OF EACH TiTiE INCREMENT 
000059 C 
000060. C 
000061 C ' 
000062 • C / 1. CALCULATE EFFECTIVE LOAD MATRIX 
0U0033 C / 000064 / DO 400 1=1,NUMNP 
000065 ' G d ) = B d > 
.OOOOCjo IF_(KODFd))_400,395f400. 
000067 395 Qd)=B(I)-fDd)+TC(II 
000068 400 CONTINUE 
.000069. C 
000070 CALL SYMSO (2) 
000071 C • 
000 0 72 .DO 500 I = 1,NUMNP_ 
000073 500 TC(I) = Q d ) " 
00007'i C 
.000075 TIME =TIME+QT 
000076 IF(TIME .GE. TMAX) GO TO 550 
000077 C 
OOOG7;5 I P ( L L - I N T E R ) _ 5 5 5 I L 5 5 0 , 5 5 0 _ 000079 550 WRITE {6»2005) TIME, (N» TC(N)f N=l.NUMNP) 
000080 LL=0 
000081 555 CONTINUE 
000082 IF (ITAPE.ST.0) 
(00033 •WRITE (2) TIME,(TC(N)»N=1,NUMNP) 
.U10034 IF(TIME .L_T._ TMAX) GO TO 302_ 
000085 50 CONTINUE 
000086 I F d P U N C H . E G . 0) GO TO 710 
000087 C • 
000033 C PUrJCH OUTPUT CARDS FOR RESTART OPTION OR STRESS ANALYSIS. 
000039 DO 700 N=l,NUMNP 
000093 700_ WRITE (7,7000)_N,KOOE.CN) ,X(N) , Y (N) >T (N) >TKN) > IKODE<N) 
000091' 7l"0" CONTINUE 
000092 RETURN 
000 093 C _ 
"000 0 94 C FORMAT STATEM"E"NT"'S 
000095 C 
000093 C 
000097 1007 FORMAT (215,2F10.4,215 ) 
000098 2005 FORMAT (6H0TIME= F12.5/ ( 6(I6»F1U.4) ) ) 
000099 2007 F0RMAT_(2Ib, 2E15.6,;?I.5 J 
0(10100 7000 FORMAT (215,4F10.2, [5 ) 
000101 C 
000102 C 
"0 00103 END 

1 
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000001 
000002 
000003 
'000004" 
000005 
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'OOJOI6 
000017 
000 138 
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000021 
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000023 
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000026 
000327 
000028" 
000029 
_000030_ 
000031 
000032 
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000035 
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000039 
"000040' 
000041 
000042_ 
000043 
J0004^ 

J 00045_ 
000C45 
000047 
_000043. 
000049 
000050 
_000051„ 
000052 
000053 
0(i0054_ 
000055 
0OO056 

SUBROUTINE SUBR5 
DIMENSION TC(500) 
COMMON A(500,41). B(500),_D(500), DD(5). 

COMMON 0(500), S(5»5)f T("500), X(500>. Y(500) 
COMMOrJ Q7?S(500). TAB(60.32) 
..COMMON XCOrJD(?0), DSNS(20). OX (20) 

TEM(10) 
COND,RHO,QXX,QZZ 
TIME, DT, DT2._H. TEMP, XL' XX_»„Y„Y» _TMAX.. 
NU"EC, NUMMT, NDT. INTER' MBAND, 

E(3.3)» HED(12)> 
TKSOO) 

P(5) 

COMMON 
COMMON 
.COMMON 
COMMON 
COMMON 
_COMMON 
COMMON 
COMMON 
CO'-IMON 
COMMON 
COMMON 

jriNIT 
NUM, NTAB 

NUMEL 
NDIM, IVARH. I i/ARC. IPT. IDT, IPUNCH. IDUM 
KODE(500)j^ I<(3). KX(4). LM(5), KAT> NUMNP, 
I T E M d O ) , IDrAB(32)r ITFAC(32) 
IKODE(500) 
INTAB(20,3)_ 
/SAVEl/ ISAVi:{500,5) 
/TAPE/ ITAP,:, ISTART 

EQUIVALENCE. ( TEM (1) ,XTEMl) »_(TEM(2) .XTEM2) f (TEM(3) .XTEM3) f. 
(TEM(4),XTEM4) 

EQUIVALENCE (ITE'I (1) , ITABK) » (ITEM(2)' ITABR), 
(ITEM(4),MTYPE) 

(ITEM(3)»ITABQ)» 

(TKD'TCd)) 

30.0_ 

301 

303 

EQUIVALENCE 
NPT = 0 
y^j: 1. 
LL = 1 
IFdSTART .EG. 0) 
READ (3)_ TIMEj_(TC(Nl! 
IF(riNIT .GT. TIME) 
WRITE (6,2005) TIME. 

GO TO 304 

GO TO 301 
N=l,NUMNP) 
GO TO 300 
(N, TC(N). N=l,NUMNP) 

CONTINUE 
CALL SUBR6 
LL=LL+1 
CALL SUBR7"(LL) 

2. SOLVE FOR TEMPERATURES 
C 
C 
C 
C 
_C 

c 
c 

*********************************************:********:*** *HI**********:**i*l 

SOLVE FOR NODAL_POINT.TEMPERATURES 

FORM EFFECTIVE CONDUCTIVITY MATRIX FOR TIME INCREME'JT 

304 IFdDT .EG. 0) GO TO 305 
IF(TIME .LT. TAB(MdDT) ) 
DT = TA6(M-t-l,I0T). 
DT2 = l./DT 
M = M+2 
GO TO 304 
DO 320 N=l'NUMNP 
IF(KODE(N)) 320.303.320 

_308 _IF(D(N>) 31 0 , 3 2 0 L 3 1 0 
310 D(N)zOT2*D(N) 

A(N,1)=A(N,1)+D(N) 
320 CONTINUE 

GO TO 305 

305 

OPTIONAL DUMP OF VECTOR D AND MATRIX A. 



. 0 0 0 0 5 7 
000058 ' ^ I F d D U M .EQ. 0) 60 TO 330 
000059 WRITE (6.6011) 
.000060 WRITE„(6'6000J (D( I) . I = 1.NUMNP) 
000061 DO 325 I=1'NUMNP 
000062 325 WRITE (6,6600) I.(A(I»J).J=l,NDIM ) 
.0000o3_ 6000 FORMAT (1X,10E12.4J 
C000o4 6011 FORMAT COVECTOR D' ) 
100065 6013 FORMAT COVECTOR Q' ) 
.300066 6600 FORMAT CO-^OWIS/ 3(_lX. 10E12.'*/) J . 
0 00057 C — — — — — — — — 
000068 330 CONTINUE 
OOOOSq CALL SYMSO d ) . 
000070 C 
300071 C CALCULATE TEMPERATURE AT THE END OF EACH TIME INCREMENT 
00n072__ C . 
000073 C 
0000 74 C 
000075 _ C_ l...CALCULATE_EFFECTIVE L0AD_MATRIX 
000076 C 
000077 DO 400 1=1,NUMNP 
000073 0̂(I)=B(T) 
000079 IF (KODEd)) 400,395.400 
000030 395 G(I)=Bd)+Dd)^TC(I) 
000031 400 CONTINUE . 000032 C 
000 083 C — — — — . 
.000034 _C OPTIONAL DUMP__OF VECTOR_Q AND MATRIX A, 
0 00085 C 
000066 I F d D U M .EQ. 0) GO TO 340 
000037 IDUM = 0 ^ „ 
000033 WRITE (fa,6013) 
0O0CS9 WRITE (6,6000) (Qd),1=1.NUMNP) 
.C00090 DO 335 1 = 1,NUMNP . 
000091 335 WRITE (6,6600) I.(A(I»J),J=l,NDIM ) 
0 00092 C — - — 
000093 340 CONTINUE 
"00009.̂  CALL SYMSO (2) 
000095 C 
000096 DO 500 1 = 1,NUMNP 
000097 500 TCd) = Od) 
000098 C 
000099 TIME =TIME+DT 
'OOOlOO "IF(TIME .GE. TMAX) 60 TO 550 
000101 c 
000102 IF(LL-INTER) 555.550,550 
000103 550 WRITE (6,2005) TIME, (N. TC<N)» N=l,NUMNP) 
000104 LL = 0 
000105 555 CONTINUE 
"300106 IF (ITAPE.GT.O) 
000107 •WRITE (2) TIME'(TC(N)»N=1.NUMNP) 
000103 IF(TIME .LT. TMAX) G0_ TO 303 
000109 50 CONTINUE 
000110 I F d P U N C H . E G . 0) GO TO 710 
000111 c • 
000112 C PUNCtI OUTPUT CARDS FOR RESTART OPTIOM OR STRESS ANALYSIS. 
QOOllo C 
000114 DO 700 rj=lf NUMNP 
000115 700 VRITt (7,7000) N,KODE(M),X(N).Y(N),T(N),TI(N)»IKODEIN) 
00011b 710 CONTINUE 



000117 
"ooo 118 
000119 
0 0012^ 
000121 
000122 
000123 
"000124 
000125 
"00126_ 
"000127 

RETURN 

FORMAT STATEMENTS 

1007 FORMAT (2I5,2F10.4'2I5 ) 
2005 FORMAT (6H0TIME= F12.5/ ( 6(I6'F14.4) ) 

I 2006 FORMAT (40H0 I J 
2007 FORMAT (2I5.2E15.6,2I5 ) 
7000 FORMAjr_(215,4F10.2'I5 )_ 

END 

H 
) 

"TEMPERATURE' ) 

• ^ 

J 
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SUBROUTINE SUBR6 
DIMENSION TC(500) 
_ COM'^ON A(50n,41),_B(500)» D(500). 0D«5)' E(J'3)' HED(12). P(5) 
COMMON 0 ( 5 0 0 ) , S ( 5 » 5 ) ' T ( 5 0 0 ) , X ( 5 0 0 ) , Y ( 5 0 0 ) » TKSOO) 
COMMON 0 2 2 5 ( 5 0 0 ) . T A 3 ( 6 0 , 3 2 ) 

.COMMOrj XCOND(20)f DENS ( 2 0 ) , OX ( 2 0 ) 
COMMON TEMdO) 
COMMON COND,RHO,QXX.QZZ 
COMMON T IME, DT, 0 T 2 , H, TEMO. XL, XXi. YYf_TMAX,_TI'>JlT , 
CO'-", .ON NUMBC, NUMMr I. NDT, INTER' MBAND, NUM, NTAB 
COMMON N D I v , I V A R H , I 7 A R C , I P T . I D T , r D U M r H . I D U M 

.̂ COMMON KODC(500) . I , < ( 3 ) , K X ( 4 ) , L M ( 5 ) . KAT» NUM'JP. NUM^L 
COMMON I T E ' M I O ) , I 0 r A B ( 3 2 ) ' I TFAC(32 ) 
COMMON IKOOE(500) 
COMMON IMTAB(20,3) 
C0"t10N /SAVEl/ ISAVE 

EQUIVALENCE 
(500,5) 

(TFMd) , XTEMl) , 
(TEM(4)'XTEM4) 

EQUIVALENCE (ITEM(1),ITABK), 
dTEM(4) ,MTYPE) 

EQUIVALENCE. (TKD.TCd)) _ _ 

(TEM(2),XTEM2)' <TEM(3)'XTEM3)' 

(ITEM ( z u iTABR~) 7~n TEM13 ) 7 I T A ¥ Q 1 T 

110 

DO 110 1=1,NUMNP 
Dd)=0.. 
B(I)=0. 
DO 110 J=1,NDIM 
Ad,J)=0. 

************************.****.*******i*i*:***********************i***iJ**:****i*r* 

FORM CONDUCTIVITY MATRIX FOR COMPLETE BODY 
, * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i * * * * * * * * * * * * * * * * * * * * . * * * 1 f * * * * * * L * * * * * * L * 1 t 

DO 200 N=l,NUMEL 
: 1. READ 0.̂  GENERATE ELEMENT PROPERTIES 

L M d ) = ISAVE (N, 3 ) 
.LM(2) = ISAVE(N,2) 
LM(3) = ISAVE(N,3) 
LM(4) = ISAVE(N,4) 
J^TYPE_=_ISAVE(N,5) 
OZZ = Q/2S(N) 
COND = XCOND(MTYPE) 
RHO = DENS(MTYPE) 

ITABK = INTAB(MTYPF.l) 
ITABR = INTA3(MTYPE,2) 
ITABO = INTAB(MTYPE.3) 

C-
C 
C-

2. FORM ELEMENT CONDUCTIVITY MATRIX 

CALL CONMAT 
200 CONTINUE 

RETURN 
END 
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000001 SUBROUTINE SUBR7(LL) 
000002 / DIMENSION TC(500) 
000003 / COMMON A(500.'+l). BJJ500).__D(500)._DD(5)_. £(3.3). HED(12). P(5) 
'-U0C0't~~ 7 COMVON Q(500). S(5.5). T(500). X(500)» Y(500)". TI(500) 
3O000'j COMMON Q^ZS(500). TAB(60.32) 
P00006 COMiVQN XCOND(20) . _ D E N S ( 2 0 ) A _ Q X ( 2 0 ) 
000007 COMMON TCM(IO) 
OOOOOa COMMON COND.RHO.QXX.QZZ 
000009 COMMON TIME. DT. DT2. H. TEMP. XL. XX. YY. TKAX. TIMIT 
000010 COM'lON IRivjc. NUMMT. NDT. INTER. MBANO. NUM. NTAB 
000011 COf'iMON NOIM. IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 
000012 CO.-'MON KODE(bOO) . r<(3). KX(4). LM(5). KAT. NUMMP. NUMEL 
000013 COMMON ITEM(IO). IDrAB(32). ITFAC(32) 
000014 COMMON IKODE(500) 
OOOOlb , COMMON INTAB(?0.3) 
000016 COMMON /BC/ IPC(200). JBC(200)» IHBC{20n). ITBC(200). HBPC(200)f 
000017 1 TEMEBC(?00). XLBC(200). IIBC(200). JJ8C(200) 
OOOOla COMMON /RAOCON/EPS(200), F(20.20). SIGMA. NRF(gOQ). IFLAGR 
000019 1 . FN(200). BQ(20). KTEM(?0). TS(?00) 
000020 EQUIVALENCE (TEM(1).XTEMl). (TFM(2)»XTEM?)» (TEM(3>.XTEM3)» 
000021 C_ (TEM(4) .XTEM4) 
000022 EQUIVALENCE (ITEM(1).ITABK). (ITEM(2).ITABR). (ITEMO).ITABO). 
000023 C (ITEM(t).MTYPE) 
000021 EQUIVALENCE (TI(l). rc (1) ) 
000025 C — — _ — — — . 
000026 IF(NUMBC . L E . 0 ) GO TO 220 
000027 I F ( L L . L T . INTER) GO TO 200 

'GCI002J VRITE ( 6 . 9 0 0 0 ) 
0Ci0029 ''/RITE ( 6 . 2 0 0 6 ) 
0( '0030 200 CONTINUE 
0(10031 DO 210 N=1.NUM3C 
0 ( 0 0 3 2 IH = IHBC(N) 
000 033 _ _ I T E M P = ITBC(N) 
000034 H r H8BC(N) 
00003^ TEMP = TEMEBC(N) 
000 036 I = _IBC(N) 
000037 J ="JBC(N) 
000 038 C • — — — 
_000G39 Ĉ IH .LT.^O H VS. TIVE_TABLE_._ 
000040 C IH .EO. 0 NO H-TABLE. 
000041 C IH .GT. 0 H VS. TEMP. TABLE. 
000042 C 
000043 IF(IH) 201.204.202 
000044 201 IH = -IH 
000045 CALL LINT__(TIME.TAB (1. IH)^.H»DX) 
000046 60 TO 204 
000047 202 CONTINUE 
000040 TEMPX^^ = J TCJJJJLTC (J) ) /2.0 
000049 CALL LINT (TEMPX»TAB(1»IH).H. DX ) 
000050 LOC = ITFAC(IH) 
000051 , FAC = 1,0 _^ _ ^ 
000052 IFtLOC .GT. 0) CALL LINT(TIME.TAB(1.LOG).FAC.DX) 
000053 H = H*FAC 
_000054 2̂04 CONTINUE „ __ 
000055 IFdTEMP .LE. 0) GO TO 205 
000056 CALL LINT (TIME.TAB(1.ITCMP).TEMP.DX) 



J3 0 0 0 5 7 _ J ^ LOC = ITFAC(ITEMP) 
0 0 0 0 5 8 F A C =1.0 
000059 IF(LOC .GT. 0) CALL LINT (TIME.TAB(1.LOC).FAC.DX) 
.000060 __T^MR„=_FAC*I£MP 
000061 205 COtJTINUE 
000062 • ,' HBBC(N) = H 
,000163 T£MEBC(N) =„ TEMP 
00 0064 C - — ——»-._ -_ — — _ -
0U0')65 210 CONTINUE 
_000066 DO 215 __N=1.NUM3C ^ 
000067 C CORRECT FOR NODAL OFF-SET. 
0UU068 I = IBC(N) 
_000069 J_ = J3C(N) __._ 
000070 H = H8BC(N) 
000071 TEMP = TEMC3C(N) 
000072 XL = XLBC(N)_ 
000073 IF(LL .GE. INTER) WRITE (6.2007~) I. J. H» TEMP 
000074 C • 
000075 . _ _ C CALL COix'VBC TO_CALCJJLAT£ THE CONVECTION EEFECTSt 
0 000 76 C — 
000077 CALL CONVBC (I.J.N) 
OCiU07a 215_ CONTINUE . 
000079 IFdFLAGR .EO. 1) CALL RAD 
000080 REWIND 1 
OOOO&l 220_CONTINUE 
00 0032 C — 
0U033 C CALCULATE THE TEMPERATURE BOUNDARY CONDITIONS. 
'>oyo84 c -_ -• --T ----——_-Tr-r^-j-
000085 CALL TEMPBC 
000086 RETURN 
000087 2006 FORMAT (40H0 I J H TEMPERATURE ) 
00008U 2007 FORMAT {2I5.2E15.6) 
000080 9000 FOKMAT ('1'.46X.•AEROJET-GENERAL CORPORATION' / 
U00090 1_50X,'SACRAME_NT0.CALIFORNIA* / '0***** PROGRAM E122n2_ *****_•_._ 
0U0O91' ' 2 SXf'FEM TWO-DIMENSIONAL TEMPERATURE ANALYSIS PROGRAM' ) 
000092 END 



U ET^SUBRS. 1.720212. 62588 

000001 
000002 
000003 
000004 " 
000005 
000006 
C00007' 
000008 
0 00009__ 
OOOOIO 
OuOOli 
000012^ 
'000013 
000014 
000015 
0O0016 
C'.oni7 
000018 
000019^ 
000020 
000021 
'000022" 
000023 
000024 
000025' 
000026 
000C27_ 
00002a 
000029 
00003U 
'000031 
000032 
000033 
'00003'r 
000C35 
000036^ 

'00003r 
000030 
000039^ 
'000040 
000041 
JH) 0 042_ 
000043 
000044 
_e00 04 5_ 
0U0046 
000047 
_000040_ 
000049 
000050 
JK)0C51_ 
000052 
000053 
000054 
000055' 
000056 

SUBROUTINE SUBR8 

STEADY-STATE PROBLEM. 

1 

DIMENSION TC(500). 
COMMON A(500.41)»^ 

COMMON Q(500). S(5. 
COMMON QZZS(500). T 
COMMON XCOND(20) f_^ 
COMMON TFM(in) 
COMKOrJ COND.PHO.OXX 
COMMON TIME._DT. DT 
COMf'iON NUMdC. NUMM 
COMMON NDIM.IVARH.I 
COMflON KODE(500) ._I 
COMMON ITEM(10). TO 
COv,|v.ON IKODE{500) 
CO.l,.lON_INTAn(20.3)_ 
COMMON JNODE(500) 
COMMON /TAPE/ I TAPE 
COMMON /nc/ IBC{200 

TEMEBC(200). XLBC( 
LOGICAL DAMP. DFl. 
COr-iNiON /LOGIC/ DAMP 
COMMON /DMPING/ OMP 
COMMON /RADCON/EPS( 
. FN(250). 80(40). 
' EQUIVALENCE (TEM 

(TCM 
EQUIVALENCE (IT 

(ITL 

EQUIVALENCE (TKl). 
EQUIVALENCE (lEPSd 

N T C ( 5 0 0 ) . I E P 5 ( 2 5 0 ) 
3 ( 5 0 0 ) . 0 ( 5 0 0 ) . DD(5J_» 
5 ) . T ( 5 0 0 ) . X ( 5 0 0 ) 
A B ( 6 0 . 3 2 ) 
H :NS(2O) . ox(2n) 

EJJjZU HEDL12!L»_ 
Y(500 ' )» T I ( 5 0 0 ) 

P ( 5 ) 

.o?z 
?. H. TEMP. XL . XX. YY. TN'AX. T I N I T 
r . NDT. INTER ."̂  'MB 'AND 
VARC. IPT . IDT . IPUNCH. IDUM 
< ( 3 ) . K X ( 4 ) . LM(5)j-__ J U T . NUMNP. 
r A P ( 3 2 ) . I T F A C ( 3 2 ) 

NUM. NTAB 

NUMEL 

) f J B C ( 2 0 0 ) . I H B C ( 2 0 0 ) . I T B C ( 2 0 0 ) . HBBC(200 ) . 
2 0 0 ) . 1 1 8 0 ( 2 0 0 ) . JJBC(200> 
DF2> DF3. T0L4 
. „ D F 1 . D F 2 . D F 3 . T0L4 
1. DMAXl. DMP2. DMAX2. DMP3. DMAX3. TOLN 
250), F(40.40). SIGMA. NRF(250)f IFLAGR 
KTEM{40) _ 
(D.XTEMl). (TFM(2) .XTEM2). (TEM(3) .XTEM3)» 
(4).XTEM4) 
M(l).ITABK). (ITEM^ 2).ITABR). (ITEM(3).ITABQ). 
M(4).MTYPE) 
TC(1).NTC(1)) 
) .EPSd)) 

IRAD = 0 
IRADl _= 0 
DO 290 I=1.NUMBC 
IFdEPSd) .EQ. 0) 
IRAD = 1 

GO TO 290 

0) 

GO TO 292 
290 CONTINUE 
292 CONTINUE 

IF(INTER .LE. 
ICONV = 0 
ITER = IVARC+NTAB-dRAD 
NITER = 1 
LL = 0 
GO TO 305 

300 CONTINUE 

INTER = 20 

IF IVARC IS NON-ZERO. CONDUCTIVITY IS VARIABLE WITH TEMPERATURE. 
OTHERWISE. ONLY THE H ON THE BOUNDARY ARE VARIABLE tlUH TEMPERATURE 

IFdVARC .GT. 0) 
IFdRAD .67. 0) 
IF(MTAB .EQ. 0) 

GO TO 302 
GO TO 304 
GO TO 303 



_000057 
000058 
000059 
000060 
000061 
000062 
000063_ 
( 0 0064 
0C00o5 
,0 0 0066 
000067 
000068 
J)OO069_ 
000070 
000071 
000072_ 
000073 
000074 
000075 
0U0076 
000077 
000078 
000079 
COOORO 
OOuCSl 
000002 
000033 
_ooooe4_ 
00008b 
000086 
_000087„ 
000088 
000089 
_no0090. 
C00091 
000092 
_000093_ 
CO0J9', 
0(10095 
000096_ 
000097 
000098 
_000099^ 
000100 
000101 
^000102 
0U0103 
000104 
_000105_ 
OOOlOo 
000107 

_oou3oa 
000109" 
0001)0 
000111 
000112 
000113 
00U1J4 
000^15' 
000116 

-iOjiL 
( ( A d . J ) . J=1.MBAND). Irl.NUMNP) 
(Id). B d ) . D d ) . I=1.NUMNP) 

302 

303 

305 

J10_ 

_C0NT1NUEL 
READ (1) 
READ (1) 
_REWIND_ 1 
GO TO 303 
CONTINUE 
_CALL SUnR6 
CONTINUE 
LL = LL+1 
,CALL SUBR7(LLJ___ 
CONTINUE 
DO 310 in.NUMNP 
Od) = Bd) 
CALL SYvsod) 
CALL SYMS0(2) 
IF(ITER .EQ._0)_ 
IF(NITER .EG. 1) 

GO 
GO 

TO 
TO 460 

CHECK FOR DAMPING. 

_311 

GO TO 31<* 
312 

314 
GO TO 350 

320 

350 

IF(DAMP) GO TO 400 
_ CONTINUE, , 
DO 312 I=1.NUMNP 
IF(NTC(I) .EO. 0) 60 TO 312 

„TEMP = ABS((TCd)-Q(„IJ)/TC (!)_)_ 
IF(TEMP .GT. TOLN) 
CONTINUE 
GO TO 350 ,_ 
CONTINUE 
IF(NITER .GE. INTER) 

_ TF(NITER .GE. INTFR-2 
IV.RITE (6.2005) NITER. 
URITE (6.2005) NITER. 

„D0 320 Irl.NUMNP 
TCd) = Od) 
NITER = NITER+1 

_G0 TO 300 
CONTINUE 
hRITE (6.2005) NITER. 

_RITER = NITER 
IFdTAPE .GT. 0) 
IFdPUNCH .EQ. 0) 

) 
(N.O(N). Nrl.NUMNP) 
(N. Q(N). N=1»NUMNP) 

(N»0{N)» N=1.NUMNP) 

WRITE 
GO TO 

(2) 
710 

RITER. (Q(N). N=1.NUMNP) 

PUNCH OUTPUT CARDS FOR RESTART OPTION OP STRESS ANALYSIS. C 
C 

DO 700 N=1.NUMNP 
700 WRITE (7.7000) N. X(N). Y(N). Q(N) 
710 CONTINUE 

RETURN 
400 CONTINUE 
C 
_C DAMP ITERATED^VALUES, 
C 

DO 450 N=1.NUMNP 
ITRA = JN0UE(N)+1 

C 
C IF ITRA EQUAL 1. CONDUCTION NODE. 
_C IF ITRA CGUAL 2. COkiVECTION NODE. 
C IF ITRA EQUAL'3. RADIATION NODE. 
C 



000117 ^ P 60 TO (mo. 415. 420). ITRA 
000118 410 IF( .NOT. DFl) 60 TO 450 
00 0119 C •^— 
0(i0120 C DAMP CONDUCTION NODES. 
000121 C . 
000122 • DMP = DMPl 
000123 DMAX = DMAXl 
"000.'.24 GO TO 425 
000125 415 IF( .NOT. DF2) 60 TO 450 
00ul2b C 
000127 C DAMP CONVECTION NODES. 
000128 C 
J3(iOl29 DMP _= Dr'P2 
000130 DMAX = DMAX2 
0 00131 GO TO 425 
0 0 01 32 420 IF ( . r.'OT. DF3) J50_T0_ 45p_ 
'000133 C 
000134 C DAMP RADIATION NODES. 
000135 C 
0 0013b DMP = DMP3 
000137 DMAX = DMAX3 
00UI38 42A__DIFF_= Q(N)-TC(N) 
000139 XTEM = DIFF*DMP 
000140 0(N) = TC(N)+XTEM 
000141 IF(AB5(XTEM) .GT. DMAX) Q(N) = TC(N)^-SIGN(:)MAX.DIFF) 
000142 450 CONTINUE 
000143 GO TO 311 
:0014'l: 460 CONTINUE 
0 00145 C' , — — — 
000146 C CHECK FOR INITIAL GUESSES. 
(100147 C INIT =_0. NO INI ri_AL GUESSES. 
00014a C INIT = 1. INITIAL GUESSES ARE GIVEN F()R SOME OR ALL NODES. 
000149 C 
000150 INIT =JD 
000151 ' DO 465 N=1.NUMNP 
000152 IF(NTC(N) .GT. 0) INIT = 1 
000153 465 CONTINUE^ 
00U154 ' DO 470 N=1,N0MBC " 
000155 IF(NTC(N) .GT. 0) SO TO 470 
0 (> 015 6 •( C (N) _ =_0 (̂N j 
000157 470 CONTINUE 
000153 IFdNiT .EQ. 1) GO TO 400 
000159 G0_T0_314 
000160 C 
000161 C FORMAT STATEMENTS 
0OU162 C 
000153 C 
000164 2005 FORMAT COITERATION NO.*. 14/ ( 6d6.F14.4) ) ) 
000165 7000 FORMAT (15. 5X. 2F10 .i»»__20X. F10.2 ) 
000166 END 
000167 END 



0 E"C 

000001 
000002 
000003 
0O0004 
0O0O05 
ooc.oo 
000007 
000008 
0O0009 
000010 
000011 
000012 
000013 
000014 
000015 
0 0 0 016 
000017 
000318 
000019 
000020 
000021 
Oi tu22 
000023 
000024 
000025 
000026 
0 00027 
000028 
000029 
000030 
000031 
000032 
0O0C33 
000034 
000035 
000036 
000037 
0O0C33 
000039 
000040 
000041 
000042 
00001x3 
'J00044 
P00045 
000046 
0 00047 
000C4S 
000049 
000050 

' 000051 
000052 
000003 
0OU064 

000055 
000056 

r SYMSO. 

• C 

c 
c 
c 

c 
c 
c 

c 
c 
c 

1.720212. 62590 ' ^ 

, SUBROUTINE SYMSO (KKK) 

/ DIMENSION TC(500). IA(500.41) 
/ COMMON A(b00.41), B(500). 0(500). DD(5)» E(3.3). HEDd2)» P{5) 

COMMON Q(500). S(5.5). T(500), X(500). Y(500). TKSOQ) 
COMMON O27S(S00). TAR(60.32) 
COMMON XC0ND(20). DENS(20). OX(20) 
COMMON TEM (10) 
COMMON COND.RHO.OXX.OZZ 
COMMON TIME. DT. 012. H. TEMP. XL. XX. YY. TMAX. TINIT 
C0I1N0N NU^'BC. NUMMr. NDT. INTER. MBAND. NUM. NTAB 
COMMON NDIM.IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 
COMMON KODE(500). 1/(3). KX(4)» LM(5). KAT. NUMNP. NUMEL 
COMMON ITEMdO). IDTAP(32). ITFAC(32) 
COMMON IKODF(500) ' 
COMMON INTAB(20.3) 

EQUIVALENCE (TCM(1).XTEMl) . (TFM(2).XTEM2). (TEM(3)»XTEM3)» 
C (TFM(4).XTEM4) 

EQUIVALENCE (ITEM (1). ITABK) . (ITEM(2) . ITABR) . (ITEMO) »ITABQ) » 
C (ITEM(4).MTYPE) 
EQUIVALENCE (TI(1)»rc (1) > 
EQUIVALEfJCE (NN.NUMlxlP) . (MM.MBANO) • ' 
EQUIVALENCE (A(1,1) . IA (1.1) ) 
DATA NAZ/0/ 
CO TO (1000.2000).KKK 

REDUCE MATRIX 

1000 DO 280 N=1»NN 
DO 270 L=2.MM 
IF(IA(N.L) .EQ. 0) 60 TO 270 
C=A(N.L)/A(N.l) 
I = N+L-1 
IF(NN-I) 260.240.240 

240 J=0 
DO 250 K=L.MM 
J=J+1 

250 Ad.J)=A(I.J)-C*A(N,K) 
260 A(N,L)=C 
270 CONTINUE 
280 CONTINUE • , 

GO TO 500 

REDUCE VECTOR 

2000 DO 295 N=1.NN 
DO 285 L=2.MM 
I-N+L-1 
IF(NN-I) 290.285.285 

285 Gd)=Q(I)-A(N.L)*0(N) 
290 CONTINUE 

IFdA(N.l) .NE. 0) 60 TO 295 

IP A(N,1) = 0..PRINT ERROR MESSAGE. 

NA2 = NAZ+1 

*»)rf^. 

1 

1 

1 

1 

i 
! 
1 

1 
i 

1 

1 

1 
1 
i 

t 

1 
i 

1 

t 

1 

] 
j 

! 

1 
1 
1 
1 

1 
1 
! 
1 



_000057__^M ÎL<NAZ .GT. 100) S0_T0__295_ 
000058 ^ A ( N . l ) = 1.0 
000059 WRITE (6.6000) N 
_00006n 6aOQ_FORMAT_J » 0A(*.I3.'> 1) = 0.* ) 
C 00061 C 
000062 295 0(N) = Q(N)/A(N.l) 
000063 C 
)U0064 C ' BACK SUBSTITUTION 
OJOOoS C 
000066 N=NN 
000067 300 N = N-1 
000068 IF(N) 350.500.350 
000069 350 D0_ 400 K=2_.MM 
000070 L = N+K-1 
CJ0071 IF(NN-L) 400.370.370 
000072 370 C(rJ) = Q(N) - A(N.K) * G(L) 
C00073 400 CONTINUE 
C00074 CO TO 300 
0300/5 C 
00007b 500 RETURN 
030077 C 
OJ0078 END. 

END CUR 



PROGRAM E3 2205 



000001 c 
D00002 C / PROGRAM E12205. PLOTS ISOTHERMS FROM OUTPUT TAPE GENERATFD 
000003^ C / BY PROGRAM E1220?. 
'0U0U0'+ 7 RLAL*ft TARRAY(?0). HE0ING(12) 
O',0005 DIMCMSIOtJ IRC(90n). HE0(1?) 
0(.0UU6 ^CO\iMOtLJA_(900) . TAb(6n,3?) 
000007 COMMON INTAB(10.3)» ISftVE(900.5). KODE(900) 
00000b PEAL*i+ TIMEI5(2)/'TI'>'E IS '/. TFMPS(?)/«TEMPS •/ 
0(0009 COtlMON /COM/ K̂. NUMEL. IA(1?00). IR( 1?00)JL._IC (1?00 )_.„ ID (120fL) . 
oiUOlO * KA(1200). B(1200). C(l?0n), D(1?00) 
OCOOll COMMON /PDATA/XOR. DXL. YOR. DYL. J'^LAG. ISIZE. MAXLM. ITRA 
0(o012 1 . NXL. N'YL 
0C0U13 EQUIVALENCE (KODE(1'.130(1)). (KSTOP.TSTOP). (HEDINGC1).HED(1)) 
000011* rcjIvALENCE (TSTOP. tSTDP) 
1.0 0 015 ^ (>- _ ' 
00U016 ISTOP = 0 
000017 PEWIIID 2 
OOOOIH C __ I 
000019 C READ FIRST RECOR-D. 
0 00020 C — I 
GCOO?! READ (?) HED. NUMNP. MUM^L. KAT. NUVMT, MTAT. ISS. TVARC _ ^ 1 
000022 1 . ((IMTAn(I.J). J=L.3). TA(I). TA(I). TA(I). I=l.f)UMMT). 
000l'2i 2 ((T/NM(K.L). K = l.bO). KODE(L). K03r(L). L=1.32). ' 
00002'+ ^ 3 (nM.KOnE(M) fKODF(ri) . BC^). C (M) . TA (M) ,TA (M) .TA (M) , M=l.NUMNP) [ 
0 0 002b C 1 
0 0 J 0 2 6 C R E A D THE ELEMENT CARDS. 
OC 0027____ C-—^-.-----~--- ^__-__-____________^ 
0OUO28 DO 1+ I = l.r)l)riEL ' "I 
000029 READ (?) N. IA(I). IB(I). IC(I). TD(T). ITYPE ' 
0 O J O 3 O H CONTINUE i 0 0 0031 C 
000032 C READ THE B.C. CARDS, 
OOOOiS <^-VZTZ -^-L 
00003'* READ (2) NUMfiC. IFLAG7. ̂ F. SIGMA. (IRC ( T ) . II. II. 11.11.11.11 
oooo3o 1 . II. n . II. II. n . I = I . N U M P C ) . 
00003O 2. I (ISAVEd.J) . J=l.fJF) . 1 = 1.NF) ._ (Inc(l)» I = 1.NUMNP) 
"000037 10 READ (5.100. END=99) TSTART. TSTOP. 
00003S 1 XOR. DXL. YOR. DYL. NXL. NYL. JFLAS. ISIZE. MAXLN. 
OOOOSq 2 NTEMP. (TARRAY(I). I = 1.NTEMP) ^ 
OOOOiiO IF- (ISTOP .EQ. 0) TSTOP = lOOOOOO. 
oooom c 
000042 C r-'OOIFY IhPUT DATA FOR POSSIBLE ROUNDOFF. 
rjU0G43 C 
000044. TSTART = TSTART - l.Of-fe 
C0u04b ^ TSTOP_= TSTOP _^l,Or-f, 
0 00 04b C • 
0001)47 C SETUP THE DX AND HY FOR PLOT. 
0U0048 C ~_ ---. 
00004^^ l-'RITF (6.200) HEDING. TSTART. TSTOP. NTEVP. (TARRAY ( 1) . I = 1.NTEMP) 
000050 CALL PLSCAL (NUMNP.B.C) 
OOOObl 20^PEAD (2)_ TIMi^. (D(I). 1 = 1.NUMNP) 
000052 30 IF (TIME.LT.TSTART) GO TO 20 
000053 IF (TIME.GT.TSTOP) GO TO 40 
000054 ISTOP = 0 _ _ 
000055 V'RITE (6.400) TI"E 
000056 WRITE (6.500) (KA(I).^(I).C(I).D(1).1=1.NUMNP) 



_000057_ 
000058 
000059 
_O0OC6O 
000061 
0 0 O 0 D 2 
n0 00u3 
I 00064' 
f 00065 
('U0066_ 
000067 
OOOObO 
000069 
O00U7O 
000071 

_0l 0 0 7? 
000073 
000074 
Of 0075 
01U076 
000077 
0000 78 
000079 
ooooao 
ouooai_ 
OC 0082 
01 0003 
000084_ 
000065 
0(0086 
000087^ 

"o(0088 
OC 0 0 J 9 

_0l. 0090 
~UC0091 
0C0092 
OC0093 

S -—^ 
C DRAW AXES AND LABELS. 
C 

CALL NEWFRM (HEDING ) 
C ~. 
C DRAW GEOMETRY. 
_C_--- •- _ _ _ _ _ _ _ „ _ _ _ ___. 

CALL PLBOUN 
C „, 
_C^ PLOT_THE ISOTHER'-'S. 
C _ 

CALL PLTEMP (TARRAY.NTEMP) 
CALL PLTRC (TI'^EIS. 6.'+00 .20 .2'0_L 
CALL PLTMU (TIME.2.bOO.20.2.0) 
CALL PLTfC (TEMPS.a.0.1000.2.0) 
LI'iELE = 1000 
DO 35 I=1.NTEMP 
LINELE = LINFLE - 40 
CALL PLTNH (TARRAY(T) .!._ 0.LINELEL.2.Q) 
CALL PLTBC (I. - 1 . 1.75. LINELf. 2» 0) 

35 CONTINUE 
IF ( TI ME .LT. TSTOP )„_ GO TO 20 _. . 

40 JSTOP = 1 
GO TO 10 

C__999 WRITE (6.60()^) TIME 
9Q CALL PLTFIN 

STOP 

) 100 FORMAT (6F10.2. 514/ 12. 10F7.2/ 10F7.2 
200 FORMAT C I ' . 24X. 12A6/ '0 START T I M F = ' . 

*_F10.2.10X.'STOP^TIf^E= • .FIO.?/' ONUMSFR OF TEMPERATURES=« 12// 
* (1X.10F10.2) ) 

300 FOKMAl (10X.5I10) 
400 FORMAT (//12X.'TIME::'.F10.2/12X.'NODE'.13X.'R'.19X.'Z'»19X»»T'//) 

FCKMAl "(10X.I5.3F20.5) 
FORMAT COLAST TIME READ FROM TAPE='.FIO.2) 
END 

500 
bOO 



Q ELi NTABS.1.720113. 47756 

000001 NTAbS 10 
0OC0O2 • READ 5 
000003 PRINT 6 
U00004 TAPE 2.'R' . RECALL TAPE FOR ISOTHEP-'S AND NODAL PLOTS. 
00U005 TAPE 9.'H' . ANSC PLOT TAPE 
OOOOOb TYPE 10 
000007 END 



OC 
00 
_0L 
OC 
o: 

0-
OL 
OC 
OC 
01 
01 
OC 

' JC 
OC 
OC 
OC 
0 0 
0 0 
00 
0 0 
0 0 

"'or 
0 0 
0 0 
0 0 
0 0 
00 
"ou 
0 0 
_oc 
0 0 
0 0 
OC 
OO 
oo 
00 
"00 
00 
00 
00 
00 
^0 0 
0 0 
00 
00 

'OO 
00 
00 
ou 
0 0 
00 
0 0 
ou 
ou 

' 00 
00 

001 
002 
003_ 
004 
005 
006_ 
007 
008 
0O9 
010 
oil 
ai2_ 
013 
014 
015_ 
016 
017 
0X8 
019 
020 
021_ 
022 
023 
024 
025 
026 
027 
028 
029 
030 
03r 
032 
033 
0 3''-'" 
035 
03b 
037"" 
038 
039_ 
040 
041 
042_ 
043 
044 
045_ 
046 
047 
048_ 
049 
050 
051_ 
052 
053 
054 
055 
056 

SUBROUTINE PLBOUN 

_LOCATE_AND DRAW_THE_C0NFIGURATIPN._ 

GIVEN- N l AND N2 
MULTIPLY N2 RY 1 0 * * ( - 3 ) 
ADD N l AND N2 
R=r ' l + N?= XXX„YYY 

_ INTEGER*4 _ NS(5) . ^ 
PEAL*4 G d O O O ) . R l ( 2 ) . Z l ( ? ) 
COMMON /COM/ K. 'JUMCL. I A ( 1 2 0 0 ) . I B d ' O O ) . I C d 2 0 0 ) . 1 0 ( 1 2 0 0 ) . 

_± ^ K A ( 1 2 0 0 ) . R ( 1 2 0 0 ) . C d g O O ) . D d 2 0 0 ) 
COMMON /PDATA/XOR. DXL. YOR. DYL. JFLAG. ISIZE. MAXLN. ITRA 

1 . NXL. NYL 

ooi'^'iono 
_001<^5O00. 
00196000 

9 
12 

"1̂4"" 
15 

"13 
16 

"11" 

18 

'19 
20 

"17 

10 

K = 0 
DO 10 1=1. 
NSdJ=IAd 
r)S(2)=lHd 
NS(3) = ICd 
_NS(4)=IDd 
f,S(5)=N3d" 
DO 11 J=l. 
IF (rjS(J<-l 
p = FLOAT( 
GO TO 9 
P = FLOAT( 
'IF (K) 16. 
DO 13 L=l. 
IF ((R+.OO 
IF (G(L)-( 
G(L)=-1. 
60 TO U 
"CONTINUE 
K = K + 1 
G(K)=R 

'CONT"l"NUE 
J=0 
DO 17 L=_lj 
IF'(G(L)) " 
J=J+1 
GO TO 17 
IF (J) 17. 
LL=L-J 
G(LL)=G(L1 
"CONTINUE' 
K=K-J 
CO'vlTINUE 

NUMEL 
) 
) 
) 
) 
) 
4 
)-NS(J)J 
NS(J+1))^ -•- F 

i.a 
LOAT(NS(J) 

tiS(J)) 
16.12 
K 
01)-G(L))_ 13 

K-.oool)) "rs 

))/1000. 

+ FLO^T(NS(J+l))/100n. 

.14.14_ 

.15.15 

K 
18.18.19 

17.20 

no 
WRITE (6.110) (Gd) .I = 1.K) 
FORMAT (//(10F10.3)_) 
DO 30 1 = 1.K " 
Nl=IFIX(G(I)) 
P = ( G d ) - FLOATJNI) "I^CUOOOS 
N2=IF1X(R) 
Rl(l)=B(Ml) 

P020U000 

00206000 
00206100 
00206200 
_00?063no_ 
00207000 
00208000 

00212000 

00215000 
00216000 

"0"02180'0"0" 
00210000 
00220000 
oo??iono 

_00??3000 
00224000 
-00225000 
00226000 

" 002?70no" 

00229000 
00230000^ 
00231000 

_002?''000 
00?330no' 
00231000 
oo235nno 

)*10OO. 

002^9000 

00254000 

•00'?56000' 
00256100 



_00 0 0_57_ 
000058 
000059 
000 060^ 

' UOOObl 
000062 
000063 
1 0 0064 
n000b5 
000066 
"000067 
000068 
000069 

Rl(2)=B(N2) 

24 

71(1>=C(N1) 
Zl(2)=C(N2) 
GO To (24.26). 
WRITE (6.100) Nl. 
CALL PLTPT (0.2.4 
GO TO 30 
WRITE (b.lOO) Nl.' 
CALL PLTPT (0.2.4 

ITRA 
ri2 
>4. 

_00?56?00_ 
00256300 
00256400 

. S(I). Rl. Rl 
O . l . R K D . Z K D ) 

26 WRITE (b.lOO) Nl. N2. 3(1). Zl. Pi 
.4. 0.1.71(1) .Rid)) 

30 CONTINUE 
RETURN 

100 FORMAT (5X.2I5.5F15.5) 
END 

00262000 

00263000 



000001 
000002 
0C0003__ 
U00OO4 
0C0005 
_OCOQOb 
OC0007 
000008 
000009 
JOOOIO 
OCOOll 
00o012_ 
0UC013 
000014 
0C0015_ 
000016 
000017 
000018 
0C0019 
000020 
000021_ 

"000022 
C0023 

1100024 
U00025' 
000026 
_000027_ 
(100028 
0L0029 
_OC0030 
0C0031" 
000032 
0C0033_ 
0C003't 
000035 
000036 
"OC0037 
OC0038 
JC0039 
0C0040 
0C0041 
GC0042_ 
"0C004O 
000044 
000045 
"OC U046 
OC J047 
0 U J 0 4 8 _ 

"OC L 0 4 9 

010050 
OC 0051_ 
OC 0052 
OC 0053 
')00054_ 
000J55" 
000056 

C-
_c 
C-

.1 

10 

12 

SUBROUTINE PLSCAL (NUMNP,B.C) 

SET-UP THF COORDINATE SYSTEM. 

DIMENSION HEDINGd?). Bd200). Cd?00). CONSTdO) 
_DATA CON5T/l..l.?5.1jt5.2.0.2.5.4.n.5.0.6.0,5.0.10.0/ _ 
COMMON /PDATA/XOR. DXL. YOR. DYL. JFLAG. ISIZE. MAXLN. ITRA 
1 . NXL. MYL 
FQUIVALENCE (DXL.IXL). (JQYL.JYL) .__(XORT .R^FII) ._ (YOR 1.70RT )__ 

J.2MlfiSfiL. 

IFLAG = 0 
XORI = XOR 
YOKI = YOR 
vLAB = DXL 
YLAb_= DYL 
rXLAB = "XL*100 
NYLAB = ^YL•100 
^IF(fjyL_.tQ._0) 
IF(NYL .EO. 0) 
II-(MAXLEN .EO. 0) 
1F( dXL^.NE. 0) 
PMIN 
RMAX 
ZMIN 
ZMAX 
DO 5 
_IF 
IF 
IF 
IF 

_NyLAB_=_l5n_ 
NYLAB = 150 
MAXLEM = 3300 

,AND. (lYL .NE. 0)) 
1000000.0 ' 

-inooooo.o 
J 0 0 0 0 0 0 . 0 _ 
- 1 0 0 0 0 0 0 . 0 

I=l .^ lUMtJP 
( B d ) .GT.RMAX) _ 
( f a d ) . L T . P M i r j ) 
( C d ) . G T . Z M A X ) 
( C d ) _ . L T . 2 M I ( J ) 

CONTINUE 
PRAriG=ABS(RMAX-RMIN) 
2RANG =__AdS(7MAX-2MIN)_ 

.GT, 

GO TO 40 

_RMAX 
RMIN 
ZMAX 
ZMIN 

=_Pd2_ 
= B d ) 
= C d ) 
= C d ) 

IF(ZRANG RRANbl IFLAG 

J? MI 
Z'll 

14 

16 
25 

XORI 
YOR I 
TEST 
IFdFLAG 
FACT = 1.0 
IFdESTvLT 
TEST = TES 
FACT - FAC 
GO TO 10 
IFdEST.GE 
TEST = TfS 
FACT = FAC 
GO T0_ 12 
"DO 16 1= 
DELT = CON 
IF(TEST.LE 
"COfiTIMUE 
COmiNUE 
M 2 E - 1.0 
IPdSiZE . 
YLAb = DEL 

N 
N 
(ZMAX-

GT. 0) 

.10.0) 
T/10. _ 
r*io. 

.1.0) 
T-^10. 
1/10. 

•ZMIN) f.l8 
TFST = (RMAX-PMIN)*0.18 

GO TO 12 

GO TO 14 

I.JO 
STd) 
• DFLT 

GT. 0) 
T*FACT/SI/E 

GO TO 25 

SIZE = 3.0 

1?401841 
12401842 
1240l843_ 
12401844 
12401845 
12401846 
"l?4niP47 
1P401848 
12401f49 
12401850 
124C1851 
12401852 
"12401853 



# 

000001 
000002 
000003 
( 00004 
000005 
000006 
000007 
000008 
000009 
000010 
000011 
0 0 0 012 
000013 
000014 
000015 
000016 
000017 
0 U u 018 
00 0019 
000020 
000021 
000 ;22 
00002 6 
000024 
000025 
000026 
000027 
0000 ̂f. 
000029 
000030 
C00031 
000032 
000033 
000034 
0(10035 
00 003b 
000037 
000030 
000039 
000040 
000041 
000042 
000043 
000044 
000045 
0 0004b 
000047 
000048 
000049 
000050 

. 000051 
nooOD2 
000053 
000054 
000055 
000056 

— . — 

C — 
C 

r_—-. 

5 

r_ — 

10 

12 

14 

16 
25 

0 
; SUBROUTINE PLSCAL (NUMNP.B.C) 

SET-UP THF COORDINATt^ SYSTEM. 

DIMENSION HEDIN3(12). B(1200). C(1200). CONSTdO) 
DATA C0N5T/1..1.25.1.5.2.0,2.5.4,0.5.0.6.0.8.0.10.0/ 
COMMON /PDATA/XOR. DXL. YOR. DYL. J=^LAG. ISIZE. MAXLN. ITRA 
1 . NXL. ^̂ YL 
FQUIVALENCE (DXL.IXL). (OYL.IYL). (XOPT.RORI). (YORI.ZORT) 

IFLAG = 0 
XOIU = XOR 
YOKI = YOR 

t /LAB = NXL*100 
KYLAB = NYL*100 
ir(NyL .EO. 0) NXLAB = 150 
IP (NYL .EO. 0) NYLAB = 150 
IF(MAXLEN .EQ. 0) MAXLEM = 3300 
IF( (IXL .NE. 0) .ANO. (lYL .NE. 0)) GO TO 40 
RMltJ = 1000000.0 
pMAX = -1000000.0 
ZMIN = 1000000.0 
ZMAX = -1000000.0 
DO 5 I = l.NUMrjP 

IF (Bd) .LT.R-'IN) RMIM = R d ) 
IF (Cd) .GT.7MAX) ZMAX = C d ) 
IF (Cd) .LT.7MIN) Z'«IN = C d ) 
CONTINUE 
PRArJG = ARS(RMAy-RMIN) 
/RANG = ABS(7MAX-ZMIN) 
IF(ZKANG .GT. RRANG) IFLAG = 1 

XORI = RMIN 
YORI = Z"IN 
TEST = (ZMAX-ZMIN)*.18 
IFdFLAG .GT. 0) TFST = (PwAX-RVIN) *0.18 
FACT = 1.0 
IF(TEST.LT.IO.O) GO TO 12 
TFST = TEST/IO. 
FACT = FACr*10. 
CO TO 10 
IF(TEST.GF.I.O) GO TO 14 
TFST = TEST+10. 
FACT = FACT/10. 
GO TO 12 
DO 16 1=1.10 
DELT = CONST(I) 
IF(TF5T.Lr.DELT ) GO TO 25 
com Î |UF 
CONTINUE 
SIZE = 1.0 
IFdSI7E .GT. 0) SI7E = 3.0 
YLAB = DELT+FACT/SIZE 

12401826 

, 

• 

12401841 
12401842 
12401P43 
12401844 
12401845 
12401846 
l?uniP47 
12401848 
12401849 
12401850 
1?401R51 
1?4018'^2 
12401853 

0 
*•«*-

1 

1 

/ 1' 

, 

1 

' 



000057 H 
000058 
000059 
000060 
OOOObl 
000062 
000063 
000064 
0000b5 
000 (166 
000067 
OOOObO 
000069 
0 00070 
000071 
000072 
000073 
000074 
000075 
00007b 
0000 77 
00007a 
000079 
ooooao 
000081 
0000 82 
C00083 
00008'^ 
000085 
00008b 
000007 
000088 
000039 
000090 
000091 
000092 
000093 
000094 
0 00095 
000096 
000097 
000098 
000099 
000100 
000101 
000102 
000103 
0C0104 
000105 
000106 

1 

30 

32 
34 

37 
38 

39 
40 

C 

42 

44 

50 

60 

101 

XLAB = YLAB ^ B 
TEST = XOPI/XLAB 
TEST = AINT(TEST) 
yORI = XLAa*TFST 
IF(XORI .GT. RMIN) XORI = XORI-XLA"^ 
TEST = YORI/YLAB 
TEST = AINT(TEST) 
YORI = YLAB*TFST 
IF(YORI .GT. ZMIN) YORI = YORI-YLAB 
IFdFLAG .GT. 0) GO TO 37 
FACT = (RMAX-X0RI)/XLA3*FL0AT(NXLAB) + 400 
GO TO 38 
FACT = (ZMAX-YORI)/YLAR*FLOAT(NYLAB) + 400 
MAXLEN = FACT 
TF(MAXLEN .LE. 4000) GO TO 40 
IFdFLAG .GT. 0) GO TO 3^ 
XLAB = XLAB*rACT/4000. 
GO TO 40 
YLAB = YLAB*FACT/4000. 
CONTINUE 
RETURN 

ENTRY NEWFKM (HEDING) 
IF(JFLAG .GT. 0) IFLAG = JFLAG 
ITRA = 1 
IFdFLAG .GT. 0) ITRA = 2 
IFdXL .EQ. 0) GO TO 42 
XLAB = DXL 
RORI = XOR 
IFdYL .EO. 0) 60 TO 44 
YLAB = DYL 
ZORI = YOR 
CONTINUE 
IF(MAXLN .GT. 0) MAXLEN = JP0*MAXLN 
IF(NXL .GT. 0) NXLAB = NXL 
lF(tJYL .GT. 0) NYLAB = NYL 
MXRS = MAXLEN 
IFdSIZE .GT. 0) MXRS = -MXRS 
IF (IFLAG .GT. 0) GO TO 50 
CALL PLTSU (0. RORI. ZORI. 400. 150. XLAB. YLAB, 
1 150. 175. MXRS. 0. 0) 
60 TO 60 
CONTINUE 
CALL PLTSU (0. ZORI. PORI. 400. 150. YLAB, XLAB, 
1 150, 175. MXRS. 0. 0) 
CONTINUE 

RETURN 
F0RMAT(2F15.5) 
END 

12401859 

12401Rf.2 

* 

, 

NXLAB. NYLAB.2,2. 

' 

NYLAB. NXLAB,2,2, 

00071000 
00073000 

^ B 

1 

1 

i 

" • • ; • • 

4 
\ 
1 



000 
000 
_00 0 
000 

uoo 
0 00 
000 
000 
0 0 0 
000 

uoo 
0(10 
000 
0')j 

000 
ouo 
0 0 0 
OliO 
0 0 0 
0 00 
OOO 
"0(;0 
000 
01)0 
000 
000 
J) 0 0 
OJO 
000 
oco 
oOo 
000 
000 
^000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
0 00 

000 
0 0 0 
000 
000 

001 
002 
0 03_^ 
004 
0 05 
006„ 
007 
008 
009 
010 
oil 
012_ 
013 
014 
015 
01b 
017 
OlO 
019 
"?.0 
021 
J22" 
023 
024 
025 
026 
027 
020 
029 
030 
031" 
032 
033 
C34" 
035 
036_ 
037 
038 
Oo9 
040 
041 
042_ 
043 
044 
045 
046 
047 
048 
049" 
050 
051 
052 
053 
054 
055 
056 

SUBROUTINE PLTEMP (TARAY.NTEMP)' 

PLOT THE ISOTHERMS. 

DiMErjSION tJS(5) . R ( 5 ) . Z ( 5 ) . T ( 5 ) .TAPAY(20) .DATA (20 . 2 . ? ) 
_ D I M E N S I 0 N _ P T ( 2 ) . P S ( ? ) 
COMMON /COM/ K. NUMEL, IA(1200). 18(1200). IC(1200). ID(1200). 
* KA(1200). R(1200). 0(1200). 0(1200) 

_ C0MMON_/PDATA/XOR. OXL^^YOR .„_DYLj__JFLAG.__TSIZE. MAXLN. J T R A 
1 . fJXL. NYL 

10 

T T 

"I? 

1 3 

20 

22 

23 

25 
26 
27 

35 

_l»RITC ( 6 . 1 
DO 40 1 = 1 . 
DO 8 J = l . t J 
D A T A ( J . 1 . 1 
N S ( 1 ) = I A ( I 
N S ( 2 ) = I B ( I 
r i S ( 3 ) = I C d 
N S ( 4 ) = I D ( I 
DO 10 J = l . 
K=NS(J) 

" N = K A { K ) 
P ( J ) = B ( K ) 
7 ( J ) = C ( K j _ 
T ( J ) = D ( K ) 
R ( 5 ) = R ( 1 ) 
Z ( 5 ^ = 7 ( 1 ) _ 
T ( 5 ) = T ( 1 ) 
no 30 j = i . 
I F ( T ( J ) - T 

"i"r="j 
I 2 = J + 1 
GO TO 13 

" I I = J + 1 
I 2 = J 
_no 20 K=l_. 
IF (Tdl)-
CONTINUE 
^CO T0_30 
Kl=K 
DO 23 K=l. 
IF (Td2)-
CONTINUE 
K2 = fJTEMP 
CO TO 26 _ 
K2=K-1 
IF (K2-K1) 
TDI5T=S0RT 
"no 38 K=K1 
TTEMP=T(I2 
_CTEMP=TARA 
"PERCT=CTL'-' 
RDIS'^=PERC 
7DIbT=PERC 
IF (PATA(K 
KK = 1 

00) 
NUMEL 
TEMP 
= -1. 

4 
(J+D) 11,12.12 

00271000 
_D0PJL1500. 

NT^MP 
'T"ARAY(K))" 22,22.20 

NTEMP 
TARAY(K)) 25,25.23 

30.27.27 
( (P (11)-R d2))**2-*-(Z(Il)-Z(I?))**2) 
.K2 
)-Tdl) 
Y(K)-Tdl) _ 
P/TTEMP 
T*ABS(R(H)-Rd2)) 
li'APS(Z(Il)-Z(I2)) 
.1.1)) 35.36.36 

00275000 
00276000 
00277000_ 
00278000 
00278100 
00278200 
00278300 
0027^000 
00280000 
00281000' 
00281100 
00?Pl2nO 
00281300^ 
00282000 
On?P3000_ 
00284000 
00285000 

"00287000" 

_002890(^0_ 

002°1000 
002^2000 
00293000' 
.00294000 
_00?"^5000_ 
002b6000 
002C17000 
00298000 
00299000 

_0070in00_ 
00302000 
00303000 

00306000 
_00707000_ 
00308000 
00309000 
00310000 
00311000' 
00312000 



000057 
000058 
000059 
OOOObO 
000061 

• GO TO 37 
36 KK=2 
37 IF (R(I1)-R(I2)) 29.29.31 
29 DATA(K.KK.l)=Rdl)+RDlST 

GO TO 32 

• 00313000 
00314000 
00^15000 

00317000 

# 
*»fcrf*» •• 

000062 31 nATA(K.KK.l)=Rdl)-RDIST 00318000 
000063 32 IF (Z d 1)-Z(I2) ) 33. 33.34 00319000_ 
J00064 733 DATA(K.KK,2)=Zdl)+ZDIST 
000065 GO TO 30 
C 0006b 3̂4 DATA(K.KK.2)=ZJIl)j-ZDIST P0322000_ 
000067 38 CONTINUE 
000068 30 CONTINUE 00723000 
000069 DO 40 K = l.NTEMP 003?4000_ 
OC0070 IF (nATA(K.l.l) ) 40,3''.39 O0'̂ 2'=;000 
OC0071 39 PT(1)=DATA(K.2.2) 00325500 
00 00 72 ^PT(2)rDATA(K.1.2) 003^6OO0_ 
000073 PS(l)=DArA(K.2.1) 00326500 
000074 PS(2)=DATA(K.1.1) 00327000 
000075 GO TO (50.5?).ITRA _ 
00007b 50 CALL PLTPT (0. 2. 4. 4. K. 1. PS(1). PT(1)) 
000077 GO TO 54 
00 0 078 52 C ALL_ PLTPT „(_0 .__ 2. 4, 4. K. 1. P T d ) . PSd)) 
0(10079 54 CONTINUE 
000080 V,R1TE (6.200) PT(1). PS(l). PT(2). PS{2). K 
000 081 4J)_CONTINUE . 00^30000_ 
OOOOU? RETURN 00332000 
0(00«3 100 FORMAT COISOTHERMS PLOTTED'//18X.'^'.19y.'Z'.19X.'R*.19X.'Z'. 
OCOOat, * 4X . ' TEMP' /84X. '̂ I0. « //) 
000065 200 FORMAT (1X.4F20.5.15) 
000086 END 00333000 



000001 , SUBROUTINE PLTSU (MOVEON.XORIG. YORIG, NXPLOT.NYPLOT.XLABLD. 
000002 / 1 YLABLD.NXLAB.NYLAB.NXPRAC.NYFRAC.NXLINE.NYLINE. 
000003 / 2 MAXX.NXSCAL.NYSCAL) 
000004 ' J DATA IPLOTF. NPLOTS /O.O/ 
000005 DIMENSION IbUF(lOOO) 
_0 0 0 0 0 6 C — .. — — 
000007 IFdPLOTF .EO. 1) GO TO 10 
000008 REWIND °i 
000009 CALL PLOTS (IBUF. 1000^.9) 
'o 00 010 C 
000011 C CONVERT OFF-SET ORIGIN TO INCHES. 
0 00012 ^ C , 
000013 IPLOTF = 1 
000014 r-PLOTS = 0 
000015 ^_ XCONST = 0. 
000010 ^~ GO TO 15 
000017 CIO XLLN = N'AXLEfl 
O O O O I B ^ C CALL PLOT (XLEN. 0 . .'998) 
000019 » 10 COrjTINUE 
000020 IF(MOVEON .EQ. 1) GO TO 15 
000021 XCONST_= XCONST + FLOAT (MAXLFN) 
f'00022 15 NPLOTS = NPLOTS+1 
( 0u0?3 SCALEX = 1. 
J00024 S C A L L Y _ = 1. 
"000025 IF(NXSCAL .NF. 0) SCALEX = 10.**NXSCAL 
000026 IF(NYSCAL .NE. 0) SCALEY = 10.+*NYSCAL 
000027 XORIGN = XORIG*SCALEX _ ^ 
00002b YORlGfJ = Y O R I G * S C A L E Y 
000029 yORI = FLOAT(NXPLOT)/100. 
000030 YORIj:_FLOAT(NYPLOr)/100. ^ ^ ^ 
'000031 DXL = FLOAKNXLAR )/100. 
000032 DYL = FLOAT(MYLA" )/100. 
000033 DELTAX = XLARLD/DXL î SCALFX 
'00003t DELTAY = YLARLD/DYL^SCALEY 
000035 MAXLEN = IABS(MAXX)/100 + 2 
00 0 036 c —:::r~~~r̂  -z —~ — 
000037 C SET-UP NEW LOGICAL ORIGPJ. 
0 00 038 C 
000039__ XORIG =_X0RI+yC0NST 
"000040 ' CALL PLOT (XORIG.YORI.-3) 
000041 LEN = dABS("AXX)-tJXPL0T+99) 
0 00 04? C----_ — - - - — - - -. 
"000043 C COrJVERT LENGTH OF X-AXIS TO INCHES. 
00 0 044 C 
000045 ITICK = LEM/MXLAB v 1 
00004b XLEN = FLOATdTICK-l)*DXL 
000047 XL = XLF'J + DXL 
000048 XV = FLOAT( ITICK) _ *yLAPLD +_XORJ^GN 
"00004b HEIGHT = 0 . 0007*FLO(^T (NXLAB) 
000050 C > 
000051 C DRAW X-AXIS__ 
0 00 0-jd C . 
000053 CALL PLOT (0..0..3) 
000054 CALL PLO r (XLEN. 0. . 2J 
0 00 055 c — ^ ^ —~ "—T—.^":r—r__;;^_ j__::^_^_;;r_»_r^^____::;^—z.:^. 
000056 C DRAW TICK MARKS AND LABE..S. 



^ ^ - ^ 000058 ^ C -. 
000059 WRITE (6.6000) NPLOTS. XORI. YORI. XL'̂ 'N. oyL. XORIGN. YORISN. 
00 0 060 J. __ IT ICK 
"000061 C -. 
C00062 DO 100 1=1.ITICK 
000063 / VL = XL - DXL 
"0000b4 7 CALL PLOT (XL.0..3) 
OOOObS CALL PLOT(XL.-0.14.2) 
00006b yv = XV-XLABLD 
000067 CALL tJUMRER (XL.-.25.HEIGHT.XV.O..NXFRAC) 
000068 lOO CONTINUE 
0 0 0 0 D9 C — 
000070 C DRAU Y-AXIS. 
0 00071 C • 
00b072 YLtN = 1000._ 
000073 IF(MAXX .LT. 0) YLEN = 2850. 
000074 YLEN = YLEN - YORI 
000075 ITIC!^ = IFIX(YLEN)/NYLAR + 1 
000^76 YLEN = FLOAT(ITICK-L)*DYL 
000077 YL = YLEN-tOYL 
00C078 YV = FLOAT( ITICK) t-YLABLD + YORIGN 
000079 HEIGHT = 0.0007*^LO^T(NYLAB) 
000080 CALL PLOT (0..0..3) 
000081 CALL PLOT ( 0 . . YLErL'2J 
'O000fa2 PO 110 1=1.ITICK 
000083 YL = YL - DYL 
000084 CALL PLOT (0..YL.3) 
000085 CALL PLOT (-.14.YL..2) 
000086 YV = YV-YLABLD 
000087 CALL NUMPFR (-0.25. YL.HEIGHT.YV.oO. .NYFRAC) 
"000088 ' llO COrJTINUC 
000009 RETURN 
000090 C 
000091 ENTRY PLTBC (BCI.NUMRCI.NXBEGN.NYPEGN.ISI7E.IVERT) 
000092 C 
OOOObS C ^CONVERTTO INCHES. 
J00 094 C • 
0000"5 XPAGE = FLOAT(NXREGN)/100.-XORI 
000096 YPAGE = FLOAT ( NYBEGN)/I 00 .-YORI 
000097 hiCHAR = NUMDCI 
000098 ANGLE = 0 . 
0000_99 lFdVERT„.EQ. 1) ANGLE = 90. !i_ 
000100 HEIGHT = FLOAT(ISIZE)*0.10 
000101 CALL SYMBOL (XPAGF.YPAGE.HEIGHT.BCI.ANGLE.NCHAR) 
_000102 FNETURCJ 
000103 C 
000104 FNTRY PLTPT (IPLOT.NUMPT.INCX.INCY.ICOOF.INCSYM.X.Y) 
000105 C — ^- -̂  
OOOlOo DIMENSION XARRAY(102).YARRAY(102).X(1). Y(l) 
0 00107 C 
00010b INTEQ J= ICOOE 
000109 LINTYP = INCSYM 
000110 IFdPLOT .EQ. 1) LITJTYP = - LINTYP 
000111 ICOUNT = NUVPT 
000112 IX = INCX/4 
000113 lY = INCY/4 
000114 II_= 1 
000115 JJ = 1 
000116 XARKAYd) = X(1)*SCALEX 



0 0 0117 ^IP Ŷ ARR A Y d ) = Y(l) •SCALEY 
000118 200 NPTS = 100 
000119 IF(ICOUNT .LT. 100) NPTS = ICOUNT 
noiil Ml 1 TCOUNT = ICOUNT-100_ 
uonl.'l ' r no 210 1=2.NPTS 
uOul.f̂ ' • / II = II + IX 
OUO 123 _ / J J = JJ+IY __ 
000124 / XARRAY(I) = XdI)*SCALE'x 
000125 / YARRAY(I) = Y(II)*SCALEY 
000125 210 ^CONTINUE ... 
000127 XAKKAY(NPTS+1) = XORIGN 
000128 XAHRAY(NPTS+2) = DELTAX 
0OU129 _YARKAY(:iPTS+l ) = YORIGN _. _ _. . . 
000130 YAKRAY{riPTS + ?) = DELTAY 
000131 CALL LItJE (XARRAY.YARRAY.NPTS.1. L!VTYP,IMTFO) 
0001 3 2 _ _ __XARKAYd) _= XAf.RAY ( 1 00) 
0 0 0 1 3 3 ' Y A K R A Y d ) " = YARRAYdOO) ' 
000134 i F d C O U N T . G T . 0) GO TO 200 
000135 PETURN ,. . , 
000136 C— — - . 
000137 ENTRY PLTNU (XLOC.NUMDEC.NXLOC.NYLOC.ISIZE.IVERT) 
000136 C .-_. 
000139 XORR = FLOAT ( N X L O O / I O O . - XORI 
000140 YORR = FLOAT ( N Y L O O / I O O . - YORI 
000141 HElGtiT = FLOAT ( I S I Z E ) * . 1 2 
000142 ANGLE = 0 . 
000143 I F d V E R T .GT . 0) ANGLE = 9 0 . 
000144 CALL NUMBER JJ<ORR.Y^RRj.HELGHJ.XJXC^NGLE_.NiJWECJ 

""000i45" " RETURN' 
000146 C- • 
000147 ENTRY PLTFIN 
0 00148 C 
000149 XLEN = MAXLEN 
000150 CALL PLOT ( XLEN.O. ..999) 
"000151 • "REWIND "9 
C00152 WRITE (6.9000) 
000153 WRITE (10.9000) _ 1 
": 00154 60in5"FORMAT"'('l "ENTRY PLTSU. PLOT N0.'.I'3/ • y^ORlG DISt = •» F10.6/ 
:00i55 1 ' Y-ORIG DJST = '. FIO.6 / ' PLOT SIZE = •' FIO.4. ' INCHES'/ 
: 0 0156 2 ' TICK MARK I NCR.. J= '_._ F_10 .6.. •_ INCHES'/ ' ^ 1 ST_ T [ CK_MARK_AT_: _V/_ 
'00'0157 3 "» X'= '. F10'.6. » ' Y = •'. FIO.6 / 
000158 4 • NO. OF TICK MARKS ON X-AXIS = '. 16 ) 
D00159 9000 FORMAT ( 'OFILE CLOSED _OhL_TAPE__H.D_IJ5M_OIJiiT_M[L.SENO_70_ANSC.̂ ^̂ ^̂  
'jOOlbO" ifO. THArJK YOU.' ) , , 
00.0161 END 



PROGRAM E12206 



000001 C • 
000002 ' DIMENSION IBC(500). H'^Dd?) 
000003 / COMM0N_TA(500)._TAB!60.32)^ 
000004 ' CONiMON INTAB(10.3). ISftVE (S'OO. 5) . KODE(500) 
000005 COHMON/PLTTS/ NPT .NNODE. PTIME(IOOO). PNODEdOOO.10). NODE(IO) 
000006 REAL + 4 HEOIfiGd?). TC(500) 
000007 INTEGER*4 ISTOP/0/. lEOF/O/ 
0JO008 FQUIVALENCE (KODE (1 i . IRC (1)) . (KSTOP.TSTOP). (HEDINGd) .HEDd) ) 
00 0009 C — -r—^ — 
"oOOOlO 10 NPT = 0 
OCOOll REWIND 2 
000012 PEAD (5.100.END=9b.ERp-=9qQ) TSTART. TSTOP 000013 IF(KSTOP .EO. 0) TSTOP = 1000000.0 
0 00014 C ~ — , 
000015 C MODIFY INPUT DATA_FOR_ POSSIBLE ROUNIT^FF. ; _. ^̂  

' O O O O I D ' C . ^ • , '( 
000017 TSTART = TSTART - l.or-6 ^ t 
000018 ^ TSTOP_=_TSJOP _ - ^ l .OF-6 ^ ' 
'000019 " C ^ 
000020 C READ FIRST RECORD. 
0 0 0 021 c — -T—JL — -^!:t^—:r---T-r-r_____ . 

"00002? " READ ( 2 ) HED. NIJMNP. NUMFL 
' 00023 C 
i'00024 C_ PEAD_JHE_Z-LEMFNT CARDS. [ 
'000025 C 
000026 DO 4 I = l.NUf^EL 
000027 PEAD_ (2) 
000028 4 CONTINUE 
0 00 029 C • 
000030 C READ THE B.C.CARDS. 
"00 0031 C 
000032 READ (2) 
000033 WRITE (b.6000) HFDING. TSTART. TSTOP _. [ 
"00 0034 " CALL PLOT A (HFDING) '~' 
OOOOoS IF (ISTOP.GT.O) GO TO 30 
00003b 20 PEAD (2) TIME. (TC (I). 1 = 1 .NUMNP) 
000037 30 IF (TIME.LT.TSTART) GO TO 20 
000038 IF (TIME.GT.TSTOP) GO TO 80 
_0U0039 NPT =_NPr +_1 , 
000040 PTIME(NPT) = TIME 
000041 DO 40 I=1.NN0DE 
_000042 K = NODFd) 
000043 40 PNODE(NPT.I) = TC(K) 
000044 IF (tJPT.LT.lOOO) GO TO 20 
0C0045 ISTOP = 0_ 
0C0046 50 CONTINUE 
0C0047 12 = 0 
000048 13 = (NPT _+9J_/10 
0C00U9 DO 65 l"l = l.I3 
000050 II = 12 + 1 
0C0051__ 12 = 12+10 
000052 IFd2 .GT. NPT ) 12 = NPT 
000053 WRITE (6.?00) ( P T i M E d ) . 1 = 11.1?) 
onoob'^ no 60 j = i » r j r i o o E 
000055 60 WRITE (6.300) (PNODEd.J). 1 = 11.r2) 
J00'!56 65 CONTINUE 



_000057^ ̂ J ^ CALL_PLOTB_ 
000050 IF (ISTOP.GT.O) GO TO 10 
000059 IF (lEOF.GT.O) GO TO 1000 
000060 PT_I_MEd) =_PTIM£_(NPT) 
OOOObl DO 70 I=1.NN0DE 
000062 • 70 PNODEd.I) = PNODE(NPT.I) 
000063 MPT = 1̂  
000064 "V GO TO 20 
000065 / 80 TSTOP = 1 
_000066 GO T0_ 50_ 
0000b7 999 lEOF = 1 
0(10068 GO TO 50 
„000069 loop, WHITE. (6.400), TIME 
0OC070 99 CALL PLTFIN 
0(10071 STOP 
000072 100 FORMAT (2F10.2) 
000073 200 FORMAT COTI^ESz'.10F10.2) 
0(10074 300 FORMAT C TEMPS='. lorlO.2) 
.000075,̂  400 FORMAT COLAST TIME READ _5R0JL_TAp.F=J.._F1 n_,?)_ 
000076 6000 FORi-IAT C INODAL PLOTS OF '.12A6/ ' 05TART TIME = '. ̂ "12.4 . 
000077 1 ' STOP TIME = '. F12.4 ) 
000078 END 
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000001 SUBROUTINE PLOTA(TITLE) FF M T 1 4 6 3 
000002 / DIMENSION BCY(3).ICODFdO).TITLEdO).CODE(3) FEMT1464 
000003 / COMMON/PLTTS/ _NPJ_.NNO^E. _PTIME( 1000) . PNODEdOOO. 10) . NODEdO) _ 
000004 / EQUIVALENCE (̂ 'XLAr̂  .NYLAB) .(INCX. T^CY .NXBC) FEMT1466 
000005 EQUIVALENCE (NYBX.NXLXl) FEMT1467 
OOOOOt) FQUIVALENCE (MOVE . NXFP .NYFR .NXS.NYS. IVFRT.NUMD ) ^FEVT1468 
000007 EQUIVALENCE (IXLAB.XLAB). (lYLAB.YLAB) 
000008 DATA MAXX.MOVE.NXP.NYP.NXLAB.NYL.INCX.INCSYM.ISIZE.NYBC,MXBX,NYBX,FEMT1469 
000009 1 NXBY.NYBY.NXLX2.MXL FEMT1470 
000010 2 /2400.0.400,100.100.380.4.10.2.12.600.50.350.500.150.80/ 
000011 DATA ICODEd) .IC0DE[2) .IC0DE(3) .IC0DF(4) .IC0DE(5> .i:0DE{6) . FE»-'T1472 
0( OOlrl ^̂  ICODE (7) .IC0DE(8) . tCOlEl'^) . TCO[3E.(10J/()._1 ..2_.,3̂ ĵ 5..6. 7. 8.9/ FE»-'T1473 
000013 DATA BCX/'TI^E'/.RCY(1)/'TEMPER•/.DCY{2)/'ATURE •/ 
000014 DATA C0DE(1)/'C0DE N'/. C0DE(2)/'0DE •/ 
0 0 0015 C r r _-^-_____-._F£^MT 1476 
OOOOlb C SETUP PLOT FRAME. FEMT1477 
C00017 C FFMT1478 
000018 PEAU (5.5000.END=110)_XORIJLXLAB._YOBIJLYLAR. (J>JODE(_I). I=JL.li?) 
000019 NNODE = O FEMT14R1 
000020 DO 10 1=1.10 FEMT1482 
000 021__ IF(t.lOOE(n_.EO._p_) ^0_TO_20 . FFMT1483 
000022 10 MNODE = MNODE+1 ' FEMT14P4 
000023 20 IFdXLAB .EQ. 0) XLAB = 10. 
000024 IF(1YLAB_ .EQ. 0). YLAB = 500. 
000025 WRITE (6.6010) XORI. XLAB. YORI. YLAB. (NODEd). 1=1.NNODE) 
000026 CALL PLTSU (MOVE.XORI.YORI.NXP.NYP.XLAB,YLAB,NXLAB,NYLAB.NXFR.NYFRFFMT14fl7 
000027 1 .rJXL.NYL.MAXX.NXS.NYS J FEMT14P8 
000028 CALL PLTBC (MCX.NXBC.TJyBX.NYPX.ISIZE.IVFRT ) FFMT14P9 
000029 CALL PLTBC (BCY.NYBC.NXBY.NYBY.ISTZE.IC0DE(2) ) FFMT14aO 
000030 CALL_PLT[iC (TITLE.72 .400 .1000 . ISIZE. IVERT ) .FFMTluql 
000031 riYLY = 800 " " " FFMT14P2 
000032 CALL PLTBC (CODE.NYBC.NXLXl.NYLY.ISIZF.TVERT ) FF^'T14P3 
0( 0 033 C ._—_-_---_-_-_-__- _ FFMTl4q4 
00003i' C SETUP CODES FOR NODES. " " " FFMT14a5' 
000 035 C FEVT14'36 
00O035 IJO 40 NN=1. NNODE FEMT14Q7 
000037 NYLY = NYLY-NXLXl" """ ' FFMT14b8 
0U0038 CALL PLTBC dCODE(NN).-1. NXLXl.NYLY.ISI7E.IVERT) 
000039 REAL = NODECrJN) 
000040 " CALL PLTNU (REAL. NUMD.NXL"X2.'NYLY . ISIZF. IVERT ) 
000041 40 CO[JTIMUE •FF'^T1501 
0(i0042 5^ PETURN FE*'T]502 
000043 C ."— •"- . FEMT1503 
000044 C PLOT POINTS. FFMT1504 
00 0 045 ^ C -_-_-- ; FEMT1505 
00004b ENTRY PLOTB " " " " FEMT1506 
000047 IKCSY"^ = 8 
Ot'004'--l DO 100 NtJrl.NNODE _FEMT1507 
000049 INCSYM = INCSYM+2 
000050 MCODE = NN - 1 
C00051 CALL PLTPT (NUMD.NPT. INCX. INCY.NCODE. INCSYM.PTIME. 
00)052 i PNODEd.NtJ) ) " " ' F"EMT1509 
0(10053 100 CONTINUE FEMT1510 
000054 RETURN 
000055 llO COtniNUE 
00OJ56 CALL PLTFIN FEMT1513 



000057 ^ B STOP 
000058 5000 FORMAT (4F10.4.10I3 ) FEVT1480 
000059 6010 FORMAT COTIME = '. El4.6» ' OELTA-TIMF = '. E14.6 / 
0 0 00^50 ; 1 'OTEMPERATURE = ' . E14.6. * DELTA-TEMP. = '. E14.6 / 
000061 2 'ON'ODES" T O B E PLOTTED".'. 1015 ) 
000062 • / END FEVT1515 



000001 / SUBROUTINE PLTSU (MOVEON.XORIG. YORIG. NXPLOT.NYP_0T,XLABLD» 
000002 / 1 YLABLO.NXLAB.NYLAB,NX=-RAC.NYFRAC.NXLIME»NYLINE, 
000003 / 2 VAXX.NX5CAL.NYSCAL1 

T 
(.00004 / DATA IPLOTF. NPLOTS / O . O / 
'100005 DIMENSION iBUFdOOO) 
OOOO 01:> C - — — « _ _ — , 
000007 IFdPLOTF .EQ. 1) GO TO 10 
OOOOOB REWIND 9 
000009 CALL PLOTS (IBUF.1000.9) 
00 0 010 C — — 
000011 C CONVERT OFF-SET ORIGIN TO INCHES. 
0 00 012 ^rrizr — 
000013 IPLOTF = 1 "" 
000014 NPLOTS = 0 . 
000015 XCONST = 0. 
000016 GO TO 15 
000017 ClO XLEN = MAXLEN 
000018 C _ CALL PLOT (XLEN, 0. >9°e) 
000019 10 CONTINUE 
000020 IF(MOVEON .EQ. 1) GO TO 15 
000021 XCONST = XCONST •(• FLOAT(MAXLEN) 
0000?2 lb f'PLOTS = NPLOTS+l 
000023 SCALEX = 1. 
000024 SCALEY_ =_lj.. 
000025 IF(NXSCAL .NE. 0) SCALEX = 10.**NXSCAL 
000056 IF(NYSCAL .NE. 0) SCALEY = 10.**NYSCAL 
_000027 XOIHGN =_XORIG*SCALEX 
0COO28 YORIGN = YORIG*SCALEY 
OC0029 XORI = FLOAT(NXPLOT)/100. 
00 00 JO YO^U =_F_LOAT(NYPLOT)/100. 
000031 DXL = F L 0 " A T ( N X L A B ) / 1 0 0 . 
000032 DYL = FLOAKNYLAB )/100. 
000033 DELTAX_j: XLABLD/DXL*SCftLE>( 
0000O4 DELTAY = YLABLD/DYLrSCALEY 
000035 MAXLEN = IABS(MAXX)/lOO + 2 
00 0036 C- •—_ r » 
000037 C SET-UP"N"EW LOGICAL ORIGIN. 
0 00038 C 
000039 . X̂ORIG = XORI + XCONST 
"000040 CALL PLOT (XORIG.YORI.-3) 
000041 LEtJ = (IA35(MAXX)-tJXPL0T + 99) 
_0 0 0 0 42 C — 
000043 C CONVERT LENGTH OF X"-AXIS TO INCHES. 
000044 C 
0 0 0 0 4 5 _ _ ITICK = LEN/NXLAB + 1 
"011004b XLEN = FLOATdTICK-l)*0XL 
000047 XL = XLFtJ + DXL 
000048 ŷV = FLOAT( ITICK) *XLABLD •» XORIGN 
000049 HFIGHT = 0.0007*FLOAT(NXLAB) 
0 00050 C 
000051 C DRAW X-AXIS_ _ 
00 0 0 52 C 
000053 CALL PLOT (0..0..3) 
000054 CALL_PLOJ (XLEN.O..2) 
00 0055 C •" 
000056 C DRAW TICK MARKS AND LARELS. 



- # . jp 0 0_0> ^ p j-
0C0058 C 
000(59 ^'RITE (6.6000) NPLO-''S. XOPI. YORI. XLFN. DXL. XORIGM. YORIGN. 
_000060 I ITI_CI< 
OC0051 C 
000062 • DO 100 1=1.ITICK 
000063 A — ^ ' - = '<'-- DXL 
"OC0064 / CALL PLOT (XL.0..3) 
000065 CALL PLOT(XL.-0.1'i.;>) 
OLOOob XV = )<y-XLABLD 
OC0067 CALL rJUMBER (XL.-.25.HEIGHT.XV.0..NXFRAC) 
OOOcoO 100 CONTINUE 
0 0 J 0 69 C 
000070 C DRAW Y-AXIS. 
Of-071 C 
0 0C72 YLEN = 1000. 
OC0073 IF(MAXX .LT. 0) YLEN = 2850. 
0000 74 YLEN = YLEN - YORI 
.0C0075 ITICK ̂ _IFIX(YLEN)/NYL^B_+_l 
000076 YLEN = FLOAT (ITICK-".) *OYL 
000077 YL = YLErj+DYL 
0i.J07d YV = FJ^OAT(ITICK) "'YL^BLD + YORIGN 
0LU079 HEIGHT = 0.0007*FLOAT(NYLAB) 
000030 CALL PLOT (0..0..3) 
OCoOai CALL PLOT (0..YLEN._2) 
'100082 DO 110 1 = 1. ITICK 
10003 YL = YL - DYL 

100004 CALL PLOT (0..YL.3) 
000005 CALL PLOT (-.14.YL.2) 
000006 YV = YV-YLABLD 
000 087 CALL NUMBER (-0.25. YL.HEIGHT. YV. 90. .NYCRAC) 
"0C0088 110 CO.'ITINUE 
0C0089 PETURN 
OC 0090 C • 
OOOObl ENTRY PLTBC (BCI.NUMBCI.NXBEGN.NYREGN.ISI7E.IVERT) 
000092 C 
0^0093 Ĉ CONVERT JO INCHES. 
0L0094 C '• 
000095 yPAGE = FLOAT(NXBEGN)/lOO.-XORI 
000096 YPAGE = FLOAT(NYREGN)/lOO.-YORI 
OC0097 NCHAR = NUMBCI 
000098 ANGLE = 0. 
_000099 IF(IVERT_.EO. 1) __ ANGLE = 90. 
000100 HEIGHT = FLOAT(ISIZE)*0.10 
000101 CALL SYMBOL (XPAGE.YPAGE.HEIGHT.BCI.ANGLF.NCHAR) 
_000102 PETURN 
000103 C 
000104 EriTia PLTPT (IPLOT.NUMPT.INCX.INCY.ICODE.INCSYM.X.Y) 
000105 _ _ _ _ _ ^ _ C .______„^ 
000106 DiMENSIOrj XARRAY(102).YARRAY(10?).X(1). Y(l) 
0CO107 C 
OC0103 INTEQ = ICODF _ _ 
'0CO109 LINTYP = INCSYM 
OCOllO IFdPLOT .EO. 1) LINTYP = - LINTYP 
OCOlll ICOUNT_= NUMPT 
OCOllid IX = INCX/4 
000113 lY = INCY/4 
000114 11 = 1 
000115 " JJ = 1 
OOOllb XARRAYd) = X(1)*SCALEX 



000117 ^ ^ 
000118 
0C0119 
000120 
0CU121 
000122 
0CO123 
0C0124 
OCO.25 
000126 
000127 
000128 
OC 0129 
0COL30 
0C0131 
000132 
000133 
OCO.34 
000135 , 
00013b 
000137 
000138 
OU0139 
OC0140 
01.0141 
O0J142 
000143 
00 0144 
00014O 
000146 
000147 
jL014d 
00014':! 
000150 
000151 
000152 
000153 
0C0l^4 
00015b 
JCOlSu 
000157 
000158 
000159 
000160 
000161 
(00162 

200 

/ 
/ 

210 

r — . 

C — — 

C 

600C 

900C 

• 

YARRAYd) = Y(1)*SCALFY 1 ^ 
NPTS =100 
IFdCOUNT .LT. 100) NPTS = ICOUNT 
ICOUI^T = ICOUNT-100 
DO 210 1=2.NPTS 
II = II+IX 
JJ = JJ+IY 
yARKAYd) = XdI)*5CALEX 
VARF'AY(I) = Y(II)*SCALEY 
CONTINUE 
XARRAY(NPTS+1) = XORIGN 
XARRAY(NPT5+2) = DELTAX 
YARRAY (NPTS-t I) = YORIGN 
YARRAY (fv'PTS+2) = DELTAY 
CALL LINE (XARRAY.YARRAY.NPTS'l. LINTYP,INTEQ) 
XARRAYd) = XARRAYCIOO) 
YARRAYd) = YARRAYdOO) 
IFdCOUNT .GT. 0) GO TO 200 , 
RETURN 

ENTRY PLTNU (XLOC.fJUMDCC.NXLOC.NYLOC.ISIZE.IVERT) 

VQRR = FLOAT (NXLOO/IOO. - XORI 
YORR = FLOAT (NYLOCI/lOO. - YOPI 
HEIGHT = FLOAT (ISIZF)*.12 
ANGLE = 0. 
IFdVERT .GT. 0) Ar'-̂ LE = 90. 
CALL NUMBER (XORR.YORR.HEIGHT.XLOC.ANGLE.NUMDEC) 
RETURN 

ENTRY PLTFIN 

XLEN = MAXLEN 
CALL PLOT (XLEN.O..'399) 
REWIND 9 
WRITE (6.9000) 
WRITE (10.9000) 
RETURN 
FORMAT ( d ENTRY PL-^SU. PLOT NO.'.13/ • X-ORIG DIST = ». FIO.6/ 
1 ' Y-ORIG DI5T = 'H FIO.6 / « PLOT SIZE = '. FIO.4. • INCHES'/ 
2 • TICK MARK INCR. = '. FIO.6.' INCHES'/ • 1ST TICK MARK AT : •/ 
3 • y = ' . FIO.6. •- Y = '. FIO.6 / 

FORMAT COFILF CLOSED ON TAPE H.DISMOUNT AND SEND TO ANSCSACRAMFN 
ITO. THANK YOU.' ) 
END 

-
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0 ELT CONMAT.1.720427. 33985 

000 
000 
000 
(.00 
000 
000 
000 
oco 
oco 
oco 
000 
OC 0 
000 
000 
000 
000 
000 
OcO 
OCO 
oco 
oco 
oco 
oco 
oco 
oco 
O C O 
o c o 
o c o 
o c o 
000 
o c o 
o c o 
o c o 

" o c o 
o c o 
0(10 
000 
000 
0 00 
000 
000 
000 
"000 
000 
000 
oco 
000 
oco 
000 
oco 
oco 
oco 
00 0 
00 0 
000 
000 

001 
002 
003 
004 
005 
006 
007 
0 08 
009 
010 

oil 
012 
013 
014 
015 
036 
017 
013 
019 
020 
021 
02? 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 • 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 

SUBROUTINE CONMAT 
DIMENSION TC(500) 
COMMON A(900.30)» 8(900). D(900). DD(_5)_, E( 3.3) . HE0(12)»_ 
COMMON Q(900). S(5.5)» T(POO). X(900). "Y(900). TI(900) 

QZ7S(900). TAB(60.32) 
XCONDdO). DENSdO). QX(IO) 
TEMdO) 
COND.RHO.QXX.QZZ 
TIME. DT. DT?. H. TEMP. XL. XX. Y_Y. TMAX. TINIT 
NUMBC. NUMMT. NDT. INTER. MBAND. NUM. NTAB 

P(5) 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
'COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

NDIM.IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 
KODE(900). IX(3). KX(4). Ll"(5), KAT. 
ITEMdO). IUTAB(32). ITFAC(32) 
IKODEC^OO). INT^BdO.S) 

NUMNP. NUMEL 

EQUIVALENCE (TFM (1) . XTi^Ml) . 
: (TFM;4).XTEM4) 

EQUIVALENCE (ITEMd).ITABK) 
: (ITEM(4).MTYPE) 
EQUIVALEtJCE (TI (1) .TC (1) ) 

(TFM(2).XTEM2). (TEM(3).XTEM3) ,_ 

(ITEM(?).ITABR). (ITEM(3).ITABQ), 

120 

DO 120 1=1.5 
DD(1)=0.0 
Pd)=0.0 
DO 120 J=1.5 
S d . J)=0.0 
I=LM(1) 
J=LM(2) 
i< = LM(3) 
L=LM(4) 
LM(5)=I 

TE"PX 
FAC = 

= (TC(I)+TC(J)+TC(K)+TC(L) 
1.0 

y/4.0 

ITABO .LT. 0 
ITABQ .EO. 0 
ITABQ .GT. 0 

0 VS. TIME TABLE. 
NO TABLE. 
Q VS X OR Y TABLE. 

IF(ITABQ) 128.130.129 
128 ITABO = -ITABQ 

CALL LINT (TIME.TABd.ITARQ) .QZZ.OX) 
GO TO 130 

129 CONTINUE 
LOC = 1TFAC(ITABQ) 

IF(LOC .GT. 0) CALL LINT(TIME.TAB(1,LOC)tFAC.DX) 
130 OXX = 077 + FAC 

XX = (X(I)+X(J)+X(K)+X(L))/4.0 
YY = (Y(I)+Y(J)+Y(Kl+Y(L))/4.0 

COMPUTE GEOMETRICAL CHARACTERISTIC 

DO 15? K=1.4 

I = LM(K) 
J = LM(K+1) 
I F d . E Q . J ) 

135 A J = X ( J ) - X ( I ) 
GO T-) 152 



000057 
010058 
0C005O 
0C0060 
0C0061 
O0OU62 
0 00065 
0!?u064-
OCOOob 
'JLU066 
000067 
000C68 
000069 
000070 
0(0071 
010072 
000075 
000074 
0C0C7b 
Ol.U07t) 
010077 
000078 
0U0079 
00U080 
ocooai 
OOUOrî ' 
(UOOHJ 
000084 
OU0085 
000086 
0000B7 
OL008C. 
000069 
0C0090 
000091 
0C0092 
000093 
00009 • 
000095 
0U009D 
000097 
000098 
000 099 
000100 
00010' 
OCOIO^ 
000105 
OC 0104 
OCOlOb 
OC OlOo 
0C0107 
0C0108 
01.0109 
Ot0110 
OlOlll 
0CU112 
0 0 0113 
0U0114 
Ot 011b 
000116 

36 

AK = XX-X(I) __ 
nJ=Y(J)-Y(I) 
BK=YY-Y(1) 
C=BJ-RK 
DX=AK-AJ 
XN"'JL=1.0 
IF (KAT) 136 
XMUL 

137»136 
XMUL* t X(I)+X(J1+XX)/3.0 

' 137 XLAM=AJ*BK-AK*BJ 

140 
145 

151 

.b*Xf<UL/XLAM 
XLAM*XMUL/4.0 
=(C*C+DX*DX) * XTEMl __ 
= (B><*C-AK*UX) * XTEMl 
= (-BJ + C + AJi=DX) * XTEMl 

_ =(PK*BK + AKAAK) * XTî Ml 
=(-BJ*bK-AJ*AK) * XTEMl 
=(BJ*BJ+AJ*AJ) * XTEMl 
= XTFM2 _ 

•MPX)/3. 
CALL LINT 

XTEMl 
XTEM2 = 
71 
?2 
73 
24 
25 
26 
77 _ 
XTEM3 = (TC(I)*-TC(JJ+T: 
IFdTABK .GT. 0) 
FAC = 1.0 
LOC = ITFAC(ITABK) 
IF(LOC .GT. 0) 
COND = COnOfFAC 

" IFCITABR . G T . 0) 
FAC = 1.0 
LOC = I T F A C ( I T A b R ) 
IF(LOC . G T . 0) 

RHO+FAC 
Z7*0XX 
z 77+RHO 

- 21 
= 22 _ 
= 23 
= E d . 2 ) 
= 24 
= 25 ' • 
= E ( l r 3 ) 
= b ( 2 » 3 ) 
= 26 

(XTEM3,TAB{1»ITABK>»C0N0»DX) 

RHO = 
OQ = 
GSTORE 
F d . l ) r 
E d . 2 ) = 
E d f S ) = 
E ( 2 d ) = 
F(2»2) = 
EUf3) -
C ( 3 . 1 ) = 
t ( 3 . 2 ) = 
F ( 3 . 3 ) = 
I X d ) = K 
I X ( 2 ) = K + 1 
IF ( K - 4 ) 
I X ( 2 ) r l 
I X ( 3 ) : : 5 

CALL LINT (TIME»TAB(lrLOC)rFAC»DX) 

CALL LINT (XTEM3"rTABd»ITABR) .RHO.DX) 

CALL LINT^(TIME.TAB(IrLOC).FAC»DX) 

145.140»1<*5 

:lr3 DO 151 I: 
II = IXd) 
PdI)-P(!I)*Oa 
DD d I) ::Dr> d I)+QSTORt: 
DO 15^ J=1.3 _ 
JJ=IX(J) 
SdlrJJ) = Sdl.JJt + E{I»J)*COND 

1 5 2 COiJTIIiUC 

1 

155 

no 155 1 = 1 »4 ^ 
DO 155 J = 1 . 4 
S d f J ) = 5 d . J ) - S ( I . 5 l * S ( J r 5 ) / S ( 5 » 5 ) 

— I 



000057 
000058 
000059 
OOOC60 
Ot0061 
000062 
000063 
Onu064 
OOOObb 
0!. 0066 
OC 0067 
OOOOc.8 
000069 
000070 

oroo7i 
OC 0072 
000073 
000074 
000075 
OU007b 
000077 
00 0078 
000079 
000080 
000081 
OU0082 
C 00083 
000084 
000085 
000086 
000087 
000088 
000089 
0IJ0090 

000091 
0 00092 
000093 
000094 
000095 
00009b 
000097 
000098 
00 0 099 
0 0 010 0 
000101 
000102 
000103 
000104 
000105 
000106 
000107 
OC 0108 
000109 
000110 
OC 0111 
OC 0112 
000113 
0UJ114 
000115 
00011b 

^ . 37 

AK=XX-X(I) 
BJ=Y(J)-Y(I) 
BK = YY-Yd) 
C=BJ-PK 
DX=AK-AJ 
XMUL=1.0 
IF (KAT) 136.137.136 
XMUL=XMUL*(Xd)+X(J)+XX)/3.0 

XLAM=AJ*BK-AK*BJ 
XTEMl = .5*XMUL/XLAM 
XTEM2 = XLAN'*XMUL/4,0 
71 _ =(C*C+DXi'DX) * XTEMl 
72 zCBK+C-AK+DX) * XTEMl 
73 =(-RJ+C+AJ^DX) * XTEMl 
24 =(HK*BK+AK*AK) * XTFMl 
75 =(-PJ*bK-AJ+AK) * XTEMl 
26 =(BJ*BJ+AJi<AJ) * XTEMl 
77 = XTFV2 
XTEM3 = (TC(I)+TC(J)+TEMPX)/3. 
IFdTABK .GT. 0) 
FAC = 1.0 
LOC = ITFACdTABK) 
IFCLOC .GT. 0) 
COND = COriU*FAC 
IFCITABR .GT. 0) 
FAC =1.0 
LOC = ITFACdTABR) 
IF(LOC .GT. 0) 

RHO*FAC 
Z7*0XX __ 
= 77*RH0 
= 21 

CALL LINT (XTEM3.TAB(1.ITABK).C0N0»DX) 

CALL LINT (TIME.TAB<1.L0C).FAC.DX) 

CALL LINT (XTEM3.TAB(1.ITABR).RHO.OX) ' 

140 
145 

RHO = 
00 = 
G5T0RE 
Fd.l) = 
Ed.2) = 
Ed.3) = 
E(2.1) = 
E(2.2) = 
E<2.3) = 
E(3.1) = 
C(3.2) = 
E(3.3) = 
IXd)=K 
IX(2)=K+1 
IF (K-4) 
IX(2)=1 
IX(3)=5 

CALL LINT (TIME.TABd.LOC).FAC.DX) 

Z2 
23 
Ed.2) 
24 
25 
Ed.3) 
t(2.3) 
26 

145.140.1«t5 

151 

DO 151 1=1.3 
II = IXd) 
P d 1) =P d I) +00 
DD(II)=DDdI)+QSTORE 
DO 151 J=1.3 
JJ=IX(J) 
Sdl.JJ) = SCII.JJ) + E(1»J)*C0ND 

152 CONTItJUE 

:1.4 
:1»4 

155 

DO 155 I: 
DO 155 J: 
Sd.J)=S(I.J)-S(I.5)*S(J,5)/S(5.5) 



: ^ N f 
000117 ^m _ c _ 
000118 C 3. ADD ELEMENT CONDUCTIVITY TO COMPLETE CoNOUCTIVITY MATRIX 
OOOllo C • *'-̂' - I 
0C0120 DO 175 L=1.4 
000121 "Tl=LM(L) 
010122 • / Dd)=Dd)+DD(L) I 
OtOi23 / Bd)=Bd)+P(L) : _ _ ^ _ _ _ _ _ . ^ I 
OC0124 ' / DO 175 M=1.4 "" ' | 
0C0J2b / J=LM(M)-I+1 I 
000126 IFd'OlM-J) 185.158.158 _, J 
OCUi27 "158 IF(MBAND-J) 160.165.165 i 
0C0128 160 KBAND=J 
000129 165 IF(J) 175.175.170 ' 
0CO15O , 170 Ad.J)=Ad.J)+S(L.MJ I 
OC U131 175 CONTINUE | 
0C0132 C ^ 
OC0133 ' 180 CONTINUE " " Ĵ 
0CO134 RETURN 1 
01̂  01-3̂  . 185 KRITE (6.2021)_NUM ^ 
0.013D ' ^ ~' GO TO ISO ~' ~ ~ ~ — — | 

0C0137 2021 ""ORMAT COBAD CARD NO. • I«̂  ) 1 
00013Q END „ / __j 

-" ' I \ 
I 
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000001 
000002 
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000005 
0 00 0 06 
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000013 
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OCOOlb ' 
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OC0019 . 
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0C0021 
0C00£;2 
0C0O23 
OC 0024 
0C0025 
000026 
0C0027 
000028 
000029 
OC0030 
00OJ31 
0COOb2 
0C0033 
00O034 
0CO0 35 
0U00J6 , 
000037 
000038 
000039 
OOOOi^O 
000041 
000042 
000043 
000044 
000045 
OC 004o 
000047 
000048 
0U0049 
000050 

' 000051 
000052 
0CU053 
000054 
OOOObb 
000056 

CONVBC. 

/ 

• 

c 
r 

\^ 
c 
c 
c 

c 

c 
c 
c 
r 
c 

' c 

1.720427. 33989 ^ 

' SUBROUTINE CONVBC (III. JJJ» NNN) 
/ DIMENSION TC(500) 
/ DIMENSION IEPS(250) 
/ COMVON A(900.30). B f O O ) . D(900). DD(5). E(3»3)» HED(12)» P(5) 

COMMON 0(900). S(5.5). T(900). X(900). Y(900). Tl(900) 
COMMON QZ25(Q00). TAB(60.32) 
COMMON XCONDCIO). DENSdO). QX(IO) 
COMMON TEMdO) 
COMMON C0H0.RH0.QXX.0Z7. 
COMMON TIME. DT. DT2. H. TEMP. XL. XX. YY. TMAX. TINIT 
COMMON NUMBC. NUMMT. NOT. INTER. MBAND. NUM. 
rOMMOtJ NDIM.IVARH.IVARC.IPT.IDT.IPUNCH.ID'JM 
COMMON KODL(900). IX(3). KX(4). LM(5). KAT. NUMNP. 
COMMON ITEMCIO). IDTAR(32). ITFAC(32) 

_ COMMON IKODE(^OO). tNT^Bd0.3) 
COMMON /OC/ IBC(250i, JBC(250). IHBC(?50). ITBC(250). 
1 TEMEBC(250). XLt-,C(250). IIBC(250). JJnC(250) 
COMMON /RADC0N/EPS(25n), F(40f40). SIGMA. NRF(250). I 

1 .FN(250). B0(40). KTE^(40). TS(250) 
COMMON /5AVEFM/ FM(40.40) 

EOUIVALENCF (TFMd) . XT^Ml). (TFM(?),XTFM2). (TEM(3) 
C (TEM(4).XTEM4) 

EQUIVALENCE (ITEfM 1) . ITABK ) . (ITEM(?) . ITABR) . (HEM 
C dTEM(4) .MTYPE) 
FQUIVALENCE ( T K D . T C d ) ) 
EQUIVALENCE (H.IHH), (EPS(1).lEPSd)) 
I = II 
J = JJ 
TEMP = H*XL*TEMP/2.0 
Bd)=Bd)+TEMP 
B(J)=B(J)+TEMP 
I = III 
J = JJJ 
N = NNN 
IFdHH .EQ. 0) GO TO 215 
TEMPI = TEMEBC(N) 
TEMPJ = TEMPI 
II = IIHC(N) 
JJ = JJBCCN) 
IFCII .GT. 0) TEMPI = (TEMPI+TEV=-BC( III )/2,0 
IF(JJ .GT. 0) TEMPJ r (TEMPJ+TEMEBC(JJ))/2.0 
TEMPI = H*XL*TEMPI/2.0 
TEMPJ = H*XL*TEMPJ/2.0 
BCD = Od)+TFMPI 
B(J) = 0(J)+TEMPJ 
H=H*XL/4. 
H=H*XL/2. 
Ad.l)=Ad.l)+H 
A(J.1)=A(J.1)+H 
K=J-I+1 
TF (K) 212.21?.210 

210 A(I.K)=Ad.K)+H 
GO TO 215 

2l2 K=l-J+1 
A(J.K)=A(J.K)+H 

215 CONTINUE 

^ 

NTAB 

NUMEL 

HB'^C(250)» 

=̂ LAGR 

»XTEM3)» 

(3).TTABQ)» 

• 

-

• . • . 

. 

••ud—. « ' 

/ ' 
/ 1 

, • ' 

j 
1 

• 

• •• 1 

1 

http://C0H0.RH0.QXX.0Z7


000057 ^ ^ _ IF(IEPS(N) .EO. 0> G0_ TO 220 
OC0058 Tl = TCd)*TCd) 
020059 T2 = TC(J)*TC(J) 
0C0060 T3 = TC(I)*TC(J) 
000061 T^TR = (Tl*Tl+Tl*T3+Tl*T2+T2*T3+T2*T2)/5.0 
000062 ' / TEMP = T5(N) 
0C0063 / _ TEMX = FN(N) *EPS(N) *5IGMA*(TEMP**«»-TR)/2.0_ 
0r0Tb4 I TEMX = TE"X*yL 
OL0065 / n d ) = TFMX+Bd) 
0C0066 p{J) = TEMX+B(J) 
000067 
000068 
00006" 
000070 C PFRQUAM'S RADIATION CALCULATION FOR SURFACE TO SURFACE. 
0G0071 
000072 ^^_ ENTRY RAD 
000073 DO 2200 1=1,40 
000074 DO 2200 J=1.40 
0C0075 ^ 2̂200 FMd.J) = Fd.J) 
OU007b *" M = 0 
000077 DO 221 r)=l.NUMBC 
OOOOt'8 h'RFI = NRF(N) 

"OJ0079 •" IF(NRFI .EQ. 0) ' GO TO 221 
ODOOaO I = IBC(N) 
000081 M = M+1 
^000082 J = JBC(N) 
000083 TK = TCd) 
U000o4 TL = TC(J) _̂_ 
000085 T2 = TL*TL 
000086 T4 = T2*T2 
OC0087 TR = TK*(TK*(TK*(TK+TL)+T2)+T2*TL)_+J«L 
"OC0083 BQ(M) = EPS(N)*SIGMA*TR/5.0 
0CO0a9 221 CONTINUE 
000090 CALL SIMEOtFM. BQ. NRFI. 1. 40. KTEM, PET. ND» KERR) 
000091 " M = 0 
000092 DO 222 N=1,MUMBC 
000093 IF(NRF(N) .EQ. 0) _ GO TO 222 
000094 " I = IBC(N) 
000095 J = JBC(N) 
000096 XL = XLUC(N) _ 
000097 M = M+1 
OC0098 TEMP = EPS(N)/d.-EPS(N))*XL/2.0 
000099 Tl = T C d ) •TCd) 
000100 ' T2 = TC(J)*TC(J) 
000101 T3 = TCd)*TC(J) 
000102 TR = (Tl*Tl + Tl*T3+Tl*T2+T2*T3+T2*T2)_/5.0 
000103 TEMP = TEMP*{BQ(M)-SIGMA*TR) 
000104 D d ) = TEMP + B d ) 
000105 P(J) = TFMP+B(J) 
"00010b "222 CONTINUE 
000107 RETURN 
000103 c - r - - r r — — — — — - — r — — — — — 

• 000109 ENTRY TEMPDC 
O C i O l l O C 
000111 C ?. TEMPERATURE BOUNDARY CONDITIOMS 

' 0 C 0 1 1 2 C 
000113 DO 300 ^| = 1.NLIMNP 
000d4 IOC = IKODL(N) _ _ 
000115 ir(LOC .GT. 0) ' CALL LINT (TIME. TAB(l.LOC). T(N). DX)' 
000116 i (ID = B(rJ)+T(N) 



^000117 ,^P IF(KODE(N))_225,300.225 
0C0118 225 DO 250 M=2,MBAND 
01013 9 K=N-M+1 • * 
0L0120 _ IF(K) 235,235.230 
0C0121 230 B(K)=B(K)-A(K,M)*T"(N) 
0C0122 • A(K.M)=0.0 
OCO-23 235 L=N+M-1 _ 
01.0124 I I F ( N U " - I N P - L ) 2 4 5 . 2 4 0 , 2 ' * 0 ' 
0 : 0 1 2 5 / 2 4 0 P ( L ) = P ( L ) - A ( N . M ) * T ( N ) 
0C012fa , 245 A ( N , M ) = O.O , 
0CO127 250 CONTItJUE 
000128 A ( N . 1 ) = 1 . 0 
000129 e ( N ) = T ( N ) ^ , , . . , 
0 C 0 i 3 0 300 COrUIMUE 
0 ' U 1 3 1 RETURN 
0 C 0 132 C _ — — — — . — _ — „ « . 
0C0133 ENTRY CONVBI 
000134 DO 405 II=1.NUMBC 
000335 I I B C ( I I ) = 0 
000136 ' " «tC5 J J B C d l ) = 0 
000137 DO 415 II=1.NUMBC 
000138 , I = I B C d l ) , 
000139 ~ J = J B C d l ) 
000140 DO 410 JJ=1.NUMBC 
0C0141 I F C I . E O . J B C ( J J ) ) I I B C ( I I ) =_JJ_ 
0Cu :42 1 F ( J . E Q . I B C ( J J ) ) J J B C ( I I ) = J J 
000143 • tHO CONTINUE 
000144 m b _ CONTINUE 

' o : o i 4 5 " R E T U R N 
000146 END 
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DATA.1.720427. 33989 

"~ JACK.S MODEL C0NVECTI0N""B0UNDARY' 
40 
1 
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' 1 

-1 
-1 
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5 
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11 
15 
16 
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26 
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40 
1 
5 
9 
13 
17 
?1 
25. 
28 
1 

_ 

36 

D12207 
12 
1 
2 

-1 
1 
2 
3 
4 
5 
6 
7 
8 
Q 

28 08 
1.01 
.000001 

5 
0. 
goooooo 

--

2. 

2. 

2. 

_ 2. 

2. 

2. 

_ 2, 

2. 
1 
6 
11 
16 
21 
26 
31 
"34 
2 
3 
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5 

37 . 
38 . 
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2 
7 
12 
17 
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27 
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35 

0001 
0001 ' 
0001 

.( 

CONDUCT 
.01 

. .01 

.5 

.5 
1.0 
1. 
1.5 
1.5 
1.51 
1.51 
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2.51 
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7 6 
12 11 
17 16 
22 21 
27 26 
3? 31 
37 36 
40 39 

— 

4957. 
4957. 
4957. 

40 .0001 4957. 
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4 

1̂  

1 
1 

"" 1 ~ 
1 

4 

• 
.01 
001 

0. 
0. 
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2. 
2. 
2. 
2. 
4. 

1 
0.01 

500004 

[VITY 

^ 
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-

\ND SURF-SINK RADIATION 
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, 
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3. ^p 
4. 1. 

1 4. 0. 2000. 
1 2 6 5 1 
3 4 8 7 2 
5 6 10 9 1 
7 8 12 11 2 
6 .9 
10 ,9 
7 ... _ . .5 
11 .5 

.7 .3 
_.,. ... . ... _ .3 __ _.7.„ _ 
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.3 .7 

PROBLEMS. CASE 1'. Kl=.01. STEADY STATE, RAD.+ 
28 16 1 

200. 1. 200. .3 200. 
1.01 .001 
.000001 .000004 

5 CONDUCTIVITY 
0. .01 
9000000. .01 

1 H VS. TEMP. 
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9000000. ,0003 

2. 
.5 

2. . 5 
1.0 

2. 1. 
1.5 
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2.51 

2. 2.51 
3.01 

2. 3.01 
1 2 7 6 1 
6 7 12 11 1 
11 12 17 lb 1 
16 17 22 21 2 
21 22 27 26 1 
26 27 32 31 1 
31 32 37 36 . 1 
34 35 40 39 1 
2 1348. 2 
3 1348. 2 
4 1348. 2 
5 1348. 2 

37 .0001 , 4957. 
38 .0001 4957. 

4 
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4 . 
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.5 

.5 

.8 
".P 
.8 
.6 

8 
8 
8 
8 
8 
8 
8 
8 

1 
2 
3 
4 
5 
6 
7 
8 

0. 

0. 

_o« 

1 . 

"0."" 

0. 

0. 

1 . 

1 . 

1 . 

8 1.0 
0. 
1ST EXAMPLE 

56 40 
PROBLEM FOR STEADY STATE CASE. PROGRAM D12202. SEPT 10.1971 

2 1_ _ 3 
.0 

l?40t499 
12401500 
12401501 
12401502 
12401503 
l?4nl504 
124015P5 
l?401Hn6 
12401507 
12401508 
I24nisn9 
1?4015J0 
12401511 
1?401«^12 
12401513 
12401514 
12401515 

1 
-1 
1 

CON\,ECTIOtl DAMPING OF E12207. 
8 1 

_ .10 0.1 
.4991-3 

50 
D.005 

07608 

T T 

NATURAL CONVECTION « SUPCOOLEO ROILING IN 1«»0F H20 &i.«? ATM 
0 . 

1 4 0 . 
1 5 0 . 
1 8 0 . 
2 1 0 . 

9 . - 5 
9 . - 5 

9 . ,29?-6 
1 . 4 7 5 - 5 
1 . 7 7 8 - 5 
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Q ELI LINT.1.720427. 33991 

000001 1 SUBROUTINE LINT (X.TABLE.Y.DY) 
000002 ' C- / 

000003 C /_ LINEAR INTERPOLATION WITH INDE^^MDENT VARIABLE IN ASCENDING ORDER. 
000004 C THIS SUBROUTINE IS NOT THE OPGir'AL LINT/LINTS. 
000005 C THIS IS A SPECIAL SUBROUTINE FOR F1220? A'lD E12401. 
O0OU06 C THE SUBROUTINE WILL STOP THE PROGRAM I"̂  THE INPUT-X 
000007 C IS NOT WITHIN THE TABLE RANGE. 
0000 08 C — ~ — — I 
000009 __ DIMENSION TASLE(2) ^ .| 
OOOUlO C — — — — 
000011 IFCX .LT. TAnLEd)-.05) CO TO 15 I 
000012 __ DO 10 1 = 3.60.2 _ _ I 
000013 IF (X .LE. TABLEd)) GO TO 20 " I 
OU0014 10 CONTINUE I 
000015 15 WRITE (6.6000) X _ . . ^ ' 
000016 ' " 6000 FORMAT COX = ', E14.6. • IS BEYOND THE TABLE RANGE OF THE FOLLOWI "~ ' ", 
oe0C17 IMG TABLE.• // ) 
000018 _ VRITE (b.6005) (TABLEd). 1 = 1.60)^ ' _' 
000019 " 6005 FORtlAT (IX. 2E14.6) ~^ 1 
000020 STOP I 
000021 20 __X1 = TABLE(I-2) __̂  I 
00d022 " " X2 = TABLFd) " • • ] 
CC0C23 Yl = TABLFd-1) | 
000024 Y2 = TABLE d + 1) 
000025 DY = (Y2-Y1)/(X2-X1) 
00J02b . Y = Y1+DY*{X-X1) ' 
000027 ^ 30 RETURN 
0(i00?8 ENTRY LINTS (TABLE.N) ' ' I 
000029 NN = N+N+1 
000030 _ IF{tJtJ .GT. 58 ) NN = 59 
U0('031 DO 70 I=NN.60 " '^ 
000032 70 TABLEd) = 0 . , I 
010033 GO 10 30 _ ' I 
000034 " "C -_-«. —_-i^:^_—_" 
00003b END 



EL' MAIN.1.720427. 33993 

000001 
000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
OCO UO 
O'lOOll 
OC 0012 
OC 0013 
000014 
000015 
000016 
000017 
000018 
000019 
000020 
OU0021 
00U022 
0C0023 
000024 

'000025 
000026 
000027 
"000023 
OC0029 
000030 
000031 
000032 
000035 
00005U 
000035 
000036 
000037 
000038 
_000039 
000040 
000041 
000042 
000043 
000044 
000045 
000046 
000047 
_000043 
000049 " 
000050 
000051 
"000052 
000053 
000054 
000055 
000056 

c-
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c ̂  
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c-

A(500.30) 
p(50P) 
D(500) 
DD(5) 
E(3,3) _ 
HEDCIB) 
P(5) 
0(500) 
5(5.5) 
T(500) 
y(bOO) 
Y{500) 
HBC(200) 
TBC(200) 
TA8(60.32) 
TI(500) 
COND 
RHO 
QXX 
G22 
"TIME 
DT 
DT2 
' H 
TEMP 
XL 
XX 
YY 
TMAX 
•TINIT 
NUMBC 
NUMMT 
NOT 
INTER 
^PAND 
hUM 
NTAB 
tiDIM 
IVARH 
IVARC 
IPT 
IDT 
KOUE(500. 
IX(3) 
KX(4) 
LM(5) 
KAT 

NUMNP 
NUMEL 
TEMdO) 
ITEM(10) 
IDTAB(32) 
ITFAC(32) 

CONDUCTIVITY MATRIX 
O-HEAT (FROM NOPE I) VFCTOR _ 
HEAT CAPACITANCE (FOR NOOF i) VECTOR 
TEMPORARY STORAGES FOR Q-HEAT FOR 5 NODES 
GEOMETRICAL PARAMETERS 0̂^ ELEMENT 
TITLE STO^AGF 
TEMPORARY STORAGES FOR HEAT CAPACITANCE FOR 5 NODES. 
INTERMCDIATF STORAGE OF TEMPERATURE DISTRIBUTION 
ITERMEDIATE STORAGE FOR CONDUCTIVITY ELEMENT 
TEMPERATURE DISTRIBUTION VICTOR 
X OR R-OR")INATE 
Y OR 2--0RDINATE 

PARAMETER TABLES STORAGES 
INITIAL TEMPERATURES 
CONDUCTIVITY 
RHO-CP 
RATE OF HEAT GENERATED/UNIT VOLUME OF ELEMENT 
= FAC*QXX WHERE FAC = TIME FACTOR 
TIME or T-MPrRATURE PROFILE 
DELTA TIVE: FOR INTEGRATING TIME 
l./DT 
FILM COEF-ICIENT 
EXTERNAL TEMPERATURE 

MAXIMUM TIME OR CUT-OFF TIME_ 
INITIAL TIME 
NO./COUNDARY CONDITION CARDS 
NO./DIFFERENT MATERIALS 

PRINT INTERVAL 
BAND WtDTH 
ELEMENT NJMBER 
MO./INPUT TABLES 
MAXIMUM BAtJD WIDTH 
FLAG FOR \/ARIABLE ELEMENT PROPERTIES 
FLAG FOR VARIABLE BOUNDARY CONDITIONS 
PLOT FLAG 
DELTA TIME TABLi=- NO. 
FLAG FOR NODE POINT 
ITERMEDIATE STORAGE 
INPUT tlOD!̂  NUMBERS OF ELEMENT 
WOl̂ KINb STORAGE OF MODAL NOS. OF ELEMENT 
= O.FOR PLANE SOLID 
=1 .FOR AXISYMMETRIC SOLID 
NO. OF NODAL POINT 
h'O. OF Elt̂ MENTS __ 
TEMPORARY WORKING STORAGES FOR REAL NUMBERS 
TEMPORARY WORKING STORAG'='S FOR INTEGERS 
STORAGi: FOR STORING TAPLE COnES 
STORAbli FOR STORING TIMF FACTOR TABLE 



_000 
000 
OUO 
ODO 
000 
000 
000 
r ou 
000 
000 
000 
000 
OCO 
0 0 0 
ULO 
0 0 0 
OCO 
000 
.OCO 
0 00 
000 
OC J 
00 0 
000 
OCO 

"OC J 
OCiO 
OOU 
0 0 0 
OCO 
000 
uCO 
000 
000 
000 
OCO 
OC 0 
000 
000 
00 0 
000 
000 
000 

'000 
000 
000 
000 
OO'J 
000 
000 
000 
OOU 
000 
000 
000 
OCO 
000 
000 

"OC'O 
000 

057 
058 
059 
C60 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
C72 
073 
074 
075 
076 
077 
078 
079 
030 
031 
0.̂ 2 
083 
084 
085 
086 
087 
088 
089 
090 
091 
092 
093 
094 
095 
096 
097 
098 
099 
100 
101 
102 
105 
104 
105 
lOo 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 

SUBROUTINE SUBRO 
READS AND PRINTS CONTROL INFORMATION. 
READS OR GENERATE NODAL POINT INFORMATION. 

_SUBROUTINE SUBRl _ 
FORMS CONDUCTIVITY MATRIX FOR WHOLE BODY. 

SUBROUTINE SUPR2 
HANDLES THE BOUNDARY CONDITION INPUT._ 

SUBROUTINE 5UBR3 
SOLVES FOR THE TEMPERATURE DISTRIBUTION FOR A 2-DlMENSION 
BODY WITH CONSTANT PROPERTIES, „ 

SUBROUTINE 5UPR4 
BODY WITH VARIABLE BOUNDARY CONDITIONS. 

SUBROUTINE SUBR5 _ _ 
BODY WITH VARIABLE ELEMENT PROPERTIES - THIS INCLUDES 
THE BOUNDARY CONDITIONS. 

SUBROUTI^'E 5UBR6 
HANDLES THE Vi^RIABLE ELEMENT PROPERTIES AND BOUNDARY' 
CONDITIONS FOR SUBROUTINE SUBR5. 

SUBROUTINE SUPR7 , 
HANDLES VARIATIONS IN BOUNDARY CONDITIONS. 

SUBROUTIN!^ SUBR8 
HANDLES STEADY-STATE CASE. 

SUBROUTINE RETAB 
READS AND IhHTIALlZES THE INPUT TABLES. 

SUBROUTINE COhJMAT _ 
HANDLES THE ACTUAL CONSTPUCTIO^I OF ELEMENT CONDUCTIVITY 
r'ATRIX AND ADDS IT TO THE COMPLETE CONDUCTIVITY MATRIX. 

SUBROUTINE CONVBC 
HANDLES THE BOUNDARY CONDITION COMPUTATIONS. 

SUBROUTINE 5YM50 
SOLVES THE BAND MATRIX EQUATION - A*B = Q 

DIMENSI 
COMMON 

COMMON 
COMMON 

_COMMON 
COMMON 
COMMON 
COilMON 
COMMON 
COMMON 

_ COMMON 
COMMOfJ 
COMMON 
COMMON 
COMMON 
1 TEMEBC 

_ COMMON 
COMMON 

EQUI 
_C 

EOUI 
C 
EQUIVAL 

TMAX. 
MBAND. 

TINIT 
NUM. NTAB 

NUMNP. MUMEL_ 

ON TC(500) 
A(900.30). B(900). D(900). 00(5). E(3.3). H"Dd2). P(5) 

Q(900). 5(5.5). T(900). X(oOO). Y(900). TI(900) 
0225(900). TAB(50.32) 
XCONDdO). DENSdO). OXdO) 
TEMdO) 
C0riD.RH0,QXX.O2Z 
TIME, DT. DT?. H, TEMP. XL. XX. YYi 
NiJMBC. NUMMT. NDT. INTER. 
NDIM,IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 
KOOE(900). IX(3), KX(4). Lv(5), KATi 
ITFMCIO). IDTAB(32). ITFAC(32) 
IKOLiE(900). INTABdO.3) 
/UK/ IPTC 
/BC/ IBC(250). JBC(250). IHBC(250). ITBC(250). H3BC(250). 
(250). XLBC(250), IIBC(250). JJBC(250) 
/RADC0N/EPS(250). F(40.40), SIGMA. NRF(250)i IFLAGR 
/TAPE/ ITAPL. ISTART. ISS 
VALENCE (TEMd) .XTEMl) . (TFM ( ?) .XTFM2 ) . (TEMl 3) .XTEM3) » 

dFM:4) ,XTFM4) __ 
VALENCE (ITEMd) .ITABK) . (IT :M (2) . ITABR) , (11 EM (3) . ITABO) , 

( I T E M ( 4 ) . M T Y P F ) 
rjcc ( T i d ) . r e d ) ) 

IPTC = 0 
NDiM = 30 
I F d T A P E .EG. 
REWIND 4 

1) END F I L E 2 



000117 
000116 
0C0119 
o:oi20 
000121 
000122 
000123 
0C,U124 
o:oi25 
OL 0126 
010127 
000128 
000129 
0U0150 
0C0131 
0CU132 
000133 
000134 
0C0135 
OC 0136 
0U0137 
0C0138 
0 0 0139 
000140 
000141 
000142 
000143 
000144 
000145 
00U146 
000147 
000143 
000149 
000150 
000151 
000152 
000153 
0C0154 
000155 
000156 
000157 
000158 
000159 
000160 
000161 
000162 
000163 
000164 
000155 
000166 
000167 
000168 
000169 
0C0170 
000171 
000172 

1 
/ 

/ 
52 

60 

100 
c 

i 

-

C 
c 
c 

180 
C 
C 
C 
C 
C 
r—— 
C 
C 
r 
C 
r—-— 

200 

400 

REWINDS . 
SIGMA = .33E-1'» 

50 CONTINUE • • 
IVARH = 0 
IVARC = 0 

REWIND 1 
DO 52 1 = 1.32 
ITFACd) = 0 
IDTABd) = 0 
DO bO 1 = 1,10 , 
DO 60 J=1.3 
INTABd.J) = 0 
ISS = 0 ^ ^ 
CALL SUORO 
IFdSTART .NE. 1) GO TO 100 
CALL SUi3RIN ^ 
GO TO 180 
CALL SUBRl 

IF IVARC IS N0N-2ER0, CONDUCTIVITY IS VARIABLE WITH TEMPERATURE. 
OTHERWISE. ONLY THE H ON THE BOUNDARY ARE VARIABLE "JITH TEMPERATURE 

CALL SUQR2 
CONTINUE 

IPT = 0 , MO PLOTS. "̂ " 
IPT .GT. 0 GEOMETRY °LOTS. 
IPT .LT. 0 GEOMETRY ^LOTS ONLY. PROGRAM WILL CYCLE TO NEXT CASE __ 

IF ANY, 

IFdPT .NE. 0) CALL PDATA 

IFCIPT .LT. 0) GO TO 420 

TEST FOR STEADY-STATE CASE. 

IFCISS .EQ. 1) GO TO 430 
IFdJTAB + IFLAGR) _ __ 400.200.400 
CALL SU8R3 
GO TO 420 
CONTINLiE 
IFdVARC .NE. 0) " GO TO 410 
CALL SUBR4 
GO TO 420 ^ j 

410 CONTINUE 
CALL 5U13R5 . , 

420 WRITE (6 .6000)__ HED 
GO TO 50 

430 COtJTINUE 
c ___ --jrr:!!. 
C STEADY-STATE PROBLEM. 
C . 

CALL SUBR8 _ _ ^ 
GO TO 4?_0 

C — _ . _ 
6000 FORMAT (»1'.14X.'END OFPROBLEM—•.12A6 ) 

END 



foi E^i NTAB$. 

000001 
) 000002 

000003 
0(10004 

•5 000005 
0(10006 
000007 

'} 000008 
0(10009 
000010 

; 000011 

1 

) 1 

-

1.720427. 33995 

NTABS 10 
DRUM 1.40000 
TAPE 2.'R» . RFCALL TAPE 
TAPL 3.'S' . RESTART TAPE 
DRUM i+,20000 
READ 5 
PRINT 6 
PUNCH 7 
DRUM 8.20000 
TAPE 9.'H» . ANSC PLOT TAPE 
END 

% 

\ 

# 

••wrf** 

/ 

i 

1 

1 

1 
1 

1 

1 
1 

1 
1 

1 

— . — . — 1 

1 

( 

1 

1 1 
1 

•—f-

rr-



13 EL7 RTAB.1.720427. 33998 

000001 
000002 
000003 
"O000C4 
OOOOOb 
000006 
000007 
000008 
00OU09 
0(.O01O 
OCOOll 
000012 
0C0015 
0Luni4 
0U0015 
'000016 
0C0017 
o:ooi8 
CC0019 
0LO020 
0C0021 
Of 0022 
0C0023 
0C002'i 
0C0025 
0^0026 
0.0027 
0C002O 
0C0029 
0L0030 
0C0031 
0L0032 
0C0033 
• 0CO03'^ 
0C0035 
000036 
"000037 
000038 
0C0039 
000040 
000041 
0000^2 
OC0043 
000044 
000045 
0C0046 
000047 
000048 
00^049 
000050 
000051 
0C0052 
000053 
OC 0054 
000055 
000056 

SUBROUTINE RTAB 
COMMON A(900.30). B(900). D(900)» DD(5), E(3»3)» HED(12)» P(5) 

COMMON 0(900). S(5.5). T{900). X(Q00)_. Y(900) »_TI (900) 
COMMON Q27SC900). TAB(60.32) 
COMMON ycONDdO), DLNSdO), OXdO) 
COMMON TEMCIO) _ _ _ _ _ 
COMMON COND,RHO,QXX,02? 
COMMON TIME, DT, DT2. H. TEMP. XL. XX. YY. TMAX, 
COMMON NUMUC. NUMMT. NDT. INTER. MBAND. 
COMMON NDIM, IVARH. IVA''C. IPT. IDT. IPUNCH, IDUM 
COMMON KODC(900). IX(3). KX(4), LrU5), KAT. 
COMMON ITFMdO), IDTAP(32), ITFAC(32) 
COMMON IKOUE(OOO), INTHBdO,3) 

TINIT 
NUM, NTAB 

NUMNP, NUMEL 

J 
EQUIVALENCE (TEMd),XTFMl) , 

; (TEM(4) ,XT'^M4) 
EQUIVALENCE (ITEM(1),ITABK), 

: dTEr(4) ,MTYPF) 
EQUIVALENCE (TKl^.^Cd)) 

(TFM(?),XTFM2). (TEM(3).XTEM3). 

(ITEM(2).ITABR). (ITEM(3).ITAOQ). 
..(^•L, ..,. • , 

READ ^ND WRITE INPUT T\BLES FOR VARIABLE PROPERTIES,B.C..AND TIME 
FUNCTION. 

TABLE CODE NO. CODE 
1 
2 
5 

_ 6 
7 
e 
9 
10 

H (CONVECTION COEFFICIENT) 
TEMP. OF EXTERNAL BOUNDARY. 
K (CONDUCTIVITY) 
RHO-rP 
G(X) 
0(Y) 
HEAT FLUX INTO NODE 
TEMPERATURE OF NODE 
TAULF rJ H^S A TIME FUNCTION WHOSE LOCATION IS 
IN ITFAC(N) 

IVARH = 1 
DO 5 1 = 1.32 

5 ITFACd) = 0 
LINE = 60 

10__ IF(LINE+20.LE.60) 
WRITE (6.9000) 
VRITE (6.6000) 
LINE = 1 

20 READ (5,5000) 
IFCID .LE. 0) 
IFCID .GT. 32) 
IFdC .GT. 4) 
IDTABdD) = IC 
WRITE (6,6010) ID.IC.T-M 
IFdC.GE.O) GO TO 30 
IC = -IC 
ITFACdC) = ID 

30 N = 0 
K = 1 

40 READ (5,5010) lENP. <TF'-1. YTEM 
IF(IEND) 60,50.50 

50 VRITE (6.6020) XTEMtYTEM 

GO TO 20 

ID.ICf TEM 
GO TO 70 

GO TO 90 
IVARC 



000057 ^ 
000058 
0CU059 
OC0060 
010061 
000062 
0C0063 
C.00b4 
0L0065 
0CO0&6 
OC0067 
000058 
000069 
0C0070 
0CU071 
OC0072 
000073 
000074 
000075 
OUOQ?b ' 
0C0077 
0C0078 
0 0 0 0 79 -
000080 
0C0081 
00 0 0 82 
r00083 
00 0084 
000085 
000086 
OC0087 
OOJOcfa 
0C0089 
0 0 0090 
000091 
000092 
000095 

• J 

1 
1 

f 

• / 

60 
62 

65 

70 
80 

90 
95 

C———— 
C 

5000 
5010 
6000 
6010 
6020 
6030 

604 0 
9000 

LINE = LINE+1 ^ 
N = N+1 
IF(N .GT. 30) GO TO 80 
TAB(K.ID) = XTEM 
TABCK+l.ID) = YTEM 
K = K + ? 
GO TO 40 
IFCIC .EO. 0) GO TO 65 
CALL LINTS (TABd.lD).N ) 
GO TO 10 
TAB(K.ID) = TMAX+1. 
TAB(K+1.ID) = TAB(K-l.ID) 
N = N + 1 
60 TO 62 
f̂ ETURN 
WRITE (6.6030) ID 
GO TO 40 , 
WRITE (6.6040) ID , 
READ (5.5010) lEND.XTEM.YTEM 
IFCIEND .LT. 0) GO TO 10 
WRITE (6.6020) XTEM.YTFM 
60 TO 95 

FORMAT STATEMENTS 

PORMAT (2I5,5X.10A6 ) • " 
FORMAT d5.5X.2E10.4) 
FORMAT CO',53X.'INF'UT TABLES') 
FORMAT COTABLE rjO. ' , I 5.3X, ' TYPE'. I5.5X. 10A6/8X.'X', 14X.'F (X) •/ ) 
FORMAT dX.2F16.6) 
FORMAT ('/TABLE', 14,. • HAS EXCEEDED 30 POINTS OR THERE NO -1 CARD T 
CO EtJD THE TABLE' ) 
FORMAT COTABLE MO.', 15,'EXCEEDS 32. PROGi^AM WILL SKIP TABLE.' ) 
FORMAT Cl',46X,'AEROJ".T-GENERAL CORPORATION' / 
1 50X,'SACRAMENTO,CALIFORNIA' / 'o***** PROGRAM E122:i2 •**•*', 
2 5X,'FEM TWO-DIMENSIONAL TEMPERATUR: ANALYSIS PROGR'.M' ) 
END 

• 

^^P 

*-*vr^ - ] 

' 

i 

1 



a ECT SIMEO.1.720427. 34001 

000001 
000002 
000003 
000004 
000005 
000006 
0')0007 
000008 
000009 
OCOOIO 
000011 
0C10012 
0U0013 
000014 
000015 
000016 
000017 
000018 
000019 
000020 
000021 
000022 
000025 
000024 
000025 
000026 
000027 
000028 
000029 
000030 
000031 
000032 
000033 
000034 " 
000035 
0U0036 
000057 
000038 
000039 
000040 
000041 
000042 
000043 
000044 
000045 
00004b 
000047 
000048 
"000049 
000050 
000051 
000052 
000053 
000054 
000055 
000056 

7" SUBROUTINE SIMEQ(A.B»NN.MM,NA .ITEM.DD.NND.KERR) 
C-
C 
C 
C 
c 
c-
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c-

/ SOLVES MATRIX EQUATIONS - AX = B 
GAUSS ELIMINATION WITH COMPLETE PIVOTING ON ABSOLUTE LARGEST 
ELEMENT TO FORM TRIANGULAR MATRIX.WITH BACK SUBSTITUTION FOR 
SOLUTION VECTORS. 

CALL SIMEQ (A.B.NN.MM.NA .ITEM.DD.NNO.KERR ) 

DD 
NND _ 
NO 
KERR 

A(1.1) OF INPUT MATRIX 
INPUT VECTORS , 

NUMBER OF SlMULTAfJEOUS EQUATIONS. , 
NUMBER OF B-VECTORS. 
DIMENSION OF MATRIX A.THAT IS. A(NA»—) 
TEMPORARY STORAGE (FOR PERMUTATION VECTOR) 
WITH DIMEN'̂ ÎON - ITEM(NA) 

= DETERMINANT 
= POWER OF TEN TO MULTIPLY DETERMINANT 
= POWERS OF TENS FACTOR FOR DETERMINANT. 
= ERROR CODE. =<. SINGULAR RANK . =-1 SOLVED EQUATIONS 61210020 

DIMENSION A(NA.MA),B(NA,1 ) 
DIMENSION ITEM(2) 
EQUIVALENCE (ID,D) 

D = 1.0 
|̂D = 0 
N=NN 
M=MM 

C 
C TEST FOR TRIVIAL CASE N=l. 
C 

IF(N .EQ. 1) GO TO 110 
C 
C SET-UP THE PERMUTATION VECTOR. 
C _ 

DO 1 1=1,N 
1 ITtM(I) = I 
___ NI = N-1 

DO 60 K=1,N 
C-
c 
"c-

5EARCH AND SET THE ABSOLUTE LARGEST ELEMENT AS THE °IVOT. 

PIVOT 
DO 10 
DO 9 
XTEM 

= 0. 
I=K,N 
J=K,N 
= Adi J) 

9 
10 

IF( ABS(XTEM) .LE_._ 
PIVOT = XTEM 
IS = I 
IT = J 
CONTINUE 
CONTINUE 

ABS(PIVOT)) 60 TO 9 

COMPUTE DETERMINANT AND TEST FOR SINGULAR MATRIX. 

61210002 

61210004 
1 
1 

61210005 1 
61210006 ! 
61210007 1 

61210009 
61210010 
61210011 
61210012 
61210013 
61210014 
61210015 
61210016 
61210017 
6121'1018 
61210019 
61210025 
61210020 

J 

/ 

• 

61210021 
61210022 

• 

61210021* 
61210026 
61210027 
61210028 

• 

61210030 

61210031 
61210032 
61210033 
61210034 

612100^6 

61210078 
61210039 

• 

61210040 
61210041 
61210042 
61210043 
61?10044 
61210045 
61210046 
61210047 

. 
61210048 



000057 
000058 
000050 
OC0060 
000061 
0C0032 
000053 
C 00064 
0U0065 
000066 
000067 
000068 
0 00 069 
OOOO 70 
('00071 
000072 
000073 
OC0074 
0L0075 
000076 
0 DOC) 77 
0C0078 
0COO79 
000030 

ocooal 
0CU0S2 
OC0033 
000084 
000035 
000086 
OC0087 
OC 0088 
0CO0S9 
0C009C 
OC0091 
OC0092 
000093 
000094 
0C009b 
000096 
000097 
000098 
000099 
000100 
000101 
0OU102 
000103 
000104 
000105 
0C0106 
000107 
000108 
000109 
000110 
000111 
0OUH2 
000113 
000114 
000115 
000116 

D = D*PIVOT 
IFdD .NE. 0) GO TO 11 

61210051 
61210052 

IF MATRIX IS SINGULAR.SET THE RANK OF MATRIX A IN KERR AMD EXIT61210053_ 

; i 

13_ 

14 

KERR 
GO TO 
XTEM 
IFCXTEM 
n 
ND 

= K-1 
100 

= ABS(D) 
LE.1.0 ) 
= 0/10. 
= ND+1 

GO TO 11 
IF(XTEM,GE.0.1) _ 
D = D*10.0 
t-'D = ND-1 
60 TO 11 
COiniNUE 
IFCK.EQ.IS) 

GO TO 13 

GO TO 14 

GO TO 30 

IF THE PIVOT IS NOT IN THE RIGHT ROW.INTERCHANGE ROWS. 

ro 20 J=1.N 

20 

21 

30 

XTEM 
Ads.J) 
ACK .J) 
CONTINUE 
CO 21 J= 
XTEM = 
PCIS.J) = 
PCK ,J) = 
CONTINUE 
P = 
IF(K.EQ.IT) 

= AdS.J) 
= A(K.J) 
= XTEM 

J=1.M 
= BdS.J) 
= B'K .J) 
= XTEM 

= -D 
GO TO 40 

IF THE PIVOT IS NOT IN THE RIGHT COL..EXCHANGE COLS AND RECORD 61210083 
THIS IN TtlE PERMUTATION! VECTOR. 61210084 

DO 31 1=1,N 61210086 
XTEM = Ad,IT) 61210087 
A d , I T ) = A ( I , K ) ' .______..^ 61210088 
A d , K ) = XTEM " " "^ 6 1 2 1 0 0 8 9 ' 

3 1 COrJTINUE -61210000 
D = -D __. 6121"091_ 

C ' 61210002 
C SET PERMUTATION VECTOR' 61210no3 
C _ 61210004 

I = ITEMdT) ' 61210095 
ITEM(IT) = ITEMCK ) 61210096 
ITEMCK ) = I [ 61210097 

c :.—-_- ^—-_-:;——-—. 
40 CONTINUE 612100Q9 
__ Kl = K + 1 _ _ 61210100 

IF(Kl.GT.N) GO TO 60 61210101 
C 
C MULTIPLY THE K-TH ROW ^Y -A(I,K)/PIV^T AND ADD TO THE I-TH ROW 61210103 
C „ 

DO 50 I=K1,N 61210104 
DO 50 J=K1,N _̂  61210105 
Ad,J) = Ad,J) - A(<,J)/PIVOT * A{I,K) 61210106 

50 CONTINUE 6V''101O7 

61210054 
61210055 
61210056 
61210057 
6121O0'-i8 
61210059 
61210060 
61210061 
61210062 
61210063 
61210064 • 

1 

1 
1 
1 

1 

1 

... . . _.J 
61210065 1 
61210066 1 

61210068 

61210070 

1 
1 
1 

61210071 ' 1 
61210072 1 
61210073 1 
61210074 
61210075 
61210076 
61210077 
61210078 
61210079 
61210080 
61210081 

! 
1 
1 
I 

1 1 
1 
J 



000117 
000116 
0C0119 
00 0120 
000121 
0C0122 
000123 
000^24 
nC0125 
OftOj.26 
000127 
000128 
000129 
000150 
000131 
000132 
00013J 
000154 
000135 
000136 
COO 137 
000138 
000139 
000140 
000141 
0OU142 
(Oul43 
000144 
C00145 
000146 
000147 
000148 
0 CIO 149 
0C0150 
000151 
000152 
OC 0153 
000154 
0U0155 
000156 
OC0157 
000150 
000159 
000160 
OC J161 
OC 0162 

51 
60 r 

DO 51 
DO 51 
BCI.J) 
CONTINUE 
CONTINUE 

I=K1.N 
J=1.M 
= Bd,J) A(I,K)/PIVOT*B(K,J) 

/ BACKSUBSTITUTION FOLLOWS. 

70 

71 
72 
73 

DO 70 
B(NrJ) 
CONTINUE 
I 
DO 73 
U 
T 

PIVOT 
DO 72 
XTEM 
DO 71 
XTEM 
pd.IT) 
CONTINUE 

:l,M 
B(N,J)/A(N,M) 

rN 
= N 
K=2. 
= I 
= I-l 
= Ad,I) 
IT=1,M 
= O.DO 
J=I1,N 

A(I,J)*B(J.IT) + XTEM 
(Bd.IT) - XTEM)/PIVOT 

C-
C 
c-

USE PERMUTATION VECTOR TO EXCHANGE ROWS OF B-MATRIX. 

( 

DO 81 1 = 1.N 
79 iFdTEMd) .EO.I) 

K = ITFM(I) 
DO 80 J=1.M 
XTEM = B(K.J) 
PCK,J) = bd,J) ___ 
Bd.J) = XTEM 

80 CONTINUE 
ITEMd) = ITEM(K)__ 
ITEM(K) = K 
CO TO 79 

_81 CONTINUE 
82 KERR=-1 

DO = 0 
_NNO = ND 

100 RETURN 
110 DO 115 J=1,M 
115_Bd,J) = B(1,J)/A(1,1) 

D = Ad,l) 
GO TO 82 
END 

GO TO 81 

61210108_ 
61210109 
61210110 
61210111 

61210112 

61210114_ 

61210116 
61210117 
61210118 
61210119 
612101?0 
61210121 
61210122 
61210123 
612101?4 
61210125 
612101?6_ 
61210127 
61210128 
61210129 
61210131 

61210133^ 
61210134 
61210135 
61210136 
61210137 
61210138 
61210139' 
61210140 
61210141 
612iniu? 
61210143 
612inru£^ 
61210145 
61210146 
612101U7 
61210348" 

/• 

61210149 



a EL~SUBRIN.1,720427. 34004 

000001 
000002 
0C0C03 
0C0004 
000005 
0C000& 
OC0007 
0C0008 
000009 
OCOQIU 
OCOOll 
0C0012 
OC0013 
010014 
OC 0015 
000016 
000017 
000018 
000019 
000020 
0G0U21 
0 0 0 022 
000023 
0 0 0024 
000025 
0C0026 
000027 
000028 
000029 
000030 
"000031 
000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
000040 
000041 
000042 
000043 
000044 
C00045 
000046 
000047 
000048 
000049 
000050 
000051 
000052 
00U053 
000054 
000055 
000056 

"SUBROUTINE SUBRIN" 

c . . . . 
SUBROUTINE TO READ RECALL(RESTART OR HISTORY) TAPE. 

DlMttiSION TC(500) 
COMMON A ( 9 0 0 . 3 0 ) . B ( 9 0 0 ) . D ( 9 0 0 ) . D D ( 5 ) . E ( 3 . 3 ) . H E D ( 1 2 ) . P ( 5 ) 

COMMON 0 ( 9 0 0 ) . S ( 5 . 5 ) . T ( 9 0 0 ) . X(O0D)» Y(OOO). T I ( 9 0 0 ) 
0 2 2 5 ( 9 0 0 ) . T A B ( 6 0 . 3 2 ) 
X C O N D d O ) , D E N S d O ) . O X d O ) _ _ 
TEM d o ) 
C0r'D.RH0.0XXr02? 
TIME, DT. 0T2. H. TEMP, XL, X)<»_YY, TMAX, 
NUMBC, NUMMT, NDT, INTER. MBAND. 
NDIM.IVARH.IVARC.IPT.IDT.IPUNCH,IDUM 
KODE(900), IX(3), KX(4). LM(5)._KAT. 
ITCMCIO). IDTA0(32). ITFAC(32) 
IKODE(900). INTAB(10.3) 
JNODE(900) 
/ U K / IPTC 
/OC/ IPC(2501. JBC(250). IHBC(250), ITBC(250), HBBC(250)» 

TINIT 
NUM. NTAB 

.NUMNP. NUMEL_ 

COMMON 
_ COMMON 
COMMON 
COMMON 

_ COMMON 
COMMON 
COMMOfJ 

_COMMON 
COMMON 
COMMON 

__COMMON 
COMMON 
COMMON 
1 TEMEBC(250). XLBC(250). IIBC(250). JJRC(250) _:_ 
COMMON /RADCON/EPS(250). F(40.40). SIGMA. NRF(250). IFLAGR 
1 . FN(250). BO(40)» KTEM(40). TS(250) - t 
_ COMMON /TAPE/ ITAPE. ISTART. ISS Li ,__ 
LOGICAL DAMP, DFl. DF2, DF3, T0L4 
COMMON /LOGIC/ DAMP, DPI, DF2, DF3, T0L4 
COMMON /DMPING/ D M P I , DMAXl, DMP2, DMAX2, DMP3, DMAX3. TOLN_ ___ 
EQUIVALENCE (IDMPl.DMPI), dOMP2,DMP?), (IDMP3,0MP3), 

1 (IMAXlrDMAXl) , dMAX2,DMAX2) . dN'AX3.DMAX3) . (ITOL.TOLN) 
EQUIVALENCE (TEM<1),XTEMl), (TFM(2),XTEM2), (TEM(3).XTEM3)» 

: (TEM'.4) .XTEM4) 
EQUIVALENCE (ITEM(1).TTABK). (ITEM(2).ITABR). (ITEM(3)»ITABQ)» 

: (ITEr'(4) ,MTYPF) 
EQUIVALENCE (TI(1).TC(1)). (DT.INTDT) 

REWIND 3 
READ (3) 
. ((INTAB 

((TAB(K 
(MM.KODE( 

DMP3. DMA 
WRITE (6.2 
WRITE (6. 

1 INTABCfl 
DO 7060 fl 
READ (3) 
WRITE (4) 

7060 CONTINUE 
READ (3) 
1 dfiCd) . 
2 IlUCd) . 
3 ( (F (I. J) . 

7065 READ (3) T 
IFdINIT . 
CALL SUBP6 

HED. NUMNP, NUMEL, KAT, NUMMT, NTAB. ISS. IVARC 
(I.J). J=1.3). XCONDd). DFNSd). QX(I), 1 = 1,NUMMT). 
.L), K=l,60), IDTAR(L), ITFAC(L). L=l,32), 
M),IKODE(M).X(M).Y(M),T(M),TI(M),Q22S<M), M=l,NUMNP) 
DAMP, DFl, DF2, DF3» T0L4, DMPI, DMAXl, DMP2, DMAX2, 

X3, TOLN 
000) HED,NUMNP,NUMEL.NUMBC.NUMMT.INTER.DT.TINIT.TMAX 
20 09) (M,INTAB(M,l),XCOND(M),INTAB(M,2),DENS(M)» 
.3) .OX(M) ,M=l.riUMMT ) __ _ 
=1.NUMEL 
HH, II, 12, 13, 14, 15 
NN, II, 12, 13, 14, 15 

NUMBC, MBAND, IFLAGR. IDF. SIGMA, 
J B C d ) . IHBCCI). ITBCd). HRBC (I) . TEMEBC (I) . XLBC ( !_)_»_ 
JJBCCI). EPSCI), N R F d ) , I S d ) , F N d ) , I=L,NUMBC), 
J=1,IDF), 1=1,IDF), (JNODF(I), 1=1,NUMNP) 
IME, (TC(N), N=1,NU"NP) 
GT. TIME) GO TO 7065 



000057 
000058 
0C0059 
000060 
000061 
000062 
000063 
C00054 
COOOoS 
000066 
0000o7 
OOOCbS 
000 Ob9 
OC0070 

WRITE d) ( (Ad.J) .J=l.MBAND) .1 = 1.NJMNP) 
WRITE d) (TCI). B d ) . D d ) . 1 = 1.NUMNP) 
REWIND 1 

_LL = 0 __ 
j CALL SU3R7 (LL) 
/ RETURN 

_2Q00 FORMAT (IHO 12A6// 25H0NUMBER OF NODAL POINTS— 14/ _ 
/ 1 2bH MUMBfR OF ELFMlNTS 14 / 25H NUMBER OF CONVECTION BC-I4/ 
/ 2 25H NUMfiER OF MATERIALS 14 / 
"̂  3 25H OUTPUT INTERVAL 14 / ?nH TIME INTERVAL FlO.3/ _ 

4 20H INITIAL TIME F10.3/ 20H MAXIMUM TIME F10.3 ) 
2009 FORMAT CO M'.lOX.'TABLE-K'.14X.'K'.inx.'TABLE-R'.9X.'RHO-CP'.lOX 

1 . 'TABLE-0'.14X.'Q'/ 10 d4.3dOX. I7,F15.6)/) ) 
END 



Q ELTSUbRO.1.720427. 34008 

000 
000 
000 
000 
000 
000 
OOO 
000 
OCO 
OOO 
OCO 
OdO 
000 
OC 0 
0 00 
0 00 
000 
000 
0 00 
01)0 
000 
000 
000 
00 0 
00 0 
000 
000 
"000 
000 
000 
000 
00 0 
000 
000 
000 
000 
000 
000 
000 
000 
OOU 
000 
000 
000 
coo 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
OOO 

001 
002 
003 
004 
005 
006 
007 
008 
0 09 
010 
oil 
012 
015 
014 
015 
016 
017 
018 
019 
020 
021 
022 
025 
024 
025 
026 
027 
028 
029 
030 
051 
C32 
033 
034 
03b 
03b 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
055 
054 
05b 
056 

P(5) 

COMMON 
COMMON 
COMMON 
COMMON 
COMfiON 
COMMON 
C0-1M0N 
"COMMON 
COMMON 
_COMMON 
COMMON 
COMMON 
COMMOtI 

TINIT 
N JM. NTAB 

NUMNP. NUMEL 

SUBROUTINE SUBRO 

DIMENSION TC(500) _ 
COMMON A(900.30). 8(900). D(900). DD(5), E(3.3). HED(12)» 

COMMON Q(OOO), S(5.5). T(900). X(OOO). Y(«00)» TI(900) 
0 / 7 5 ( 9 0 0 ) . T A B ( 6 0 . 3 2 ) _ __ 
X C O N D d O ) . D E N S d O ) . O X d O ) 
T E M d O ) 
COND.PHO.OXX.022 
T i r - E , DT, DT2 , M , T E M P , X L , XX. YY, TMAX, 
Nl l ^dC, NUMMT, NDT, INTER. MBAND. 
N D I M , I V A R H . I V A R C , I P T , I D T , I P U N C H , I D U M 
K O D E ( 9 0 0 ) , r < ( 3 ) , K X ( 4 ) . L M ( 5 ) . KAT. 
I T E M C I O ) , I D r A B ( 3 2 ) , I T F A C ( 3 2 ) 
I K O D E ( 9 0 0 ) , f N T A B d O , 3 ) _ 
JNODE(^OO) 
/ U K / IPTC 
/ B C / I B C C 2 5 0 ) , J R C ( 2 5 0 ) , I H B C ( 2 5 0 ) , I T B C ( 2 5 0 ) , H B B C ( 2 5 0 ) t . 

1 TEMEPC(250) , X L B C ( 2 5 0 ) , I I B C { 2 5 0 ) , JJRC(250 ) 
COilMON /RADCON/EPS(250 ) , F ( 4 0 , 4 0 ) , S I^MA, N R F ( 2 5 0 ) , IFLAGR 

1 , F N ( 2 5 0 ) . B 0 ( 4 0 ) . KT !^M(40) . TS (250 ) 
COMMON /TA'^E/ ITAPE. ISTART. ISS 
LOGICAL DAMP, DFl, DF2, DF3, T0L4 
COMMON /LOGIC/ DAMP, DFl, OF?, DF3, T0L4 
COMMON /Ot^PlUG/ DMPI, "IMAXI, D M R ? , DMAX2, DMP3, DMAX3. TOLN 
EQUIVALENCE (IDMPl.DMPl), (IDMP2,DMP?), dDMP3,DMP3), 

1 __ (IMAXl,DMAXl), dMAX2,DMAX2) , (IMAX3,DMAX3), (ITOL.TOLN) 
EQUIVALENCE (TFM(1).XT^Ml). (TEM(?).XTFM2). (TEM(3).XTEM3)» 

C (TEM(4).XTPM4) 
ECUIVALENCE (ITEMd).ITABK ) , dTEM(2),ITABR ) , (ITEM(3),ITABQ). 

C (ITEM(4),MTYPE) 
EQUIVALENCE (TI(l),rCd)), (DT,INTDT) 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i t i 
C ^ READ AMD PRINT OF CONTROL INFORMATION ^ 
C*********************************************************************** 

REWIND 4 _ _ _ 
REWIND 8 
IDMPl = 0 

______ IDMP2 = 0 .__ 
IDVP3 = 0 
IDMAXl = 0 
IDMAX2 = 0 
IDMAX3 = 0 
ITOL = 0 

_ 50 READ {5,1000,ERR=7010,END=7000) __ 
1 HLD,I START,JTAPE,NUMNP,NUMEL,NUMBC.KAT.IPT»NTAB»TINIT»IOT.DT» 
2 INTER. TMAX. IPUNCH. DFl. DF2. DF3. T0L1.» IDUM 
TIME = TINIT 
IFdNTDT .GT. 0) DT2 = l./DT 

C-
c 
c-

IF ISTART = 1. RETURN TO MAIN PROGRAM TO READ REST OF OATASRESTA^T 

GO TO 120 

IPTC = 1 ' "' " 

IFdSTART .to. 1) 
ITAPE = J TAPE 
iFdPT .M"̂ . 0) 
WRITE (6,0000) 



CC0057 ^ P 
000058 
000059 
OGOC60 
000061 
n 0 0 n ̂^ ? 
0 00 063 

000 064 
0000^5 
000066 
000067 
Of 0068 
0 00069 
OOOC70 
000071 
000 072 
000073 
OC0074 
000075 
000076 
OC0077 
000078 
0CU079 
0C0080 
OlOOiU 
ocooa2 
0C0083 
OC0084 
0L0085 
000086 
000087 
0 cocas 
OC 0089 
OL0090 
OC 0091 
0C0092 
OC 0093 
0C009'4 
0C0095 
000096 
000097 
000098 
000099 
000100 
000101 
000102 
0C'0103 
000104 
000105 
0 0 0106 
000107 
000108 
000109 
000110 
000111 
000112 
000113 
1)00114 
000115 
000116 

/ 
C—V-

_c /__ 

_. _ 

51 

52 
53 

54 

56 
58 

C 
c * * * * 
c 
c * * * * 

c 
6C 

IFdDT .EO. 0 .AND. INTDT .EO. 0) ^ i s = l 
NUMMT = 0 
DAMP = DFl .OR. DF2 .OR. DF3 ' 
IFCDAMP .OR. T0L4) READ (5.5010) OMPI, DMAXl. DMP2. nMAX2» 

1 DMP3. DMAX3. TOLN 

SET DEFAULT VALUES. 

IFdDMPl .EG. 0) DMPI = 0.5 
IFdDMP2 .EO. 0) DMP2 = 0.5 
IFdDMP3 .EQ. 0) DMP3 = 0.5 
IFdMAXl .EQ. 0) DMAXl = 10. 
IFdKAX2 .EO. 0) DMAX2 = 10. 
IF(1MAX3 .to. 0) DM'\X3 = 200. 

RFAD (5.10 03.ERR=7010,END=7000) 
1 M,ITABK.XTEMl,ITABR.XTEM2,ITABQ.XTEM3 . 

NUMMT = NUMMT+1 
XCOND(M) = XTEMl 
DENS(M) = XTFM2 
OX(M) = XTEM3 
IFdTABK .GT. 32) ITABK = 0 
I^^dTABR .GT. 32) ITABR = 0 
IFdTABO .GT. 32) ITABQ = 0 

IMTAB(M.l) = ITABK 
INTAB(f.2) = ITABR 
INTAB(M.3) = ITABQ 

GO TO 51 
IF(rJUMNP) 900.900.53 
IF(KAT) S4.56,54 
WRITE (6.2010) T 
GO TO 58 

IFdSS .EO. 1) WRITE (6,6000) 
WRITE (6,2000) HED,NUMNP,NUMEL.NUMBC.NUMMT.INTER.DT.TINIT.TMAX 
IF(DAMP .OR. T0L4) WRITE (6.2012) DMPI. DMAXl. DMP2. DMAX2. 

1 DMP3. DMAX3. TOLN 
WRITE (6,2009) (M,INTAB(M,1),XCOND(M),INTAB(M,2),DENS(M). 

C INTAB(M.3).OX(M).M=1,NUMMT ) 
IF(NTAB.NE.O) CALL RTAB 
IFdPT .NE. 0) WRITE (6,?ni3) 
IF(JTAPE .EQ. 1) WRITE (6,2014) 

*****it.*******^,****^**^i****tii^*****Hii^**H:*^t:***:***iti7^*^***Dc**i1^-**iif:^:**:Dt*t^ 

READ OR GENERATE NODAL POINT INFORMATION 
;f::t,:,'«t: :4:4c * « * 4 : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * « < * * * * * * * * * * * * * * 

WRITE (6,9000) 
WRITE (6,2001) 
L=l 

READ (5,1001,ERR=7010,END=7000) 
1 N, ITEMd), XTEMl, XTEM2, XTEM3, XTEM4. ITEM(2) 
KODE(N) = ITEMd) 
X(N) = XTEMl 
Y(N) = XTFM2 
T(N) = XTEM3 
TKN) = XTEM4 
DIf'F=N + l-L 

• 

*••«*»*. • 1 

/ 1 

1 

. 1 

1 



oco 
oco 
0:0 
000 
0:0 
0 00 
oco 
030 
0:0 
0 00 
000 
oco 
oco 
000 
000 
0:0 
000 
000 
000 
oco 
000 
ocu 
000 
000 
000 
00 0 
000 
000 
000 
000 
000 
oco 
oco 
000 
000 
000 
OuO 
000 
000 
000 
000 
000 
OUO 
000 
000 
OUO 
000 
oco 
oco 
oou 
OC 0 
oco 
oco 
000 
oco 
ocu 
oco 
OUO 
000 
000 

117 
118 
119 
120 
121 
122 
123 
i2<f 
:2b 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
110 
li+l 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
171̂  
175 
176 

65 

/ 
75 

IF (N-L) 65.80.70 
WRITE (6.2020) N 
GO TO 60 
DX=(X(N)-X(L-1))/DIFF_ 

80 

90 
100 

110 

115 
120 

900 

DY=(Y(N)-Y(L-1))/DIFF 
KODE(L)=0 
X(L)=X(L-1)+DX : 
Y(L)=Y(L-1)+DY 
T(L)=0.0 
TKL) = TI(L-l) : 
WRITE (6.2002) L. KODE(L)» X(L)» Y(L)» T(L)» TKL) 
L = L+1 
IF (N-L) 90.80.75 
IF (MUMNP+1-L) 100.100.60 
CONTINUE 
DO 110 Irl.NUMNP 
D(I)=0. 
B(I)=0. 
WRITE (8) T(I). n(I). q(I) 
no 110 Jrl.NDIM 
A(I.J)=0. 
MBAND=0 . 
NUM=0 
WRITE ( 6 . 9 0 0 0 ) 
WRITE ( 6 . 2 0 0 3 ) . ^ 
DO 1 1 5 I = 1 . 4 
L K ( I ) = 0 
co rn i f JUE 
RETURN 
WRITE ( 6 . 3 0 0 0 ) 
GO TO 120 

- - • I 

; END OF FILE RETURN. 
7000 CONTINUE 

IFdTAPE .GT. 0) ' 
STOP 

7010 WRITE (6.3005) 
READ (5.3010.END=7000) 
WRITE (6.3010) (HED(I). 
to TO 7000 

END FILE ? 

(HED(I)»I=1.12) 
1=1.12) 

FORMAT STATEMENTS 

1000 
1001 
1003 
2000 

2001 

2002 
2003 
2009 

2010 
2011 
2012 

FORMAT (12A6. 6X. 211/ 615. E10.4. 15. ElO.4.I5>E10.4.I5.4L1.II) 
FORMAT (215.4F10.0.15) 
FORMAT (15.4(15.ElO.4) ) 
FORMAT (IHO 12A6// 25H0NUyBER OF NODAL POINTS— 14/ 
1 25H NUMBER OF ELEMENTS 14 / 25H NUMBER OF CONVECTION BC-I4/ 
2 25H NUMBER OF MATERIALS 14 / 
3 25H OUTPUT INTERVAL 14 / ?0H TIME INTERVAL F10.3/ 
4 20H INITIAL TIME F10.3/ 2nH MAXIMUM TIME F10.3 ) 
FORMAT (20H0 N.P. NO. CODE 14X.IHX.14X.IHY,14X.IHT.13X.2HT0._ 
1 12H CODE TABLE ) 
FORMAT (2I10.4F15.4.I12 ) 
FORMAT {35H0 N I J K L MATERIAL ) 
FORMAT C O M«.lOX. 'TAHLE-K'.14X.'K».lOX.'TABLE-R*.9X.'RHO-CP'. lOX 

C . 'TABLE-O'.14X. •'•)•/ 10 (14. 3( lOX . 17. E15.6)/) ) 
FORMAT (24H0AXISYMMETRIC SOLID BODY ) 
FORMAT COTWO DIMFNbIO\JAL PLANE RODY' ) 
FORMAT CODMPl = ». E14.o. ' DMAXl = •. E14.6/ » DMP2 = •» E14.6. 

1?200258 



000177 
000178 
000179 
OOOIOO 
0C0181 
000182 
0CO183 
0CO134 
000185 
OCOMb 
OfU3B7 
OCOISB 
0C0189 
OC0190 

• 0MP3 = •. Elf.6.I 1 ' DN'AX2 = '» E14,6/ 
2 ' TOLN = •. E14.6 ) 

2013 FORMAT COOUTPUT INCLUDES GEOMETpY ''LOT') 
2014 FORMAT COOUTPUT INCLUDES RECALL TAPE' ) 
2020 FORMAT (lOHOCARD NO. 14. 13H OUT OF ORD^R ) 
3000 FORMAT (16H0ERROR.NUMNP = 0 ) 
3005 FORMAT COINPIJT ERROR. NEXT CARD. IF ANY. IS'//) 
3010 FORMAT (IX. 12A6 ) 
bUlO FORMAT (8F1C.4) 
6000 FORMAT C0++*+* STEADY-STATE CASE FOLLOWS ****•» 
9000 FORMAT C 1 • . 46X. ' AER0JET-'5ENERAL CORPORATION' / 

DVAX3 - •» El«».6/ 

) 

1 50X.'SACRAvENTO.CALIFORrJIA' / '0**+*+ PROGRAM E12202 *****•» 
2 BX.'FEM TWO-DIMENSION^L TEMPERATURT ANALYSIS PROGRAM' ) _ 
EriD 

-4-^ 

v*̂  



ELT S U B R 1 . 1 » 7 2 0 4 2 7 . 34011 

000001 
000C02 
000003 
000004 
CJ00005 

J ' 0 0 0 0 6 
000007 
ooocob 
000009 
OOOCIO 
OOOUll 
0 0 0 0 12 
OOU013 
000014 

oconi5 
OU0016 
OilOl 17 
000018 
000019 
OC0020 
000021 
000022 " 
OC 0.23 
0UO024 
000025 
000026 
000027 
000023 ' 
000029 
000030 
000031 
000032 
000033 
000034 " 
00003b 
000036 

"000037 
000038 
000039 
000040 
000041 
000042 
000043 ' 
000044 
00004b 

"000C46 
000047 
000040 
000049 
000050 
000051 
0 0 0052 
OOOOoiS 
0 00 054 

• 000055 
000056 

TINIT 
NUM. NTAB 

/ SUBROUTINE SUBRl 

C , ' FORM CONDUCTIVITY MATRIX FOR COMPLETE BODY 

DIMEfiSION TC(500) 
COMMON A(900.30). B(900). D(900). DD(5). E(3.3). HED(12). P(5) 

COMMON 0(900). S(5.b). T(POO). X(aOO). Y{900). TI(900) 
COMMON 0725(900). TAB(60.32) 

^_ COMMON XCOtJD(lO). DENS (10). OX (10) _. 
COMMON TEM(IO) 
COMMON COND.RHO.OXX>OZZ 
COMMON TIME. DT. DT?. M. TEMP. XL. XX. YY. TMAXi 
COMMON NUMBC. tJUMMT. NDT. INT^-R. MRANDi 
COMMON NDIM.IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 

^_ COMMON KODE(900). IX(3). KX(4). LM{5). KAT 
COMMON ITfMdO). IDrAB(32). ITFAC(32) 
COMMON IKODE(900). INTAB(10.3) 
COMMON /SAVE3/ lOFF 
LOGICAL DAMP. DFl. DF2. DF3. T0L4 
COMMON /LOGIC/ DAMP; DFl. DF2. DF3. T0L4 
COMMON /DMPING/ DMPl. DMAXl. DMP?. O^AX?. DMP3. DMAXS. TOLN __ 
FQUIVALEt'Cr (IDMPl .DMPl) . dD'^P2.DMP?) . ( TDMP3.DMP3) . 

1 d'lAXl.DMAXl) . dMAX2.DMAX2) . (I\^AX3.D"Ay3) . (ITOL.TOLN) 
EQUIVALENCE (TEMd).XTfMl) . (TFM(2).XT^M?). (TEM(3).XTEM3)» 

C (TEM(4).XTEM4) 
EQUIVALENCE dTEM(1).ITABK) . (ITEM(2).ITABR)» 

C (ITEM(4).MTYPF) 
FOUIVALENCE (11. ITEM ( ̂>) ) . d?.ITEM<6)). (13. ITEM (7) ) . d4.ITEM(8)) 
EQUIVALENCE ( T K D . T C d ) ) 
COMMON /TAPE/ I CAPE. ISTART. ISS 

J 

NUMNP. NUMEW. 

dTEM(3).ITABQ)f 

d4.ITEM(8) 

GENERATE RECALL TAPE IF ITAPE IS t'ONZEPO, 

ITRA = 1 
IF (ITAPE.EG.0) GO TO 70 
WRITE (2) HED. NUMNP. NUMEL. KAT. NUM M T . NTAB. ISS. IVARC 
1 f ( (irJIABd.J) . J=l.3). XCONDd). PENSd). OX (I) . I = 1.MUMMT). 
2 ((TAB(K.L). Kzl.taO). IDTAR(L). ITFAC(L). L=1.3?). 
3 (M. KOOE(M).IKODE(M).X(M).Y(M).T(M).TI(M).Q7ZS(M). M=l.NUMNP) 
4 . DAMP. DFl. DF2. DF3. T0L4. DMPl. DMAVl. DMP2. DMAX2. 
5 DMP3. DMAX3. TOLN 
ITRA = 2 

70 CONTINUE 
C 

DO 200 N=l.NUMEL 
C _ „ 
C 1. READ OR GENERATE ELEMENT PROPERTH^S 
C . 

IF (NUM-N) 120.121.121 
120 READ (5.1002) NUW.K<(1).KX(2).KX(3).KX(4).MTYPE 

lERR = 0 __ 
DO 90 1=1.3 
no 90 J=1.3 

_ IF( IABS(KXd)-KX(JH)) .GT. 40) lERR = 1 _ 
90 COtJTINUE ••" r 

I F d E R R . E Q . 1) WRITE (6.POOS) 

— I 



000057 ^ ^ C 
0U0C58 C CHECK INPUT FOR COUNTER-CLOCKWISE DIRECTION. 
000059 C 
000060 __ AREA = 0. 
000C61 ' ; DO 100 1=1.4 
000062 • / J = I+l 
000063 ^ / IF (J .GT, 4) J =_1^ 
U0U064 / " K = K X d ) 
000065 / L = KX(J) 
000066__ YB = (Y(K)+Y(L) )/2.0 , 
000067 DX = X(L) - X(K) 
OU006B 100 AREA = YB*DX+AREA 
000069 IF(AREA .GT. 0.) WRITE (6»e000) NUM 
0OU07O 121 DO 122 1=1.4 
0UO071 122 LM(I)=LM(I)+1 
000072 IF (NUM-N) 123.124. 126_. .^_________ 
000073 '123 WRITE (6.2021) NUM 
000074 ' GO TO 120 
000075^ 124 DO 125 1 = 1.4 __ 
000076"* '• 125 LM(I)=KX(I) 
000077 ITYPE = MTYPE 
000078 _ IF (ITYPE .EQ. 0) ITYPE_=_1 . 
000079 , CONO = XCONDdTYPE) 
000000 PHO = DENSdTYPE) 
000081 _____________ OZZ = QXdTYPE) 
O0U082 '" ITA8K = INTAB (ITYPE.D 
C00083 ITADR = INTABdTYPE»2) 
O00084 __̂  ITAUQ = INTAB(ITYPE.3) 
0U0085 126 CONTINUE 
000086 127 CONTINUE 
000087 WRITE (6.2004) N. (LM(V). M=1.4), ITYPE 
000088 WRITE (4) N. (LM(M). M=1.4). ITYPE 
000089 GO TO (142.140). ITRA 
000090 140 WRITE (2) N. (LM(M), M=1.4). ITYPE 
000091 142" CONTINUE 
U00092 C-
000093 C 2. FORM ELEMENT CONDUCTIVITY MATRIX 
0 00094 C — . 
000095 I=LM(1) 
000096 ^ J=LM(2) _̂  j 
000097 K=LM(3) 
000098 L = L M ( 4 ) 
000099 LM ( 5 ) = I 
000100 C 
0 00101 XX=(Xd)+X(J)*X(K)+X(L))/4. 
000102 YY=(Yd)+Y(J)+Y(K)+Y(L))/4. 
00 0103 C •" 
000104 C ITABQ .LT. 0 0 VS. TIME TABLE. 
000105 ^_ C ITABQ .EQ." 0 NO TABLE. 
000106 " C ITAbQ .GT. 0 G VS X OR Y TABLE. 
Oil 0107 C — — 
_0C0108 IFdTABQ) 128.130.129 
000109 128 ITAUQ = -ITABQ 
000110 CALL LINT (TIME.TABd.ITABQ).QZZ.DX) 
000111 GO TO 130 
000112 129 CONTINUE 
00U113 ZZ = XX 
000114 IFdDTAn(ITABQ).EQ.'i) Z7 = YY 
000115 CALL LINT (ZZ.TABd»ITABO).QZZ.DX) 
000116 130 CONTINUE 



_000117 ^ ^ QZZS(N)_ = QZZ 
0C0118 C 
000119 CALL CONMAT 
OC0120 200 CONTINUE 
000121 7 V.RITE (1) ((A(I»J)»J=lfMBAND)»I = l.NUMNP) 
003122 / WRITE d ) (T(I)f B(I). D(I)f 1=1.NUMNP) 
OC0123 /_ REWIND 1 
OC0124 ' RETURN 
0C012b C 
0 0 1 2 5 C FORMAT STATEMENTS 
0 C 0 1 2 7 C — — 
0C0128 1002 FORMAT (1015) 
0C0129 2021 FORMAT (13H0RAD CARD NO, 14) _ _ 
0C0130 2004 FORMAT (515.110) 
OCOlJi 8000 FORMAT COPOSSIBLE EPRDR IN ELEMENT'.14.'.CHECK FOR CLOCKWISE NODA 
OC0132__^ IL INPUT.' ) _ 
0C0133 8005 FORMAT COCHECK NEXT CARD FOR NODAL WIDTH ERROR. ») 
000134 EtJD 



0 ELT SUBR2.1.720427. 34014 

000001 
000C02 
000003 
000004 
000005 
0C0006 
000007 
OC0008 
000009 
OLOOlO 
OCUOll 
OLOOia 
0C0013 
OC0014 
0C0015 
00U016 
000017 
ocooie 
OC0019 
0C0O20 
0CU021 
"Uv.0022 
OC0023 
0C002"-
000025 
000026 
000027 
"000028 
OC 0029 
0CU030 
0C0031 
0C0032 
0C0033_ 
'0C0034 
0C0035 
0C0036 
"000037 
000033 
0C0039 
OC0040 
000041 
000042 
000043 
000044 
000045 
00004b " 
000047 
000048 
000049 ' 
OOU050 
000051 
"000052 
000053 
000054 
000055 
000056 

SUBROUTINE SUBR2 
DIMENSION TC(500) 
COMMON A(900.30)» 8(900). 0(«00). 

COMMON Q(900). S(5»5)» T(900). X(O0 
COMMON QZZS(900). TAB(60.32) 
COMMON XCONDdO). DENSdO). OXdC) 
COMMON TE^'dO) 
COflMON COND.RHO.QXX.QZZ 
COMMON TIME. DT. DT2. H. TEMP. XL 
COMMON NÛ 'DC» NU^MT. NDT. INTER. 
COMMON NDIM.IVARU.IVAPC.IPT.IDT.IPUi 
COMMON KODE(900). IX(3). KX(4). L 
COMMON ITFMdO). ID^-AP(32). ITFAC(3 
COMMON IKOD£(g00). "'NT^B(10.3) 
COMMON vJ r iOJE(ooO) 
COMMON /BC/ ieC(250'. JBC(250). IHB 

1 TEMCPC{250). yLnC(250). IIBC(250). 
COMMON /RADCON/LPS(250) . F{40.40). 
1 . Frj(250). B0(4n). KTEM(40). TS(25 
COMMON /TAPE/ ITAPE. ISTART. ISS 

EQUIVALENCE (TfMd).XTFMl). (TEM 
C {TEM(4).XTEM4) 

EQUIVALENCE (ITEM(1).ITABK ) . (IT 
C dTEM(4) .MTYPF) 
EQUIVALENCE (TId). TC d ) ) . (lEPSI. 
DATA IDF/40/ 

BOUNDARY CONDITIONS 
+ + + ;4= + «4 ****** A*-*+***•*************•** 

DDCS). E(3.3). Hf^D(12)»^P(5)_ 
0). Y{900). TI(900) 

XX. YY. TMAX. TINIT _ _ 
MBAND. NUM. NTAB 

MCH.IDUM 
^(5). KAT. NUMNP. NUMEL_ 
2) 

C(250). ITBC(250). HBBC(250)» 
JJRC(250) 
SIGMA. NRF(250). IFLAGR 

0) 

(?).XTFM?). (TEM(3).XTEM3). ^ 

î M(2) .ITABR). (ITEM(3).ITABQ)» 

EPSI) 

*«*«****«4E*4<4<***3|:4i*>t<>t<4::«i*<l<4Ml<4<*4i4i 

***+*•**•*********•**•*•*•***«* 

SIGMA STEFAN-BOLTZMAN CONSTANT, 

DO 180 1=1.NUMNP 
180 JNODEd) = 0 

IFLAGP = 0 
WRITE (6.9000) 

602 CONTINUE 

1, CONVECTION BOUNDARY CONDITIONS 

INBC = 0 
IF(tJUMBC .EQ. 0) GO TO 225 , . 

203 WRITE (6.2006) 
ISAV = 0 

_ JSAV = 0 ^ ' 
^c 
C INPUT CONTROL BY EITHER NUMBC = EXACT NUMBER OF CONVECTION CARDS 
C ^ OR SET NUMBC = rJUMNP AMD END CONVECTION^BOUNDARY INPUT BY A 
C NEGATIVE INTEGER 
C 

__ _ no 215 N=l.NUMBC 
" READ (5.5001) I.J.H.TFME.IH.ITEMP.EPST.FT.NRFI.IS.IVS.TE^S 
IFd) 217.20b.206 

206 INbC =INRC + 1 _ _ __ _ 
TEM̂ J = TEME ' "p" ' ' "" ~ ' 

iFd.EQ.O) I=J5AV 

,••-«- _ _ • 



^0 00 
Oco 
oco 
oco 
oco 
000 
_o:o 
0.0 
0:0 
.oco 
000 
000 
,000 
0 00 
OCU 
oco 
000 
0 00 
000 
OlU 
00 0 
oou 
000 
000 
000 
"nuu 
IJOO 

000 
000 
000 
000 
"oco 
ocu 
oco 
"oco 
oco 
oco 
"oco 
000 
_ouo 
OUO 
oco 
OC 0 
"oco 
OC 0 
o c o 

" o c o 
o c o 
o c o 
o c o 
o c o 
o c u 
o c o 
o c o 
o c o 
o c o 
OC'O 
OC 0 
oco 
000 

057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
07? 
073 
074 
07b 
0 76 
077 
078 
079 
080 
081 
082 
083 
084 
035 
086 
087 
088 
089 
U90 
091 
092 
093 
094 
0 95 
096 
097 
098 
099 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 

/ 
2Q7 

208 

.IF(J,EQ.0) _ JslSAV 
ISAV = I 
JSAV = J 
CORi^ECT FOR NODAL OFF-SET. 
XL=5QRT( (X(J)-X(I) )**2KY(J)-Y(1))**2) 
IF (KAT) 207.208.207 
XL=XL*(X(I)+X(J))/2. 
CONTIfiUE 

SET NODE FLAGS, 
JNODEd) = 0. CONDUCTION NODE. 
JNODEd) = 1. CONVECTION NODE. 
JNODEd) = 2. RADIATION NODE. 

C 
c 
r——_ 

r — — 
C 
C 
c 
r—.— 

201 

202 

MI = 0 
IFdEPSI ,NE, 0) _ NI =_1 
JNODEd) = 1+NI 
JNODE(J) = 1+NI 
1RC{N) = I 
JBC(N) = J 
IHBC(N) = IH 
ITBC(N) = I TEMP „_ ^___ . 
XLBC(N) = XL 
EPS(N) = EPSI 
FN(rJ) = FI 
NRF(N) = NRFI 
IF(NRF1 .NE. 0) IFLAGR = 1 

CHECK FOR H AND TEMP TABLES, 

IF(NTAB ,EQ. 0) GO TO 210 
IFdTEMP .GT, 32) ITEMP = 0 
I F d H .GT, 32) IH = n 

IH .LT, 0 H VS. TIME TABLE. 
IH .EO. 0 NO H-TARLE. 
IH .GT. 0 H VS. TEMP, TABLE. ^ 

I F d H ) 201.204.202 
IH = -IH 
CALL LINT (TIME.TAUd.IH) .H.DX) 
GO TO 204 
CONTINUE _'__ 
TEMPX = (TI(I)+TI(J))/2.0 ' - . ' 

CALL LINT (TEMPX.TABd.IH)»H. DX) 
LOC = ITFAC(IH) _ 
FAC = 1.0 

IF(LOC .GT. 0) CALL LINT (TIME. TAB (1 .LOC) .FAC.D>;) 
_ H = H*FAC _ _ 

204 CONTINUE 
IFdTEMP .GT. 0) CALL LINT (TIME.TAB(1. ITEMP) » TEMP.OX) 

210 CONTINUE 

CHECK VALUE OF EXTERNA', TEMPERATURE. 

HBBC{N) = H ,, , 
TEMEBC(N) = TEMP 
TSCN) = TEMS , 
IFdTS .EO. 0) TS(N) = TEMP ' 
WRITE (6.6007) I.J.H.TEMC .IH.ITEMP.tPSI.FI.NRFI.IS.TS(N) 



• ^ 000117 ^ ^ 215 CONTINUE 
000118 217 NUMBC = INBC 
OUOliq WRITE (6.2010) NUMBC 
0C0120 ^ _ CALL CONVBl _ „_ _ 
0C0121 C f . '' 
000122 • C / CALL CONv/BC TO CALCULATE THE CONVECTION E,FFECTS. 
OC0123 C-^-- — — . 
0CU124 ' DO 218 N=].NUMBC 
CC0125 I = IBC(^') 
0(10126 _ J = JHC(N) 
0C0127 H = HBBC{N) ' ' 
0^0120 TEMP = TEMEBC(N) 
ocu: 29 XL = XLBC(N) 
0CO\30 ~' 218 CALL CONVBCd.J.N) 
OC 0131 C 
0C0152 -^ C CHECK FOR SURFACE-TO-SJRFACE RADIATION COMPUTATIONS. 
0C0133 • C MORE DATA IS REQUIRED rOR THE LATTE? OPTION. 
0C0134 C "• 
0C013b ^ It^dFLAGR .EG. 0) GO TO 225 
0C0136 "" ' ' DO 220 fJ=l.NUMBC 
0CU137 NRFI = NRF(N) 
0C0i38 ^ IFCilRFl .FQ. 0) GO TO 220 
OC0139 C READ (5.5005.END=R0O) IS. (F(IS.I). 1=1.NRFI) 
000140 WRITE (6.6005) IS. ( F d S . I ) . I = 1.NRFT) 
0C0341 6005 FORfiAT (IX. 15. 8F14.6 / (IX.5X. PE14.6) ) 
0LI)''>2 DO 219 1 = 1.NRFI 
000143 F d S . I ) = (EPS(N)-1.0)*F(IS.I) 
000144 IFdS .EO. I) FdS.I) = FdS'D+l. 
000145 219 CONTINUE 
000146 220 CONTINUE 
000147 __ CALL RAD . 
"000140 ~~ 225 CONTINUE 
000149 C — — . — — — _ 
0CUi50 C CALCULATE THE TEP'PERATURE BOUNDARY CONDITIONS. 
00 0151 C — -
000152 CALL TEMPBC 
_0C03 53 C . 
000154 C GENERATE RECALL TAPE I- ITAPE IS NONZERO. 
000155 C 
000156 , IFdTAPE .LQ. 0) GO TO 250 
QOOlb' "• WRITE (2) NUMBC. MBAND. IFLAGR. IDF. SIGMA. 
000158 1 (IBCd). J B C d ) . IHBCd). ITBC(I). HBBC (I) . TEMEBC (I) . XLBC (I) . • 
000159 2 I l B C d ) . J J B C d ) . FPS(I). NRF(I). TS(T). FN(I). 1 = 1.NUMBC). _ _ 
000160 3 ((F(I.J). J=1.IDF). 1=1.IDF). ( J N O D E d ) . 1=1.NUMNP) 
000161 250 RETURN 
0C01b2 800 WRITE (6.6000) _ 
000163 ' STOP 
000164 5005 TORMAT d5.5X.7E10.4 / (aElO.4) ) 
000165 8000 FORMAT C O EOF DURING THE READING OF RADIATION CARDS.' ) 
0 0 0166 C — • — 
0CJ167 C FORMAT STATEVFNTS 
0CI0168 _______ C . 
000169 5001 FORMAT (215. 2F10.0. 215. 2E10.4. 214. 12. FIO.O ) 
000170 6007 FORMAT (IX. 215. 2E15.5. 15. 16. 7X. F15.6. E17.6.2I5. IX. E14.6) 
^000171 ________ 2006 F-ORMAT C O I J'.14X.'H Tf^M^FRATURE H-TAR T-TAB RADIATIONL 
000172 lEPSILON F-FACTOR F-TAPL" NO. ' ) 
000173 2007 FORMAT dX.215.2E15.6.15.16. 7X.FI5.6.F17.6.15. IX. ?A6 ) 
000174 2010 FORMAT COfJUMF^ER OF CONVECTION BOUNDARY CARDS -'.15 ) _______ 
"00ul75 9000 FORMA"^ C 1' . 46X. ' AEROJET-GEfJERAL COPPORATTON' / 
00U176 1 SOX.'SACRAMENTO.CALIFORNIA' / 'O***-** PROGRAM E12202 *****», 
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0 ELT SUBR3.1.720427. 34017 

OCOOOl T^SUBROUTINE SUBR3 
000002 • / DIMENSION TC(500) 
000003 / _ COMMON A(900.30). B(900). 0(900). DD(5). E(3»_3)» HED(12)» PCS) 
000004 / COMMON Q(O0(). S(5.5). T C O O ) . X(aOO). Y(900). TI(900) 
0C0O05 / COMMON QZ75(g00). TAB(60.32) 
COOOOb ^ COMMON XCONDdO). DLNSdO). QXdO) „ 
U0OOO7 ~ COMMON TFM(IO) 
000008 COMMON COrJD .RHO.OXXr OZZ 
000009 COMMON TU"E. DT. DT2. H. TEMP. XL. XX_»_YY. TMAX. TINIT 
OJOCIO COMMON NUflLC. NUMM^". NDT. INTER. MBAND. NUM. NTAB 
ODOOU COMMOfJ NDIM.IVARH. IVARC.IPT. IDT.IPUNCH.IDUM 
0.0012 COMMON KODE(900) . IX(3). KX(4). LM (5_) . KAT. _ NUMNP. NUMFL 
0C0013 ' COMMON ITEMdO). IDTAR(32). ITFAC(32) 
000014 COMMON IKOOE(900). ]NTABd0.3) 
OC0015 COMMON /TAPE/ ITAPf 
000016' EQUIVALENCE (TEMd).XTFMl). (TEM(2).XTEM2). (TEM(3).XTEM3)» 
000017 C (TFM-4).XTEM4) 
000018 _^__ EQUIVALErJCE (ITEM (1) . ITABK ) . (ITEM(2) . ITABR) . (ITEM(3) »ITABQ) »_ 
0C0019 •. C (ITEM(4) .MTYPE) 
000020 EQUIVALENCE ( T K D . T C d ) ) 
OC0021 ^ C r L-rr-—•=r=-rr —-_ 
000022 ' LL = 1 
C00023 NPT = 0 
000024 C _ 2. SOLVE FOR TEMPERATURES 
0 00025 C*********************************************************+*•***•******« 
000026 C SOLVE FOR NODAL POINT TE«^PERATURES 
000027 C******************************************************** (:************** 
^000028 C FORM EFFECTIVE CONDUCTIVITY MATRIX FOR TIME INCREMENT 
OC0029 C — 
0C0030 ______ DO 320 N=l.NUMNP 
000031 IF (KODE(N)) 320.305.320 
000032 305 IF (D(N)) 310.320.3 10 
OC0033 310 D(N)=DT2 + D(N) 
"0C003« A(N.1)=A(N.1)+D(N) 
000035 320 CONTINUE 
000036 WRITE (6.2005) TIME.- (N. T C ( N ) . N=l.NUMNP) 
OC0037 ' CALL SYMSO (1) 
0C0038 C 
000039 C CALCULATE TEMPERATURE AT THE END OF EACH_TlME INCREMENT 
OC0040 C 
000041 C 
OC0042 _ 340 CONTINUE 
000043 C 
000044 C 1, CALCULATE EFFECTIVE LOAD MATRIX 
000045 C .__^___ '_ 
000046 DO 400 I = l.fJUMNP 
0(10047 Q(I)=Bd) 
00004O IF (KODEd)) 400.395.400 
00U049 395 Q(I)rB(I)+D(I)*TC(I I 
000050 400 CONTINUE 
000051 C_ _ . 
COU052 CALL SYMSO (2) 
000053 C 
0CU054 DO 500 1 = 1.NUMNP 
000055 500 T C d ) = Q d ) 
OOU056 C 



000057 ^ y 
000058 
00U059 
0C0060 
0C0C61 
0C0C62 
OC 0063 
OC0064 
0C0C65 
0O0C66 
0C0067 
000068 
0C0069 
0C0070 
0C0071 
0(. 0 T7^ 

0C0073 
0C0074 
000075 
OC0076 ' 
OC0077 
000078 
0CU079 -
Of 0080 
or 0081 

ocooe? 
0C0083 
OCOOO'i 
acooa5 

« 

k 

!• ' 

TIME =TIME+DT • • 
1F(TIME ,GE. TMAX) GO TO 550 

LL=LL-'-l 
, IF(LL-INTER) 600.550.'?50 

550/ WRITE (6.2005) TI'J-E. (N.TC (N) .N=l.NUMNP ) 
/ LL=0 

C / 
600 CONTINUE 

IF (ITAPE.GT.O) 
*l'RITE (2) TIME. (TC{N).N=l.NUMNP) 
IF(TIME .LT. TMAX) GO TO 340 

50 CONTINUE 
IFdPUNCH .EO. 0) GO TO 710 

C PUNCH OUTPUT CARDS FOR RESTART OPTION OR STRESS ANALYSIS. 

DO 700 N=l.NUMNP 
700 WRITE (7.7000) N. XIN). Y(N). TC(N) , 
710 CONTINUE _ ' 

RETĈ I N 
C 
C FORMAT STATEMENTS 
C 
C 
2005 FORMAT {6H0TIME= F12.5/ ( 6(I6»F1«».4) ) ) 
7000 FORMAT (15. 5X. 2F10.4. 20X» FIO.? ) • ' 

C 
C 

END 

• 

' I , 

^ H 

•••»w*». 

( 

1 

' 1 



li ELT SUBR4.1.720427. 34019 

000001 
000002 
000003 
OOOC04 
000005 
000006 
000007 
000008 
000009 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
000020 
000 021 
0uuC22 
0O0C23 
000024 
000025 
000026 
0(i0C27 
OCIOC20 
000029 
0CiUC30 
C00031 
C00032 
0(0033 
000034 
011003b 
00U036 
000037 
OOU030 
000039 
000040 
000041 
000042 
000043 
000044 
00U045 
000C46 
000047 
000046 
000049 
OOOCbO 
000051 
000052 
OU0053 
000054 
OOuOob 
UU0056 

SUBROUTINE SUBR4 
DIMENSION TC(500) 
COM»'ON A(900.30). B(900). 0(900). DD(5). E(3»3). HEQdZU 

COMMON Q(900). S(5.5). T(OOO). X(OOO). Y(OOO). TI(900) 
COMMON QZZSCiOO). TAB(60.32) 
COMMON XCONDdO). DENSdO). QX(IO) ^ 
COMMON TCMdO) 
COMMON COND.RHO.QXX.QZZ 
COMMON TIME. DT. DT2. H. TEMP. XL. XX. YY. TMAX. 
COMMOfi NUMoC. NUMMT. NDT. INTER. MBAND. 
COMMOt.1 NDIM.IVARH. IVARC. IPT. IDT. IPUNCH.IDUM 
COMMON KODE(900). IX(3>. KX(4). LM(5)» KAT 
COMMON ITEMdO). IDTABO?). ITFAC(32) 
COMMON IKODF(900). [NTABdO.3) 
COMMON 

P(5) 

TINIT 
NUM. NTAB 

NUMNP. NUMEL 

/TAPE/ ITAPE. ISTART 
EQUIVALENCE (TEMd).XTFMl) . 

dEn(4) .XTFM4) 
EQUIVALENCE (ITEM(1).ITABK) . 

dTEM(4) .MTYPE) 
( T I d ) . r e d ) ) 

(TEM(?).VTEM2)» (TEM(3).XTEM3)» 

(ITEM(?).ITABR). (ITEM(3).ITABQ).. 

C 
C300 
C 
301 

EQUIVALENCE 
LL = 1 
NPT = 0 
IFdSTART .EG. 0) 
READ (3) TIME. (TC(N) 
IF(TINIT .GT. TIME) 
WRITE (6.2005) TIME. 

M = 1 
GO TO 304 

GO TO 301 
N=I.NUMNP) 
GO TO 300 
(N.TC(N).N=l.NUMNP ) 

2. SOLVE FOR TEMPERATURES 

C************************ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C SOLVE FOR NODAL POINT TEMPERATURES 
C * * * * * * * * * * * * * * * * * * * * * * * * ii* + * * * * * * * * + * * * * * * • * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

FORM EFFECTIVE CONDUCTIVITY MATRIX FOR TIME INCREMENT 

502 
( (A(I.J) . J=l.MB'\tJD) .1 = 1.NUMNP) 
( T d ) . B d ) . D d ) . 1 = 1.NUMNP) 

30«t 

305 

300 
310 

320 

CONTINUE 
READ d ) 
READ (1) 
REWIND 1 
LL=LL+1 
CALL SUHR7(LL) 
Ii^dDT .EO. 0) GO TO 305 
IF(TIME .LT. TAB(M.tDT) ) 
DT = TAB(M+1.IDT) 
DT2 = l./DT 
M = M+2 
CO TO 304 
DO 320 N=l.NUMNP 
IF(KODE(N)) 320.308*320 
IF{D(N)) 310.320»310_ 
r)(N)=DT2*n(N) 
A(N.1)=A(N.1)+D(N) 
COrJTHIUE 
CALL SYMSO d ) 

GO TO 305 



000057 ^ ^ C __ CALCULATE_TEMPERATURE .AT_THE END_OF. EACH_'f|P[ INCREMENT,. 
0C0058 C 
0CU0b9 C 
OOOOoO C 
0CU061 C y !• CALCULATE EFFECTIVE LOAD MATRIX 
000062 • C / 
OC0063 / _ DO 400 1 = 1.NUMNP ^ 
0.0064 / 0(I)=Bd) 
000065 -̂  IF (KODEd)) 400.395.400 
000066 395 0(I)=B(I)+D(I)*TC(I) . 
000067 400 COrJTINUE 
000068 C 
0000b9 CALL SYMSO (2) . 
00007U C 
ncU071 DO 500 1=1.NUMNP 
UCU072 50() TCd) = Q d ) 
0C0073 C 
000074 TIME =TIME+DT 
0C0075 _ _„ IF(TIME .Ĝ ", TMAX)__ GO_TO_ 550 
0CU076 ' C 
0COC77 IF(LL-INTEH) 555.550.550 
000078 550 WRITE (6.2005) TIME. (N. TC(N)' N=1.NUMNP)_ 
OC0079 LL=0 
000080 555 CONTINUE 
000031 IF (ITAPE.GT.O) _ 
000082 *WRITE (2) TIMF.(TC<N).N=l.NUMNP) 
(00083 IFCTIME .LT. TMAX) GO TO 302 
OC0004 50 COfJTiNUE 
000085 " IFdPUNCH .EQ, 0) GO TO 710 
0 0 0006 C — — — 
'̂̂ '0'̂ 87 C PUNCH OUTPUT CARDS FOR RESTART OPTION_OR STRE_SS_ANAHrSIS._ 
OCCOoS DO 700 N=l.NUMNP 
0C0089 700 WRITE (7.7000) rj. X'.N). Y(N). TC(N) 
0C0U90 710 CONTINUE 
000091 " RETURN 
000092 C 
000093 C FORMAT STATEMENTS 
0CU094 C 
0C009D C 
0C0096 1007 FORMAT (215.2F10.4.2I5 ) _ _ 
0C0097 2005 FORMAT {6H0TIME= F12.5/ ( 6(I6»Fi4.4) ) ) 
000090 ' 2007 FORMAT (2I5.2E15,6.2I5 ) 
0U0099 7000 FORMAT (15. 5X. 2F10.4. 20X. FIO,? ) j;:< . 
OOOIOO " C 
OCOICI C 
000102 END_ __ _ 



a EL. SU8R5.1.720427. 34022 

000001 
000002 
000003 
OC0004 
OOOC05 
O0OC06 
OC0007 
000008 
OC0009 
OCOOIO 
OCOOll 
000012 
000013 
000014 
000015 
OCO016 
000017 
000018 
000019 
000020 
000021 
000022 
0CU023 
0CU024 
000025 
OC 0026 
000027 
000028" 
000029 
0C0030 
U00031 
000032 
000033 
0CU034 
0 00035 
0C0036 
000037 ' 
000038 
000039 
OOOO'lO 
000041 
000042 
000043 
000044 
000045 
000046 
000047 
000048 
000049 
000050 
0CIC051 
00UC52 
000053 
000054 
000055 
0C'0Ob6 

SUBROUTINE SUBR5 
DIMENSION TC(500) 
COMMON A(900.30). 8(900). D(900). DD(5). E(3.3)» HED(12)_» 

COMMON Q(900). S(5.5). T(900). X(900). Y(OOO). TI(900) 
COMMON GZZS(900). TAP(60.32) 
COMMON XCONDdO). DENSdO). OXdO) 
COMMON TEM(10) 
COMMON COND.RHO.QXX.QZZ 
COM'.'ON TIME. DT. DT2. H. TEMP. XL. XX._YY. TMAX. TINIT 
COMMON NU'-'BC. NU^'MT. NDT. INTER. MBAND. NUM 
COMMON NDIM.IVARH.IVAPC.IPT.IDT.IPUNCH.IDUM 
COMMON KODC(900) . IX{3). KX(4). Lvi(5)._KAT. 
COMMON ITEMdO). IDTAB(32). ITFAC(32) 
COMMON IK0UE(900). TNTABdO.3) 
COMMON 

P(5) 

NTAB 

NUMNP. NUMEL 

(TFM(?)»XTEM2)» (TEM(3).XTEM3)» 

300 

301_ 

303 

/TAPE/ ITAPE. ISTART 
EQUIVALENCE (TFMd).XTEMl) 

; (TEMt4).XTEM4) 
EQUIVALENCE (ITEM(l).ITABK). (ITEM(&)»ITABR) »_<ITEM(3)»ITABQ) »_ 

; (ITEM(4).MTYPE) 
EQUIVALENCE (TI(1).TC(1)) 
NPT = 0 ..̂_ 
M = 1 
LL = 1 
IFdSTART ,EG. 0) GO TO 301 
READ (3) TIME. (TC(N). N=l.NUMNP) 
IF(TINIT .GT. TIME) GO TO 300 
WRITE (6.2005) TIME.(N.TC(N).N=l.NUMNP 
GO TO 304 

CONTINUE 
CALL SUBR6 _ 
LL=LL+1 
CALL 5UBR7(LL) 

2. SOLVE FOR TEMPERATURES 

********************** •*******************jl^***^***********j************«[_ 

" S O L V E FOR NODAL POINT TEMPERATURES ~ " 
************************ !:•** + ******•****•**********•****•*****•******•* 

FORM EFFECTIVE CONDUCTIVITY •''ATRIX ^OR TIME INCREMENT 

304 IFdDT .EG. 0) GO TO 305 
IFdIME ,LT, TAB(M.CDT) ) 
DT = TA8(M+1.IDT) 
DT2 = l./DT 

_ M = M+2 
GO TO 304 

305 DO 320 N=).NUMNP 
IF(K0DE(N)) 320.30a»320 

308 lF(D(tJ)) 310.320»310 
310 D(N)=DT2*D(N) 

A(N.1)=A(M.1)+D(N) 
320 COrJTINUE 

GO TO 305 

OPTIONAL DUM" OF VECTOR D AND MATRIX A. 

IFCIDUM .EQ. 0) GO TO 330 



000057 ^ ^ WRITE (6.6011) 
000058 ^RITE (6.6000) (D(I).1=1.NUMNP) 
000059 DO 325 1 = 1.NUMNP • *•— - i 
. OOOCAO 325 VRITE (6.6600) I. (A d . J) . J=l .NDIM ) I 
000061 6000 FORMAT (1X.10E12.4 ) | 
000062 • 6011 FORMAT COVECTOR D' ) | 
(100163 6013 FORMAT COVECTOR G' ) , 
' U0C64 6600 FORMAT COROW'.IS/ 3(IX.10E12.4/) > ] 
1)00 065 C - _ . — . — - _ - — _ _ . _ — » - -.__ 
0U0066 ______ _ 330 COtJTINUE _ , ^ . 
O0UC67 CALL SYMSO (1) ! 
0CU058 C I 
OCOCo9 C _ CALCULATE TEMPERATURE AT THE END 0F_EACH_TIME INCREMENT J 
OCOU70 . C I 
OC0071 C 
000"72 C 
000073 " ~ ~ C 1. CALCULATE EFFECTIVE LOAD MATRIX ' 1 
0C0074 C I 
OC0075 DO 400 1 = 1.NUMNP , 1 , ^ J 
0'"'076 ' Qd)=B(I) "^ I 
000077 IF (KODEd) ) 400.395.430 i 
0C0078 . .__ _ 395 Od)=Od)+Dd)*TC(Il , i i 
CC0079 400 CONTINUE '~ ' 
000080 C ^ 
OC 0081 C ._«-—— — --«_— 1 
0C0032 ~ C OPTIONAL DUMP OF VECTO? G AND MATRIX A. " • • I 
Oi. 0083 C — I 
0C0084 _ _ . I F d D U M . E Q . 0) GO TO 340 „_ _ ' ^ i 
0C00S5 IDUH = 0 
000086 > WRITE (6.6013) ' 
0C0O87 WRITE (6.6000) (Q (I) . 1 = 1 .NUMNP) , 
Oc0083 DO 335 I = l.rvUVNP 
0C0039 335 WRITE (6.6600) I.(A(I.J).J=l.NDIM ) i 
OC 0090 c rrr:T:v:^^:^TjirzTr————————— __j 
0C0091 340 CONTINUE " 
OC0092 CALL SYMSO (2) . I 
0CU093 C • ' 
"0C0094 DO 500 I=1.NUMNP """ , 
OC0095 500 TCd) = Q d ) | 
0(0096 C __ _ ^ . I 
0C0097 TIME =TIME+DT 
000098 ' IF(TIME ,GE, TMAX) GO TO 550 
0C0099 _ _ _ _ _ _ _ C !> ^ ' 
000100 IF(LL-irJTER) 555.550.550 • ' ' I 
000101 550 WRITE (6.2005) TIME. (N. TC(N). N=1»NUMNP) . .-, I 
000102 LL = 0 I 

I 

000103 555 CONTINUE 
000104 IF (ITAPE.GT.O) 
00 0105 _________ _*wRITE (2) TIME. (TC(N) .N=l.NUMNP) ^ 
000106 IF(TIME .LT. TMAX) GO TO 303 
000107 50 CONTINUE 
000108 „ I F d P U N C H . E O . 0) GO TO 710 _ _ J 
0 0 0109 C — — I 
OCOllO C PUNCH OUTPUT CARDS FOR RESTART OPTION OR STRESS ANALYSIS. i 
000111 c — j 
0 0 0112 " DO 70 0 Nzl.NU'^NP ' 
0C0113 700 WRITE (7.7000) N. XIN). Y(tJ). TC(N) ! 
000114 710 CONTINUE _ J 
000115 RETURN ' - -— - , , | 
Ol'Ollo C I 



000117 
000118 
0C0119 
CC0120 
0C0121 
000122 
000123 
0CO124 
000125 

FORMAT STATEMENTS 

1007 
2005 
2006 
2007 
7000 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
END 

(2I5.2F10.4.?.I5 ) 
(6H0TIME= F12.5/ ( 
(40H0 I J 
(?I5.?E15,6.2I5 ) 
(15. 5X. ?F10,4. ?0X. 

6(I6»FHJ.4) 
H 

) ) 
TEMPERATURE ) 

FIO.2 ) 

S 



a ELT SUBR6.1.720427, 34024 

000001 
O0OCO2 
0C0003 
0C0004 
0CU005 
0C0006 
0C0007 
OOOOOO 
000009 
OC 0010 
OCOOll 
0CUU12 
0C0013 
000014 
000015 
000016 
000017 
0U0018 
CO 0019 
OC0020 
000021 
0CU022 
OC0023 
0CU024 
OC002b 
000026 
000027 
0 00 020 
000029 
0C0030 
000031 
000032 
000033 
00UG34 
000035 
000036 
U00037 
000038 
000039 
000040 
00UO41 
000042 
000043 
'100044 
C00045 
'000046 
000047 

/ 

SUBROUTINE SUBR6 
DIMENSION TC(500) 
COMMON A ( 9 0 0 . 3 0 ) , B ( 9 0 0 ) . D ( 9 0 0 ) » D D ( 5 ) . E ( 3 . 3 ) . H E 0 < 1 2 ) » 

COMMOfJ 0(900). S(5.5). T(qOO). X C O O ) . Y(900). TI(900) 
COMMON QZZS(900). TAB(60.32) 
COMMON XCONDdO). DENSdO). OXdO) 
COMMON TEMdO) 
COMMON COND.RHO.QXXfQZZ 
_COMMON TIVE. DT. 0T2. H. TEMP. XL. XX' YY. TMAX 
COMMON NUMBC. NUMcf. NDT. INTER. MBAND. 
COMMON NDIM.TVARH.IVAPC.IPT.IDT.IPUNCH.TOMM 
COMMON KODE(900). IX(3). KX(u). L'.'(5). KAT. 
COMMON ITFMdO). I D T A B ( 3 2 ) . ITFAC(32) 
COMMON I K O D E ( ° 0 0 ) . : N T A B ( 1 0 . 3 ) 

P(5) 

(TFM(2).XTEM2). 

110 
C**** 
C 
c**** 

c-
c 
c-

EQUIVALENCE (TEMd ) .XTEMl) . 
: (TFH;4).XTEM4) 

EQUIVALENCE (ITEM(1).ITABK). (ITE»'(2).ITABR). (ITEM(3).ITABO). 
: (ITEM(4),MTYPE) 
EQUIVALENCE ( T K D . T C d ) ) 

REWIi'D 4 _ 
DO 110 1=1.NUMNP 
D(I)=0, 
P (I) = 0 . ^ 
DO 110 J=1.NDIM 
A(I.J)=0, 

************ 

FORM CONDUC 
************ 
DO 200 N=l. 

. TINIT 

. NUM. NTAB 

NUMNP, NUMEL 

(TEM(3).XTEM?)f 4 

1 

1 
1 
1 

*sii*it:it.*m*m.*****************************m**************** 
TIVITY MATRIX FOR COMPLETE BODY 
* * * * * * * * * * * * * * * * * * * * * * * * * *********:*********4l**4c«**ltc**4l* 

NUMEL 

1. READ OR GENERATE ELEMENT PROPERTIES 

READ (4) 
GZZ = 
COND = 
RHO = 

ITABK 
ITABR 
ITABQ 

HU. (LM (I J 
OZZS(N) 
XCOND(MTYPE) 
DtNS(MTYPE) 
= INTAB(MTYPE.1) 
= INTAB(^'TYPE.?) 
= INTAB(MTYPE.3) 

1=1,4), MTYPE 

2, FORM ELEMENT CONDUCTIVITY MATRIX 
-I 

200 
CALL CONMAT 
CONTINUE 
RETURN 
END 



a ELT SU8R7»1,720427. 34026 

000001 / SUBROUTINE SUBR7(LL) 
000002 ' / DIMENSION TC(500) 
000003 / COMMON A(900.30). R(900). D(900)» DD(5). E(3.3), HED(12) ,_P(5) 
000004 / COMMON 0(900). S(5.5). T(OOO), X(9bo). Y(900). TI(900) 
000005 / COMMON OZZS(gOO). TAB(60.32) 
000006 COMMON XCONDdO). DENSdO). OXdO) 
000007 COMMON TEMdO) 
OOU008 COMMOfJ COND.RHO.QXX.QZZ 
OC0009 . COMMON TIME. DT. DT2. H. TEMP. XL. XX_,_ YY. TMAX. TINIT 
000010 , COf-'iMON NUMBC. NUMMT. NDT. INTFR. MBAND. MUM. NTAB' 
OCOOll COMMO%' NDIM.IVARH.IVAPC.IPT.IDT.IPUNCH.IDUM 
000012 COMMON KOnE(QOO). IX(3). KX(4). LM(5). KAT. NUMNP. NUMEL 
000013 ' COMMON ITEMdO). IDTAB(32). ITFAC(32) 
000014 COMMON IKODE(900). INT(yB(10.3) 
0C0015 COMMON /(>C/ IBC(?50W JRC(250). IHBC(25n). ITBC(25n). HRRC(?50I» 
J0n016 '' " 1 TEMEHC(250). yLBC(250). IIBC{250). JJRC{?50) 
000017 COMMON /RADCON/EPS(250). F(40.40). SIGMA. NRF(250). IFLAGR 
000013 COMMON /SAVE3/ lOFF 
000019" " EQUIVALENCE (TEMd).XTEMl). (TFM(?).XTEM2). (TEM(3).XTEM3) . 
000020 C (TEM(4).XTFM4) 
000021 _EQUIVAL£NCE (ITEM (1 ). ITABK ) . (ITEV (?). ITABR) . (I rEM(3) . ITABQ) ,_ 
0:0022 *" C dT£M(4).MTYPE) 
OC0023 EQUIVALENCE (Tld).TC(l)) 
0C0024 C — -. 
0C0025 ~" " IF(NUMBC .LE. 0) GO TO 220 
000026 IP(LL .LT. INTER) GO TO 200 
0C0027 WRITE (6.9000) 
0(0028 " I'RITE (6.2006) 
0C0029 200 CONTINUE 
OC0030 no 210 t)=l»riUMBC 
0C0031 •" IH = IHBC(N) " \ 
0C0032 ITEMP = ITBC(N) 
OC0033 _H = HBBC(N) 
0CU034 TEMP = TEMEBC(N) 
OC003b I = IBC(N) 
000036 J = JBC(N) 
000037 ~ " C — ' - - — - _ - _ — — — — _ - _ - _ - _ — » - « - _ _ _ - ; 
000038 C IH .LT. 0 H VS. TIME TABLE. 
000039 C IH .EO. 0 NO H-TABLi", ; ^ 
OC0040 C IH .GT. 0 H VS. TEM^. TABLE. 
000041 C _-«_.—»—_-_-._ -_-———_-___—-. 
0C00U2 I F d H ) 2 0 1 . 2 0 4 . 2 0 2 _ „ 
000043 2 0 I IH = - IH 
000044 CALL LINT (TIME.TAB[1.IH).H.DX) 
0C0045 , GO TO 204 _ ; 
"00J04b 202 CONTirJUE 
OOOCa? TEMPX = (TC(I)+TC(J))/2.0 
000C48 CALL LINT (TEMPX.JAB (1, IH) ,H, DX ) 
0U0049 LOC = ITFAC(IH) 
000050 FAC = 1.0 
000051 __ IFCLOC .GT. 0) CALL LINT(TIMF,TAB( 1,L0C) »FAC.DX)___ 
000052 H = H*FAC 
000053 204 CONTINUE 
000054 IFdTEMP .LE. 0) GO TO 205 
000055 ' ' CALL LINT (TIME.TAB(1.ITE^P).TEMP.DX) 
000056 LOC = ITFAC(ITEMP) 



. 0C0057 _ ^ ^ FAC = 1 . 0 _. 
000058 IF(LOC .GT. 0) CALL LINT (TIME.TAB(1.LOC).FAC.DX) 
0.0059 TEMP = FAC*TEMP 
_OC0060 205, CONTINUE . 
0:0061 ,' HBBC(N) = H 
OC0062 ' / TEMEBC (N) = TEMP 
0 .0063 C — . — > — J - rr. 
0i.'OO64 210 CONTINUE 
000065 DO 215 N=l.NUMBC 
OCOOob C CORRECT FOR NODAL OEF-SET. . 
000067 I = IBC(N) + lOFF 
OOOOoB J = JBC(N)+ lOFF 
0 00069 H = HB8C(N) . 
000070 TEMP = TEMEbC(N) 
0.0071 XL = XLBC(N) 
0.0072 IF(LL .GE. INTER) WRITE (6.2007) I, J. H. TEMP 
Ou0073 C CALL CONVBC TO CALCULATE THE CONVECTION EFFECTS. 
0 3 0 0 7'<- C - — — 
000075 ^ CALL CONVBC ( I . J . N ) 
000076 ' 215 CONTirJUE 
000077 I F d F L A G R . E G . 1) CALL PAD 
000078 _ Ri'WIND 1 
000079 I " 220 CONTINUE 
000 080 C — — — — — 
OCOOai C CALCULATE THE TEMPERATURE BOUNDARY CONDITIONS. _ 
000082 C — — _ — , 
000083 CALL TEMPBC 
OCOOO'^ RETURN 
000085 2006 FORMAT (40H0 I J H TEMPERATURE ) " 
000086 2007 FORMAT (2I5.2E15.6) 
000087 9000 FORMAT C1'.46X.'AEROJET-GENERAL CORPORATIO^l' / 
OCU088 1 50X.'SACRAMENTO.CALIFORNIA' / '0**+** PROGRAM E12202 •****•," 
000089 2 5X.'FEM TWO-DIMENS:oNAL TEMPERATURE ANALYSIS PROSR!>M' ) 
OC0090 „ END 



El^! Q ELT 5UBR8.1.720427, 34029 

000001 
00000? 
000003 
"C00004 
000005 
000006 
OU0007 
000008 
0(10009 
OUUOIO 
000011 
000012 
000013 
000014 
000015 
000016 
00U017 
000018 
000019 
000020 
000021 
00002c? 
000023 
000024 
000025 
000026 
DU0027 

"000028 
000029 
0(10030 
000031 
000032 
000C33 
00003 ̂  
000035 
000036 
0O0037 
000038 
000039 
000040 
000041 
000042 
000043 
000044 
f00045 
000046 
000047 
000043 

"000049 
000050 
000051 
000052 
000053 
000054 
"000055 
00005b 

SUBROUTINE SUBR8" 
C-
C 
C-

STEADY-STATE PROBLEM. 

P(5) 

DIMENSION TC(500). NTC(50n) 
DIMENSION IEPS(250) 
COMMON A(900.30). B(900). D(900), DD(5). E(3.3). HED(12). 

COMMON Q(900). S(5.5). T(900). X(OOO). Y(900). TI(900) 
OZZS(onO). TAB(60.32) 
XCONDdO). DENSdO). QXdO) 
TEMdO) 
COfJD.RHO.QXX.OZZ 
T I M E . DT. 0 T 2 . H. TEMP. XL . XX, 
NUMBC. NUMMT. NDT. INTER. 
NDIM.IVARH.IVARC.IPT.IDT.IPUNCH.IDUM 
KODE(900). IX(3). KX(4). LM(5). KAT. NUMNP, 
ITEMdO). IDrAB(32). ITFAC(32) 
IKODE(900). INTAD(10.3) 
JNODt(900) 
/SAVE3/I0FF 
/TAPE/ ITAPE _ ___ 
/BC/ IRC(250). JBC(250). IHBC(?50). ITBC(250)» H8aC(250), 

XLRC(250). IIBC(?50). JJRC(250) 
DFl. DF2. 0F3. T0L4 

YY. TMAX, 
MBAND, 

TINIT 
NUM. NTAB 

NUMEL 

290 
292 

300 

COMMON 
CO 'MON 
COMMON 
COMMON 
COMMON 
COMMOfJ 

_COMMON 
CO'-iMON 
COMMON 

__ COMMON 
" COMMON 

COMMON 
COtlMON 
COMMON 
1 TEMEBC(250) 
LOGICAL DAMP 
COMMON /LOGIC/ DA"P. DFl. 0F2. DF3. T0L4 
COtlMON /DMPING/ DMPl. DMAXl. DMP2. DMAX2. DMP3, 0MAX3. TOLN 
COMVON /RADCON/EPS(250) . F(40.40). SIGMA. NRF(250). IFLAGR 

"l . FN(?b0). B0(40). KTEM(40) 
EQUIVALENCE ( TFM (1) . XTF'll) . ( TEM( ?) .XTP"M2) . (TEM(3) . X-'EMS) , 

C (TFM(4).XTEM4) 
EQUIVALENCE (ITEM(1).ITABK ) . (ITEM(?).ITABR). (ITEM(3).ITABQ), 

C dTEH(4) .MTYPE) 
EQUIVALENCE (TI(1).TC(1).NTC(1)) 
ECJUI VALENCE ( lEPS (1 ) . EPS d ) ) 

IRAD = 0 _̂  _ 
IRAOl = 0 
DO 290 1=1.NUMBC 
I F d E P S d ) . E O . 0) 
IRAD = 1 
GO TO 292 
CONTINUE _ 
CONTINUE 
i F d N T E R . L E . 0) 
ICONV = 0 _ _ 
ITER = IVARC+NTAB+IRAO 
^IITER = 1 
LL = 0 
60 TO 305 
CONTINUE 

GO TO 290 

INTER 20 

IF IVARC IS NON-ZERO. CONDUCTIVITY IS VARIAPLF WITH TEMPFRATURE. 
OTHERWISE. ONLY THE H ON THE BOUNDARY ARE VARIABLE WITH TEMPERATURE 

IFdVARC .GT. 0) 
IFdRAD .GT. 0) 

GO TO 30? 
GO TO 304 



I 
I 

•i 

000057 ^ F _ IF(NTAB .EQ. 0) 60 TO 303 
000058 304 COtJTINUE 
000059 PEAD (1) ((Ad,J), J=l.MBAND). 1 = 1.NUMNP) 

__ 000060 READ (1) (Xd)»_B(I). D d ) . 1 = 1.NUMNP) 
000061 / REWIND 1 
000062 / GO TO 303 

_ 000063 302„ CONTINUE . 
f 00 064 CALL SUDR6 
OOOOob 303 CONTINUE 

_C 00066 LL = LL+1 . . . 
000067 CALL SUBR7(LL) 
OU0060 305 CONTINUE i 
UCn069 DO 310 1 = 1.NUMNP , ,_, , . . . • , 
OC0070 310 cil) = BCD i 
000071 CALL SYMSOd) I 
00007? CALL SYMSO(?) ^ ,__^ , _, 
0CU073 IFCITER .CO, 0) GO TO 350 
0CU074 IFCNITER .EQ. 1) GO TO 460 , ' 

_ OC 0075 C ' . .J 
00i'07b ' C CMECK FOR DAMPING. ' I 
O0UC77 C I 
OJ0078 IF(DA'IP) GO TO 400 _ __] I 
0C0079 311 CONTINUE ' 
000080 DO 312 1=1.NUMNP ] 

_OC008l ĵ  _ IF(NTC(I) ,E0, 0) GO TO 312 . J 
nCOOaa TEMP = ARS((TC(I)-Q(I))/TC(I) ) ' • • ( 
0C0083 IPC TEMP .GT. TOLN) GO TO 314 ' 

_0C0OO'r 312 COtJTINUE | J 
0COOa5 60 TO 350 , 
0C00S6 314 CONTINUE 

_ 000087 IF(NITER .GE. INTFR) GO TO 350 , . ' 
OCJOse C ir(NITER .GE. ir-.TrR-2 ) 1 
0C008-'' C IVRITF (6.2005) NITER. (N.G(N), N=l,NUMNP) ' 
000090 IRITE (6.2005) NITtR»_(N. Q(N), N=l,NUMNP) . J 
0C0091 DO 320 1=1.NUMNP i 
000092 320 TCd) = G(I) 
0CO093 NITLR = NITER+1 ' 
000094 GO TO 300 " ' 
000095 350 CONTINUE ! 

_0U0096 _VRITE (6.2005) NITEti,_(N.G (N) , N=1,NUIWP) , 
000097" RITER = NITER 
0CO098 ' IFdTAPE .GT. 0) WRITE (2) RITER. (Q(N) , N=l,NUMNP) 

_000099 IFdPUNCH .EG. 0) _ GO TO 710 . 
OOOIOO C " ' 
OUOIOI C PUNCH OUTPUT CARDS FOR RESTART OPTION OR STRESS ANALYSIS. 
000102 C -J.— .̂ _ __, 
000103 DO 700 N=l.NUMNP " | 
000104 700 WRITE (7.7000) N. X(N). Y(N). G(N) 

_ 000105 . 710 COtJTINUE i 
000106 RETURN | 
000107 400 CONTINUE 
000108 C • I 
000109 C DAMP ITERATED VALUES. ] 
00 0110 C — [ 

' OOOill ___ ̂  no 450 fl=l.NUMNP __^ ' 
000112 " ITKA = JN00C(W) + 1 ~ ~ " 1 
00 0113 C I 

_ 000114 _______ C _̂  IF ITRA EQUAL 1. CONDUCTION MODF. _ I 
000115 C IF ITRA EQUAL 2. CONV'='''TION fiODE, 
00o:i6 C IF ITRA fOUAL 3. RADIATION NODE. 



000117 
0C0118 
0C0119 
000120 
000121 
000122 
0J0123 
000124 
0J0125 
0J0126 
0 00127 
000128 
000129 
0C0130 

o:oi3i 
0^0132 
0C0133 
000134 
000135 
0001i6 
000137 
0^0138 
000139 
000140 
000141 
000142 
( C0143 
000144 
000145 
0 00146 
0C0147 
0C0148 
0C0149 
0C0150 
0C0151 
0C0152 
0 C 0 J 5 3 
0L0154 
000155 
Ou0156 
0C0157 
0CU158 
0C0159 
0C0160 
OCOlol 
OC0162 
000163 
000164 
0C0165 
OtiOlbb 
000167 

C » J^P— —r— 
GO TO (410. 415. 420). ITRA 

410 IF( .NOT. DFl) GO TO 450 
C .̂^ — . » 
C 1 DAMP CONDUCTION NODES. 
C ,'. . 

/_ DMP = DMPl _ 
DMAX = D"AX1 
GO TO 425 

415 IF( .NOT, DF2) GO TO 450 _^ 
C . — « — . 
C DAMP COFJVECTION NODES. 
C i-rr.rr L T ~ -

DMP = DMP2 
DMAX = DMAX2 
GO TO 425 . 

420 IF( .NOT, DF3) GO TO 450 
C 
C DAMP RADIATION NODES. _ _ _ „ 
C 

DMP = 0MP3 
DMAX = D"AX3 

425 DII^F = Q ( N ) - T C ( N ) 
XTEM = DIFF*DMP 
C(N) = TC(N)+XTEM _ 
IF(ABS(XTEM) .GT. DMAX> 0{N) = TC(N)+SIGN(DMAX,OIFF) 

450 CONTINUE 
GO TO 311 , _ 

460 CONTINUE 
C . 
C _ CHECK FOR INITIAL GUESSES. 
C INIT = 0. NO INITIAL GUESSES. 
C INIT = 1. INITIAL GUESSES ARE GIVEN FOR SOME OR ALL NODES. 
C .-_ ._ ___ 

INIT = 0 
DO 465 N=l.NUMNP 

_ IF(NTC(N) .GT. 0) ____ INIT = 1 
465 COrtTINUE 

DO 470 N=l.NUMBC 
IF (NTC (N) .GT. 0) GO TO 470 
TC(N) = 0(N) 

470 CONTINUE 
IFdtllT ,FQ. 1) GO TO 400 L . 
GO TO 314 

C 
C FORMAT STATEMENTS . 
C 
c 
2005 FORMAT COITERATION NO.'. 14/ ( $( IS.F14.4)_)_) " 
7000 FORMAT (15. 5X. 2F10.4. 20X. FIO.2 ) 

END 



a ELr SYMSO.1,720427, 34031 

000001 
000002 
000003 
OOU004 
C00005 
OC 0006 
000007 
000008 
000009 
000010 
COjOll 
00JC12 
000013 
000014 
000 )lb 
U C 0 016 
OCOOl" 
000010 

"OC 0019 
000020 
0C0021 
OC002? 
or 0U23 
OC 0 024 
000025 • 
000026 
0C0C27 

"000028 
000029 
0C0030 
OC 0031 
000032 
OC0033 
OC 003'1 ' 
000035 
OC 0 0 3 D 
000037 
000038 
000 0^9 
000040 
000041 
000042 
000043 
000044 
00004b 
000046 
OO0OV7 
000048 

"000049 
000050 
000 051 
000052 
000053 
000054 
OCO055 
000056 

SUBROUTINE SYMSO (KKK) 

DIMENSION TC 
COMMON A(90 

COMMON 0(<-100 
COMMON 
COMMON 
COMMON 
CO^lMON 
COMMON 
COMMON 
COi-'MON 
COMMON 
COMMON 
COMMON 

0ZZ5( 
XCOND 
TE"(1 
COND. 
TIME. 
NUM'iC 
NDIM. 
KODE( 
IT<^M( 
IKODE 

(500). IA(900,30) _, 
0.30). B(900). D(900), D0(5), E(3,3), H'^D(12), 
). S(5.5). T(QOO). X(900). Y C O O ) . TI(900) 
900). TAB(60.32) _ 
(10). DENSdO). QXdO) 
0) 
PHO.OXX.OZZ 
DT. DT2. H. TEMP. XL, XX, YY, TMAX, TINIT 

NUf'MT. NDT. INTER' MPAND. NJM. NTAB 

P(5) 

IVARH.17ARC.IPT.IDT.IPUNCH.IDUM 
onO). :<(3). KX(4). LM(5). KAT» 
10). IDrAB(32). ITFAC(32) 
(900). TNTABdO.3) 

EQUIVALEtJCE (TEM d ). XTFMl) . 
: (TFM'4).XTFM4) 

EQUIVALENCE (ITEMd).ITABK) 
C (ITEtl(4) .MTYPE) 
EQUIVALENCE (Tl(l).rC(l)) 
EGUIVALEtlCE (A (1.1) . IA (1.1) ) 
EOUIVALFNCE (tJN.NUMtJP) . (MM.MBAND) 
DATA NAZ/0/ 
GO TO (1000.2000) .KICK 

NUMNP. NUMEL 

(TFM(2).XTEM2), (TEM(3).XTEM3), 

(ITFM(?),ITABR). (ITFM(3).ITABQ), 

REDUCE MATRIX 

lOOO 

240 

250 
260 
270 
200 

no 200 N=1.NN 
DO 270 L=2.^ 'M 
i r ( I A ( N . L ) . E O . 0) 

•C = A ( N . L ) / A ( N . l ) """ 
I = N + L - 1 
IF(NN-I) 260.240.240__ 
J=0 
no 250 K=L.MM 
J=J+1 
A(I.J)=A(I.J)-C*A(N»K) 
A(N.L)=C 
CONTINUE _ _ 
COf><TIfJUE 
GO TO 50 0 

REDUCE VECTOR 

60 TO 270 

2000 DO 295 Nrl.NN 
DO 285 L=2.MM 
I = N+-L-1 
IF(NM-I) 290.285.?85_ 

285 0(I)=0(I)-A(N.L)*0(N) 
290 CONTINUE 

IF(IA(N.l) .NE, T) GO TO 295 

IF ACtJ.l) 0..PRINT ERROR MESSAGE. 

NAZ = NAZ+1 
IF(NAZ .GT. 100) GO TO 295 



0C0057 ^W A(N.l) = 1.0 
000058 WRITE (6.6000) N 
000059 6000 FORMAT C 0 A C . I 3 . ' . l ) = 0.' ) 
0OU06O C — . 
000061 295 G(N) = Q(N)/A(N.l) 
1C0062 ' C / 
000063 C ^ _ BACK SUBSTITUTION 
0000b4 C ' 
000065 N=NN 
O0U066 _ _ _ _ _ _ _ 300 N = N-1 _ / 
000067 IF(N) 350.500.350 
000060 350 DO 400 K=2.MM 
0000ra9 _ L = N+K-1 
000070 . IF{NN-L) 400.370.370 
000071 370 0(tJ) = Q(N) - A(N.K) * Q{L) 
0011072 iiOO COtJTIfJUE _ 
000073 "" GO TO 300 
000074 C 
000075 ^ 500 RETURN 
0000 76 ' C 
000077 END 

4, 09:52:07 

Etm c ^ , ^ , . 

W. 
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ALL SOFTWARE ISD PROVIDES OR MAKES AVAILABLE FOR USE. IN ANY FORM WHATSOEVER, IS PROPRIETARY 
INFORMATION OF ISD AND IS NOT TO BE COPIED OR REPRODUCED WITHOUT PRIOR WRITTEN AUTHORIZATION BY ISO. i_ 

*** USER NOTICES - MAY 1. 3 972 *** 

_(_1) ISD 1108 TERMINAL SERVICE WILL BE AVAILABLE AS SCHEDULED BELOW UNLESS OTHERWISE SPECIFIED IN A JJSER_NOTICE. 

MON : 07:00 - 24:00 
TUE - FRI ; 00:00 - 03:00 ; 07:00 - 24:00 
SAT : 00:00 - 22:00 
SUN : 04:00 - 22:00 

*•* ISO'S 1108 WILL BE UNAVAILABLE FOR TERMINAL SERVICE FROM 2:00 - 7:00 ON 5/3/72. *** 

(2) LARGE-CORE (LCR) PRODUCTION JOBS APE BEING RUN ON AN OVERNIGHT BASIS, 

(3) ISD HAS AVAILABLE REM0TE-t3ATCH JOB ENTRY VIA LOW-SPEED TELETYPE COMPATIBLE TERMINALS USING DIAL-UP COMMUNICATION LINES. 
THE DIAL-UP TELEPHONE NUMBERS AND TRAfJSMISSION RATES ARE LISTED BELOW, 

10 CHAR/SEC 415-635-1051 ( 4 PORTS AVAILABLE ON A ROTARY BASIS ) 

30 CHAR/SEC 415-562-4294 = 

(4) ISO'S SECOND PUBLIC TERMINAL IN SAN FRANCISCO IS LOCATED AT « 1 CALIFORNIA ST.. ROOM 2555. 

(5) EFFECTIVE MONDAY - FRIDAY TURNAROUND TIME SHOULD BE Rt^DUCED BETWEEN THE HOURS OF 10:30 - 11:30 AND H»;00 - 17:00 FOR USERS 
SUBMITTING NON-TAPE JOBS WITH RUN TIMES ESTIMATED AT LESS THAN 6 MINUTES. __ 

(6) EFFECTIVE 5/4/72 THE 1004 DIAL-UP PHONE NUMBERS WILL BE CHANGED AS LISTED BELOW. 
-1 

415-562-0809 WILL BE CHANGED TO 415-562-4266 
415-562-0810 WILL BE CHANGED TO 415-562-4309 

ADDITIONAL INFORMATION ON (2) & (3) IS NOW AVAILABLE TO ALL INTERESTED USERS BY CONTACTING YOUR SALESMAN AT «H5-56?-'»204. 
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Development of a Subroutine to Account for the Effects of 
Radiative Transfer in Heat Conduction Analyses 
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J. R. Smith, E. A. Thomas, Fan Yee 

ENCLOSURE: (l) Listing of J. Bergquam Subroutine for Calculating 

; Radiation Effects 

(2) Sample Load Sheet 

(3) Printout, Example Problem 

(h) Shape Factor Template 

I. INTRODUCTION 

In many cases the problem of determining the temperature distribution 

in a body is complicated by the fact that there is radiative transfer at the 

surface(s) of the body. The programs which are presently being used by the 

Thermodynamics Section for calculating temperature distributions, e.g. E12203, 

EI2UOI, and E12202, have an option whereby the effect of radiative transfer can 

be included in the analysis. However, this option is restricted to those prob

lems where the surface either transfers energy to a constant temperature sink or 

receives energy from a constant temperature source. In addition, if there is 

both convective and radiative transfer at the surface, the calculation procedure 

is in error. In the case of the finite element programs, there is also a node 

follower option which can be used to account for radiative transfer among ele

ments on the surface. However, the procedure for making this calculation is 

q.uestionable in some cases and incorrect in others. 

The purpose of this analysis is to develop a subroutine which could be 

incorporated into the above mentioned programs and used in those cases when an 

i 
CLASSIFICATION CATEGORY 

riA.v.in.r.C O^i^UR DAfE 
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accurate accounting of the radiative transport is necessary in order to obtain 

a reasonable prediction of the temperature distribution in a body. 

II. ANALYSIS 

The analysis presented in this section is applicable to radiant inter

change among isothermal, gray surfaces that are diffuse reflectors of radiation. 

Nonisothermal surfaces should be subdivided until the temperature variation 

across all surfaces is not more than approximately 50 R. In most problems the 

regions where radiative transfer should be accounted for are restricted to those 

sections of a body which are thin and are heated convectively from one side and 

exposed to vacuum on the other or where high nuclear heating rates cause the 

temperature of a particular section to rise above IOOO-I5OO R. One of the most 

important factors in utilizing this subroutine is identifying those regions 

where radiative transfer is important. 

For those cases when there is radiative transfer between a surface ele

ment and a constant temperature source or sink, the equation which gives the 

radiative flux is • , . -

^^=Fe<r (T -Tg) (1) 

where T is the temperature of the element and T is the temperature of the 

source or sink. 

Figure 1 
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For the general case of an enclosure consisting of N surfaces, as in

dicated in Figure 1, the radiosities (B) of the surfaces are described by the 

following set of equations: '' - ' , , 

[ I - ( I - £ ^ ) F ^ _ J B ^ - (i-e^)F3__2 B2- - (i-c^)Fi_jj Bj^-e^cTT!; 

-(l-e2)F2_̂  B^ + \l-(l-e^)F^_^B^- '- (l-6:2)F2_jj B J ^ = 6 2 ^ T , 

(2) 

^ 

(I-^NVI \ - ^^-^A-2 \- - ̂ - ^ I - ^ N ^ ^ N - N I ^ - ̂ N<^ ̂; 

If the temperature* and emittance of each surface and the shape factors 

from each surface to the other surfaces of the enclosure are known, then this 

system of equations can be solved for the radiosities of the surfaces. Once the 

radiosities have been obtained the radiant fluxes can be found by using the 

following equation: 

,̂ =.^N (O-T^-V ^ - (3) 

Note that according to the usual sign convention q is positive for those sur

faces which lose energy by radiation and negative for those surfaces which gain 

energy. It should also be pointed out that all of the surfaces do not have to 

actively participate in the heat transfer process. For example, one element 

of the enclosure coiild be a fictitious surface which represents a sink in the 

surroundings at an effective temperature of 0 R. In this case the radiosity of 

the fictitious surface would equal zero and it does not have to be considered 

in the analysis. This will be made clear by the examples which are presented in 

a later section. - • - • . • 

A program which solves eqiiations (2) and (3) has been developed and in 

the next section the procedure for using the subroutine is discussed; following 

*The problem of selecting surface temperatures for the general situation when 
they are unknown is discussed in Section V of this memo. 
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this discussion, two examples are presented. A listing of this program is given 

in Enclosure (l). 

III. INPUT 

There are two tsrpes of input cards required. These are: 

1. Identification Card. FORMAT (I5, E10.4, 8A8) 

Col(s) 1-5 N. The number of active surfaces making up the 

enclosure. Maximum N = 22. 

6-15 Stefan-Boltzman constant (.33 x 10 Btu/in sec 

16-72 HEAD. Identifies the case being run. 

2. Surface Property Cards. FORMAT (SElO.î -) 

At least one card is required for each siirface. 

Col(s) 1-10 Emittance of surface. 

11-20 Temperature of surface, R 

21-80 First six shape factors, i.e., F„ ,, FTvr_2" -F. N-6' 

If there ?.re more than six surfaces, the additional shape factors are 

input, 8 per card, by adding no more than two additional cards. A sample load 

sheet for the example given later is illustrated in Enclosure (2). 

IV. EXAMPLES 

Consider the following situation: on a particular body there is a 

2i|-70°R AGCarb surface "1" ( € = O.9) that sees a 1080°R stainless steel surface 

"2" ( € = 0.65). The two surfaces are oriented such that they form an approximate 

k'^ wedge. The region surrounding the enclosure is at 0 R (see Figure 2). 

•i~bi;rfa<.e X 

Figure 2 
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The heat fluxes at the surfaces will be calculated in two ways. In 

the first treatment it is assumed that the radiosity is constant along the 

entire AGCarb surface 1 as is the radiosity of the stainless steel surface 2, 

the shape factors are: F-. ̂  = Fp p = 0, F̂  „ - -59^ -̂ 2 1 " •6^5' These shape 

factors were calculated using the string rule although a template, such as given 

in Enclosure (il), can also be used. The format for the input data is indicated 

on the next page. In this case the radiosities computed by the subroutine are, 

as given in Enclosure (3) • . •_ . 

B - .112 Btu/in^sec, Bg = .02825 Btu/in^sec. 

and the surface heat fluxes are: "' ••...-

( Q / A ) ^ = .0955 Btu/in^sec, (Q/A)2 = -.0H13 Btu/in^sec. ' . . 

In the second treatment of this problem, the same surface temperatures 

are used but account is taken of the fact that the radiosities of the surfaces 

are not constant. This is done by dividing each of the surfaces into four equal 

parts as indicated in Figure 2. The shape factors for all of the eight surfaces 

together with the other input data are given in Enclosure (2). In this case 

the shape factors were obtained with the tenjilate (see Enclosure (^)). The 

radiosities for this example are, as given in Enclosure (3) 

B = .1133 Btu/in sec. B = .03538 Btu/in sec. .'.•,• 

Bp = .1126 " . • Bg = .O31U6 " 

B = .1119 " • B = .02626 " 

B^ = .lllî  " BQ = .01995 

and the local heat fluxes are: • ' . • . • • , ' • • , . : • . " ' .. ; 

2 ' • ' 2 •--".• 
^ = .08582 Btu/in sec. ' / . = -.05736 Btu/in sec. 

2 = .0922i+ " >. -.-..r g = -.05009 " . . • - - . - • 

= .098It0 " • , , ' :'•;. V = -.Oi+OU3 " ./*.,••-.' 

^ = .1032 " • ' = -.02872 " : • 
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V. CONCLUSION "" /-

A program for calculating the radiant heat flux at the surface of a 

body has been developed. In order to incorporate this program, as a subroutine, 

into existing programs, e.g., £12202, the following modifications would have to 

be made: 

1. Eliminate the calculation of h , the radiative heat transfer co-

efficient, from subroutine SUER 2. 

2. In those cases -when there is radiative transfer between a surface 

element and a constant temperature source or sink, use Equation (l) to calculate 

the radiative flux. The element temperature for use in Equation (l) should be 

the fourth power average of the corner temperatures. 

3. In those cases when there is radiative transfer among elements 

on the surface, use the subroutine developed in this memo to calculate the radi

ative flux. 

h. Independently calculate the convective flux, if present, by the 

methods of subroutine CONVBC. 

5. Add the radiative and convective heat fluxes. This sum is then 

used in solving for the temperature distribution. 

Finally, it should be noted that for the examples worked in this memo 

the surface temperatures are ass\Haed to be known. In general, however, the tem

perature distribution is the desired result of the calculation and is obtained 

by an iterative calculation procedure. Since surface temperatures must be known 

in order to calculate the radiant fluxes, the question arises as to what tempera

ture should be used during the iteration process. Because of the fact that each 

surface element is bounded by two nodes whose temperatures are calculated during 

each iteration, it is recommended that the fourth power average of these tempera

tures, obtained from one iteration, be used as the surface temperature for the 

following iteration. 

i|- 3 2 2 3 U ' 
T. + T. T. + T. T. + T.T. + T. -

^ r ^ ^ i g i J i J J ' 

VTO^^C. 

J . B. Bergquam 
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COMPILER OPTIONS - NAME = 

F 

0 3 / 3 6 0 FORTRAN H 

MA I N , O P T = 0 0 , L I r ^ C N T = 7 2 .SOURCE, BCD.NOLIST , NODECK , LOAD. M AP, NL 

J I M BERGQUAM'S SUBROUTINE FOR CALCULATING R A D I A T I O N E F F E C T S . X o 6 3 6 

I M P L I C I T R E A L * a ( A - H , 0 - 2 ) 
DIMENSION HEAD( 3 ) ,FC( 22 , 2 2 ) , E P S ( 2 2 ) , T E M P ( 2 ? ) , 6 0 ( 2 2 ) , I T E M ( 2 2 ) 

~ 

5 

READ IN N , S I G M A AND HEADER. — 

READ ( 5 , 5 0 0 0 , C N D = 9 0 ) N .S IGMA,HEAD 

P R I N l THE 1ST C A R D . 

WRITE ( f ^ . f i O O O ) Hi=AD, N , SIGMA 

c-
READ IN EP S I L O N S , TEMPERATURES AND THE F - X O E F F I C I ENT 5 -

DO 1 0 1 = 1 , N 
READ ( 5 , f 0 1 0 ) E P S ( I ) , T E M P ( I ) , (F C ( I , J ) . J = l , N) 
WRITE ( 6 , 6 0 1 0 ) I ,EPS( I ) ,1 ,TEMP( I ) , ( F C C I , J ) . J = l ,N ) ~ ~ 
B O ( I ) = EPS( I ) *S IGMA *TEMP( I ) * * * 

10 CONTINUE td 

c 
FORM THE C O E F F I C I E N T S . 

DO 3 0 1 = 1 , N 
00 3 0 J = 1 , N 
F C ( I , J ) = ( FPS( I ) - l . ) *FC( I , J ) ~ 
I F ( I .FQ . J ) F C ( I . I ) = l . + F C ( I , I ) 
CONTINUE 
DO 3 5 1 = 1 , N 

" - 3 5 " WRITE ( 6 , 6 0 1 0 ) I , EP S( I ) ,1 ,TE MP( I ) , (FC ( I V J ) , J = l .N ) 

3 0 

C 
c-

SOLVE FOR THE B-UNKNOWNS. 

C -

CALL SIMEO ( F C B O , 
IF (KERR .G^. 0 ) 
WR t T E ( 6 , 6 0 3 0 ) 

N , 1 , 2 2 , I T E I ' ,DET ,ND .KERR) 
GO TO 1 0 0 

4 0 

P R I N T THE S O L U T I O N S . 
DO 4 0 1 = 1 , N 
WR I T E ( e , 6 0 2 0 ) I , B 0 ( I ) 

c-

c-
CALCULATE AND P ^ I N T a ( N ) . 

DO 50 1 = 1 , N 
50 BO ( I >= EPS( I ) / ( 

WP I T F ( 6 , 6 0 3 0 ) 
DO 6 0 1= l . N 

60 WR I T E ( 6 , 6 0 2 5 ) 
GO TO 5 

9 0 STOP 
1 0 0 CONTINUE 

WR ITF ( 6 ,COOO) 
GO TO go 

1 . - E P S ( I ) ) * ( SI GMA*TEMP( I ) * * 4 - 6 0 ( 1 ) ) 

I , B Q ( I ) 

£000 
= 010 
600n 
6010 

6 0 2 0 
6 0 2 = 
6 0 ^ 0 
9 0 0 0 

FORMAT ( I 5 , r i 0 . 4 , e A 8 ) 
FORMAT ( « E i n . 4 ) 
FORMAT ( ' I ' . a A e , / ' O N = 
FORMAT ( ' 0 E P S ( « , I 5 , « ) = 

1 I X , R F 1 6 . P / I X , e E 1 6 . P / 
FORMAT ( • P ( ' , I 2 , « ) = ' . E i e . S ) 
FORMAT ( • Q ( » , I 2 , ' ) = • , F 1 6 . 8 ) 
FORMAT ( • 0 • ) 
FORMAT ( " 0 MATRIX I S S INGULAR. RANK = 
END 

• , 1 5 , " SIGMA = • , E 1 6 . 6 ) 
• , E 1 6 . 6 , • T E M P ( * , I 2 » « ) = ' , £ 1 6 . 6 / 
1 X , 8 E 1 6 . 8 ) ' 1 
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N = 

EPS ( 

BFRG(3UAM»S 1ST C A S E . 

2 SIGMA = 0 . 3 ^ 0 0 0 0 0 - 1 4 

1 ) = 0 . 9 0 0 0 0 0 0 0 0 TEMP( 1 ) 
- — - 0 . 5 9 0 0 0 0 0 0 0 00 

Ef^Pr ? ) = 0 . 6 5 0 0 0 0 0 00 TEMP( 2 } 
0 . f i 4 5 0 0 0 0 0 0 00 ___0_.0 

EPS{ 1 ) = 0 . 9 0 0 0 0 0 0 0 0 TEMP{ 1 ) 
0,ICOOOOOOD 0 1 - 0 . 5 9 0 0 0 0 0 0 0 - 0 1 

- ^ c S t 2 ) = 0 . 6 5 0 0 0 0 0 0 0 TEMPC 2 ) 
- 0 , 2 2 5 7 5 0 0 0 0 0 0 O.IOOOOOOOO 01 

0 . 2 4 7 0 0 0 0 04 

f I 

0 . 1 0 8 0 0 0 0 04 

0 . 2 4 7 0 0 0 0 04 

0 . 1 0 8 0 0 0 0 04 

— * . , , . ^ » i 

-Bt~l )—=-
B( 2 ) = 

0 . 1 1 2 2 1 2 C P C DO 
0 . 2 8 2 5 0 2 5 2 D - 0 1 

~Q{—ll~ = 
01 2 ) = 

0 , 9 5 5 4 5 3 7 6 0 - 0 1 
-0 . 4 4 1 2 7 0 8 7 0 - 0 1 



N = 

EPS( 
n . 1 — 

= PS( 
0 .n 

l^PS ( 
0 . 0 

EPS ( 
n ,0 

B s i j l ^ 

1 ) = • 

2 ) = 

3 ) = 

A) = 

BERGQUAM'S 2ND CASE. 

0 .3300000-14 

lOi^DDDD 00 0.16000000D 00 0.35000000D-01 0 . 1 5 0 0 0 0 0 0 ^ ^ 1 
O.socooon 00 TEMP{ n = 0.2470000 04 
0 .0 0 .0 0 .0 0.50iT7DDD3D 00 0.16000000D 00 0.35000000D-01 O. 150000000*01 

0.900000D 00 TFMP( 2) = 0.247000D 04 
0 .0 0 .0 0 .0 O.1O5003O3D 00 3.32000000D 00 0.18500000D 00 0.eSOOOOOOD-Ol 

O.SOOOOOD 00 TEMP( 3> = 0.247000D 04 
0 .0 0 .0 0 .0 " " " " 0 .300333330-0 1 3.13000000D 00 0.20000000D 00 0.15500000U 00 

0.900000D 00 TEMP( 4) = 0.2470000 04 
0 .0 0 .0 ~ 0 .0 ' 0 .100333330-01 0.60000000D-01 0.11500000D 00 0.14500000D 00 

F P S ( 5 ) = 0.6500000 00 TFMP( 5) = 0.1080000 '04 ^ 
0 .^50000000 00 0.12500000D 00 0.300 OOOOOD-01 0. 1 5 OOOOOOD-3 I 0.0 " " —*~-» j .o Q . Q " - ~ Q . Q 

EPS ( 6 ) = 0.6500000 00 TEMP( 6) = 0.106000D 04 _ 
^ 0.1'^OOOOOOD 00 "0 .36000000D 00 0.155000000 00 0.60000000D-01 0 . 0 " " ^ " " ^ ~ " 3 .0 '̂  •"" 0 . 0 " " ' ~"" 0 . 0 

r p s ( 7 ) = 0 .650000n 00 TEMP( 7) = O.lOeOOOD 04 _ 
0 .'fOCOOOOOD-0 1 0.19S000O0O 00 0.220000000 00 0.14000000D 00 0.0 ' "" " ~ ~" 3.0 " ' 0 . 0 " 0 .0 

FP5( 8 ) = O.6SO0O0D 00 TEMP ( 8) = 0.108000D 04 ^ ^ 
0 .?000000ffD-0"I ~ 0 .85000000D-01 0.16500000D 00 0.16500000D 00 0.0 ^ ^ " ' ~ ~ 3 .0 " 0 . 0 0 . 0 

^i '^'^'ff^^rSh^ji 

EPS( 1) = 0.900000D 00 TEMPI 1) = 0.247000D 04 
0 .100000000 01 0 .0 0 .0 0.0 -0.60093<l99f»^0t " -3 . 1 6 0 0 0 0 0 0 ^ ^ 1 - 0.35000000D-02 - 0 . 150000ei>D-02 

FPS( 2 ) = 0.900000D 00 TEMP{ 2) = 0.247000D 04 
0.0 ~ O.IOOOOOOOD 01 0.0 ^~~ 0 .0 " - 0 .105333330 -01 - 3 . 3 2 0 0 0 0 0 0 0 - 0 1 - 0.18500000D-01 - 0.85000000D-02 

r p s { 3) = o.gooooon oo TEMP( 3) = 0.247000D 04 _ _ 
0 . 0 0 . 0 0 . 1 0 0 0 0 0 0 0 0 01 0 . 0 " - 0 . 3 3 3 3 3 3 3 0 D - 0 2 - 3 . 1 3 0 0 0 0 0 0 0 - 0 1 - 0 . 2 0 0 0 0 0 0 0 0 - 0 1 - 0 , 1 5 5 0 0 0 0 0 0 - 0 1 

FPS( 4 ) =^ O.OOOOOOD 00 TEMP( 4) = 0.247000D 04 J 
0 .0 0 .0 0 .0 ' O.IOOOOOOOD 01 -0.13003333 0-02 -3 .60000000 0 - 0 2 - 0 . 1 1 5 0 0 0 0 0 0 - 0 1 - 0.14500000D-01 

FPS( 5 ) = 0.650000D 00 TEMPI 5) = 0.108000D 04 _ _ ^ ' 
- 0 . 227500000 00 - 0 . 4 3 7 5 0 0 0 0 0 - 0 1 - 0 . 1 0 5000003-01 - 0 . 5 2 5000000-3 2 0.133333330 01 3.0 0 . 0 ' 0 . 0 

1 1 
FPS ( 6) = 0 .6500000 00 TFMP( 6) = O.IOSOOOD 04 1 _ . - _ , _ _ 
- n . " 1 2 5 0 0 0 0 0 0 -0 1 - 0 . 1 2 6 0 0 0 0 0 D 00 - 0 . 5 4 2 5 0 0 0 0 D - 0 1 - 0 . 2 1 OOOOOOD-3 1 0 . 0 3 . 1 0 0 0 0 0 0 0 0 01 0 . 0 0 . 0 

T 

FPS ( 7) = 0.6500000 00 TEMP( 7) = 0.108000D 04 _ ^ _ _ _ - . _ „ _ _ - „ ' 
- 0 .14000000D-01 -0 .68250000D-01 - 0 .770000000-01 - 0.4900OOOOD-01 0.0 0 .0 O.lOOQdOOW 01 0 . 0 

_ EPS ( 8 ) = 0.650000D 00 TEMP( 8) = 0.1080000 04 . . _ . 
- 0 . 7 0 0 0 0 0 0 0 0 - 0 2 - 0 . 2 9 7 5 0 0 0 0 D - 0 1 - 0 . 5 7 7 5 0 0 0 0 D - 0 1 - 0 . 5 7 7 5 0 0 0 0 0 - 3 1 0 . 0 3 . 0 0 . 0 0 . 1 0 0 0 0 0 0 0 0 01 

f 1 ( l ) = 0 . 1 1 3 29 41PC00 - - - , ' ' " ' _ - „ . _ ^ -
B( 2) = 0.112'=7q93C 00 i 
B( 3) = 0 .111B95920 00 

F̂< 5) = 0 •^5'^77er i2n-01 * " ' " " ~ " ~ " " " " " ' ~^ , 
' 5 ( 6 ) = o . 3 1 4 e o 2 i e 0 - 0 1 
P( 7 ) = 0 .262606610-01 
B( 3) = „ 0 .1O953693D-01 __ . __ __. . ._ — . ̂ . ̂ „ . - — 

0( 1 ) = 0 . B 5 R 1 5 E 5 1 D - 0 1 
0 ( 2 ) = 0 . 9 2 2 4 3 7 3 0 0 - 0 1 
0 ( 3> = 0 . O R 3 9 9 P 1 3 D - 0 1 
0< 4 J = O . 1 0 3 2 0 7 1 3 D 00 
0 ( 5 ) = - 0 . 5 7 3 6 3 4 0 8 0 - 0 1 
G« 6 J = - 0 . 5 0 0 8 ' 3 2 e i C - 0 1 
0 ( 7 ) = - 0 . 4 0 4 3 1 9 4 5 0 - 0 1 
a ( H» =t - 0 . 2 0 7 I 9 0 0 5 O - 0 I 

0 . 5 7 3 6 3 4 0 8 0 - 0 1 ' P'htr I n<^l iflrr "^ 1 
G« 6 J = - 0 . 5 0 0 8 ' 3 2 e i C - 0 1 - 1 f. l\l(-l~.Ui>UtiU ^3 
0( 7 ) = - 0 . 4 0 4 3 1 9 4 5 0 - 0 1 \ 
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