
ANL-6654 
Mathematics and 

Computers 
(TID-4500, 28th Ed.) 
AEC Resea rch and 

Development Report 

ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 
Argonne, Illinois 60440 

A METHOD OF CALCULATING TRANSIENT TEMPERATURES 
IN A MULTIREGION, AXISYMMETRIC, CYLINDRICAL 

CONFIGURATION. THE ARGUS PROGRAM, 
1089/RE248, WRITTEN IN FORTRAN II. 

by 

D. F. Schoeberle 
Reactor Phys ics Division 

J. Heestand 
Applied Mathemat ics Division 

and 

L. B. Mil ler 
Reactor Phys ics Division 

November 1963 

Operated by The Univers i ty of Chicago 
under 

Contrac t W-31 - 109-eng-38 
with the 

U. S, Atomic Energy Commiss ion 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



TABLE OF CONTENTS 

Page 

ABSTRACT 5 

NOMENCLATURE 7-8 

I. MATHEMATICAL ANALYSIS 9 

A. General P rob lem Descript ion , , . . , , . . . . . . . 9 

B. Mesh Layout and Descr ipt ion . . . . . . . . . . . . . . . . . . . . 11 

C. Fini te Difference Equations for Thick Regions. . . . . . . . . 12 

I. Introduction. , . , . . , . . . . . , . 12 
Z. The Difference Equation for the F i r s t Node Point of 

the F i r s t Region. 12 
3. The Difference Equation for the F i r s t Node Point of 

Annular Regions. . . . . . . . . . . . . . . . . . . . . . . . . . 13 
4. The Difference Equation for Inter ior Points of Any 

Region . , , . . . . , , . . . . . . . . . 17 
5. The Fini te Difference Equation for the Last Node 

Point of Any Region 18 
6. Summary . . . . . , . , , . . . , . . . . . . , . . , , . . . . . . 18 

D. Fini te Difference Equations for Thin Regions . . . . . . . . . 19 

1. Introduction, . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
2„ The Fini te Difference Equation for the F i r s t Node 

Point of the F i r s t Region. . . . . . . . . . . . . . . . . . . . 19 
3. The Fini te Difference Equation for the Second Node 

Point of the F i r s t Region, . . . . . . . . . . . . . . . . . . . 20 
4, The Fini te Difference Equation for the F i r s t Node 

Point of Annular Regions . . . . . . . . . . . . . . . . . . . . 22 
5, The Fini te Difference Equation for the Centra l Node 

Point of Annular Regions . . . . . . . . . . . . . . . . . . . . 23 
6. The Fini te Difference Equation for the Last Node 

Point of Annular Regions . . . . . . . . . . . . . . . . . . . . 24 
7- Summary . , , . . . , . , . . . . . . . , . . . , . . . . . . . . . 24 

E. The Fini te Difference Equations for Flowing Coolant 
Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

1. Introduction, , , . . . , . . . , . . . , . . . . . . . . . . . . , . 24 
2. In ter ior Node Points in a Coolant Channel, . . . . . . . . 25 
3. End Node Points in a Coolant Channel . . . . . . . . . . . 26 
4. Special Case , Cent ra l Coolant Region, . . . . . . . . . . . 28 
5. Special Case , Outermost Coolant Region. . . . . . . . . . 28 



TABLE OF CONTENTS 

Page 

II. DESCRIPTION OF THE ARGUS PROGRAM 28 

A. Summary and Special Fea tu re s 28 

1. Choice of Units . . 29 
2. The Unit Time Increments 29 
3. Integer Res t r ic t ions 30 
4. Res t a r t Fac i l i t ies 30 
5. Mater ia l Numbers 30 
6. Coolant Velocity Function 31 
7. F i lm Coefficient Equations 31 
8. Stationary Mater ia l Phases 32 
9. Flowing Mater ia l Phases 32 

B. Descr ipt ion of Input for ARGUS. 33 

C. Operating Ins t ruct ions . 46 

D. Output Descr ipt ion 47 

E. Sample P r o b l e m s . . 47 

1. Sample P rob lem No, 1. . . . . . . . . . . . 47 
2. Sample P rob lem No. 2. . . . . . . . . . . 60 

3. Sample P r o b l e m No. 3. . . . , 69 

APPENDIX - FORTRAN P r o g r a m Listing. 81 

REFERENCES. , 118 

ACKNOWLEDGEMENTS . 118 



3 

LIST O F F IGURES 

No. T i t l e P a g e 

1, E x a m p l e of M e s h L a y o u t for a T y p i c a l R a d i a l Row 11 

2, E x a n i p l e of Ax ia l M e s h P o i n t L a y o u t 11 

3, L a y o u t of B o u n d a r y Node P o i n t s 15 

4, Node P o i n t L a y o u t , Thin F i r s t R e g i o n 19 

5, Node P o i n t Layou't , Th in A n n u l a r Reg ion 2 3 

6, The C o n f i g u r a t i o n of S a m p l e P r o b l e m No. 3 70 

LIST O F T A B L E S 

No. T i t l e P a g e 

I. T h i c k - r e g i o n Coef f i c i en t s 14 

II. T h i n - r e g i o i i Coe f f i c i en t s 20 

III. F lowing Coo lan t Reg ion Coef f i c i en t s 27 

IV. Input Data for S a m p l e P r o b l e m No. 1 48 

V. C o m p a r i s o n of R e s u l t s , S a m p l e P r o b l e m No. 1 50 

» 





A METHOD OF CALCULATING TRANSIENT TEMPERATURES 
IN A MULTIREGION, AXISYMMETRIC, CYLINDRICAL 

CONFIGURATION. THE ARGUS PROGRAM, 
1089/RE248, WRITTEN IN FORTRAN II. 

by 

D. F, Schoeberle, J. Heestand, and L. B, Miller 

ABSTRACT 

A detailed descript ion is given of ARGUS, a FORTRAN II 
computer p rogram for calculating t ransient t empera tu res in any 
concentric cyl indrical configuration. Included a r e an explanation 
of the mathemat ica l methods, a discussion of special features and 
res t r i c t ions , input and output descr ip t ions , operating instruct ions, 
severa l sample problems , and the code listing. 

The p rogram allows up to 25 concentric regions, each con
taining ei ther a s tat ionary or turbulently flowing ma te r i a l with 
tempera ture-dependent p rope r t i e s . Any stationary ma te r i a l can 
have spat ia l - and t ime-dependent heat generation. Tempera tures 
a re calculated at node points which are equally spaced within a 
region. The number of radial node points in a stat ionary mate r ia l 
region is specified by input. Up to 100 node points per radial row 
and up to 16 radia l rows a r e allowed. 

Mater ia l p roper t i es of flowing mate r i a l s a re approximated 
by second-order polynomials, and the thermal proper t ies of s ta
tionary ma te r i a l s a re considered to be constant within a t empera 
ture phase. There may be up to 9 phase changes in stationary 
m a t e r i a l s , with heats of t ransformat ion added to the ma te r i a l at 
the t ransformat ion t e m p e r a t u r e s . Thermal res i s tances at s ta
tionary region interfaces a re considered by means of input co
efficients of heat t ransfer . Fi lm coefficients on flowing region 
boundaries a re calculated by the program, and t ime-dependent 
coolant velocit ies a r e perixiitted. 
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Definition 

ame te r s in the equat ion for the 
mat ic viscosi ty for phases 1 
2 of a flowing coolan t ma te r i a l : 
Vo + 7'iTf + l/jT^ 

sity of a m a t e r i a l M 

ame te r s in the equat ion for the 
iity for phases 1 and 2 of a 
ing coolant m a t e r i a l ; 
Po + PiTf + P2T| 

.al density t imes the heat of 
isformation for a so l id m a t e r i a l 
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3, the density t i m e s specific 
; for phase 3 (bulk boiling) of 
awing coolant 

a m e t e r s in the equat ion for 
volumetr ic heat capaci ty for 
ses 1 and 2 of a flo^ving cool-
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final t ime or t e rmina t ion 
2 of a problem 

value of timie T a t which p-, 
Laces p. 

value of t ime T a t which "/;^, 
Laces 7^ 

me-dependent coo lan t -
)city function. Values of the 
:tion a re given point-wise in 
input, and up to four functions 
r be given 

coolant sa tura t ion (boiling) 
pe ra tu re for a flo^ving coolant 

inlet coolant t e m p e r a t u r e 



I. MATHEMATICAL ANALYSIS 

A. General P rob lem Descript ion 

As pa r t of the continuing Fas t Reactor Safety P r o g r a m , an in te res t 
has developed in calculating t r ans ien t t empera tu re s in various exper imenta l 
configurations. These configurations usually consist of combinations of 
flowing and s ta t ionary m a t e r i a l s confined within concentric cylindrical 
regions . The number of regions v a r i e s , depending upon the purpose of the 
exper iment to be per formed. 

In o rde r to automate the p rocedure for calculating t rans ien t tei-n-
p e r a t u r e s in such exper iments , a new FORTRAN II code, ARGUS, has been 
wri t ten. This p r o g r a m will calculate t rans ien t t empera tu re s in any cylin
dr ica l configuration consist ing of up to 25 concentric regions , and super 
sedes the m o r e r e s t r i c t e d p rog ram 5Z4/RE147 (CYCLOPS).U) 

In the following sections of this repor t , the equations for calculating 
t rans ien t t empera tu re distr ibut ions in concentric cyl indrical regions a r e 
derived. Any region may contain ei ther a stat ionary or a flowing ma te r i a l , 
with heat generat ion pe rmi t t ed in any s ta t ionary m a t e r i a l region. A s t a 
t ionary m a t e r i a l can be e i ther a solid or a nonflowing liquid; a flowing m a 
t e r i a l can be a liquid or gas moving at any velocity. For the stat ionary 
m a t e r i a l s , t he rma l p rope r t i e s a r e r ep resen ted as step functions of t e m 
pe ra tu re within p r e s c r i b e d t empe ra tu r e ranges . Second-order polynomials 
a r e used to approximiate the t empe ra tu r e dependence of the p roper t i es of 
flowing m a t e r i a l s . 

The regions a r e a s sumed to be very long compared with their thick
n e s s , so that axial heat conduction may be neglected. However, axial t r a n s 
por t of heat due to ixiaterial motion is considered in the regions with flowing 
m a t e r i a l s 

The t empe ra tu r e field in any region containing a s tat ionary m a t e r i a l 
will obey the genera l diffusion equation 

PC ^ = div(k grad T) + Q ( R , T ) , (l) 

OT 

where 

T ( R , T ) = t e m p e r a t u r e ; 

k(T) = t h e r m a l conductivity; 

(pc ) = vo lumet r ic heat capacity; 

Q ( R , T ) = ra te of heat generat ion. 

*Raised nunabers in pa ren theses r e fe r to re fe rences at the end of 
this repor t . 
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Assuming that only radia l heat conduction occurs and that the heat 
source is not angular dependent, Eq. (l) reduces to 

+ q i ( r ,z ,T) , (2) 

where qj(r ,z ,T) is the ra te of heat generat ion. 

Assuming that t he rma l p roper t i e s have a constant value within 
p r e s c r i b e d t empera tu re r anges , Eq. (2) can be fur ther reduced to 

rcp|? = . (04 | | : ) .q . ( . , z .r ) . (3) 

where Eq. (3) holds within a t empera tu re range. 

The differential equation of heat conduction in a flowing ina te r i a l 
region can be approximated as 

pc ( ^ + v^ 4 - ) = qzi^>r), (5) 

where v^ is the axial velocity of the flowing m a t e r i a l and q2(z,T) the ra te 
of heat addition to the m a t e r i a l 

Equations (3) and (5) a r e reduced to finite difference form and the 
difference equations a r e solved by the ARGUS p rog ram. 

At boundaries between s ta t ionary m a t e r i a l s , the following condition 
is used. 

q" = U(Ti -T2) , 

where 

q" = heat flux per unit a r ea ; 

U = boundary conductance, 

Tj and T2 = t e m p e r a t u r e s on opposite sides of the boundary. 

At boundaries between s ta t ionary and flowing m a t e r i a l s , heat t r a n s 
fer is cha rac t e r i zed by a film coefficient computed by the code from input 
m a t e r i a l p rope r t i e s and fluid veloci t ies . 

The outer boundary of the outer region is a s sumed to be perfectly 
insulated 

p c p a -
2. 
r b^ \ o r 



B. Mesh Layout and Descript ion 

The axial length Z and the radia l width RO(L) - R O ( L - 1) of a 
typical region L a r e divided into finite increments AZ and Ar, and then 
nodal points a r e ass igned to give a mesh layout as i l lustrated in Figs . 1 
and 2. The input p a r a m e t e r N I ( L ) gives the total number of node points 
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in a typical radia l row within a region L. For s ta t ionary regions, there is 
a node point, in each radia l row, infinitesimally close to each boundary, 
and the remaining points a re equally spaced in between. A coolant (flowing 
mate r i a l ) region has only one nodal point per radia l row, located at the 
cen t ra l radius of the region 

In o rde r to use the p rogram to approximate two-dimensional p r o b 
lems , there is a radia l row of node points on each end of the configuration 
and (jMAX - 2) rad ia l rows equally spaced between the end rows. For onc-
dimensional p rob lems , the p a r a m e t e r JMAX can be taken as unity to give 
one radia l row of node points at the half-height of the configuration In this 
case , Eq (5) is not used, and the p rogram holds the coolant t empe ra tu re , 
in any flowing m a t e r i a l region, constant at the input source t empera tu re '?o 

The subscr ip t i locates any node point along a radia l path, and the 
p a r a m e t e r IMAX denotes the total number of node points per radial row 
The subscr ip t j locates the rad ia l row of node points in the axial direct ion, 
and the p a r a m e t e r JMAX denotes the total nTjmber of radial rows Note 
that the f i r s t node point in a row, i = 1, is always on the centerl ine of the 
configuration, r e g a r d l e s s of which type of region r ep re sen t s the cent ra l 
region 

In subsequent sect ions , the differential Eqs (3) and (5) a r e expanded 
into difference equations in t e r m s of the temiperatures at appropr ia te d i s 
cre te node points , 

C. Finite Difference Equations for Thick Regions 

1 Introduction 

A thick region will be defined as a s ta t ionary ma te r i a l region 
in which there a r e three or m o r e node points pe r radial row. This type 
of region is se lec ted by using the input p a r a m e t e r K = 1 (if heat genera 
tion occurs in the ma te r i a l ) or K = 2 (if no heat generat ion occurs) . The 
boundary node points a r e t rea ted by using a new method developed by 
L H. Back.wj Equation (S) is now expanded into finite difference fo rms , 
where the boundary node points and the in te r ior node points a r e t rea ted 
separa.tely. 

2. The Difference Equation for the F i r s t Node Point of the F i r s t 
Region 

The finite difference equation for the f i rs t node point {i - 1) of 
the f i r s t region ( L = l) has been der ived in Reference 1, p 15, and also is 
given by Dusinberre,( '^) The detai ls will not be repeated here 
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These references show that Eq. (3) can be t ransformed into 

Ti(T+Ari) = A - ± V j ( r ) + ^ T 2 ( T ) + ^ ^ ~ ^ - ^ I i - N ( T , A r i ) , (6) 

where 

N ( T , A T I ) = i [ n ( T + A r i ) + n ( r ) ] ; 

pc = volumetr ic heat capacity of the mate r ia l ; 

A Tj = unit t ime increment for thick-type regions; 

Q(r,z) = space-dependent par t of the heat generation ra te ; 

M = (Ar)^/&ATj - dimensionless modulus of heat conduction; 

a = k /p Cp = the rmal diffusivity of the mate r ia l ; 

k = thermal conductivity of the ma te r i a l ; 

n(T) = t ime-dependent power function. 

If the general finite difference equation is of the form 

T i j ( r + A r i ) = B i j T i . , j ( T ) + C i j T i j ( T ) + 

Di jT i+ i j (T ) + Gi jN(T,ATi) , (7) 

then the coefficients in Eq. (?) a re B^ j = 0, Cj j = [l - ( 4 / M ) ] , DJ J = 4 / M , 

and G j j = Q(r,z) A T J / p c p . These coefficients are tabulated in the f i rs t 
column of Table I. 

3. The Difference Equation for the F i r s t Node Point of 
Annular Regions 

In Reference 3, Back shows how a modified energy-balance 
procedure can be used to derive a difference equation of a slightly different 
form than (?). The result ing equation is completely stable for any value of 
the film coefficient h or surface-contact conductance U. Thus, the only 
requi rement for a stable solution of the difference equation will be that the 
t ime interval A Tj is chosen sufficiently smal l so that the modulus M is 
large enough. This feature can r ep resen t a saving of computation time for 
problems where a large film coefficient is the limiting pa rame te r . 
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where 

I < i N I L 

L-1 

r, - R|_.p (i-l)Ar|_ 

\ - RL-1 HL- • 
Ar L'lWFT 

'12.L-1.J If '^L-l ' 5 
U L - I otherwise 

hl ,L+l,J If K L + 1 - 5 

UL otherwise 

ATik|viL_Mp 

An e n e r g y b a l a n c e for the m a t e r i a l a s s o c i a t e d wi th the ou t e r 
b o u n d a r y node point i c an be w r i t t e n a s fo l lows: 

/ E n e r g y X ^ / E n e r g y \ _ / E n e r g y \ / E n e r g y \ 
\ s t o r e d / \ in / \ out / \ g e n e r a t e d / ' 

In t e r m s of the t e m p e r a t u r e s a t n e i g h b o r i n g node p o i n t s , th i s equa t ion 
b e c o m e s 

dTi _ _ k A ^ _ „ 
PCp Vi -73- - h i A i ( T i „ , - Ti) - ^ r 3 - (T^ - Ti+,) + 

dT 

V. r "̂  + ^''"i 
+ Q ( r , z ) ^ I n ( T ) d x 

w h e r e 

(8) 

V^ = vo lume of s u r f a c e e l e m e n t ; 

A^ = s u r f a c e a r e a ; 

h- ~ f i lm coeff ic ien t o r s u r f a c e - c o n t a c t c o n d u c t a n c e ; 

A.j^ = m e a n h e a t - c o n d u c t i o n a r e a be tween node po in t s i and i+1, 



15 

The average node-point t empera tu res in (8) a re approximated by 

Ti-i = 7 [ T i _ , ( r ) + Ti_,(T+ATi)] = ~(Ti_^ + T [ . J ; 

Ti = | [ T i ( T ) + T i ( T + A T i ) ] = y ( T . + T;); 

Ti+i = i [ T i + , ( T ) + T . ^ , ( T + A T j ] = | ( T i + , + T!^.^). 

Considering the geomet r ica l layout of these node points, and 
assuming the element of volume surrounding point i is cut out by radia l 
l ines (see Fig. 3) subtending an a r c of 1 radian, we derive the following 
re la t ionships : 

Ai = 

A m ~ 

( r i ) A Z ; 

( r i + i ^ - ) ' 

/ A r \ / A r A z \ 
( ' • i + - ) ( - ^ ) 

A Z ; 

Fig. 3 

Layout of Boundary 
Node Points 

The integral in the las t t e r m of (8) is approximated by 

'T + A T 1 
N(r,AT,) = n(T)+n(T + AT,)^ r 

2 JT 
n 

A T , 
dT. 



With t h e s e subs t i tu t ions . , Eq . (8) now b e c o m e s 

A T I 
dTi 

dT 

hAAf ^^rA f Ti \ / T i „ i + Ti-i Ti+Ti 

A r 2 4 r i + Ar 

, / a A T i \ / 2 r i + A r w T i + j + T i + j TJ + Ti 

+ N ( T , A T I ) . 
o c . 

(9) 

If we def ine the q u a n t i t i e s 

' h A r \ ( 8 r i 
Ml ^ A r y a A T i ; Nj = 

wi = 4 ( 2 r . + A r ) / ( 4 r i + A r ) , 

4 r ^ + A r / ' 

and r e p l a c e the t i m e d e r i v a t i v e d T ^ / d T by the f o r w a r d d i f f e r ence quo t ien t , 
t hen Eq . (9) b e c o m e s 

Ti(T + ATi) 
N w 

1 + — L + _ i 
2Mi 2Mi A ^ ( T ; . i - f T i . , ) - f Ti(T) 1 -

Ni w i 

2M^ ' 2M^ 

2 Ml + 7 1 7 ^ ^ 1 + 1 + ^1+1^ + — 7 ^ • N ( T , A T I ) . 

(10) 

F i n a l l y , if t h e q u a n t i t y S i s d e f i n e d b y 

S __ Ni w i 

2 M i " "*" 2 M i "*" 2 M i ' 

t h e n E q , ( lO) b e c o i n e s 

Ni , 2 M i - Ni - w i 
T 3 _ ( T + A T I ) = ^ ( T i - i + T i . i ) + ™ » » _ T i ( T ) 

w i , 2 M i Q ( r , z ) A T 
+ ^ ( T i + i + T i + j ) + -j~ p ^ N ( T , A T a ) . (11) 

A g e n e r a l d i f f e r e n c e e q u a t i o n f o r s u c h n o d e p o i n t s c a n b e w r i t t e n 

i n t h e f o r m 

T . ( T + A T I ) = B i j [ T . „ , ( T + A T i ) + T i _ , ( T ) ] + C i j T i j ( T ) 

+ D i j [ T i + i ( T + A T i ) + T i + , ( T ) ] + G i j N ( T , A T i ) . (12) 
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The coefficients in the second column of Table I a r e establ ished 
by comparing Eqs . ( l l ) and (iZ). 

4. The Difference Equation for Inter ior Points of Any Region 

The finite difference equation for a typical in te r ior node point 
is der ived by t ransforming Eq. (3). The t ime derivative d T / S T is replaced 
by the forward difference quotient as follows: 

2l T I ( T + A T I ) - Ti(T) 

- ^ " " A T I ' ^ ' 
OT ^ 

where A'r^ is the finite t ime increment . The space derivat ives in Eq. (3) 
a re rep laced by the following approximat ions : 

b^T T i + j ( T ) - 2 T i ( T ) + T i - i ( T ) 
^ — (14) 

ar2 Ar" 

and 

d T Ti+iir) " Ti- i(T) . . 
y 7 "" 2Ar ^̂ ^̂  

Finally, the radius r is rep laced by the radius out to the node points r -^r^. 
Substitution of the Eqs . (13), (14), and (15), and simultaneously adding up 
the heat generat ion during the finite t ime increment ATJ, a l t e r s Eq. (3) to 

T I ( T + A T I ) - Ti(T) _ fTi+il-r) - 2Ti(T) + Ti^^ir) 

(16) 

The hea t -genera t ion function is now rep resen ted by the product of a space-
dependent and a t ime-dependent function: 

q i ( r ,T) = Q(r,z)n(T). (17) 

The integrat ion in Eq. (l6) is approximated by a 2-point t rapezoidal ru le , 
and Eq. (16) is simplified to yield 



Ti(T+AT) J±^ - i i ^ U i „ , ( T ) + ( l - i ! ^ ] T . ( , ) 
\ Ar2 ZT^ATJ \ Ar2 / ' 

Following customary practice, as in Reference 4, the modulus M is defined 
as 

M = Ar^/aATi. 

With this definition, Eq. (18) becomes 

T i ( r + A . . ) = i j ( l - | i : ) T i . , ( T ) + ( l - ^ ) T i ( . ) 

I / Ar \ Q(r,z)ATi 

Equation (19) is exactly in the form of Eq. (7), and the coefficients for use 
with Eq. (7) are given as the third column of Table L 

5. The Finite Difference Equation for the Last Node Point of Any 
Region 

The last node point [i = NI(L)] for any region L will be treated 
as a boundary point by use of the method of L. H. Back.*- -̂  The details of 
the derivation of the finite difference equation are exactly like those of 
Section LC.3, except for a slight change in the volume of the subelement 
Vi and the mean heat conduction area A^ .̂ 

An equation of the form of Eq. (12) can be derived by the method 
of Section I.C.3, and the coefficients for use with Eq. (12) are given as the 
last columri of Table I. 

6. Summary 

The finite difference equations for all node points in thick-type 
regions are given as Eqs. (7) and (12). If the first node point of the first 
region is defined to be an interior point, then Eq. (7) is valid for all in
terior points, and Eq. (12) is valid for all boundary node points. 

Finally, it is assumed that the space-dependent heat-generation 
function can be represented as the product of a normalization factor qo , a 
radial-dependent function jJ.^, and an axial-dependent function C,i, so that 

Q(i-'Z) = qoMi^j- (20) 
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D. Finite Difference Equations for Thin Regions 

1. Introduction 

A thin region will be defined as a stat ionary ma te r i a l region in 
which there a r e a fixed number of node points in a radial row; NIT = 2 for 
the f i rs t region ( L = 1) and NIj = 3 for any annular region. This type of 
region is selected by using the input p a r a m e t e r K = 3 (if heat generation 
occurs in the mate r ia l ) or K = 4 (if no heat generation occurs) . The bound
a ry node points a re t rea ted by the Dusinberre method'^/ in order to in
c rease the accuracy of the solution as compared with that obtainable with 
the Back method (Section I.C.3). F u r t h e r m o r e , a distinct t ime increment 
AT2 is introduced into the finite difference equations for this type of 
region. Inner i terat ions (nriesh sweeps) a r e performed over all thin-type 
regions during the time interval from T to T + ATJ , where AT^ = XAT2, 

X is an integral power of 2, and A T J is the unit time increment in thick-
type regions. The boundary node points and the inter ior node points a re 
again t rea ted separa te ly when Eq. (3) is expanded into a finite difference 
form. 

2. The Finite Difference Equation for the F i r s t Node Point of 
the F i r s t Region 

The two node points of the f i rs t region (L= l) a re located at 
the centerl ine and adjacent to the outer boundary, as i l lustrated by Fig. 4. 

INTERFACE BETWEEN 
REGIONS I AND 2 

(NEGLIGIBLE THICKNESS) 

Fig. 4 

Node Point Layout, 
Thin F i r s t Region 

The f i r s t node point (i = l) is t rea ted exactly as was the f i r s t 
node point of a thick-type region (see Section LC.2). By means of the 
geometr ic relat ionship Ar = Rg and the unit t ime increment AT2, Eq. (6) 
becomes 

T I ( T + A T . ) = ( I - ^ ) T , ( T ) + ^ T 2 ( T ) + 
Q(r,z)AT2 

PS 
N ( T , A T 2 ) . (21) 



In the general finite difference form, this equation is 

T i j (T + AT2) = Bi^jTi_,j(T) + q j T i ^ j ( T ) + Di^jTi+,j(T) + G i j N ( r . ATZ). (22) 

The coefficients given in the f i r s t column of Table II a r e established by 
compar ison of Eqs. (21) and (22). 

Table E 

THIN-REGION COEFFICIENTS (KL = 3,4) 

l\]ode Point 

Coet̂ ^~~~--.,̂ egion 
ficienl ^ ~ \ . ^ 

Bl.J 

Cl,J 

Dl,J 

Gl.J 

i - 1 

L = 1 

0 

i-Dl.J 

4 
M 

POLMI?L,JAT2 

'/'^P'ML.NP 

L> 1 

N1/M2 

l-Bl,J-Dl,J 

4W1/M2 

V I ^ L , J A T 2 

'j°Cp'ML,NP 

where 

(2RL-i+Ar) 
™1 (4RL-i+Ar) 

/HL- lAr \ /8RL- i \ 
"1 \ k A4RL-1+Ary 

i = 2 

L = 1 

4W2/M2 

l-Bl,J-Dl,J 

N2/M2 

V l ^ L , A 2 
'/'VMUNP 

where 

Ar 
"̂2 " (4R|_-Ar) 

L> I 

(-*r)/"' 
l-Bl,J-Dl,J 

("^)A 
V I ^ L / ' ' 2 

'jOCplMUNP 

where 

Tj - RL-i+Ar 

i - 3 

K L 

4w3/iVl2 

i -Bi,rDi, j 

N2/M2 

'/"^P'MUNP 

where 

(2R|_-Ar) 

™3 MR|_-Ar) 

^ H ^ A r W 8 R L \ 

2̂ = U JWL-Arj 
where 

L-1 

I ' 2 N I/+i 

l < i < 2 i f L - l 

l< i<3 i fL< l 

HL-1 

H L = ' 

f h2,L-l,J if K L - 1 = 5 

I U|_ otherwise 

n i . L + i j if K L + 1 = 5 

U|_ otherwise 

Ar, 

M2 = 

R| if L = 1 

( R L - R L - I ' / 2 if l-> 1 

!^a)^(/^S)ML,MP 

'̂ •̂ 2 '<ML,NP 

3. The Finite Difference Equation for the Second Node Point of 
the F i r s t Region 

The second node point (i = 2) is t rea ted as a boundary node 
point with the usual Dusinberre^"*/ method of solution. The procedure and 
assumptions of this method of solution will be i l lus t ra ted he re . 

(1) Assume that a time interval ATJ can be chosen sufficiently 
smal l that only the local t empera ture and the t empera tu re of adjacent ref-
erance points need be considered in calculating the change of the local 
t empera ture during this t ime interval . Thus, only T I ( T ) , T 2 ( T ) , and T 3 ( T ) 

need be considered in calculating T2(T + AT2). 

(2) The initial heat t ransfer ra tes may be used over the 
entire interval A T , . 
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(3) The change of heat s torage in an element may be calculated 
from the change of t empera tu re of the reference point located in that 
element . 

Consider the half e lement (Fig. 4) of width Ji^ - A r / 2 with node 
point i = 2 on its surface . A heat balance represent ing a conservat ion of 
energy for this e lement can be wri t ten as 

H e a t \ / «^^^ \ / ^^^^ \ / Heat \ , , 
, = conducted - conducted + , . (23) 

s t o r e d / \ . I \ \ generated/ 
/ V m / \ out / \ ^ / 

By use of the assumpt ions made above and the t empera tu re s at 
the appropr ia te node points, Eq. (23) becomes 

dT, kAi, HA23 
p C p V 2 - ^ --^iTiir) " T 2 ( T ) ] - - Y " t ^ 2 ( r ) - T^ir)] 

^ T + A T 2 

-r ^ J Q(r ,z )n(T)dT, (24) 

where 

pc = volumetr ic heat capacity of the ma te r i a l ; 

k = the rma l conductivity; 

Vj = volume of the subelement; 

A12 = average heat conduction a r e a between node points i = 1 
and i = 2; 

H = film coefficient (h) or surface contact conductance (U) for 
this boundary; 

A23 = surface a r e a of the element . 

By considering the geomet r ica l nature of this subelement (see Fig. 4), we 
find the following re la t ions : 

/ A r \ Ar r Ar l 
A12 = l - y - A z j ; A23 = ArAz = RQAZ; VJ = " y AZ [ R O - — J • 

Substitution of these quantit ies into Eq. (24) gives 



-, -, 

dT2 

d T 

o{f)[TAr)-T,(T)] HAr[T3(T)-T2(T)] 

Ar [T Ro 

^ Q ( r , 2 ) 

AT2(pCp) jr 

4 /J 

' T + AT^ 

¥(-«-^) 
nf T ) d T . (25) 

A g a i n , t h e t i m e d e r i v a t i v e i s r e p l a c e d b y t h e f o r w a r d d i f f e r e n c e 
q u o t i e n t a n d t h e i n t e g r a l of t h e l a s t t e r m i s a p p r o x i m a t e d b y a t w o - p o i n t 
t r a p e z o i d a l r u l e . E q u a t i o n f25) t h e n b e c o m e s 

N2 Q ( r , z ) A T 2 ^ 
+ ^ 7 - T 3 ( T ) + N T , A T 2 , 

M2 p c 

N2_-

M2, 

(26) 

w h e r e 

M2 - O l r ) " ' J LT2 = d i m e n s i o n l e s s m o d u l u s ; 

1 . / = k p c = t h e r m a l d i f f u s i v i t y ; 

N , -
H A r / 8 A r 

m o d i f i e d N u s s e l t ' s n u m b e r . 
k \ 4 R o - Ary 

If w e a l s o d e f i n e w , = A r / ( 4 R o - ^ i ' ) ) Eq - (26) b e c o m e s 

T 2 ( T 4 A r , ) 
4w-> 

T I ( T ) + T 2 ( T ) 
M2 

Q ( r , z ) A T 2 

.oc„ 

1 
4w, N , 

M , M 2 . 

N2 
' MT ^3(r) 

N ( T , A T 2 ) . (27) 

E q u a t i o n f27) i s n o w in t h e f i n i t e d i f f e r e n c e f o r m of E q . ( 2 2 ) . T h e 
c o e f f i c i e n t s f o r u s e in E q . (22) a r e g i v e n a s t h e t h i r d c o l u m n of T a b l e 11. 

4 . T h e F i n i t e D i f f e r e n c e E q u a t i o n f o r t h e F i r s t N o d e P o i n t of 
A n n u l a r R e g i o n s 

T h e t h r e e n o d e p o i n t s of a n a n n u l a r r e g i o n ( L /* l ) a r e l o c a t e d 
a t t h e c e n t r a l r a d i u s a n d a d j a c e n t t o e a c h b o u n d a r y , a s i l l u s t r a t e d b y 
F i g . 5 , p . 2 3 . 
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INTERFACE 
I RADIAN 

Fig. 5 

Node Point Layout, Thin 
Annular Region 

INTERFACE 

The f i rs t node point of this type of region is t rea ted as a 
boundary node point. Using the procedure outlined in the preceding sec
tion, except that the subelement volume is now 

V, R,+4' ArAz 

and the average heat conduction a r e a is now 

H 2 Rl T- ^ A z ; 

the finite difference equation is found to be 

T I ( T + A T 2 ) - T7 T N I + Tiir) 
^^ML-1) 

Q(r,z)A^2 

Ni 4wi 

M̂  " M7 
4 w i 

•^-Tj^T- "''••'̂ -='- (28) 

This rebult is also in the finite difference form of Eq. (22). 
The coefficients for use in Eq. (22) a r e tabulated in the second column of 
Table II. 

5. The Finite Difference Equation for the Central Node Point of 
Annular Regions 

The second node point (i = 2) of an annular region (L > 1) is 
t rea ted as an in ter ior point by exactly the procedure of Section I.C.4. If 
the unit t ime increment A TJ is used, this method yields the finite dif
ference equation 



^^(-^^-^'=li l( '- i7)T.(T)+ ( l - i | ) T . { r ) 

Q(r ,z )AT2 

3 i ( - I ^ J - = < ^ > ^ ^ ^ - ' • - - ) • ' - ) 
This r e s u l t is a g a i n in the f in i te d i f f e r ence f o r m of Eq . (22), 

and the coe f f i c i en t s for u s e in Eq . (22) a r e t a b u l a t e d in the fou r th c o l u m n 
of T a b l e II. 

6. The F in i t e Di f fe rence E q u a t i o n for the L a s t Node Po in t of 
A n n u l a r Reg ions 

The t h i r d and l a s t node po in t (i = 3) of an a n n u l a r t h i n - t y p e r e g i o n 
( L > l ) i s t r e a t e d a s a b o u n d a r y po in t w i th the u s u a l DusinberreV'+) p r o c e d u r e 
The m e t h o d is ou t l ined in Sec t ion I . D . 3 . The r e s u l t s a r e i den t i ca l w i th t hose 
of Sec t ion I .D.S; e x c e p t t ha t w i th in t h i s type of r e g i o n 

Ar = y (Ro-Ri ) . 

The coef f i c ien t s for u s e in the f ini te d i f f e r e n c e Eq. (22) a r e 
t a b u l a t e d a s the l a s t c o l u m n of Tab le 11. 

7. S u m m a r y 

The f in i te d i f f e r ence e q u a t i o n for a l l node po in t s m t h i n - t y p e 
r e g i o n s is g iven a s Eq. (22). The coe f f i c i en t s for u s e w i th Eq, (22) depend 
on the l o c a t i o n of the node po in t and a r e g iven by Tab le 11. 

The s p a c e - d e p e n d e n t h e a t - g e n e r a t i o n func t ion Q(r jz) i s aga in 
s e p a r a t e d into the p roduc t of func t ions a s g iven by Eq . (20) of Sec t ion I .C.6 

E . The F in i t e Di f fe rence E q u a t i o n s for F lowing Coolan t Reg ions 

1. I n t r o d u c t i o n 

The t e m p e r a t u r e of f lowing m a t e r i a l s is c a l c u l a t e d a t equa l ly 
s p a c e d node po in t s a long the c e n t e r l i n e of the coo l an t r e g i o n . A s ing le 
node po in t p e r r a d i a l row is t a k e n on the c e n t e r l i n e , and a s t a t i o n a r y m a 
t e r i a l r e g i o n m u s t b o r d e r on e a c h b o u n d a r y of the coo lan t r e g i o n e x c e p t 
w h e n the coo l an t r e g i o n is o u t e r m o s t . 

The r a t e of i n c r e a s e of the t e m p e r a t u r e a t any node po in t is 
equa l to the ne t r a t e of h e a t input by convec t i on p l u s the ne t h e a t t r a n s 
f e r r e d to the coo l an t f r om the ad jo in ing s t a t i o n a r y m a t e r i a l r e g i o n s . Th i s 
fac t i s e x p r e s s e d by Eq . (5)^ w h i c h i s now r e w r i t t e n a s 
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°L.^Jl±l>.^^, (30, 

OT fjC o z 

where 

T ( Z 3 T ) = coolant t e m p e r a t u r e ; 

V ( Z , T ) = coolant velocity; 

q2(r,z,T) = ra te of heat addition to coolant per unit volume; 

jjc - volumetr ic heat capacity of coolant. 

2. Inter ior Node Points m a Coolant Channel 
For any node point j m a coolant region, the timie derivative 

in Eq. (3 0) is replaced by the forward difference quotient 

oT ^ T j ( T + A T I ) - T J ( T ) 
o r AT, • (^'> 

For in ter ior points not in a radia l row on an end of the con
figuration, the space derivat ive is replaced by a centra l difference 
formula-

f ^ - r - j T j + , ( T ) - T j . , ( r ) l (32) 

The instantaneous rate of heat addition to the coolant (on the 
inner boundai-v) is 

q, = hi^jAi[Ti . , , j (T) - T J ( T ) ] , (33) 

where 

li^^j - film coefficient on the inner boundary of the coolant region; 

Aj = surface a r ea at inner boundary (Ai = RjAz); 

T|_i ; ( T ) = surface t empera tu re of adjoining region. 

A s imi la r equation gives the ra te of heat loss through the outer boundary 
of the coolant region. The volume of coolant, at any instant, m the coolant 
channel segment is 

Vj = ApAZ, 

where A-p is the coolant channel flow a r ea . By substitutions of these into 
Eq. (30), we obtain 
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Ti{T + ATi) - T4( r ) hj TRI hz iRo 

- 2 - i - z [ T j + . ( ^ > - T j - l ( T ) ] . (34) 

Th is equa t i on is r e a r r a n g e d to y i e l d 

h i j R i ATJ 

^^"'^"^^"l"^^7FJ^-^'j^"^l' T̂ ^̂ i; ^^;A^ 
h j j R o A T A V A T I V A T I 

(35) 

T ^ ( T ) 

/ h , T R Q A T A V A T I V A T I 

The f ini te d i f f e r e n c e e q u a t i o n for a l l coo l an t node p o i n t s is 
t a k e n in the g e n e r a l f o r m 

T i , j ( T + A x i ) = B , , j T . . ^ ^ . ( r ) + q ^ j T ^ ^ . ( T ) - f D . ^ j T . , ^ ^ . ( . ) 

+ E L , j [ T i , j „ , ( T ) - T,^j^,{r)l (36) 

By c o m p a r i s o n of E q s . (35) and (36), the coe f f i c i en t s for the 
g e n e r a l d i f f e r ence e q u a t i o n a r e e s t a b l i s h e d , and they a r e t a b u l a t e d in the 
two c o l u m n s of T a b l e III. The f i r s t c o l u m n g ives the coef f i c ien t s for the 
c a s e of upflow in a coo l an t c h a n n e l (flow fromi node po in t j = 1 to j = JMAX), 
and the s e c o n d c o l u m n c o n s i d e r s the c a s e of downflow (flow f r o m node 
poin t j =: J M A X to j = l ) . Th i s d i s t i n c t i o n i s i m p o r t a n t only w h e n t h e r e is 
m o r e t h a n one coo lan t c h a n n e l w i t h f lows in o p p o s i t e d i r e c t i o n . 

3 . End Node P o i n t s in a Coolan t Channe l 

The end node po in t s j = 1 and j = J M A X of a coo lan t c h a n n e l a r e 
t r e a t e d in a m a n n e r v e r y s i m i l a r to the i n t e r i o r po in t s e x c e p t t h a t the s p a c e 

?)T 
d e r i v a t i v e —— m u s t be r e p l a c e d by a d i f fe ren t f o r m u l a . 

oz 

F o r the f i r s t node po in t , j = 1, the l a s t t e r m of Eq. (34) i s r e 
p l a c e d by 

- ( v / A z ) [ T i j + j ( T ) - Ti^j(T)] . 

F o r the l a s t node po in t , j = JMAX, the l a s t t e r m of Eq, (34) is r e p l a c e d by 

- ( v / A z ) [ T i j ( T ) - T.^j .^(T)] = 



T h e s e s u b s t i t u t i o n s modify the coef f ic ien ts C^ 4 and E-^ i for u s e wi th 
Eq. (36), and the c h a n g e s a r e r e f l e c t e d in Table III. 

Table III 

FLOWING COOLANT REGION C O E F F I C I E N T S FOR JMAX > 3 

Coeffi
c ien t 

B , ^ j 

^ I . J 

° I , J 

^ L . J 

^IJ 

J 

1 

2 £ J < J M A X - 1 

JMAX 

1 

2 < J =£ J M A X - 1 

JMAX 

1 

2 s= J < J M A X - 1 

JMAX 

1 

2 < J £̂  J M A X - 1 

JMAX 

All J 

Vo > 0 

0 .0 

h i , L , J ^ T i R L - i 

^ F L P ^ L . J 

h i , L , j A T i R L - i 

^ F L P ^ L . J 

0.0 

1 " Bi^J - Dl .J 

1 - Bl,J - Di^j - IEL^JI 

0 .0 

h z . L . J ^ - ^ i R L 

^ F L P ^ L . J 

h a . L . j A T i R L 

^ F L , P ^ L , J 

0 .0 

V J ( T ) A T I / £ J 

V J ( T ) A T I A J 

0.0 

V(, < 0 

h i , L , j A T i R L - i 

' ^ F L P ' ^ L . J 

h i . L j A T i R L - i 

^ F L P ^ L . J 

0.0 

1 - Bi,j - D i j - I E L , J | 

1 - B i , j - Di^j 

0 .0 

h z . L J ^ T i R L 

% L ^ ^ L , J 

h z . L . j A T i R L 

^ F L P " = L , J 

0.0 

V J ( T ) A T I / | J 

V j ( T ) A T i / i j 

0.0 

0 .0 

Note: 
A F , 

Az =• 

T[RL-^1->] 

• Z for JMAX = 1 

'2Az for 2 < J < JMAX - 1 

.Az for J = 1 and J = JMAX 

.z/{JMAX-l) for JMAX a 3 



For the case of upflow, Eq. (36) is not used for node point j = 1, 
and the termi T| ,^.^{ f) is removed from Eq. (36) for node point j = JMAX, 
For the case of downflow, Eq. (36) is not used for node point j = JMAX and 
the t e r m Tij_i(7-) is reinoved from Eq. (36) for node point j = 1. 

4, Special Case, Central Coolant Region 

In case the f i r s t region (L = 1) of the configuration is a flowing 
coolant region, the equations der ived above a r e st i l l valid except that the 
inner film coefficient hj j does not exist . Equation (35) can be reduced to 
the p roper form by taking hj 4 = 0. The coefficients for use with the genera l 
Eq. (36) a r e then given as the f i r s t coluinn of Table III for the case of upflow 
and as the second column for the case of downflow, with those coefficients 
that contain h| , being replaced by ze ro . 

5. Special Case, Oute rmos t Coolant Region 

In case the ou te rmos t region ( L = LMAX) of the configuration 
is a flowing coolant region, the equations der ived above a r e again valid ex
cept that an ex te r io r boundary condition is applied to Eq. (34). Here it is 
a s sumed that the outer boundary of the configuration is perfectly insulated 
so that no heat is lost a c r o s s this outer boundary. This boundary condition 
is satisfied by taking h2 j = 0 in Eq, (35), The coefficients for use with the 
genera l Eq. (36) a r e then given as the f i r s t coluinn of Table III for the case 
of upflow and as the second column for the case of downflow, with those 
coefficients that contain h2j being replaced by ze ro , 

II DESCRIPTION OF THE ARGUS PROGRAM 

A Summary and Special Fea tu re s 

The ARGUS p rog ram (RE248) considers the specific types of regions 
in a pa r t i cu la r problem and then se lec ts the requ i red difference equations 
from the set of Eqs . (?), (12), (22), and (36). The appropr ia te coefficients 
a re chosen by the p rog ram from those tabulated in Tables I, II, and III. The 
coefficients Bj_,, Cj_4... .,Gj_4 a r e calculated from a minimum amount of given 
input information Only a few p a r a m e t e r s , ce r ta in miaterial p rope r t i e s , and 
regional outer radi i a r e requ i red in the input for the calculations of the coef
ficients. The r ema inde r of the input for ARGUS includes the t ime-dependent 
hea t -genera t ion function, the t i ine-dependent coolant-velocity functions, and 
the init ial t e m p e r a t u r e s . 

After ce r ta in initial calculat ions and process ing the input data, the 
p rog ram pr in ts the input data, ca lcula tes initial values of the film coeffi
c ients , and pr in ts them along with the initial t e m p e r a t u r e s . 



Starting from the initial t e inpera tu res , which a re input under one of 
three possible options (see Section II. B), the p rogram uses the set of finite 
difference equations to calculate future t empe ra tu r e s T^ ^(T + Arj) at all 
node points (i,j) of the configuration. The sweep over all node points fol
lows a definite sequence which depends on the region-type pa rame te r K ( L ) 
The p r o g r a m cons iders all coolant node points as a f i rs t step by means of 
Eq. (36) or a modification of it for end coolant node points. The p rogram 
then sweeps over a l l in te r ior node points of the thick-type regions by means 
of Eq. (7) As a third step, the p rogram sweeps over all the thin regions 
( K = 3 and K = 4) by means of Eq. (22), and per forms inner i terat ions on 
these node points if ATJ > A T2. Equations (7), (22), and (36) a re all explicit 
in t e r m s of Ti j (T+ATi) . Finally, Eq. (12), implicit in t e r m s of Tj_ ^ ( T + A - ' I ) , 

is used for a l l boundary node points of thick-type regions . This procedure 
pe rmi t s the p rog ram to de te rmine all the implicit t e r m s of Eq. (12) before 
they a r e needed during the calculation sequence. Whenever two thick-type 
regions a r e adjacent in the configuration, the p rogram applies Eq. (12) to 
a pair of adjacent boundary node points, (i,j) and (i+l, j) , and solves the two 
equations s imultaneously to el iminate the remaining implicit t e r m s . 

1. Choice of Units 

The input data can be given in any fully consistent set of units. 
Note that the coefficients B^ 4,...,G4 4 and quantities such as M, N, W, and S 
(used in the calculation of the coefficients) a r e all d imensionless numbers . 
The responsibi l i ty for insuring that a se l f -consis tent set of units is used 
in all input data l ies ent i re ly with the p rog ram user . 

In this r epor t , the Sample P rob lems No, 1 and No. 3 use input 
with units in the systemi ("W, cmi, sec, and °C). However, the input for 
Sample Problem No. 2 has units in the engineering systemi (Btu, ft, sec, 
and °F), 

2. The Unit Time Increments 

To ensure a stable solution of the finite difference equations in 
the ARGUS code, the following conditions mus t be met : 

(1) Mj > 4 for a thick s ta t ionary center region; 

(2) M| — 2 for a noncentral thick stat ionary region; 

(3) Cĵ  4 s 0 for all thin-type stat ionary regions; 

(4) C^ • ^ 0 for all flowing coolant regions. 

These c r i t e r i a a r e satisfied automatical ly by ARGUS. If these conditions 
a re not met following any coefficient calculat ions, the appropr ia te t ime 
interval AT is halved and the calculat ions a re repeated. To satisfy 



cond i t ions ( l ) , (2), and (4), Ar^ is h a l v e d a s m a n y t i m e s a s needed , up to a 
maximium of four h a l v i n g s of A T ^ . If {ATI)Q is the input in i t i a l t i m e i n c r e 
m e n t , and the cond i t ions ( l ) , (2), and (4) a r e s t i l l not s a t i s f i e d by us ing 
A T I = ( A T I ) O / I 6 , t hen the p r o b l e m is t e rmi ina ted . The a u x i l i a r y tim.e i n 
c r e m e n t A T2 m u s t a l w a y s be l e s s than o r equa l to A T J ; t h e r e f o r e , A T J is 
a l s o r e d u c e d w h e n e v e r it e x c e e d s A T J . T O sa t i s fy condi t ion (3), A T J is 
ha lved a s m a n y t i m e s a s n e e d e d whi le l eav ing A T J unchanged . 

3. I n t e g e r R e s t r i c t i o n s 

The I B M - 7 0 4 F O R T R A N c o m p i l e r l i m i t s i n t e g e r s to < 32767. 
T h e r e f o r e c e r t a i n p a r a m e t e r s s u c h a s NH, NPR, B E T A , and GAMMA, 
wh ich v a r y i n v e r s e l y w i th A T J and a r e thus doubled w h e n ATJ is ha lved , 
m u s t be c h o s e n s m a l l enough in the input to a l low for up to four doubl ings 
wi thou t e x c e e d i n g 32767. In o the r w o r d s , t h e s e p a r a m e t e r s should be 
iS2047 u n l e s s the v a l u e of A T J w h i c h wi l l sa t i s fy the s t ab i l i t y c r i t e r i a is 

known in a d v a n c e . 

4. R e s t a r t F a c i l i t i e s 

P r o v i s i o n h a s been m a d e for taking p e r i o d i c r e s t a r t d u m p s of 
the p r o b l e m da ta . E a c h d u m p is one b i n a r y r e c o r d w r i t t e n on tape 9. If 
N = n u m b e r of A T J i n t e r v a l s s ince the l a s t dump , then the next d u m p is 
t aken when IMAX-JMAX-N is > 30 ,000. On the I B M - 7 0 4 , th i s is a p p r o x i 
m a t e l y e v e r y 5 m i n . The d u m p s a r e counted , and the d u m p n u m b e r and 
the va lue of t i m e ( T ) a r e p r i n t e d w h e n e v e r a d u m p is m a d e . 

To r e s t a r t a p r o b l e m f r o m a tape d u m p , the u s e r m u s t simiply 
p r o v i d e a t i t l e c a r d , a p r o b l e m n u m b e r c a r d , and a t h i r d c a r d wi th the 
n u m b e r of the d e s i r e d d u m p (the p a r a m e t e r NDUMP) . The r e s t of the 
input is omi t t ed . 

5. M a t e r i a l N u m b e r s 

M a t e r i a l s m a y be a s s i g n e d any conven ien t n u m b e r s , d i f fe ren t 
m a t e r i a l s having d i f fe ren t n u m b e r s . New n u m b e r s , f r o m 1 to MMAX, 
wi l l be a s s i g n e d by the p r o g r a m , p r e s e r v i n g the r e l a t i v e o r d e r i n g wi th in 
s t a t i o n a r y r e g i o n s f i r s t and then wi th in flowing m a t e r i a l r e g i o n s . M a 
t e r i a l p r o p e r t i e s m u s t then be spec i f i ed in th is new o r d e r in the input . 

E X A M P L E : 

Region 
Number 

(U 

1 
2 
3 
4 
5 
6 
7 

Region 
Type 
(K) 

1 
4 
2 
5 
2 
5 
4 

Input 
M 

(2000 Series) 

13 
27 
5 

12 
5 
9 
2 

New 
M 

3 
4 
2 
6 
2 
5 
1 

Order of Input Sets 
(5000, 6000 

Series Cards) 

1 
2 
3 
4 
5 
6 

Input 
ffl 

2 
5 
9 

13 
27 
12 
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6. Coolant Velocity Function 

The flow is a s sumed to be turbulent; the coolant velocity is 
then a function of z and T, but not of r. 

The coolant veloci t ies for a flowing m a t e r i a l region ( L ) a r e 
computed for each ATJ interval from the following equation: 

VL,j(^) = VOL 
r 0 ( T ) + 0 ( T + A T i ) 1 PL,inlet(^) 
L 2 J PL,j(r) ' 

where 

VQ = velocity nornaalization factor for region L (input); 

0 ( T ) = t ime-dependent coolant-velocity function (input); 

PL inlet('"^) ~ density of m a t e r i a l at inlet of region L, 

- Po+ PiTi^inlet^"^)-^ p2T?^inlet('^)(^°™P^t^d)' 

P L î * )̂ ~ density of m a t e r i a l at row j of region L, 

- Po + P i T i j ( T ) + P 2 T ? J ( T ) (computed). 

At a given instant of timie ( r ) , this equation gives a constant 
mass-f low ra te throughout the coolant region L. 

7, F i lm Coefficient Equations 

F i lm coefficients h at the boundaries of flowing regions a re 
calculated by the p r o g r a m from one of the following two sets of equations, 
depending on IH: 

phase 1: h = ^ [Hi(Re)ai(Pr)^i + H2] 

IH = M phase 2: h = ^ [H3(Re)^2(Pr)b2 + H4], 

phase 3: h = Hg(AT)3-i + H6 

IH = 3 i 

phase 1: h 

phase 2: h 

phase 3: h 

Hi(Tf-Tf)/(Ti-T2) 

H2(ff-T|)/(Ti-T2), 

H3(Tf-Tt)/(Ti-T2) 

where 
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Hi H^, a j , a2, a.^, bj and b j a r e input; 

k = thermia l conduc t iv i ty ; 

De = e q u i v a l e n t d i a m e t e r ( input) ; 

Re = Reyno lds numiber = | v | De/v; 

V = v e l o c i t y ; 

V = k i n e m a t i c v i s c o s i t y ; 

P r = P r a n d t l n u m b e r = v pc /"k; 

pc = v o l u m e t r i c h e a t c a p a c i t y ; 

AT = Tj - T2; 

Tj = s u r f a c e t e m p e r a t u r e ; 

T2 = fluid t e m p e r a t u r e . 

T = a b s o l u t e t e m p e r a t u r e = T(°C) + 273.2 

Note : T e m p e r a t u r e s m u s t be in °C if IH = 3. 

If s o m e o t h e r s e t of f i lm coeff ic ient e q u a t i o n s is d e s i r e d , one of the 
above s e t s can be r e p l a c e d f a i r l y e a s i l y by changing the s u b p r o g r a m H C O M P . 

8. S t a t i o n a r y M a t e r i a l P h a s e s 

S t a t i o n a r y m a t e r i a l p h a s e c h a n g e s a r e hand l ed in a m a n n e r 
i d e n t i c a l w i th tha t d e s c r i b e d on p . 23 of R e f e r e n c e 1, w i th the added f e a t u r e s 
of a l lowing up to 1 0 p h a s e s and a l lowing cool ing t h r o u g h p h a s e s . In ARGUS, 
for i n c r e a s i n g t e m i p e r a t u r e , AT^^t = (pAH)^.^ , ; , / (pc ) , and for d e c r e a s i n g 
t e m i p e r a t u r e A T t (̂  = (p A H)|^ p / ( pc ) .-. . 

9. F lowing M a t e r i a l P h a s e s 

Le t f g be the s a t u r a t i o n t e m p e r a t u r e (input) for the coo lan t m a 
t e r i a l , Tj the s u r f a c e t e m p e r a t u r e of the coolan t c h a n n e l , and T2 the t e m 
p e r a t u r e a t the coo lan t node point . Then the coolan t m a t e r i a l p h a s e , r e l a t i v e 
to t h a t c h a n n e l b o u n d a r y , is d e t e r m i n e d a s fo l lows : 

Ti < f s 
y p h a s e 1 (a l l l iqu id) ; 

T2 < f s 

Ti " Ys} 
> p h a s e 2 ( s u r f a c e bo i l ing) ; 

Tz < f s j 
T2 2: ¥g j p h a s e 3 (bulk bo i l ing) . 



Whenever a calculated value of T2 exceeds x g, it is set back 
equal to ^g. No provision is included in the p rogram for cooling down 
after bulk boiling is achieved. 

B. Descript ion of Input for ARGUS 

A detailed descr ipt ion of the input data required by the ARGUS 
program and the format in which it mus t be presented is given here . 

The lines (or cards) of input a r e numbered to simplify the de
script ion of input. These card numbers may be wri t ten in spaces 73-80 
if des i red , since these columns a r e not read. 

Except for the title card and the problem number, all the input 
data a re supplied by two fo rmats , denoted by I6 or E 12.5 under each 
p a r a m e t e r in the descr ipt ion of the input. 

P a r a m e t e r s with format I6 a re integers and mus t be wri t ten with
out a decimal point. Six spaces (called a field) a re allocated to each 
integer. Blank spaces a r e in terpre ted as zero , so the integer mus t be 
wri t ten at the ex t reme right of the field. 

P a r a m e t e r s with format E 12.5 a r e decimal numbers . A twelve-
space field is al located for each decimal number. A decimal point is r e 
quired, but the decimal point and digits may be placed anywhere in the 
twelve-space field. Alternatively, the number may be wri t ten as the 
product of 10"- and a decimal by writ ing the decimal, including the deci
mal point, in any of the f i rs t nine spaces , the sign of the exponent in the 
tenth space, and the exponent n in the eleventh and twelfth space of the 
field ( -38<n<38) . 

Card 
No. 

1100 Title card, with 1 in colum.n 1 and any information in columns 2-72 
composed of l e t t e r s , numbers , and the symbols + - . / ( ) , = *. 

1200 Problem number , including a decimal point in column 4, wri t ten in 
columns 1-9. Fornaat F9.5. 

1300 Dump no. IMAX JMAX LMAX MMAX NPMAX NHj NHg NH3 NPR 

16 16 16 16 16 16 16 16 16 I6 

Dump no.: The number of the tape dump to be used to r e s t a r t the 
problem if it is a continuation of a previous problem. The 
dump no. is 0 for a new problem. 
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Card 
No. 

1400 

IMAX; Number of node points per radia l row (3^IMAX^100). 
Note the re is one point on each side of every boundary, 
infinitesimally close to the boundary, except in coolant 
reg ions , which have only one point. The center line is 
denoted by 1 = 1 . 

JMAX: Number of rad ia l rows of node points (JMAX^16). For 
3^JMAX^16, J = 1 and J = JMAX denote the ends of 
the configuration. JMAX = 2 is not permi t ted . 

LMAX: Number of regions ( l^LMAX£25) . L = region numiber, 
L = 1, 2, 3, ... LMAX. The center region is denoted by 
L = 1. 

MMAX: Number of m a t e r i a l s ( l£MMAX<10), M = m a t e r i a l 
number , M = 1,2, ... MMAX. 

NPMAX: Numiber of te rnpera ture ranges for which ma te r i a l 
p rope r t i e s of s ta t ionary m a t e r i a l s a r e specified 
( I^NPMAX^IO) . 

NHi 

NH, 

NH, 

NPR: 

Initial number of t ime intervals between h (heat t ransfe r 
film coefficient) computations for f i r s t (liquid) coolant 
phase . 

Initial number of t ime in tervals between h computations 
for second (surface boiling) coolant phase . 

Initial number of t ime in tervals between h computations 
for th i rd (bulk boiling) coolant phase . 

Number of t ime in tervals between p r in t -ou t s . 

T4 AT g ed(l) ed^2) 

E 12.5 E 12.5 E 12.5 E 12.5 E 12.5 E 12.5 

1500 6^(3) eh(l) £h(2) £h(3) 

E 12.5 E 12.5 E 12.5 E 12.5 

Z: 

Tf: 

Axial length of the configuration. 

Terminat ion t ime . 
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Card 
No. 

AT: Initial unit t ime interval . (Specify a t ime increment of 
modera te size and allow the computer to reduce it if 
necessa ry , ) 

g: Accelera t ion due to gravity. 

£^ : Minimum fract ional change in h before doubling NH, 
one value for each coolant phase. 

e ^ : Maximum fractional change in h before halving NH, 
one value for each coolant phase . 

2011 Nil Ml Kj Ri 

(region no.) 16 16 16 E 12.5 

NIi: Number of radia l node points in region 1. 

Mi: Number of m a t e r i a l in region 1. (Mater ials a r e numbered 
in the o rde r in which m a t e r i a l p roper t i e s a re specified on 
5000 and 6000 ca rds . See Summary and Special Fea tu res 
for detai ls . ) 

Ki: P a r a m e t e r to specify type of region: 
K = 1 for thick s tat ionary region with heat generation; 
K = 2 for thick s ta t ionary region without heat generation; 
K = 3 for thin s ta t ionary region with heat generation; 
K = 4 for thin s tat ionary region without heat generation; 
K = 5 for flowing coolant. 
If K = 1 or K = 2 is specified instead of K = 3 or K = 4 for 
thin regions , the resu l t s will be slightly less accura te , but 
the computation t ime will usually be l e s s . 

Ri; Outer radius of region 1. 

2021 As above for regions 2 through LMAX. 

2(LMAX)1 
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Card 
No. 

2500 U(l) U(2) U(3)----U(n) 

E 12.5 E 12.5 E 12.5 E 12.5 

U(n): Surface conta.ct conductance on outer boundary of the n'th 
stationary region (type 1, 2, 3, or 4). There are as many 
cards of this number as needed to specify a U for each 
stationary region (6 values per card). This value is not 
used to calculate heat transfer from a region bounded by 
a flowing coolant, but a dummy value, e.g., 1,0, must be 
specified for such regions also. U = 0 for last region if 
it contains a stationary material. If a type 3 or 4 region 
is on either side of an interface, U < 100,000 Btu/ft^-hr-
°F or U < 57 w/°C-cm^ is recommended to avoid exces
sive computation time. If a type 1 or 2 region is on 
either side of an interface, inaccuracies due to round-off 
errors will occur for U > 10 .̂ 

3011 

u 
( r e g i o n no.) 

/ i ( r ) : 

/ i ( l ) ,a (2) . . . / i (NIi ) 

E 12.5 E 12,5 E 12.5 

R a d i a l l y d e p e n d e n t p o w e r f a c t o r s fo r the f i r s t r e g i o n w i th 
h e a t g e n e r a t i o n . [ P o w e r = qg /i(r) r,(z)n( T ) , ] T h e r e a r e a s 
miany c a r d s of t h i s n u m b e r a s n e e d e d to spec i fy a j.j. a t 
e a c h r a d i a l node po in t in r e g i o n 1 (6 v a l u e s p e r c a r d ) , 

3012 C(l) ^ 2 ) C(3) . . .C(JMAX) qo 

E 12,5 E 12.5 E 12.5 E 12.5 E 12.5 

C(J): Ax ia l ly d e p e n d e n t p o w e r f a c t o r s fo r the f i r s t r e g i o n w i th 
h e a t g e n e r a t i o n , 

qo'. Power normalization coefficient for the first region with 
heat generation. There are as many cards of this number 
as needed to specify a ^ at each axial node point and a 

•^ qo for the region (6 values per card). 
302 ll 
3022_ I As above for each region with heat generation, in order 
30311 f from the innermiost to the outermost region. 
3032 

NOTE: If there are no type 1 or type 3 regions, omit the 3000 and 7000 
series cards. 
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Card 
No. 

If all regions a r e s ta t ionary regions , omit 4000 s e r i e s , 6000 s e r i e s , 
and 8000 s e r i e s c a r d s , 

4011 IPT ICS IH 

16 I6 I6 

IPT: The number of the coolant velocity function [ 0 ( T ) set] to 
be used for the f i r s t flowing coolant region. The velocity 
functions, specified on 8000 se r i e s ca rds , a re numibered 
consecutively beginning with No 1. 

ICS: P a r a m e t e r to designate source of coolant. ICS = 0 if 
coolant is supplied (at constant inlet t empera tu re ) from 
an outside source to this region; ICS = the number of 
the region from which the coolant is being supplied if 
the outlet of another region is to be supplied to this 
region, 

IH: P a r a m e t e r to se lect a set of equations for calculation of 
film coefficients at the boundaries of the f i rs t flowing 
coolant region, 

IH = 1 for forced convection, and 

h = ^ [ H i ( R e ) ^ H P r ) ^ H H 2 J for phase 1; 

h = •^[H3(Re)^^(Pr) H H4] for phase 2; 

a, 
h = H5(AT) 3 + H6 for phase 3; 

IH = 3 for radiant heat t ransfer , and 

h = H i ( f f - T | ) / ( T i - T 2 ) for phase 1; 

h = H 2 ( f t - T t ) / ( T i - T 2 ) for phase 2; 

h = H3 (Tf - T^)/(Ti - T2) for phase 3; 

where 

Re = Reynolds No,; 

P r = P rand t l No,; 

Tj = Ti (surface t empera tu re ) + 273,2; 

T2 - T2 (cent ra l fluid t empera tu re ) + 273,2; 

AT = Ti - T2; 

k = t he rma l conductivity of coolant. 
(See Summaary and Special Fea tu res for detai ls .) 



Card 
No. 

4012 Vo Yo fs ^ ^ 

E 12.5 E 12,5 E 12.5 E 12,5 

¥, 

^, 

De; 

Velocity normalization factor for the first flowing coolant 
region, (VQ is negative for flow fromi J = JMAX to J = l). 
See Summary and Special Features for details. 

Inlet coolant temperature for the first flowing coolant 
region (^o = 0-0 if ICS > 0). 

Coolant saturation temperature for the first region. The 
coolant enters phase 2 when the adjoining surface exceeds 
^g. The coolant enters phase 3 when the temperature of 
its central node point exceeds ^„. 

Equivalent heat transfer diameter for the first coolant 
region, for use in film coefficient equations. 

4013 aj a2 a3 bi b2 

E 12.5 E 12.5 E 12.5 E 12.5 E 12.5 

These are the exponents in the film coefficient equations. 

4014 H, H, H, H, Hs H6 

E 12.5 E 12.5 E 12.5 E 12.5 E 12.5 E 12,5 

These are the coefficients in the film coefficient equations. 

4021 
4022 
4023 
4024 

403r 
" As above for each flowing coolant region. 

k2 . . . k NPMAX 5011 ki 
U 

(material no.) E 12.5 E 12.5 E 12.5 

Thermal conductivity of stationary inaterial number 1, in the succes
sive temperature ranges specified on the 5013 cards. Give NPMAX 
values, 6 per card. 
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Card 
No. 

5012 pcj PC2 . . .pcNPMAX 

E 12.5 E 12.5 E 12,5 

Specific heat t imes initial density of stat ionary ma te r i a l 1. Give 
NPMAX values , 6 per card . 

5013 TT, T T , ...TT 

E 12.5 E 12.5 
NPMAX "1 
E 12.5 

Transformat ion t e m p e r a t u r e s of s tat ionary m a t e r i a l number 1. Give 
NPMAX-1 values , 6 per card . 

5014 pAHi pAH2...pAHNPMAX-l 

E 12,5 E 12.5 E 12.5 

Initial density t imes heats of t ransformat ion for s tat ionary ma te r i a l 1 
at the t e m p e r a t u r e s specified on the 5013 ca rds . Give NPMAX-1 values , 
6 pe r card , (if NPMAX = 1, omit ca rds No. 5013 and 5014.) 

NOTE: For s ta t ionary m a t e r i a l s p denotes the initial density, i .e . , 
since the dimensions a r e fixed, p mus t also be fixed. 

5021 
5022 
5023 
5024 

5031 

>• As above for each s ta t ionary ma te r i a l . 

6011 ko k i k2 

E 12.5 E 12.5 E 12.5 

P a r a m e t e r s in t he rma l conductivity equation for the f i r s t flowing 
coolant m a t e r i a l : k = ko + kjT + kjT^. 

6012 PC( PCl PC2 PC, 

E 12.5 E 12.5 E 12.5 E 12.5 

P a r a m e t e r s in volumetr ic heat capacity equation for phases 1 and 2 of 
the f i r s t flowing coolant m a t e r i a l ; pc = pco + pcjT + pcjT^. 



C a r d 
No. 

6013 

PS D e n s i t y t i m e s spec i f i c h e a t for p h a s e 3 (bulk boi l ing) of 
the f i r s t f lowing coo l an t m a t e r i a l . 

V, V 

E 12.5 E 12.5 E 12.5 

P a r a m e t e r s in k i n e m a t i c v i s c o s i t y equa t i on for p h a s e s 1 and 2 of 
the f i r s t f lowing coo lan t m a t e r i a l : v = Vg + i-'iT + VzT^-

6014 po Pi p2 

E 12.5 E 12,5 E 12.5 

P a r a m e t e r s in d e n s i t y e q u a t i o n fo r p h a s e s 1 and 2 of the f i r s t f lowing 
coo lan t m a t e r i a l : p = Po + PjT + PzT^. 

6021 
6022 
6023 
6024 

6031 

U V As above for e a c h f lowing coo l an t m a t e r i a l . 

7001 NN Ni6 P 

16 16 E 12.5 

NN: 

N ^ : 

P : 

N u m b e r of v a l u e s of n(T) to be s p e c i f i e d on 7002 c a r d s 
(2 £ NN :S 500) . If p o w e r i s to i n c r e a s e e x p o n e n t i a l l y , 
n(0) i s a s s u m e d to be 1.0; s e t NN = 0 and o m i t 7002, 7003 , 
and 7004 c a r d s , (if t h e r e a r e no type 1 o r 3 r e g i o n s , 
o m i t 7 0 0 1 , 7002, 7003 , and 7004 c a r d s . ) 

N u m b e r of v a l u e s of ^ to be s p e c i f i e d on 7003 c a r d s 
(1 < N/3 < 10). 

P e r i o d of e x p o n e n t i a l funct ion if NN = 0. (if NN / 0, 
l e a v e b lank . ) 
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C a r d 
No. 

7002 n(T)i n (T)2 n(T)3. ••»( T ) N N 

E 12,5 E 12.5 E 12.5 E 12,5 

n{T): P o i n t w i s e v a l u e s of the t i m e - d e p e n d e n t funct ion g o v e r n i n g 
h e a t - g e n e r a t i o n r a t e . Give NN v a l u e s of n(T) , 6 p e r c a r d , 
w h e r e n(T)i = n(0) . 

7003 Ai /Sz /33 . . . . / 3 N ^ 

E 12.5 E 12.5 E 12,5 E 12,5 

/ 3 | : N u m b e r of t i m e i n t e r v a l s ( A T ) b e t w e e n spec i f i ed v a l u e s of 
n( T ) for Tj^. _ < T < Tj^.. Give N/3 v a l u e s , 6 p e r c a r d . 

7004 Tnj Tn2 Tnj • • .^N/3-i 

E 12.5 E 12,5 E 12.5 E 12.5 

Tn-: Value of r a t w h i c h ^^^^ r e p l a c e s /i.. Give N/B - 1 v a l u e s , 
6 p e r c a r d . If N/i = 1, o m i t t h i s c a r d . 

8000 N P T N u m b e r of t i m e - d e p e n d e n t c o o l a n t - v e l o c i t y func t ions 
I6 [(pir) s e t s ] to be spec i f i ed on 8000 s e r i e s c a r d s ( l £ N P T < 4 ) . 

8101 NPHI N 7 

16 16 

NPHI : N u m b e r of v a l u e s of the f i r s t t i m e - d e p e n d e n t ve loc i t y 
func t ion , 0 ( T ) , to be spec i f i ed on the 8102 c a r d s 
(2 :< NPHI < 250). 

N 7 : N u m b e r of v a l u e s of 7 to be spec i f i ed for the f i r s t 0 ( T ) 
s e t (1 £ N 7 £ 10). 

8102 0 ( T ) I 0 ( T ) 2 0 ( r ) 3 . . . 0 ( T ) N p H j 

E 12.5 E 12.5 E 12,5 E 12,5 

0 ( T ) 4 P o i n t w i s e v a l u e s of the f i r s t t i m e - d e p e n d e n t c o o l a n t -
v e l o c i t y funct ion . See S u m m a r y and Spec i a l F e a t u r e s 
fo r d e t a i l s . Give NPHI v a l u e s , 6 p e r c a r d . 
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C a r d 
No, 

8103 7 i 72 7 3 - - - - 7 N 7 

E 12,5 E 12.5 E 12.5 E 12.5 

8104 

7i: 

Tr 

N u m b e r of A T i n t e r v a l s b e t w e e n the g iven input v a l u e s 
of 0 ( T ) for T < T < T . Give N 7 v a l u e s , 6 p e r c a r d . 

Tr 
•^Ps ' ^ P N 7 -Pi Pz tfs -̂ iN y-1 

E 12.5 E 12.5 E 12.5 E 12.5 

The v a l u e s of T a t w h i c h 7-_j. r e p l a c e s 7^. If N 7 = 1 o m i t t h i s 
c a r d . Give N 7 - 1 v a l u e s of T 6 p e r c a r d . 

8201 
8203 
8204 

8 3 0 r >• As above for e a c h t i m e - d e p e n d e n t c o o l a n t - v e l o c i t y funct ion . 

8 (NPT)04 

9000 I T E M P 

16 

P a r a m e t e r to d e s i g n a t e f o r m of i n i t i a l t e m p e r a t u r e input : 
= -1 if the t e m p e r a t u r e i s to be s p e c i f i e d a t e a c h m e s h 
po in t ; = 0 if the t e m p e r a t u r e is to be s p e c i f i e d for e a c h 
r e g i o n ; = t ape r e c o r d n u m b e r if the t e i n p e r a t u r e is to be 
r e a d f r o m b i n a r y t a p e . In t h i s c a s e , o m i t a l l o t h e r 9000 
s e r i e s c a r d s . 

9001 (If I T E M P = 0) 

Tj T2 . . .TL ;y ;AX 

E 12.5 E 12.5 E 12.5 

In i t i a l t e m p e r a t u r e of e a c h r e g i o n beg inn ing a t the c e n t e r . 
Give LMAX v a l u e s , 6 p e r c a r d . 
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Card 
No. 

9001 (If ITEMP = -1) 

T ( l , l ) T ( l , 2 ) , .T(1,JMAX) 

E 12.5 E 12.5 E 12.5 

Initial t empe ra tu r e of each node point on the center line. 
Give JMAX values , 6 pe r card. 

9002 

9003 

9 (IMAX) 

•• As above for each axial column of node points. 
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704 INPUT DATA 

FORM I 

COST CODE 

PROGRAM 1089/RE248 PROBLEM Sample Input ORIGINATOR J. Heestand DATE 7/9/63 PAGE 1 OF 2 

1 2 3 4 5 6 7 8 9 

1 T i t l e card 
1 r 1 f 1 1 1 1 

PfoVleii^*, 

Dump # 

I 1 

I 
1. 1 

Z 

1 1 1 1 1 

N I i 
1 1 1 1 ^ 

C 3 ) 
1 1 

„ J 1 

„ ^ _ L a _ . _ M i l j l 

M , ( , i , ) 

? 
I P 1 

V 

a 
1 < t 1 1 

H 
1 1 1 1 ) 

k 
f 1 1 1 1 

, . , A'' 
T T 

„ L _ J _ L _ L _ i _ J 

, , ,PA« 

P" 0 
1 1 1 1 1 

V o 
. 1 1 1 1 J 

( , 1 , ) 

0 | 1 

1 

1 

1 , 1 

1 

1 , 1 

1, , 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

1 1 

1 i 

M A X 
1 1 1 

L „ L ± 

L _ i ™ l ™ 

r^ 
1 1 

L a _ L _ 

1 ) 

I C s 
L _ L _ L _ 

1 1 

1 1 .. 

1 1 

1 1 

1 1 

1 1 

_L_L_ 

1 1 

) 1 

1 1 

2 

0 1 2 3 4 5 6 7 8 9 

I I I 

1 1 1 1 I 

J M A X 
_ 1 1 1 J 1 

1 1 1 1 1 

L M A X 
_ l 1 L_J__ 1 

1 I L 1 1 1 1 1 I 1 1 

1 > 1 1 1 

( 1 ) 
1 1 1 1 1 

R 
1 1 1 1 1 

U . C , 2 . ) , , , 

1 1 1 1 iMiC t2 | ) 1 1 1 

_ j _ l _ j _ j _ J i q 

I H 
1 1 1 1 1 

C , 2 , ) , 1 , 

_ 1 _ X _ L J ™ 1 

. 1 1 , Ao, , , . , 

Ha 
1 1 1 1 1 1 1 1 1 1 1 

, , , , P c , 2 , , , , , 

^ _ T T 2 

1 . 1 i ^ A ^ i ^ i 1 

k i 
1 1 t 1 1 1 1 > 1 1 1 

p c J 
1 1 1 1 1 1 1 1 1 1 1 

V l 
1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

_ L J _ _ X J _ 

_ U J - I _ - 1 _ -

_ I _ J - _ I - 1 

M M A 

e 

L 

1 ! ' 1 ! " 

a a 

{ I I I 

1 1 1 1 

1 1 1 1 

1 r i !• 

1 r i r 

i_ i , j _ . j , . . . 

p 
1 1 1 1 

1 1 1. 1 

0 1 2 3 4 5 6 7 8 9 

2 

3 

0 1 2 3 4 5 6 7 8 9 

L J 1 1 1 1 1 

X 

1 1 1 1 1 

N P M A X 
1 1 1 l _ l _ 

A T 
1 _ L 1 1 1 1 1 

*' 

f 
a 

H 

k 

c 

V 

( 2 ) 

a s . 

a 1 , a 0 

S , 1 , , 1 

^ 1 1 1 1 1 

3 

. 

• 

a , , a I , a , 

a a , , a , 

2f 1 1 1 1 

2 

2 

4 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

J 1 J I UJ 

N H , 
1 1 1 1 | J -

g 
r 1 1 1 1 

1 1 1 1 1 

. l i l t 

N H 9 
1 1 1 1 1 •̂  

L _ J _ L - J J _ X 

( 3 ) 
1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

1 . 1 . U i d n , ) , , , , 

U C N I , ) 
1 1 1 i n 1 1 I ' - i 1 1 

, , , ,C, ( ; ,M,A,X,) , 

1 1 1 1 1 1 I 1 1 1 1 

D e 
1 1 1 1 1 1 1 1 1 1 1 

^ 1 
1 1 1 ! 1 1 1 1 1 1 1 

H 4 
1 1 1 1 1 1 1 1 1 1 1 

, , , , ^N ,P ,M,A,X, , 

P ^ N P MA X 
1 1 1 1 1 

. ^ , ' ^ , N P M A X 
1 1 1 1 1 1 1 1 1 1 1 

p A H N P M A X - 1 
1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 I 1 

p<^p 
1 1 1 1 1 l '^ 

1 ( 

0 1 2 3 4 5 6 7 8 9 

3 

1 1 1 1 1 I 1 1 

-

0 1 2 3 4 5 6 7 8 9 

4 

S 

0 1 2 3 4 5 6 7 8 9 

1 , l ^ i " « 

e 

. , , ' ' 1 ° 

, , l ^ 2 

, , i " , s 

1 1 1 1 

N P 

V^\ 
1 1 1 1 

1 1 1 1 

1 1 1 1 

0 1 2 3 4 S 6 7 8 9 

5 

6 

0 1 2 3 4 5 6 7 8 9 

R 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

I , , , ^ ' ^ ^ ^ ^ 

" 6 , , 

0 1 2 3 4 5 6 7 8 9 

6 

7 

0 1 2 3 4 5 6 7 8 9 

8 

0 

i J. 0 0 
1 1 1 1 1 1 1 

1 2 0 0 
1 1 1 1 1 1 1 

, 1 i , l , a , ^ " 

1 1 1 | 1 | 1 | 0 | 0 

1 l - ^ l ^ l ^ l * ^ 

2 0 L i 
f 1 1 1 1 1 1 

1 1 1 i ' ' ^ i ^ i " l ' ^ 

3 0 L 1 
1 1 1 1 1 1 1 

3 0 L 2 
1 1 1 ! 1 1 1 

1 1 1 1 '*! '^ l"- 1^ 

, 4 0 L 2 
1 1 1 1 1 1 1 

, 1 . , 4 , " , L , a 

1 1 1 1 •*! ^ |L l** 

5 0 M l 
1 1 1 1 1 1 1 

1 1 1 1 ^ 1 " 1 ^ 1 ^ 

1 1 1 i ^ l ' ^ P l ^ 

1 1 1 |5|0f*l|"i 

1 1 1 i ^ i ' ^ l ' ^ i ^ 

6 0 M 2 

_ , , , ,6 ,0 M 

0 1 2 3 4 5 6 7 8 9 

7 

3 

0 

8 

A M D - e (9 -60) 

• 



PROGRAM 1089/RE248 PROBLEM Sample Input 

704 INPUT DATA 

FORM I 

ORIGINATOR J- Heestand 

COST CODE 

DATE 7/9/63 PAGE OF 

1 2 3 4 5 6 7 89 

1 

0 1 2 3 4 5 6 7 8 9 

1 P 0 
1 l"i 1 1 1 1 

NN 
1 1 1 1 1 1 1. .J._ 

n (T ) 1 
1 1 1 1 1 1 1 1 

1 P 
L L J 1 I r 
1 T 
1 1 1 1 1 1 

1 N R T 

N P H I 
1 

°|1| 

_ J _ l _ 

1 1 

1 I I 

1 y 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

I T E M P 
1 1 1 1 1 

T , 
1 1 1 1 1-̂  

1 1 

1 1 

I I I J , ( , I , . l 

1 i . 

1 <^fi 

,N,7 

^ l | 

) , 1 

1 1 1 1 1 

1 2 3 4 5 6 7 8 9 

2 

0 1 2 3 4 5 6 7 8 9 

P i 1 1 1 1 1 1-̂  

P 

n ( T 

, i i , , ^ j 2 

•T-n 

*,( 

^ , 2 

-^P 

T 2 

T|< 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 

1 1 1 1 1 1 

1 1 1 1 1 1 

\ ^ , , 1 

2 , 1 , , 

• ^ • ) | 2 , , 

2, , , , 

I | . , 2 , ) , 

1 1 1 1 _. 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

1 

3 

0 1 2 3 4 5 6 7 8 9 

Po 
1 L L L J ± _ i i j _ J L J L _ L _ 

' 

J 1"! J." 

1 1 ° 1 1 " 

a a 

e a 

. 

a 

a 

a a a 

. 

a , , a 

. 

a 

a a 

I l l 

0 1 2 3 4 5 6 7 8 9 

2 

4 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

- J - - L -

"|S'^/|N,N, , 
fN,^ 

iVi^A-i^ , 
1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

* ( T ) N P H I 

, i > . 7 , , . , 

"^p N 7 - 1 

1 1 1 1 1 1 1 1 

TL M A X 

T( I , J MA 
1 1 1 1 1 1 1 I 

1 1 1 1 1 1 r 1 

t I 1 1 1 1 1 1 

1 1 1 1 1 I t 1 

1 1 1 1 1 1 1 1 

1 1 1 I 1 1 i 1 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

3 

5 

0 1 2 3 4 5 6 7 8 9 

|6 

0 1 2 3 4 5 6 7 8 9 

. J J . I 1 1 1 1 1 1 1 i 

X 

1 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

r 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 i 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 
if ITEMP = 0 

1 1 1 1 1 1 1 1 1 

) if ITEMP : -
1 1 1 1 1 I > 1 1 

1 1 1 1 1 1 1 1 1 

i 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 

1 

1 

1 1 1 J 1 1 1 1 1 1 _± _ 

0 1 2 3 4 5 6 7 8 91 

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

5 

|7 

0 1 2 3 4 5 6 7 8 9 

1 1 l _ I . J L J 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

p 
6 0 M 4 

I I I i ' ^ | 0 | ^ | l 

7 0 0 2 

1 . 1 ,'',^1^1^ 

I . I i ' ^ | 0 i ' ' | 4 

1 1 1 l^ i^ ' l '^ l^ 

1 1 1 i^ i '^ .Oi l 

1 1 1 | 8 | ' ? ' | 0 | 2 

1 1 1 i 8 | ' S 0 | 3 

, . , |8,?' ,0,4 

1 1 1 1 9, 0, 0| 0 

1 1 1 1 1̂ *̂ l "i •"• 

1 1 1 1 1̂ °i ^ i " ! 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 1 

AMD-8 49-60) 
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C. Operat ing Ins t ruct ions 
1089/RE248 G E N E R A L O P E R A T I N G INSTRUCTIONS 

784 PBOORAM 

J . Heestand 

Date 

3 / 3 / 6 3 
DRUMl r 

READER: 72 X 72 b o a r d 

PUNCH: no t u s e d 

PRINTER: no t u s e d 

SENSE SWITCH SETTINGS: 1, 2, 3 , 4 , 5 " no t u s e d . 

/ J up - n o r m a l . 

UF SWITCH: 

NOT USED 

USD 

TAPES: 

Input! •< 

.down - t e m p e r a t u r e s and coefficients a r e output at the 
^ , „ », , , end of each A T ( 1 ) t ime in te rva l . 

1 - FORTRAN l i b r a r y ' 
1 - input data 
9 ~ addit ional input (if r e s t a r t , only) 

Scroteh: [̂ 10 - t e m p e r a t u r e input (if ITEMP > 0, only) 
-Binary - 9 (periodic r e s t a r t dumps) 

Output- -Printed - 6 

;Punch®d - n o n e 
To Be Saved J 9 (if u s e d ) 

t lO (if used) 
Rewound by Program Frier t© Caleulatien n o n e Ah«r n o n e 

Manuol EOF Needed 6 

TIME BEFORE OUTPUT! ~ 0 NORMAL RUNNING TIME! D e p e n d s on IMAX, J M A X , T£, A T ( 1 ), a n d 
, , ( I M A X - J M A X - T r ) . ^ A T ( 2 ) . 
" ' ^ - 6 , 0 0 0 A T ( I ) ^ ™^" " ' ^ " ^^ 

an e s t ima te . 

RUNNING PROCEDURE! (Indicate both regular and restart) 
1. Mount and READY tapes 1, 6, 7. 
2. Mount and READY tapes 9, 10 if needed. 
3. Set UF switch on. 
4. Set SENSE SWITCH 6, 
5. READY binary p r o g r a m deck in ca rd r e a d e r . 
6. CLEAR and LOAD CARDS. 
7. E r r o r s tops r reco rd console , dump core if reques ted , remove p rob lem. 
8. End of p rob lem (HPR 0,1): save tape 9 for future r e s t a r t s , if used - No EOF; 

save tape 10 if used - No EOF. 

STOPS (OCTAL): " 

A M D . S CI2-.@!) 

' FORTRAN 

Add 

e r r o r 

r e s s of SR 

111 
222 
333 
444 
555 
777 
211 
311 
511 

n i l 
2111 

s tops : see s tep 

Subroutine 

MAIN CODE 
PRELIM 
ITERAT 
POST 
INPRNT 
TEMPRT 
HCOMP 
COCOMP 
PHASE 

MAINCODE 
HCOMP 

7. 

In te rpre ta t ion 

"impo 

input 

s s ib le" 
11 

11 

11 

11 

11 

11 

11 

11 

e r r o r 
11 

Action 

See step 7 



D. Output Descr ipt ion 

1. The problem t i t le , p r o g r a m identification, problem number, and 
page number a r e pr in ted at the top of each page of output. 

2. If the problem is being r e s t a r t ed , the r e s t a r t dump number and 
T a r e printed. 

3. All problem input is pr in ted with labels . 

4. Labelled values of T, A T ( 1 ) , A T ( 2 ) , the film coefficients 
H ( B , L , J ) , and the la tes t node point t e m p e r a t u r e s TDT(l, j) a re pr inted at 
specified t ime in tervals [= NPR ATO(1) ] . 

5. When the product of IMAX, JMAX, and the number of A T ( 1 ) 
in tervals since the las t dump is g r e a t e r than or equal to 30000, the problem 
data a r e dumped onto tape 9 to facil i tate problem interrupt ion and r e s t a r t . 
The dump number and T a r e pr inted. This occurs approximately every 
5 min on an IBM-704 computer . 

6. When a problem is t e rmina ted , T, A T ( 1 ) , A T ( Z ) , H ( B , L , J ) , 

T D T ( I , J ) , plus the difference equation coefficients B, C, D, E, and G a re 
pr inted, followed by a comment indicating the reason for terminat ion. 

7. If SENSE SWITCH 6 is down, T, A T ( 1 ) , A T ( 2 ) , H ( B , L , J ) , 

T D T ( I , J ) , B , C , D , E , and G a r e pr inted at the end of each A T ( 1 ) t ime 
interval . 

E. Sample Problemis 

1. Samiple P rob lem No. 1 
(A Comparison with the Exact Analytic Solution) 

The object of the f i r s t sample problem is to compare the r e 
sults of an ARGUS calculation with the exact analytic solution for a one-
region problem with constant m a t e r i a l p rope r t i e s . This is usually r e f e r r ed 
to as the convergence of the solution by the finite difference method. 

The model chosen for p rob lem number 36,90003 is an infinite 
cylinder, with space - and t ime-independent heat generation, losing heat by 
convection to a cons tan t - t empera tu re sink. The input data for these calcu
lations a r e given in Table IV. 

For the ARGUS problem, the cent ra l pin of 2 .0-cm diameter is 
r ep re sen ted by a thick-type region (K= l ) , and the surrounding medium is 
r ep re sen ted by an annulus of flowing coolant (K= 5) with an outer d iameter 
of 4.0 cm. The environment is thus s imulated with a fictitious flowing m a 
te r i a l having ze ro velocity. The cen t ra l pin is assumied to be infinitely 
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long so that axial heat conduction is negligible and a single radia l row of 
mesh points (JMAX= l) is sufficient. This choice automatical ly holds the 
environment t empera tu re (heat sink) constant. 

Table IV 

INPUT DATA FOR SAMPLE PROBLEM NO. 1 

Heat Generat ion Qo 1000,0 w/cm^ 

Outer Radius Rj-nax 1.00 cm 

Thermal Conductivity of Rod, K 0,25 w / c m - ° C 

Heat Capacity of Rod, RHO*CP 2.00 W-sec /cm^ 

Fi lm Coefficient on Boundary, H 25.0 w/cm^-^C 

Final Time T£ 2,00 sec 

Initial Tempera tu re TQ 1 0 0 . 0 ° C 

Environmient Tempera tu re Tg 100.0°C 

The analytic solution for this problem is given in Reference 5, 
p. 205, and the t e inpe ra tu res a r e given by the infinite s e r i e s 

T(r ,T) = To + 

00 

QoR2" - -- - .—^ 

4K 
1 \ R / R h . 

2hQo \ e x p ( - K ; T a n ) J o ( r a n ) 

RK 
n=i a ^ ( h 2 - f a ^ ) J o ( R a n ) 

w h e r e ( l ) 

T ( r , T ) = t e m p e r a t u r e a t r a d i u s r and t i m e T; 

TQ = i n i t i a l t e m p e r a t u r e , i ndependen t of radius , -

Qo = r a t e of h e a t g e n e r a t i o n p e r uni t v o l u m e ; 

R = o u t e r r a d i u s of c y l i n d r i c a l r od ; 

K = t h e r m a l conduc t iv i t y of r o d m a t e r i a l ; 

h = b o u n d a r y f i lm c o e f f i c i e n t / t h e r m a l conduc t iv i t y ; 

K = t h e r m a l di f fus ivi ty of r o d m a t e r i a l = K / p c ; 

and the a a r e the p o s i t i v e e i g e n v a l u e s of a , J j (Ra) - hJo(Rci) = 0. 

The so lu t ion of t h i s p r o b l e m (Eq. 1) a l s o r e q u i r e s t ha t the e n 
v i r o n m e n t t e m p e r a t u r e Tg be equa l to the p in i n i t i a l t e m p e r a t u r e To for a l l 
t i m e t, and note t ha t the i n t e r n a l h e a t g e n e r a t i o n QQ m u s t be i ndependen t of 
bo th r a d i a l p o s i t i o n and t i m e . 



A FORTRAN II code ( 1 5 2 8 / R E ) was wri t ten to per form the calcu
lations n e c e s s a r y to obtain the eigenvalues and to evaluate the infinite s e r i e s 
involved in the calculation of each t empera tu re . 

A single problem was then run on the Argonne IBM-704 with each 
of the th ree codes, ARGUS, CYCLOPS (Reference l ) , and 1 5 2 8 / R E , for the 
analytic solution. The r e su l t s of these calculations a re presen ted in Table V, 
This table gives the t e m p e r a t u r e s calculated by each of the three codes for 
three rad ia l posit ions in the cylinder at success ive values of t ime. Upon 
comparing the r e su l t s from the CYCLOPS (RE 147) calculat ions, the ARGUS 
calculat ions, and the analyt ical solution, the corresponding t empera tu re s 
a r e found to ag ree within 2° after a t empera tu re r i se of over 700°. Note 
that for this type of p rob lem, the use of the ARGUS code will give a sub
stant ial saving of machine computation t ime compared with the use of the 
CYCLOPS code. 

The film coefficient used in this problem (h = 25.0) is sufficiently 
large to l imit the size of the t ime increment for a CYCLOPS problem, which 
in this case a r r i v e d at a working value of A T = 0.001 sec. However, the 
ARGUS p r o g r a m with the BACK method for t reat ing the convective boundary 
condition will give a stable solution with a unit t ime increment which is in
dependent of the size of the film coefficient on the boundary. In this case 
the ARGUS problem ran successfully with the assumed initial values of 
A T J = 0.004 sec . 

The complete set of input sheets and problem output sheets 
from the computer a r e given on the pages following Table V. The ARGUS 
problem requi red approximate ly 2 min of machine time on the Argonne 
IBM-704 with a moni tor sys tem. 



Table V 

COMPARISON OF RESULTS 
SAMPLE PROBLEM NO. 1 

ARGUS = RE248 ( A T = 0.004) 

CYCLOPS = RE147 ( A T = 0.001)* 

1 5 2 8 / R E - Analytic Solution 

Film Coefficient, h = 25.0 

Time 
(sec) 

0.10 

0.50 

1.00 

1.50 

2.00 

r = 0 
(centerl ine) 

150.00 
150.00 
150.00 

348.66 
348.53 
348.61 

567.36 
566.73 
567.01 

730.73 
729.76 
730.13 

846.93 
845.79 
846.15 

r = 0.6 

149.91 
149.86 
149.88 

315.87 
315.25 
315.42 

452.81 
451.89 
452.10 

545.45 
544.38 
544.59 

609.92 
608.75 
608.95 

r = 1.0 cm 
(outer radius) 

105.67 
104.51 
104.46 

110.88 
109.70 
109.68 

114.19 
113.00 
112.99 

116.32 
115.12 
115.12 

117.78 
116.58 
116.58 

Code 

ARGUS 
CYCLOPS 
1 5 2 8 / R E 

ARGUS 
CYCLOPS 
1 5 2 8 / R E 

ARGUS 
CYCLOPS 
1 5 2 8 / R E 

ARGUS 
CYCLOPS 
1 5 2 8 / R E 

ARGUS 
CYCLOPS 
1 5 2 8 / R E 

*This t ime interval was the l a rges t permi t ted by CYCLOPS to 
insure a stable solution. 
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704 INPUT DATA 

FORM I 46351-01 
COST CODE 

PROGRAM ARGUS RE 248 PROBLEM 36.90003 ORIGINATOR Daniel F. Schoeberle DATE 8/15/62 PAGE 1 OF 

1 2 3 4 5 6 7 8 9 

1, ,A^R|G,U|S| |T 

3 6 . 9 0 0 0 3 

1 1 1 1 | 0 | 1 i 

, , • , i , - , o , , 

1 1 1 |0 1. lO |0 | 5 

1 1 1 | 2 , 1 | , , 

1 1 1 , , 1 , 1 1 

1 1 1 i l l - . 0 . 0 , 

1 . 0 

1 1 1 i ^ r i ^ i 1 

1 1 1 | i 1- I'^i 1 

. 1 ^ • "̂  

1 1 1 i l | - i O | 1 

, , , , , 1 , , 1 

1 1 1 l O i . i O , 1 

1 1 • i l l . l O i 1 

1 1 1 l O i . i O , , 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

E,S T 

| 2 | 2 

1 ! 

1 | 1 

1 | 2 

1 1 

1 1 

1 1 

1 1 

L_1_L_ 

1 1 

1 ,0 

L_1_J_-

1 1 

1 1 

L _ i _ J _ 

1 I 

1 1 

P R O B . 

1 1 1 1 i l l 

1 , 1 i 2 r , 0 

1 1 1 l O . - i O 

1 1 1 1 l l l 

5 | 

1 . 0 

1 1 ! l ^ l - l ^ 

1 1 1 | 1 | - | 0 

1 . 0 

1 1 1 l ^ l - l ' ' 

1, 

1 | l i O , 0 | - i O 

1 1 I i l i - i O 

1 1 | 2 | 5 | . | 0 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

1 

2 

0 1 2 3 4 5 6 7 8 9 

O N E R 

1 1 1 i 2 

D 1 J 

2 | 1 1 1 

1 1 . I r 

1 1 i 2 , . 

0 | 0 | ^ | 0 | 3 

• i l l 

E G I O N 

j ^ a ^ 

, 1 1 ,0 

0 | 0 | 1 1 

0 , 0 , 1 1 

1 

1 

1 , 1 l l 

1 

1 1 1 1 

1 l ^ l ' ^ l * ' 

1 1 1 l l 

, 1 1 | 0 

0 1 2 3 4 5 6 7 8 9 

2 

3 

0 1 2 3 4 5 6 7 8 9 

O F F U E 

2 | , 1 1 1 l l 

^ l ° A ^ l _ 
. P ? 1 1 1 , 

. 0 

• i * ^ . 

• l O , 1 1 1 1 

. 0 

• i ^ i 1 1 1 1 

. | 0 | 1 , 1 1 

, | 0 | , 1 1 1 

L , . , I 

! 1 

-J—-L-.J 

1 , 9 

i 1 

1 1 

0 1 2 3 4 5 6 7 8 9 

3 

4 

0 1 2 3 4 5 6 7 8 9 

N FI N I T E S 

i3,2 3,2 

l ^ i ^ i O o ^ i ^ a a_L_ 

, 0 , . ,0 , 2 , , 1 , 

1 . 0 

1 . 0 

, 1 , . | 0 | 1 , , , 

1 . 0 0 

| 1 , . | 0 , , 1 1 1 

2 , 5 , . | 0 , I I I , 

I 

0 1 2 3 4 5 6 7 8 9 

4 

5 

0 1 2 3 4 5 6 7 8 9 

6 

0 1 2 3 4 5 6 7 8 9 

N K , H - 2 5 . 
1 1 1 1 1 ( 1 1 1 1 

, 1 , 3 , 2 2 

0 . 0 0 5 

1 1 1 1 1 1 1 1 1 

1 . 0 

1 . 0 

1 . 0 . 

1 1 | l r i ^ i 1 1 1 

1 1 i ° r i ' * i 1 1 1 

0 1 2 3 4 5 6 7 8 9 

5 

5 

0 

0 . 0 0 5 

1 . 0 

1 . 0 

1 1 ( I - " - ! - I ' ^ l 1 

1 1 i ! 1 1 1 1 

1 1 | 2 | 5 | . | 0 | 1 

0 1 2 3 4 5 6 7 8 9 

6 

7 

0 1 2 3 4 5 6 7 8 9 

, , 

1 1 0 0 
1 1 1 1 1 1 

i l , 2 i 0 , 0 , , 

i l | 3 | 0 | 0 | 1 

, 1 . 4 , 0 , 0 , , 

, 1 , 5 , 0 , 0 , , 

, 2 , 0 , 1 , 1 , , 

, 2 , 0 , 2 , 1 , , 

, 2 , 5,0,0 1 , 

1 ^1 0| •*•, \ 1^ 

. 3 , 0 , 1 , 1 , ,B 

1 3| 0( 1| Jj 1 C 

, 3 , 0 , 1 , ^ ,D 

, 3 , 0 , 1 , 2, 1 

, 4 , 0 , 1 , 1 , , 

, 4 , 0 , 1 , 2 , , 

, 4 , 0 , 1 , 3 , , 

1 4| 0| 1| 4| 1 

- J _ a _ L L ™ L - L J 

1 1 1 1 ( 1 

1 1 1 1 J . L 

0 1 2 3 4 5 6 7 8 9 

7 

8 

0 

0 

8 



704 INPUT DATA 

FORM I 46351-01 
COST CODE 

PROGRAM ARGUS RE 248 PROBLEM 36.90003 ORIGINATOR Daniel F. Schoeberle DATE 8/15/62 PAGE 2 QF 2 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

1 1 1 l ^ i - l ^ i S i 1 i 1 

1 1 1 | 2 i . i 0 | 0 , 

1 1 1 i l i - i ' ' | O f 

J u L i i r t O L ° i _ _ 

1 . 0 0 

1 1 1 i l r i O i " , 

4 

1 . 0 

5 0 0 . 0 

1 

4, , , 

1 . 0 

5 0 0 . 0 

, , , , , 0 , , , 

1 i l i * ' i ' ' r i * ' i 1 

1 1 1 

1 

1 

1 1 1 1 1 1 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 

2 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 ! 1 1 

0 0 

0 . 0 

0 . 0 

0 . 0 

1 . 0 

1 . 0 

1 l l l 0 , 0 l - fi 

1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

1 

3 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 I 

0 

0 

0 

0 

1 

1 

0 1 2 3 4 5 6 7 8 9 

2 

1 1 t 1 1 1 

. 0 

. 0 
L UI--1 J - J - L. 

. 0 

. 0 

. 0 

. 0 

9 . 

4 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 ! 1 1 1 

9 9 9 9 9 9 + 2 9 
1 1 1 1 1 1 1 1 

1 . 0 

1 . 0 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

3 

5 

0 1 2 3 4 5 6 7 8 9 

6 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

1 

1 

1 

1 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

4 

0 1 2 3 4 5 6 7 8 9 

5 

7 8 

0 1 2 3 4 5 6 7 8 9 0 

1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

| 5 | 0 ^ 1 | 1 ^ 1 1 

, 5 , 0 , 1 , 2 , , , 

, 6 , 0 , 1 , 1 , , , 

6 0 , 1 2 
1 f 1 1 1 1 1 

, 6 , 0 , 1 , 3 , , , 

| 6 | 0 , 1 | 4 | 1 1 

, 7 , 0 , 0 , 1 , , 1 

, 7 , 0 , 0 , 2 , 1 1 

, 7 , 0 , 0 , 3 , , , 

, 8 , 0 , 0 , 0 , , , 

| 8 , 1 | 0 , 1 | i , 

, 8 , 1 , 0 , 2 , , , 

| 8 | 1 | 0 | 3 | 1 1 

1 1 , 1 1 1 1 

, 9 , 0 , 0 , 0 , 1 , 

, 9 , 0 , 0 , 1 , 1 1 

1 1 1 1 1 1 1 

f 1 1 1 1 1 1 

1 1 1 1 1 1 1 

I I 

0 1 2 3 4 5 6 7 8 9 0 

7 8 

AMD.8 (9-60) 



ARGUS TEST PRUB. Or̂ fc REblON Of FUEL, INFI^ i I Tt S INK, H = 2 5 . 0 1089 /R f248 i'ROH.NO. 36 .90003 PAGE 

INPUT 

GENtRAL PROBLEM DATA 
IMAX= 22 JMAX= 1 LHAX= 2 HMAX= I NPHAX= I N H a j = 32 
Z= l.OOOOOE 00 FIMAL 1AU= 2.00C00E 00 DELTA TAU= 4 . 0 0 0 0 0 E - 0 3 
EPSD12)= 5 .0000 .b-G3 tPSD(33= 5.U0fc00E-C3 E P S H a ) = 2 . 0 0 0 0 0 ^ - 0 2 

ISih(2J= 32 
G= 
tPSHS25= 

NH(3J= 32 
9.80'JOOE 32 
2.00000t-32 

NPR= 25 
EPSDI1»= 
tPSHC3S= 

&.00000E-03 
2.00000E-02 

NIIL)= 
«(L) = 
K(L) = 

21 
1 
1 

1 
2 
5 

R(L) 
l.OOOOOE 00 2.C000cE 00 

UCL> 
l.OOOOOE 00 0. 

POWER DISlRIbUTIOM DATA 

MUlI) CREAD ACROSS) 
l.OOOOOE on l.uGOOGE 00 X.OOOOOf 00 l.OOOOOE 00 l.OOOOOt 00 I.&OOOOe 00 l.OuUOOt 00 1-COOOOE 00 l.OOOOOE 00 l.OOOOOE 00 
l.OOOOOE 00 l.L.GOOOL uC l.uuOOCt 00 l.OOCCOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OuOOOE 00 l.OOOOOE OD l.OOOOOE 00 l.OOOOOE 00 
l.OOOOOt 00 0. 

ZETACLfJ! SREAD ACROSS) 
L= 1 

l.OOOOOE 00 

QOIL) JREAD ACROSS) 
l.OOOOOE 03 0. 

FLOWING COOLANT RtGION DATA CRLAO OOhN) 

L IPl ICS IH VO PSIO PSIS OE Al A2 A3 
2 1 U 1 !... l.OOOOOE 02 9.00000E 02 l.OOOOUE 00 l.UOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 

61 B2 HI H2 H3 H4 H5 H6 
l.OOOOOE 00 l.COGOOE GO G. 2.50C0CE 01 0. 2.t>00OOE 01 0. 2.50000E 01 

MATERIAL PROPER!lES 

K {ONE ROW FOR ^ACH MATERIAL) 
2.500GOE-01 
l.OOOOOE 00 0. 0. 

RHO®C JONE ROW FOR EACH MA1ERIAL) 
2.00000E 00 
l.OOOOOE 00 0. u. l^.OOCOOE 29 

TT OR NU CONE ROh FOR-EACH RAIFRIAL) 
l.OOOOOE 00 0. 0. 



ARGUS TEST PROB. ONE REGION OF FUEL,INFINITE SINK, H = 25.0 1089/RE248 PROB.NO. 36.90003 PAGE 2 

RHO»DH OR RHO (ONE ROM FOR EACH MATERIAL I 
l.OOOOOE 00 0. 0. 

N(TAU) DATA 

HN= 4 NBeTA= 1 P=-0. 

NITAU) IREAD ACROSS) 
l.OOOOOE OC l.OOOOOt 00 l.OOOOOfc 00 l.OOOOOE 00 

BETA 
5.00000E 02 

PHICTAU) DATA 

NPHI= 4 NGAMMA= 1 

PHHTAU) CREAD ACROSS) 
l.OOOOOE 00 l.OOOOOE 00 l.OOOCCE 00 l.OOOOOE 00 

GAMMA 
5.00000E 02 

• • 



ARGUS TEST PROB. ONE REGION OF FUELtINFINITt SINKs H = 25.0 

OUTPUT 

1089/RE248 PROB.NO. 36.90003 PAGE 

TAU= 

HIBtLtJ) 
2.50000E 
0. 

DELTA TAU(1!= 4.000G0E-03 

01 

DELTA TAUC2)= 4.00000E-03 

TEHPERATURtS CREAD I ACROSS, J DOWM) 
l.OOOOOE C2 l.OOOJ&L 02 l.OC'OuOt 02 l.OOOOOt 02 1.00000c 02 l.OOOOOt 02 l.î oOOOk 02 l.OOOOOE 02 l.OOOOOE 02 l^OOOOE 02 
l.OOOOOE 02 l.OOOOOe u2 l.OC-OCOE 02 l.OOOOOE 02 l.OOOOOE U2 l.Ot-ouOE 02 l.OOOOOE 02 l.OOOOOE 02 l.OOOOOE 02 l.OOOOE 02 
l.OOOOOfc 02 l.OOOCOt 02 

TAU= 10.0000'"'t-02 DELTA rAUCl)= 4.00000E-03 DELIA TAUC2)= 4.00000E-03 

HCB.LtJ) 
2.50000E 01 
0. 

TEMPERATURES CREAD I ACROSS, J DOWN) 
1.50000E 02 l.bOOOOfc C2 l.SOOOOfc 02 1.50000E 02 l.SOOOOt 02 1.500001: 02 l.bOOOOh 02 1.50000L 02 1.49999E 02 1.5000E 02 
1.49992E 02 1.49971t 02 1.49909L 02 1.49739t 02 1.4931&t 02 l.4«3S0t 02 1.46329fc 02 1.42425L 02 1.35438E 02 1.2380E 02 
1.0!>673E 02 l.OOOOOE 02 

2.00000E-01 DELIA TAU(1)= 4.0000uE-u3 DELIA IAUI2)= 4.000COE-01 TAU= 

HCB.LsJ» 
2.50000E 01 
0. 

TEMPERATURES SkfcAO I ACROSS, J DOWM) 
1.99999E 02 1.99999h 02 1.99999t 02 1.99997t 02 1.99994E 02 1.999851- 02 1.99967L 02 I.999261 02 1.99842E 02 1.9961E 02 
1.993511: 02 1.98754fc 02 1.97&95t 02 l.96887t 02 1,92919b 02 1.88?25t 02 l.bl070t- 02 1.70543L 02 1.55577E 02 1.3498E 02 
1.07510E 02 l.OOOCOE 02 

3.0000CE-01 DELTA TAUC1)= 4.00000E-03 DELTA rAUC2)= 4.C00OOE-03 TAU = 

HCBtLtJ) 
2.50000E 01 c 
0. 

TEMPERATURES CREAD I ACROSS, J DOWM) 
2.49967E 02 2.49962t 02 2.49945t 02 2.49910t 02 2.49845E 02 2.49731t 02 2.49535E 02 2.492051- 02 2.48661E 02 2.4779E 02 
2.46420E 02 2.4432bt 02 2.41I92E 02 2.36618t 02 2.30G96E 02 2.210101 02 2.ua635L 02 1.92152r- 02 1.70661E 02 1.4322E 02 
1.088596 02 l.OOOOOE 02 

TAU= 4.000nr.t-01 

H«B,L,J) 

DELTA TAUC1)= 4.00000E-03 DELTA TAUC2j= 4.C0000E-03 

(J1 



ARGUS TEST PROB. ONE REGION OF FUELsINFINITE SINK, H = 25.0 
2.50000fc 01 
0. 

1089/RE248 PROB.NO, 36.90003 PAGE 0--

TEMPERATURES (READ I ACROSS, J DOHNJ 
2.99680E 02 2.99651t 02 2.99560t 02 2.99389E 02 2.99107E 02 2.98664E 02 2.y7990E 02 2.96984t 
2.90366t 02 2.a6163E 02 2.80404E 02 2.72641E 02 2.62353E 02 2.46940E 02 2.il732E 02 2.10004b 
1.09952E 02 l.OOOOOE 02 

02 
02 

2.95508E 02 2.9338E 02 
1.82989E 02 1.4990E 02 

TAU = 5.00000fc-01 DELTA TAU(1)= 4.00000E-03 DELTA rAUC2)= 4.00000E-03 

HIB,L,JJ 
2.60000E 01 
0. 

TEMPbRATUkES CREAD I ACROSS, J DOWN) 
3.48664E C2 3.48^)84b 02 3.48337E 02 3.47891E 02 3.4719bfc 02 3.46173t 02 3.44717E 02 3.42686b 
3.31102fc 02 3.244aut 02 3.15873t 02 3.04829fc 02 2.9083Bt 02 2.73337C 02 2.51716fc 02 2 . 2 6 3 2 8 L 
1.10882t 02 I.OOOOOL 02 

02 
32 

3.39899E 02 3.3613E 02 
1.93508E 02 1.5558E 02 

rAU= 6.C0t-C'iE-01 DELTA IAU(1)= 4.00000h-u3 DELTA TAUC2J= 4.00r.OOE-03 

HCB,L,J) 
2.50U00E 
0. 

01 

TEMPERAIURES (RtAD I ACROSS, J DOWN) 
3.96373E 02 3.96217t .'.2 3.9b736t 02 3. 34891h 02 3.93613L u2 3.918u3L 02 3.b9330L 02 j.8b024h 02 3.81678E 02 3.7604E 02 
3.68807t 02 3.S9639b 02 3.43l39t 02 3.3J866t U2 3.16334t 02 2.9t>019t 0? 2.C.9366L 02 2.38795t 02 2.02717E 02 1.6054E 02 
1.11693t 02 l.OOOOOt 02 

TAU= 6 . 9 9 9 9 J t - U l DELTA I A U C 1 ) = 4 . 0 0 0 J O L - 0 3 D t L T A TAUC2)= 4 . 0 0 0 G O f c - 0 3 

HiB,L,JJ 
2.5onoot 01 
0. 

TEMPERATURES CREAD I ACROSS, J VUUH) 
4.42351b 02 4.42j99t. 02 4.41328!: 02 4.39992b 
4.03r23t u2 3.919nt 12 3.77645fc 02 3.6i,262t 
1.12414f 02 l.OouOUt 02 

02 
02 

4.38911E 02 4.352721- 02 ^.Jl629L 02 4.26896t ^̂ 2 4.20850E 02 4.1323E 02 
3.393a6b 02 3.14526E 02 2.o5178£ 02 2.5u818b 02 2.10918E 02 1.6495E 02 

TAU = 7.99999E-01 DELIA IAUC1)= 4.0000UE-03 DbLJA )AUC2)= 4.00000E-03 

HCB.L,J) 
2.50UU0E 
0. 

01 

lEMPLRATURES CREAD I ACROSS, J DOhN) 
4 . 8 6 2 8 0 E C2 4 . b 5 9 ? 0 h j2 4 . 8 4 8 2 3 b 02 4 . 8 2 9 J 9 E 0 2 4 . 8 0 1 8 3 f c J2 4 . 7 6 4 3 5 E 02 4 . 7 1 5 4 0 t "i2 4 . 6 ^ 3 0 5 L •12 4 . 5 7 5 0 1 E 0 2 4 . 4 7 8 6 E 0 2 
4 . 3 6 0 9 0 6 0 2 4 . 2 1 8 4 2 t C2 4 . 0 4 7 4 7 t 0 2 3 . 8 4 4 0 4 L o 2 3 . 6 0 3 8 3 t o2 K 3 2 2 i 3 l 0 2 2 . 9 9 4 8 8 ! : C2 2 . 6 1 6 7 2 ! . 02 2 . 1 8 3 0 8 E 0 2 1 . 6 8 9 2 E 0 2 
1 . 1 3 0 6 3 t 0 2 1 . 0 0 0 j O t 02 



ARGUS TEST PKOB. ONI- R t O I . l ^ 0^ FU!-Ls I f J U ^ J I 11 S I N K , H = Zb,0 l g « 9 / R L 2 4 8 PROB.NO. 3 6 . 9 0 0 0 3 PAGE 

TAU= 8 . 9 9 9 9 J i r - C l DELTA TAUC1 != 4 . c n G O O t - 0 3 O t L I A T A U ( 2 ) = 4 . 0 0 G 0 0 E - 0 5 

H C B , L , J S 
2.500006 01 
0 . 

TEMPERATURES CRfcAD I ACROS^, J DOWN) 
5 . 2 7 9 7 6 t 0 2 5 . 2 7 b j l L ^ 2 t> .2 f )L6G! o2 ' > . 2 3 f G l L 0 2 5 . 2 0 T 3 r t ».2 5 . 1 i 2 4 4 E 02 i . t , ? 0 6 6 E 0 2 5 . C 1 3 1 0 t 02 4 . 9 1 7 4 8 E 0 2 4 . 8 0 1 2 E 0 2 
4 . 6 6 1 2 7 E U2 4 . 4 9 4 4 « E >Z 4 . 2 9 7 2 8 L 02 4.06b.dS>t Jl 3 , 7 ' ? 6 2 0 t J2 3 . 4 B 4 1 3 e 02 3 . 1 2 5 3 b b 02 ? . 7 1 5 5 0 ^ 02 2 . 2 5 0 2 4 E 0 2 1 . 7 2 5 3 E 0 2 
1 . 1 3 6 b 2 t 0 2 l . O u O J u L C2 

TAU= 9 . 9 9 9 9 9 t - 0 1 DELTA I A U C n = 4 . 0 0 0 0 t t - ' j 3 DELTA IAU(2)= 4.00000E-03 

H(B,L,J) 
2.50000b 01 
0. 

TEMPtRATURES (READ i ACROSS, J DOW^! 
5 . 6 7 3 5 7 E 0 2 5 . 6 6 7 6 6 1 t i2 5 . 6 4 i 7 6 i - U2 5 . 6 1 9 3 5 t 
4 . 9 4 0 2 6 1 0 2 4 . 7 5 0 2 5 L 02 4 . 5 2 8 1 4 1 - 02 4 . 2 7 n } 7 t 
1 . 1 4 1 9 1 E 02 l . C O O - v l 02 

0 ? 
02 

5 . 5 7 5 5 5 f 0 2 b . 5 1 7 1 7 t 02 6 . ' t 4 2 6 3 L o 2 5 . 3 5 0 0 4 S 02 5 . 2 3 7 1 9 E 0 2 5 . 1 0 1 5 E 0 2 
3 , 9 7 3 1 9 1 0 2 i . 6 3 2 f l t 02 3 . Z 4 4 g 6 t 0 ? 2 . 8 ' ^ 5 9 4 L 02 2 . 3 1 1 6 7 E 0 2 1 . T 5 8 2 E ©2 

TAU= I.ICCO'c 00 DELTA TAUI1!= 4.00000E-v.>3 DELTA TAU(2I= 4.00C00E-03 

H(B,L,J! 
2.50000t 
0. 

01 

TEMPCRATURfcS SREAU I ACRf iSS, J DOWN) 
6 . 0 4 4 1 7 L 0 2 6 . 0 J ? 1 0 t nZ 6 . 0 1 5 7 6 1 02 5 . 9 7 9 5 9 L 0 2 5 . 9 2 7 7 8 ^ 02 5 . 8 5 9 1 4 t 0 2 6 . T 7 2 1 4 t 0 2 a . 6 6 4 9 7 1 02 5 . 5 3 5 4 8 E 0 2 5 . 3 8 1 3 E 0 2 
5 . 1 9 9 5 8 E 0 2 4 . 9 8 7 5 3 h o2 4 . 7 4 1 9 3 L 02 4 . 4 5 9 4 4 E •T2 4 . 1 3 6 5 4 1 - -^z 3 . 7 o 9 6 4 i 0 2 3 . J ' j 5 0 6 f c 0 2 2 . 8 8 9 l 0 t 02 2 . 3 6 8 1 2 E 0 2 1 . 7 8 8 5 E 0 2 
1 . 1 4 6 8 6 1 - 1.2 l.OOtM^Ofc 02 

TAU= 1 . 2 0 0 0 L L uO DELTA TAUC1)= 4 . 0 0 0 0 0 t - - . ^ 3 DELTA TAUC25= 4 . 0 0 0 0 0 6 - 0 3 

H I B . L , J ) 
2 . 5 0 0 0 0 E 0 1 
0 . 

TEMPERATURES (READ I AC i iUSS, J DOWN) 
6 . 3 9 1 9 9 E C2 6 . 3 « 3 3 0 L 02 6 . 3 5 9 i i 9 t 02 6 . 3 1 7 3 6 L 0 2 6 . 2 i 7 7 8 L 0 2 6 . 1 7 9 2 3 E 0 2 6 . o 8 0 2 4 E 0 2 5 . 9 5 9 0 7 t 02 5 . 8 1 3 6 8 E 0 2 5 . 6 4 1 6 6 0 2 
5 . 4 4 0 7 6 E 0 2 5 . 2 0 7 9 1 h 02 4 . 9 4 t . 2 2 t 0 2 4 . 6 3 4 5 6 L u 2 4 . 2 8 7 6 7 E 0 2 3 . a 9 6 1 9 b 0 2 3 . 4 5 6 7 2 b 0 2 2 . 9 6 5 8 4 L 02 2 . 4 2 0 1 7 E 0 2 1 . 8 1 6 4 E 0 2 
1 . 1 5 1 4 1 b 0 2 1 . 0 0 0 ' i O L 0 2 

TAU = 1.3OC0Ct OC DELTA TAUC1)= 4.00000E-tj3 DELTA TAUC2)= 4.C0O0OE-33 

HCBtLsJ) 
2.50000E 01 
0. 

TEMPERATURES CREAD I ACROSS, J DUfeN) 



ARGUS TEST PROB. ONL RtGIOM OF bUfcLtINFINITL SINK, H = 25.0 1089/RE248 PROB.NO. 36.90003 PAGE 6 
6.71780E 02 6.70853L U2 6.68060t 02 6.63351E 02 6.56650t 02 6.47846L 02 6.36804E 02 6.23354t 02 6.07306E 02 5.8844E 02 
5.66517E 02 5.41274t 02 5.12433b 02 4.79702i 02 4.42774E 32 4.01339b 02 3.55080b 02 3.03681E 02 2.46830E 02 1.8422E 02 
I.15563b 02 I.OCOJOL 02 

Ul 
00 

TAU= 1.4000jb 00 DELTA TAUI1)= 4.0000uE-03 DELTA TAU(2)= 4.C0C00E-03 

H(B,L,JJ 
2.60000b 01 
0. 

TEMPtRATURES CRbAD I ACROSS, J DOWN) 
7.02254b 02 r.01?25t 32 6.98124b 02 6.92906b 02 6.85497E 02 6.75795E 02 6.63667t 02 6.489571 02 6.31484E 02 6.1104E 02 
5.87403e 02 5.60524E 02 5.29543b 02 4.94788L 02 4.55773r U2 4.122u9b J2 3.63802t 02 J.102581 02 2.51289E 02 l.866iE 02 
1.15953L 02 l.OOOOOfc 02 

TAU= 1.6000Jb 00 DELTA IAUC1)= 4.0000JE-uJ DELIA TAUS2)= 4.000uOb-03 

HtBfL.J) 
2.50000fc 
0. 

01 

TEMPERATURES (READ I ACROSS, J DOMN) 
7.30728E 02 7.29632t L'2 7.26210L 02 7.20510b 02 7.1243jt 02 7.018dOL 02 6.»8729t U2 6.728321 32 6.54018E 02 6.3209E 02 
6.06846b 02 5.78U48fc 02 5.45454b 02 5.08810E 02 4.67849L o2 4.223031 02 3.71898b 02 3.1636IL )2 2.55425E 02 1.8883E 02 
1.16315E C2 l.OOOOOL 02 

TAU= 1.60tCuh wO DELTA IAUil)= 4.00003fc-03 OtLTA TAUS2)= 4.00000E-03 

HtBsL.J) 
2.5U00UE 01 
0. 

TEMPERATURES (RtAD I ACRUSS, J DOWN) 
7.5/312t 02 7.560'Ht 02 7.52428L 02 7.45?75b 
6.2495lt C2 5.94544t 02 5.60257t 02 5.21849b 
1.16651L 02 l.OOOOOL 02 

02 
02 

.375b7b 

.79076E 
02 
02 

7.26215L 
4.316b4E J2 

. 1 2 1 0 2 1 
,7:)420L 

02 
02 

. 9 3 0 J O t 

. 2 2 3 3 0 L 
02 
02 

6.75017E 
2.59266E 

02 
02 

6.5170E 
1.9088E 

02 
02 

rAu= 1.70C00L uO DELTA IAU(1)= 4.00003E-b3 DELTA IAU{i:)= 4.00y00fc-r3 

H!B,LfJj 
2.50000E CI 
0. 

TEMPLRAIURES (READ I ACRUSS, J DOWN) 
7.82117fc 02 7.80813b 02 7.76P90L U2 7.70310b 02 7 . 6 1 0 I I L U 2 ?.489i j9b 02 7 . 3 3 8 9 3 t 02 7.15335L 0? 6.94584E 02 6.6997E 02 
6.41810fc C2 6.C99'12t 02 5 . 7 4 y 3 3 r 02 5 .13982L 02 4 . 8 9 5 i a b 02 4.4«.4.^7fc J2 3 .bo413L 02 3 .2 /30Ct 02 2.62837E 02 1.9280E 02 
1.169641 02 l.OOOOOL 02 

rAU-

H(B,L,J) 

I.800 0 IE oO DELTA TAUtI)= 4.00C0Jb-J3 DELIA TAUC2)= 4.003001-13 



ARGUS ILSI PROB. 
2 .50000fc 0 1 
0 . 

nrjt RfcGIUN uF F U t L , I K H - U IL SlHk, H ^•i.O Iu89/-<h248 PROB.NO. 36.90003 PAGE 

TEMPERATURtS {READ I ACROSS, J DDW,\) 
8.05253E 02 8.0386aL u2 7.9J7i.4L 02 7.92724t 02 7.P2871t 02 ?.7',066L 02 7.i4206E 02 7.3ol69c 02 7.12816E 02 6.8699E 02 
6.57512E 02 6.242J1E 02 b.Sbbbb^ i.2 5.432731 02 4.99234t 02 4.485?3h 02 3.92918b 02 ^.32202! 02 2.66157E 02 1.9458E 02 
1.172b5E 02 l.CJO 5ut 02 

TAU = 1.90Ui_ IE Co DELTA TAU(1)= 4.0CC00t~u3 DELTA TAU{2J= 4.C0000E-O3 

HCB.L.JI 
2-50000t 01 
0. 

TEMPERATURES (READ I ACROSS, J DOWN) 
8»2682S)E ^2 8.2b365E 02 8.20974t 02 8.13620t 02 8.032S0L u2 7.a9787t 02 7.73136t 02 7.5iX86t- 02 7.29803E 02 7.0284E 02 
6.72137t 02 6.37518t 02 5.987981 C2 5.557B6fc 02 5.082?9t 0/ 4.56076L 02 3.98972t 02 3.3676?t 02 2.69247E 02 1.9623E 02 
l,17&25b 02 l.uOOOOfc 02 

TAU= 2.0000.~-E 00 DELTA TAU(1)= 4.00C00L-U1 DELTA TAU(2)= 4.00000E-03 

HIB.L,Jl 
2.50000E 01 
0. 

TEMPERATURES (READ I ACROSS, J DOWN) 
a.46934£ 02 8.45433E U2 8.408L2t 02 8.33.'=98t 02 8.22243t 02 8.0bl66t 02 7.9u778t 02 7.69973b 02 7.45629E 02 7.X761E 02 
6.8?>?59t 02 6.4992Cfc 02 6.09gi8fc 02 5.6;>573fc 02 5.16699fc v2 4.631i,7E 02 4.O4607L 02 3.410071- 02 2.72122E 02 1.9777E 02 
1.17776fc 02 l.COOOOt 02 

8 
0 
1 
8 

C 
2 
6 

-9 
D 
8 
2 
4 

t( 
0 

G 
2 
2 
2 

l.GCOOOt-01 1.50Ci0k-01 l.fa6667t-01 1.7'3CO&L-01 1, 
,90000fc-01 1.90909t-Ul 1.91&671--01 1.923.i8t-01 1.92857t-Jl 1. 
.93471E-02 0. 

.OOOOOE-01 6.G0000t-0l 6.0C0O0E-01 

.OOOOOE-01 6.0C0,)0E-ul 6.00000L-01 

.50T44fc-02 0. 

b.OiSObOL-Ol 6.0CuO0h-01 6. 
6 . 0 J 0 U 0 E - 0 1 6.000CJt-Jl 6. 

OOOOOt-Ol 3.OOOOOE-01 2 . 500(. Ot-01 2.33333E-U1 2 . 2 bOsjOfc-ol 2. 
lOSOOe-01 2.09091t-l'l 2.083331-01 2.07692C-01 2.n7143fc-01 2, 
68ig0t-0I 0. 

N,J) 

,00000t 00 2.00000L GO 2.0r0iCl. 00 2.000001 00 2.000C0fc 00 2, 
,0C000fc 00 2.u00i.0t I'C 2.0CiV,0L 00 2.0t'C00t 00 2.0C0JCL uO 2, 
,0O0O0E 00 0. 

erOOOIr-Jl l.a3333E-01 1.85714-_-0l 1.87500E-01 1.8889E-01 
93333t-01 1.93750L-01 1.941181-'11 1.94444E-01 1.9474E-01 

O'^OuOE-01 6.CU000E-01 6.00C00fc-ni 6.OOOOOE-01 6.0000E-01 
OOO'lOt-Ol 6.c0000fc-01 6.0")000i-01 6.OOOOOE-01 6.0Q00E-01 

2L0u0t-Jl 2.i6667b-01 2.14?86t-01 2.12500E-01 2.1111E-01 
06657L-J1 2.u6250t-Cl 2.0t>882r-01 2.05556E-01 2.0526E-01 

G O O G O L 00 2.u0000t 00 2.0.;000! 10 2.00000E 00 2.0000E 00 
GiOuOfc Oo 2.ur.G00E 00 ?.C0000e 00 2.000006 00 2.00006 00 

fAU=FINAL TAO. Ê JD OF PROfa.NO. 36.900.. 3 



2. Sample P rob lem No. 2 

The object of the second sample problem (problem No. 26.00010) 
is to calculate the space - and t ime-dependent t e m p e r a t u r e s in an EBR-II 
core fuel pin heated at an exponentially increas ing t ime ra te and cooled 
by sodium flowing axially pas t the pin. This sample problem is intended 
to duplicate the sample problem No. 2 of ANL.-6237(1) as near ly as poss ible . 

The ARGUS problem 26.00010 contains a cen t ra l fuel region of 
uranium-f is slum alloy m a t e r i a l , sur rounded by a clad region containing a 
fictitious m a t e r i a l which is thermal ly equivalent to the separa te bond and 
clad m a t e r i a l s of an EBR-II pin, and the third region contains sodium 
flowing axially at VQ = 25.0 f t / s e c . Since the CYCLOPS code of Reference 1 
neglects the t h e r m a l r e s i s t ance at the fuel-clad in ter face , the surface con
tact conductance U(l) for the ARGUS problem is chosen quite l a rge , 
U(l) = 1 , 0 x 1 0 ^ Btu/(hr)(ft2)(°F), in o rde r to approximate the condition 
of ze ro t h e r m a l r e s i s t ance . The clad region is then r ep re sen t ed by a 
thick-type region K(2) = 2 so that the unit t ime inc rement A T I will not 
be affected by this la rge value of U. 

The m a t e r i a l p rope r t i e s of the respect ive m a t e r i a l s a r e taken 
identical with those of Reference 1, and the film coefficient p a r a m e t e r s a r e 
chosen to insure a constant value of h = 2.60 Btu/(sec)(ft^)(°F) at al l node 
points in the coolant channel. A flat power shape is a s sumed for the axial 
d i rec t ion in the pin (all t, • = 1.0), and the rad ia l power dis t r ibut ion {jij) is 
taken from Fig. 3 of Reference 1, 

A complete se t of input shee ts and problem output sheets fol
lows. The ARGUS prob lem requ i red approximate ly 2 min of machine t ime 
on an IBM-704 with a moni tor syste in . 

The r e su l t s of this problem as shown on the problem output 
a r e in good ag reemen t with the problem output on pp. 44 to 47 of Reference 1. 
The sma l l d i sc repanc ies between corresponding temiperatures at a given 
t ime a r e due in p a r t to the l a r g e r t ime increment used in the ARGUS p r o b 
lem ( A T = 0.002 sec instead of A T = 0.001 sec), and in p a r t to the t e m p e r a 
ture drop at the fuel-clad interface which is encountered in the ARGUS 
prob lem. 



704 INPUT DATA 

FORM I 
COST CODE 

4351-01 

PROGRAM ARGUS RE 24f 

| ! 2 3 4 5 6 7 8 9 

1 A R G U S T 
I l l 

2 6 . 0 0 0 1 0 
L 1 i_i J i J _ j _ J L 

0 

1 1 1 1 i"i*i''i*^i''^ 

1 1 1 I , 6 , , , 

1 3 

l l 1 1 

[ | 2 | 7 , 7 | . | 7 | 7 | 7 

I I I | 0 | . | 9 , 7 , 7 

I I I i l i - i O i ^ i 

1 . 0 0 
t . ! 1 1 ) 1 J 1 

. 1 1 , | 1 . . , 

l^l^l'l^l"! ° 

• , , . i , . , o , o , 

0 . 0 0 
1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 i 1 ! 1 I 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 

PROBLEM 

1 

0 1 2 3 4 5 6 7 8 9 

E S T 
1 1 ! 

1_ i_ J 

1 0 

0 3 0 

1 |1 

2 

1 |3 

8, 1 

1 |0 

P R O B . ^ 

9 

0 . 3 

0 . 0 

1 , 

_ , L 1 L J I L 

5 , 

1 1 , , 2 , . , 6 

, , 1 ,0 , . ,9 

1 1 1 1̂  r 1° 

1 . 0 

7 0 0 0 

1 , , |1 r P 

2 . 6 

0 1 2 3 4 5 6 7 8 9 

1 

26.00010 

'2 

0 1 2 3 4 5 6 7 8 9 

0 . 2 . 
1 1 I I 1 

1 1 t 1 1 

3 
L J _ _ L _ ! 1 

A«. . L 
, 2 . « i 1 , 

, , . 0 , -

L ^ _ J V 

1 , • « , • 

0 , , , 1 

T,S, , , 

£ i „ L l ^ L 

0 
1 1 1 1 

1 1 1 1 

1 1 1 1 

0, , , , 

0 
1 1 1 1 

ORIGINATOR Danie l F. Schoeber le p ^ ^ g 12 

3 

0 1 2 3 4 5 6 7 8 9 

T H R E E R B G I O 
1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 i 1 

3 4 

0 . 0 0 2 
1 1 1 1 1 1 1 1 • 1 1 

1 1 1 i ^ r i ^ ^ i ^ i " , 1 1 

0 , 0 , 6 , 0 , 0 , 

0 , 0 , 7 , 2 , 5 , , , , , , , 

0 , 3 , 1 , 2 , 5 , 1 , , 1 , 1 

, , , , 0,. , 9 , 8 , 0 , 1 , 

1 1 1 i ^ i - i ^ i ' ^ l 1 1 1 

1 1 1 . ^ . • | ' ' i * ' i 1 1 1 

, 1 6 ^ 1 , 8 , . , 0 | 

1 1 1 | l i - | 0 | O i 1 1 1 

0 . 0 0 

_ J L _ 1 _ J L _ I _ J 

0 1 2 3 4 5 6 7 8 9 

2 

1 1 1 1 1 1 

4 

0 1 2 3 4 5 6 7 8 9 

N S . S E E A N L - 6 
___LI 1 J_L_LJLI 1 1 1 

_ l 1 

_ J _ J 

_™!„__L_. 

0 1 2 3 4 5 6 7 8 9 

3 

1 1 1 1 i 1 1 1 1 

1 6 1 6 
1 1 1 1 1 1 1 1 

3 2 . 1 7 
1 L _ L j l _ l 1 I 1 

,0 ,. ,0 , 2, 0, 1 , 

, 0 , . , 9 , 9 , 0 , , , 

, 1 , . , 0 , 0 , , , , 

, 4 , . ,0 |0 | 0 | T , 0 | 4 

l _ L J _ J _ - J . J 1 L i 

, 1 , . , 0 | 0 | ^ 1 

i l l . lO iOi 1 , , 

2 . 6 0 

5 

[0 1 2 3 4 5 6 7 8 9 

2 3 7 , P A G E 4 0 
1 1 1 1 1 1 1 1 1 1 

1 

0 1 2 3 4 5 6 7 8 9J 

4 { 

1 1 1 1 1 1 1 ( 1 1 

1 6 2 
1 L - L J - J L _ L _ L J _ J _ L 

0 . 0 0 5 
1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 I 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 . , 0 0 8 , 
1 1 1 1 1 1 1 1 1 

• 1 | 1 | . , 0 > 0 | 1 . 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 | .1 0 , 0 , 1 , 

. , , 0| •, 0, 0, , , 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 I I I . I _ l 1 

0 1 2 3 4 S 6 7 8 9 

5 

July 1962 p ^ e , 

6 

0 1 2 3 4 5 6 7 8 9 

f 
1 

5 

0 . 0 0 5 
1 1 1 1 1 1 1 1 

1 . 0 2 8 

1 1 1 l - ' - i - i ^ l ' ^ l 

I I I 

1 1 1 1 1 1 1 1 

2 . 6 0 

0 I 2 3 4 S 6 7 8 9 

6 

1 OF 2 

7 

0 1 2 3 4 5 6 7 8 9 

1 1 1 

_ J J 

, 1 , 1 , 0 , 0 , , 

, 1 . 2 , 0 , 0 , , 

, 1 . 3 , 0 | 0 , . 

, 1 , 4 , 0 , 0 , , 

, 1 , 5 , 0 , 0 , , 

, 2 , 0 , 1 , 1 , , 

, 2 , 0 , 2 , 1 , , 

.AhhMl^. 
, 2 , 5 , 0 , 0 , , 

3 0 1 1 
1 , , 1 1 1 

1 ,̂ "i h 2, ^, 

, 3, 0, 1, 2, B, 

,4,«,V, , 

, 4 , 0 , 1 , ^ , 

, 4 , 0 , 1 , ^ , 

4 0 1 4 
, , , 1 1 1 

1 1 1 1 1 1 

, , 1 1 1 1 1 

, , , 1 1 , 1 

1 

0 1 2 3 4 5 6 7 8 9 

1 

8 

0 

1 

1 

1 

, 1 

0 

8 I 

AMD-8 (9-60) 

O 



704 INPUT DATA 

FORM I 
COST CODE_ 

46351-01 

r-0 

PROGRAM ARGUS RE 248 PROBLEM 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

3 . 8 3 3 - 0 3 
, , , , 1 1 , , , 1 , 

. , , 4 , 0 , . ? , 7 , , , , 

, 1 , 2 , 3 , 3 , . ,0 , , 1 , 1 

5 8 2 9 . 8 8 8 
1 1 1 1 1 1 , 1 I J i 

3 . 0 4 0 - 0 3 
, , , , 1 , 1 1 , , , 

, . ,-1,2 , - , 6 , ^ , , , , 

2 0 8 . 0 
f 1 1 1 1 1 , , , , , 

0 . 0 0 
, _ L - 1 J , 1 1 J J ^ - J 

1 . 0 0 
, , , , 1 , , , 

1 7 , 0 7 
1 1 , , 1 , 1 , 

L - 1 _ L 

1 1 

, , , |1 ,• , 0 . 0 , , , , 

1 . 0 0 

0 0 

1 

, , , , , 3 1 

1 . 0 0 

5 0 0 . 0 

0 

7 0 0 . 0 
, 1 , 1 1 1 , , , , , 

1 1 L , 1 , 1 , 

1 2 3 4 5 6 7 8 9 

, 1 

6 . 6 
^-i__L_La^L t -

6 0 . 5 
1 1 1 1 L„l 

1 8 5 0 . 0 

0 . 0 
1 L 1 l___LJL_ 

3 . 3 
1 , , f , 1 

4 6 . 0 
_ J _ _ 1 _ _ L _ J _ J _ _ 1 _ 

8 0 0 . 0 
— L - J — i _ i _ J _ L _ 

, 0 . 0 

0 . 0 

0 . 0 
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0 
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0 

0 

0 

0, , 1 , 

0 
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0 
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3 

0 1 2 3 4 5 6 7 8 9 
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1 S8 . 4 2 
^ L _ L _ L _ X J 1 _ L J - J — U J — L ^ 
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0 
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, j , , 

1 
, , , 1 

1 , , , 

t f 1 j 

7 0 0 , , , , 

l i t . 

0 1 2 3 4 5 6 7 8 9 

2 

. 0 0 
, 1 , , , 1 
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, , , , , , 
. 0 0 

1 1 , , , 1 

, , , ! , , 
. 0 
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, , , , , , 

, 1 

J l_ 

__L_L 

, 1 

0 1 2 3 4 5 6 7 8 9 

3 

4 

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

L-l_4—L_L J L J l_ 

1 , t ! 1 1 1 , 

4 . 0 3 0 - 0 3 
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, 1 , , , , 1 , 
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1 

1 

1 

0 1 2 3 4 5 6 7 8 9 

4 

5 

0 1 2 3 4 S 6 7 B 9 

1 1 1 1 , , 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 , 1 

1 1 1 1 , , 1 , , , 

1 1 1 1 1 1 1 , , , 

t 1 1 1 1 1 , 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1. 1 

1 1 , 1 1 , 1 , , 

, 1 1 1 f t 1 , , 

1 1 1 1 1 1 1 1 1 

1 ) 1 , 1 1 , , , 

1 1 1 1 1 1 1 1 , 

, , 1 , 

1 1 1 1 1 , 1 1 1 

1 1 1 , 1 1 1 1 , 1 

1 1 1 1 , t , , 1 , 

0 1 2 3 4 5 6 7 8 9 

5 

July 1962 p^Qg 

6 

0 1 2 3 4 5 6 7 8 9 

1 

1 

1 

t 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

2 OF 2 

7 8 

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

, 5 , 0 , 2 , 3 , , , 

, 5 , 0 , 2 , 4 , , , 

6 0 1 1 
, , , 1 1 1 , 

6 0 1 2 
, , , 1 1 1 , 

1^0,1 ,3 . , , 

6 0 1 4 , 

, ^ i " , o , i , , 1 

8 0 0 0 
1 , 1 1 , , , 

8 1 0 1 
, , 1 1 1 1 J. . 

, 8 , 1 , 0 , 2 , , , 

| 8 , 1 , 0 , 3 , 1 , 

, ^, 0, 0, 0, 1 , 

, 9, 0, 0, 1, , 1 

, , 1 , , 1 , 

0 1 2 3 4 5 6 7 8 9 0 

7 8 

AMD-8 (9-00) 
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INPUT 

GENERAL PROBLEM DATA 
IMAX= 10 JMAX= 9 LMAX= 3 HMAX^ 3 NPMAX= 4 NH(1!= 16 NHC2)= 16 NHC3I= 16 NPR= 25 
Z= 1.18503E 00 FINAL TAU= 3.00000E-01 DELTA TAU= 2.00000E-03 G= 3.21700E 01 EPS0(1)= 5.0O000E-03 
EPSDC2)= 5.00000E-03 EPS0I3)= 5.00000E-03 EPSHI1)= 2.00DOOK-02 EPSH(2)= 2.00000E-02 EPSHC3)= 2.00000E-02 

NHL)= 6 3 1 
M{L)= 1 2 3 
KILI= 1 2 5 

R I D 
6.00000E-03 7.25000E-03 3.12500E-02 

UCi) 
2.77778E 02 2.60000E 00 0. 

POWER DISTRIBUTION DATA 

MUlll (READ ACROSS) 
9.77000E-01 9.78000E-01 9.80000E-01 9-90000E-01 1.00800E 00 1.02800E 00 0. 0. ". 0. 

ZETAILtJ) IREAD ACROSS) 
L= 1 

l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 

QOCLI (READ ACROSS) 
4.00000E 04 0. 0. 

FLOWING COOLANT REGION DATA (READ DOWNI 

t IPT ICS IH VO PSIO PSIS OE Al A2 A3 
3 1 0 1 2.50000E 01 7.00000E 02 1.61800E 03 l.OOOOOE 00 l.OUOOOE 00 l.OOOOOE 00 l.OOOOOE 00 

81 B2 HI H2 H3 H4 H5 H6 
l.OOOOOE 00 l.OOOOOfc 00 0. 2^60000E 00 0. 2.60G00E 00 0. 2.60000E 00 

MATERIAL PROPERTIES 

K (ONE ROM FOR EACH MATERIAL) 
3.83300E-03 6.61100E-03 7.72200E-03 8»53000E-03 
3.04000E-03 3.38000E-03 3.82000E-03 4.03000E-03 
l.OOOOOE 00 0. 0. 

RHO»C I ONE ROW FOR EACH HATERlALI 
4.02700E 01 6.05000E 01 1.98420E 02 4.07000E 01 
4.26400E 01 4.50000E 01 4.98700E 01 4.98700E 01 
1.70700E 01 0. 0. 9.99900E 29 ox 



ARGUS TEST PROB. N0»2» THREE REGIONS.SEE ANL-623TtPAGE 40. 

TT OR NU lONE ROW FOR EACH MATERIAL) 
1^233006 03 1«8S000E 03 1»9T600E 03 
2.08O00E 02 8«00000E 02 1,600006 03 
l.OOOOOE 00 0. 0. 

1089/RE248 PROB.NO^ 26,00010 PAGE 

RHO»OH OR RHO 
5,82989E 03 0. 
0, 0, 
1,00000E 00 0, 

lONE ROW FOR EACH MATERIAL! 
0, 
0. 
0. 

NITAU) DATA 

NN= 0 NBETA= 0 P=10.00000E-02 

PHIITAU) DATA 

NPH1= 3 NGAMHA= I 

PHHTAU) CREAD ACROSS) 
l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 

GAMMA 
S.OOOOOE 02 



ARGUS TEST PROB. NO.2. THREE REGIONS.SEE ANL-623T,PAGE 40. 

OUTPUT 

1089/RE248 PROB.NO. 26*00010 PAGE 

TAU= 0, DELTA TAUll)= 2.00000E-03 DELTA TAUC2)= 2.000006-03 

HCBtL.J) 
2.60000E 00 2.60000E 00 2.60000E 00 2.60000t 00 2.60000E 00 2.60000E 00 2.60000fc 00 2.60000h 00 2.60000E 00 
0. 0. 0. 0. 0. 0. 0. 0. 0. 

TEMPERATURES (READ 
7.00000E 02 7.0G000E 
7.00000E 02 7.00000E 
7.00000E 02 7.0000GE 
7.00000t 02 7.0000Gfc 
7.00G00E 02 7.00000t 
7.0&000E 02 7.000.:-0t 
7.00000E 02 7.000G0t 
7.00000E 02 7.00000E 
7.00000E 02 7.00000E 

I ACROSS, J DOWN) 
02 7.00000t 02 
02 7.00000t 02 
02 7.00000fc 02 
02 7.00000fc 02 
02 7.00000E 02 
02 7.00CG0fc 02 
02 7.0G0C0b 02 
02 7.00000E 02 
02 7.00000fe 02 

7 
7 
7 
7 
7 
7 
7 
7 
7 

.OOCOOE 

.OOOOOE 

.OOOOOE 

.OOOOOfc 

.OOOOOE 

.OOOOOfc 

.OOOOOE 

.OOOOOt 

.OOOOOE 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7. 
7. 
7 
7, 
7. 
7. 
7. 
7. 
7. 

OOOOOE 
OOOOOE 
OOOOOfc 
OOOOOE 
OOOOOE 
OOOOOE 
oooooe 
OOOOOE 
OOOOOE 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7.OOOOOE 02 
7.OOOOOE 02 
7.OOOOOE 02 
7.OOOOOE 02 
7.OOOOOE 02 
7.OOOOOfc 02 
?.OOOOOE 02 
7.0C000E 02 
7.OOOOOE 02 

7.U0000E 02 
7.OOOOOE 02 
7.OOOOOE 02 
7.o0000fc 02 
7.OOOOOfc 02 
7.u0000fc 02 
7.U0000E 02 
7.OOOOOE 02 
7.u0000£ 02 

7.OOOOOE 
7.OOOOOfc 
7.00000b 
7. OOOOOE 
7.OOOOOt 
7.00000!: 
7.OOOOOt 
7.OOOOOE 
7.OOOOOfc 

02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 
02 7.OOOOOE 02 

7,0000E 02 
7.0000E 02 
7,0000E 02 
7,0000E 02 
7.0000E 02 
7.0000E 02 
7.0000E 02 
7.0000E 02 
7.0000E 02 

TAU= 5.00000fc-02 DELTA TAUa)= 2.00000fc-03 DELTA TAUC2)= 2.00000E-03 

H(B,L,J) 
2.60000E 00 2, 
0. 0. 

60000E 00 2.60000E 00 2.60000E 00 2.60000E 00 2.6C000E 00 2.6GO0OE 00 2.60000b 00 2.60000E 00 
0. 0. 0. 0. 0. 0. 0. 

TEMPER 
7.6141 
.6141 
.6141 
.6141 
.6141 
.6141 
.6141 
.6141 

7 .6141 

ATURES 
6E 02 7 
7E 02 
7E 02 
7E 02 
7E 02 
7fc 02 
7fc C2 
7t C2 
7fc 02 

(READ 
,60894E 
.60895t 
, 60895t 
.60896t 
,60896E 
,608966 
, 60896t 
.60896t 
.60896b 

I ACROSS, J 
02 7.59061fc 
02 7.59063b 
02 7.59D64F 
02 7.59064fc 
02 7.59065fc 
02 7.590651: 
02 7.590651: 
02 7.59065b 
02 7.59065b 

DOWIM) 
02 
02 
02 
02 
02 
02 
02 
02 
02 

7. 
7 
7. 
7. 
7 
7 
7 
7 
7 

549V7E 
550021: 
55005E 
55006fc 
550U7E 
55007E 
55007t 
55007t 
550U7E 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7.46902fc 
7.46916t 
7.46926fc 
7.46930fc 
7.46932fc 
7.46933fc 
7.46933L 
7.469331 
7.46933E 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7. 
7, 
7 
7. 
7. 
7. 
7 
7 
7 

32074fc 
32108fc 
32132E 
32148E 
32155b 
32159b 
SZloCC 
32160E 
32160b 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7, 
7. 
7 
7 
7 
7 
7 
7 
7 

29923fc 
/9957E 
29982b 
/9997b 
30005E 
30009t 
.jooioe 
.iUOlOfc 
JO010b 

02 
02 
02 
02 
02 
02 
02 
02 
02 

19673E 
19628h 
19670C 
196 99b 
19717b 
19725r. 
19728L 
19729C 
19729C 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7. 
7. 
7. 
7. 
7. 
7. 
7. 
7. 
7. 

12422E 
12507E 
12575E 
12629E 
12663E 
12681E 
12689E 
12692E 
12692E 

02 7.0000E 02 
02 7.0016E 02 
02 7.0030E 02 
02 7.0041E 02 
02 7.0049E 02 
02 7.0054E 02 
02 7.0051E 02 
02 7 . 0 0 5 I E 02 
02 7.0058E 02 

TAU= 10.0000i.'fc-C2 DELTA TAU(1)= 2.00000E-03 DELTA TAUC25= 2.00000E-03 

HtB,L,J) 
2.60000fc 00 2.60000fc 00 2.60000E 00 2.6&000E 00 2.60000fc 00 2.6u000C 00 2.o0000£ 00 2.60000L 
0. 0. 0. 0. 0. 0. 0. G. 

TEMPERATURES 
8.493456 02 8. 
8.491678 02 8. 
8.49333fc 02 8. 
8.49395E 02 8. 
8.49404b 02 8. 
8.49410b 02 B. 
8.49413t 02 8. 
8.49416E 02 8. 

(RfcAO I ACROSS, J DOWN) 
47315fc 
47340c 
47359b 
4r3r4b 
47 3H4t 
47302t 
473 •»7t 
47309t 

02 
02 
02 
02 
02 
02 
02 
02 

8.4C'832L 02 
8.40868t 02 
8.40B97b 02 
8.40919fc 02 
8.40936b 02 
8.40949b 02 
8.40958fc 02 
e.4C964t 02 

8.28559E 
8.28617t 
8-28664b 
8.28703t 
8.28734E 
8.28759fc 
8.28777E 
8.28791E 

02 8.07906fc u2 7, 
02 8.080ulb 02 7. 
02 8.08082L 02 7. 
02 8.08161E 02 7. 
02 8.08207E 02 7. 
02 8.08253E 02 7. 
02 8.08289b 02 7. 
02 8.08320b 02 7, 

74756t 02 
749llt 02 
73C46E 02 
75165b 02 
7b265E 02 
75352L 02 
75418L 02 
75482t 02 

7.71509E 02 
7 . 71664r. 02 
7 .71801b 02 
7 . /1921C 02 
7.72021E 02 
7 .72108L 02 
7 . /2175fc 02 
7 .?2240b 02 

7.48798fc 
7.490041 
7.491871 
/ .49351fc 
7.49491S 
7.49615s. 
7.49709L 
7.49804L 

00 2.60000E 00 
0. 

02 7.316 73E 02 
02 7.31946E 02 
02 7.32188E 02 
02 7.32410E 02 
02 7.32601E 02 
02 7.32778E 02 
02 7.32908E 02 
02 7.33042E 02 

7,O000E 02 
7.0043E 02 
7.0081E 02 
7.0117E 02 
7.0148E 02 
7.0179E 02 
1.0201E 02 
7.0223E 02 Ol 



ARGUS TCST PROB. HO.2. ThRbb REGIONS.SEb ANL-6237,PAGb 40. 
a.494l6t 02 8.474(.Ib 02 8.4u167L 02 8.28798E 02 8.0H3}8h 02 7.75523b 02 7. 
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72281t 02 7.49870t 02 7.33142fc 02 7.0242E 02 

TAU= 1.50000E-01 DELTA T6U(1)= 2.0000oE-u3 DELTA TAU{2)= 2.00000E-03 

H(B,L,J) 
2.60000L 00 2.600 'Ot 00 2.6O&L0L 00 2.600G0b 00 2.600C0b 00 2.6C000t 00 2.O0000E 00 2.600001 00 2.60000E 00 
0. 0. 0. 0. 0. 0. C. 0. 0. 

TEMPtRATURES CREAD 
9.80615E 
9.8u710b 
9.80792E 
9.80864E 
9.80923t 
9.80975E 
9.81015E 
9.81u52fc 
9.81077t 

TAU= 

02 
02 
02 
02 
02 
02 
02 
02 
02 

9.76328b 
9.76432b 
9.76521t 
9.766<JOE 

9.76665b 
9.76723E 
9.76768fc 
9.76 810b 
9.76838b 

2.000u0b-

1 ACROSS, J nowh) 
02 
02 
02 
Ul 
02 
02 
02 
02 
02 

JI 

9.6?800b 
9.62929E 
9.63042b 
9.63143b 
9.63227fc 
9.63304t 
9.63365E 
9.63422L 
9.63462b 

02 
02 
02 
02 
02 
02 
02 
02 
02 

9.37729fc 
9.37907L 
9.3e062b 
9.3B205b 
9.38325L 
9.38437L 
9.38527L 
9.38614L 
9.38678b 

DELTA TAUd 

02 
02 
02 
02 
02 
02 
02 
02 
02 

= 

8.96639b 02 
S.968g5fc 02 
8.97118b 02 
8.97329b 02 
8.97510t: 02 
8.97678b 02 
8.97817E 02 
8.97954fc 02 
8.93060fc 02 

8 . 3 2 5 6 6 t 
3 . 3 2 9 4 1 t 
8.33268fc 
8 .33580b 
8 . 3 M 5 5 b 
8 .34115b 
8.34329E 
8 .34542b 
8.34715fc 

02 
02 
02 
02 
02 
02 
02 
02 
02 

8 
8 
8 
8 

e 
& 
H 

e 
8 

.27032b 

.27408t 

.277376 

.^8050t 
,28326b 
.28587L 
.z8802b 
.29016L 
.29190b 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7.88302t 
7.88762L 
7.89169c 
7.89553L 
7.89899t 
7.90232b 
7.90502b 
7.90771L 
7.909951 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7.57712E 
7.58277E 
7.58786E 
7.59259E 
7.59689E 
7.60118E 
7.60465E 
7.60802fc 
7.61091E 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7.0000E 
7.0080E 
7.0156E 
7.0224E 
7.0285E 
7.0351E 
7,0405E 
7.0455E 
7.0498E 

02 
02 
02 
02 
02 
02 
02 
02 
02 

DELTA TAU(2)= 2 .00000fc-03 

H!BfL,J) 
2.6U000E 00 ?.60000t 00 2.600C0t 00 2.60C00b CO 2.60000t 00 2.6u000b 00 2.6G000fc 00 2.6u000i_ 00 2.60000E 00 
0. 0. 0. 0. 0. 0. 0. 0. 0. 

tMPLRATURES 
. 18401t 03 1 
.18425b 03 1 
.18447E 03 1 

(READ I ACROSS, J DOWN) 

.18467E 03 1. 

.18484t 03 I. 

.18501b 03 1. 

.18515fc 03 1. 

.18528E 03 1. 

.18539fc 03 1.17749fc 03 1 

176o2b t.3 1 
17627t 03 1 
176sOb 03 1 
176?2fc 03 1 
17690t 03 I 
177'.8L 03 1 
17723E 03 1 
17737fc 03 1 

,151G6C 03 1, 
,15136t 03 1. 
.15163L 03 1, 
.151891 03 1. 
,15211b 03 1. 
.152331 
.15260E 03 
,152fa8£ 03 
,15282b 03 

03 1 
1 

10581b 03 
10620fc 03 
1C654E 03 
10687fc 03 
10715fc 03 
10743t 03 
10767E 03 
10790fc 03 
10809E 03 

03370fc 03 
03421E 03 
03466b 03 
03510fc 03 
03549t 03 
03587fc 03 

1.03619b 03 
1.03651b 03 
1.03678E 03 

9.24189fc 02 
9.24881E 02 
9.25501fc 02 
9.2b087fc 02 

266l9t 02 
27153fc 02 
27605t 

9. 
9. 
9. 
9.28049fc 02 
9.28434b 02 

02 

,14999b 02 
, 15693L 02 
,16316b 02 
16904fc 02 
,i7438fc 02 
, 17974L 02 
, 1«428E 02 
18874E 02 
, i9260fc 02 

8.49604tL 
8.50426L 
8.51175f 
8.51872b 
8.52496b 
8.531401-
8.53694L 
«.542271 
8.54694r 

02 7.97769E 02 
02 7.98746E 02 
02 7.99660E 02 
C2 8.00504E 02 
02 8.01233E 02 
02 8.02001E 02 
02 8.05424E 02 
02 8.06064E 02 
02 8.06623E 02 

7.0000E 02 
7.0133E 02 
7.0263E 02 
7.0385E 02 
7,0481E 02 
7.0584E 02 
7.0685E 02 
7.0777E 02 
7.0857E 02 

TAU= 2.5000Cfc-01 DELTA TAUCI)= 2.00000b-O3 DELTA rAU(2)= 2.00000E-03 

HCB.LtJ) 
2.60000b 
0. 

00 2. 
0 

TEMPERAIURES 
1.35180L 
1.35221b 
1.35255E 
1.35292E 
1.35320E 
1.35348E 
1.35376E 
1.35399b 
1.35419E 

03 
03 
03 
03 
03 
03 
03 
03 
03 

60000t 

CREAD 
34231E 
34268E 
34298E 
34331b 
34356e 
34381fc 
34406E 
34426E 
34444C 

00 2.60000t 
0. 

00 2.60000i 
0. 

I ACROSS, J DOWN) 
03 
03 
U3 
03 
03 
03 
03 
03 
03 

1.309851 
1.31044t 
1.31088L 
1.31140L 
1.31178L 
1.31215b 
1.31255b 
1.31287C 
1.31313t 

03 
03 
03 
03 
03 
03 
03 
03 
03 

1.25779fc 
1.25929fc 
1.26038fc 
1.26169E 
1.26264fc 
1.26355b 
1.26459E 
1.26537E 
1.26605b 

00 

03 
03 
03 
03 
03 
03 
03 
03 
03 

2. 
0. 

60000b 

21507fc 
21599t 
21669b 
21747e 
21807t 
21865E 
2i929E 
21978b 
22021E 

00 

03 
03 
03 
03 
03 
03 
03 
03 
03 

2.60000b 
0. 

l-06834t 
I.06958b 
1.07060E 
1.07167fc 
1.07250t 
1.07333t 
1.07419fc 
1.07491t 
1.07552E 

00 

03 
03 
03 
03 
03 
03 
03 
03 
03 

2 
C 
.60G00t 

.05346t 

.u5469E 

.u5572fc 

.U5679E 

.o5763fc 

.05846E 

.U5933E 

.u6005fc 

.O6067fc 

00 

03 
03 
03 
03 
03 
03 
03 
03 
03 

2.600001 
0. 

9.54098b 
9.55565b 
9.56849E 
9.58160b 
9.59179C 
9.60195L 
9.61240b 
9.62142L 
9.62911fc 

00 

02 
02 
32 
02 
02 
02 
02 
02 
02 

2.60000E 
0. 

8.73364E 
8.75078E 
8.76642E 
8.78255E 
8.79512E 
8.80707E 
8.81942E 
8.83078E 
8.84030E 

00 

02 
02 
02 
02 
02 
02 
02 
02 
02 

7.0000E 
7.0233E 
7.0455E 
7.0697E 
7.0890E 
7.1052E 
7.1219E 
7.1395E 
7.1539E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
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TAU= 3.00000L-01 DELTA TAUC1)= 2.00000b-03 DELTA rAU(2)= 2.00000E-03 

HC6,L,J) 
2.60000E 00 2.60000fc 00 2.60000E 00 2.60000b 00 2.60000b 00 2.600u0fc 00 
0 . 0 . 0 . 0 . 0 . 0-

2 .60000E 00 2 .60000b 00 2.60000E 00 
C. 0 . 0 . 

TEMPERATURES 
1.68157fc 03 1 , 
1.68254E 03 1 , 
1.68183E 03 1. 
l . 6 8 2 6 9 t 03 1 . 
1.68338fc C3 1 , 
1.68403b 03 1 , 
1.68472E 03 1 . 
1.68528E 03 I , 
1 .68577 t 03 1 . 

CREAD I ACRUSS 
66615E 03 1.61 
66718E 03 1.61 
66638 t 03 1.61 
66 729b 03 1.61 
6 6 8 r 2 t 03 1.62 
66 8 72E 03 1.62 
66944E 0 3 1.62 
67004 t 03 1.62 
670'36e 03 1.62 

, J DOWN) 
b73E 0 3 1, 
991fc 03 1 
894t 03 1 
9991 03 1 
083b 03 1 
166L 03 1 
249£ 03 1 
319f 03 1 
381E 03 1 

535Z2b 03 1. 
53663E 03 I , 
53567E 03 1 , 
53691C 03 1 . 
53793E 03 1 . 
53895fc 03 1 . 
5 3995b 03 1 , 
54082b 03 1 . 
54158fc 03 1 . 

40708E 03 
40876E 03 
4C819b 03 
409 70b 0 3 
41096E 03 
41222E 03 
41345E 03 
41456b 03 
41552E u3 

1.22033t 03 
1.22233E 03 
1.22256b 03 
1.22446fc 03 
1.22603b 03 
1.22756L 03 
1.22909E 03 
1.2 30a6b 0 3 
l.23iaiE 03 

1.19635b 03 
l.X9836e 03 
1.19860L 03 
1.20050E 03 
1.202C8E 03 
1.20361fc 03 
1.20614t 03 
1.20661b 03 
1.20786b 03 

1.05631b 
1.05855L 
1.05933c 
1.06152b 
l.C6338b 
1.06509t 
1.06678b 
1.0685 It 
1.07000fc 

03 9.43138E 02 
03 9.45707E 02 
03 9.47054E 02 
03 9.49583E 02 
03 9.51869E 02 
03 9.53816E 02 
03 9.55636E 02 
03 9.57663E 02 
03 9.59464E 02 

7.0000E 02 
7.0348E 02 
7.0615E 02 
7.0943E 02 
7.1296E 02 
7.1566E 02 
7.1771E 02 
7.2041E 02 
7.2302E 02 

B 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

7 .5B«38 t -C2 1 , 
r . 58838E-02 1 . 
7.5t>6 38£-02 1 . 
7 .58 8 38C-C2 1 . 
7 .588 386-02 1 . 
7 .58838E-02 1 . 
7 . 5 8 8 3 8 t - C 2 1 . 
7 .58P.38t -02 1 . 
7 .58838b -02 1 . 

13e26t-01 
I3B26C-01 
13&26b-01 
13826E-01 
13826b-01 
13826b-Ol 
13826fc-01 
138261-01 
13826E-01 

1.26473fc-01 
1.26473b-01 
1.26473E-01 
1.26473b-01 
1.26473t-01 
1.26473b-0l 
1.26473E-01 
1.26473L-01 
1.26473E-01 

1.32797fc-01 
1.32797fc-01 

32797fc-01 
32797E-01 
32797t-01 
32797t-01 
32797E-01 

1.32797b-01 
1.32797E-01 

9.46867E 
9.46867b 
9.46867t 
9.46867b 
9.46867E 
9.46867t 
9.46867t 
9.46867b 
9.46867b 

-03 9.25314E-01 
-03 9.25314E-01 
-03 9.25314t-01 
-03 9.25314b-01 
-03 9.25314b-01 
-03 9.25314E-01 
-03 9.^5314fc-01 
-03 9.25314E-01 
-03 9.25314C-G1 

73688L-
73688t-
736 88t-
73688fc-
73688b 
73688t:-
73688i-
73688L-

3-73688L 

-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 
-01 2.46805E-01 

4.7804E-03 
4.7804E-03 
4.7804E-03 
4.7804E-03 
4.7804E-03 
4,7804E-03 
4.7804E-03 
4.7804E-03 

3.92929E-
3.92929fc-
3.92929E-
3.92929E-
3.92929E-
3.92929E-
3.929296-
3.92929fc-
3.92929E-

D 
6 . 0 7 0 7 1 t 
6.07C71E' 
6 ,07071b 
6 . 0 7 0 7 1 f 
6 .07071b 
6 . 0 7 0 7 1 t 
6 .07071b 
6.07071E 
6.07071E 

ECNsJ) 
0 . 

G 
1.29190E 
1.29190fc 
1.29190fc 
1.29190E 

-01 6 . 9 6 4 6 5 t -
-01 6.96465ir -
-01 6 .96465e-
-01 6 . 9 6 4 6 5 t -
-01 6.964651;-
-01 6 ,96465£-
-01 6 . 9 6 4 6 5 t -
-01 6.964651:-
-C l 6 . 9 6 4 6 5 t -

-01 2 .27652e-
-01 2 .27652E-
-01 2.27652fc-
-01 2.27652fc-
-01 2 .27652b-
-01 2 .27652E-
-01 2.27652E-
-01 2 .27652E-
-01 2.27652fc-

01 6.96465b-
01 6.964651:-
01 6.96465E-
,JI 6.96465t-
01 6.96465E-
01 6.964661:-
01 6.96466E-
01 6.96465C-
01 6.96465b-

01 6.96465b-
01 6.96466b-
Gl 6.96465E-
01 6.96465E-
01 6.96465t-
01 6.96465c-
01 6.96465fc-
01 6.96465b-
01 6.96465b-

01 1.89710fc-01 
01 1.89710L-01 
01 1.897101-01 
01 1.697101-01 
Cl 1.89710t-01 
01 1.89710b-01 
01 1.897l0t-01 
Cl 1.8971CE-01 
01 1.89710b-01 

•01 6 . 9 6 4 6 5 E - 0 1 -
01 6 . 9 6 4 6 5 E - 0 1 -
01 6 .96465 fc -01 -
•01 6 . 9 6 4 6 5 t - 0 1 -
•01 6 .96465 fc -01 -
01 6 . g 6 4 6 5 E - 0 1 -
•01 6 . 9 6 4 6 5 E - 0 1 -
•01 6 . 9 6 4 6 5 e - 0 1 -
•01 6 . 9 6 4 6 5 t - 0 1 -

8.48792fc-
•8.48792E-
8 .48792E-
•8 .48792 t -
8 . 4 8 7 9 2 t -
•8.4B792E-
•8.4e792E-
•8.48792E-
•8.48792E-

0 l - 8 , 9 3 4 6 9 t - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 f c - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 b - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 6 - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 b - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 b - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 6 - 0 1 2 . 
0 1 - 8 . 9 3 4 6 9 E - 0 1 2 , 
0 1 - 8 . 9 3 4 6 9 b - 0 1 2 . 

1.77062E-01 1, 
1.77062E-01 1. 
1.77062t-01 I. 
1.77062E~01 1. 
1.77062E-01 1. 
1.77062E-01 1, 
1.77062fc-01 1. 
1.77Q62e-01 1. 
1.77062b-01 1. 

70739E-01 
70739E-01 
70739fc-01 
70739E-01 
70739t-01 
70739b-01 
70739t-01 
70739E-01 
70739fc-01 

9.14927E-01 2. 
9.14927E-01 2. 
9.14927E-01 2, 
9.14927t-01 2. 
9.14927fc-01 2. 
9.14927b-01 2. 
9.14927E-01 2. 
9.14927E-01 2. 
9.14927L-01 2, 

14203E-02 4. 
14203t-02 4. 
14203E-02 4. 
14203E-02 4. 
14203fc-02 4. 
14203!:-02 4. 
142036-02 4. 
14203E-02 4. 
142036-02 4. 

15625b-
15625t-
15625fc-
15625b-
15625L-
15625b-
15625E-
15625E' 
15625t' 

10687t-
1Q687E-
10687b-
10687b-
10687b-
10687E-
10687E 
10687b 
10687E 

-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 
-01 2.86953E-01 

-01 
•01 

1.667726-01 1.68772b-01 1.687726-01 1.68772b-01 1.687726-01 1.68772E-01 1.68772E-01 3.37544E-01 

00 1.29322fc 00 1.29587i; 00 1.30909b 00 1.332896 00 2.04221E 00 0. 
00 1.293226 00 1.29587b 00 1.30909E 00 1.33289E 00 2.04221E 00 0. 
00 1.293226 CO 1.29587b 00 1.30909E 00 1.33289E 00 2.04221E 00 0. 
00 1.29322b 00 1.295876 00 1.30909E 00 1.33289E 00 2.04221E 00 0. 

9.9522E-01 
9.9522E-01 
9.9522E-01 
9.9522E-01 
9.9522E-01 
9.9522E-01 
9.9522E-01 
6.5768E-01 

-01 1.09718e-01 0. 
-01 1.09718E-01 0. 
-01 1.09718E-01 0. 
-01 1.09718E-01 0, 
-01 1.09718E-01 0. 
-01 1.09718E-01 0. 
-01 1.09718E-01 0. 

1.09718E-01 0. 
1.09718E-01 0. 

0 . 
0 . 
0 . 
0 . 

0 . 
0 . 
0 . 
0. 

0 . 
0 . 
0 . 
0 . -J 



OD 
ARGUS TbSI Pi<OB. JU.2 , THRbE kEGION:>.Sbb ANL-6237 , PAGf 4 o . ' " ^ ' 
1.29190b CO 1.293226 CO 1.295b76 00 1.309096 uO 1.332896 UO 2 .04221b 00 t . 
1.29190E 00 1 . 2 9 3 2 / t OC 1.295b7r 00 1.3G909C 00 1.33289fc 00 2 .042216 00 C. 
1.29190b 00 1.293226 00 1.29587b 00 1.309096 00 1.33289L Ou 2 .04221b 00 C. 
1.291906 00 1.293226 00 1.29587L 00 1.3C909L 00 1.332896 00 2 . 0 4 2 2 1 t 00 C, 
1 . 2 9 U 0 E 00 1.293226 Go 1.29587b GO 1.3L909E 00 1.33289E 00 2 .04221E 00 L . 

TAU=FINAL lAU. END Ob PROB.MO. 26.00010 
» ® ALL DATA PRUCESSfcO. 

1089/Kfc248 
0. 
0-
0. 

3. 

PROB .NO. 
0. 
0. 
0. 
0. 
0. 

26. 00010 PAGE 
0. 
0. 
0. 
0. 
0. 



3, Sample P rob lem No. 3 

The goal of the third sample problem is to demonst ra te the 
stabili ty of the ARGUS method for a mul t i region problem with severa l 
coolant channels . Fo r this purpose , a model of a proposed exper iment in 
the TREAT meltdown s e r i e s is selected. 

The configuration of problem No. 26.00017 is thus an EBR-II 
core fuel pin in the smal l -un i t sodium loop of TREAT. The clad fuel pin 
is sur rounded by two concentr ic s ta in less s teel pipes of different d i ame
t e r s , which form two pas sages for sodium flow. The coolant annuli a r e 
connected at the top of the configuration to give se r i e s flow. (See Fig. 6.) 

The ent i re configuration will be mounted in the cent ra l t es t 
hole in the TREAT core , so that the fuel pin can be subjected to t r ans ien t 
nuclear heating. The goal of problem No. 26.00017 is to determine the 
space - and t ime-dependent t e m p e r a t u r e s in the configuration during the 
course of such an exper iment . 

In this ARGUS problem, five rad ia l rows of mesh points a re 
used with a total of IMAX = 18 node points in each row - seven in the fuel 
pin, th ree each in the clad, the inner pipe, and the outer pipe, and one in 
each of the coolant reg ions . The fuel and clad regions a r e r ep resen ted 
by thick-type reg ions , while the two pipes a r e r ep resen ted by thin-type 
reg ions : K(4) = 4 and K(6) = 4. These pipes a re sufficiently thick so 
that these regions of the model a r e not c r i t i ca l in determining the unit 
t ime increment for the problem. 

The init ial value of the unit t ime increment is taken as 
A T J = 0.002 sec as based on previous experience with this fuel e lement 
and cladding. During the course of the machine calculation, this value is 
halved by the p r o g r a m in o rde r to mainta in a stable solution following a 
m a t e r i a l phase change. 

The fuel pin under study is identical with that of Sample P r o b 
lem No. 2, so the samie pin dimensions and m a t e r i a l p roper t i e s a r e input 
except that the p rope r t i e s a r e divided into six t empera tu re phases . The 
p rope r t i e s of the sodium coolant a r e taken from Reference 6, and the p rop 
e r t i e s of the s ta in less s tee l pipe m a t e r i a l a r e taken from Reference 7. 

The t ime-dependent heat generat ion function n(T) is taken from 
an experimiental power curve for an actual TREAT t rans ien t , and point-
wise values of the function a r e read off the power curve at in tervals of 
| 3ATJ = 0.1 sec . A f l a t power shape is a s sumed for the axial di rect ion in 
the pin (all G = 1.0), and the rad ia l power dis tr ibut ion (iJ-i) is again taken 
from Fig. 3 of Reference 1. 



70 

The sodium coolant en ters the bottom of the configuration, 
coming from a constant t empera tu re source (^o - 260°C), and flows up
ward. Hence, for the f i r s t coolant region (L = 3) the velocity is positive 
and the p a r a m e t e r ICS = 0. The coolant then flows from region 3 to the 
top of region 5 and downward through that region. Therefore , for the 
second coolant region the velocity is input as a negative number, and the 
p a r a m e t e r ICS is input as ICS = 3. The film coefficient equations a re 
taken from Reference 6. 

A complete set of input sheets and problem output sheets fol
lows Fig. 6. The ARGUS problein requi red approximately 10 min of 
machine time on an IBM-704 with a monitor sys tem. 

i ̂  

CD 
07 

; 

4 

FUEL 

' 
- , 1829* 

— J 

O 

—.221 — * 

. -̂  -

1— 
z 

o o o 

t 
f 

INLET 

LU 
Q. 

Q. 

. OHO ^ 1 

i 1 

1— 

<t 
—s 
O 

8 

1 

1 

EXIT 

. 7889 *-

1 ,061 3 8 -

UJ 

^ 

Z 
o _. 

-J 
= j 
to 

Fig. 6 

The Configuration of Sample 
Problem No. 3 
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704 INPUT DATA 

FORM I 
COST CODE 

46351-01 

PROGRAM ARGUS RE248 PROBLEM 26.00017 

1 2 3 4 5 6 7 8 9 

1 A R G US T 
1 1 1 1 1 1 1 1 

| 2 | 6 | . | 0 | 0 | 0 , 1 J 

0 
1 1 1 1 1 1 1 1 

3 6 . 1 1 8 
J i 1 1 1 4_ 1 I J 

0 . 0 1 
f 1 1 1 1 1 1 1 

_JLLJ_L„A._X_ i_J 

3 
1 1 1 1 1 1 1 1 

1 
1 1 1 1 1 1 1 1 

3 
1 1 1 1 1 1 1 1 

1 
1 1 1 1 1 1 1 . I _. 

3, . , 

5 6 7 . 8 5 9 
1 1 1 1 1 I 1 1 

0 . 9 7 5 
1 1 1 1 1 1 1 1 

1 . 0 3 1 
1 1 1 1 1 1 1 1 

, , • , i , - , o , , 

1 
1 1 1 I 1 1 1 1 

i l * i ^ i ' ' | - i ^ i 1 

0 . 8 0 
1 1 1 1 1 1 1 1 

1 1 1 . " r i 0 | 2 , l 

__l__l__L_l 1 1 1 , 1 - j 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

E S T 

1 8 

8 

. | 1 

2 

4 

3 

4 

1 ,3 

3 

7 

0 

5, , 

P R O B . 

5 

1 . 2 
i J _ „ i 1 1 I J 

0 . 0 

.J . . .a_J_^^i j 
2 

5 

4 

5 

1 , 1 1 , 4 , 

1 . 0 

0 . 9 

. 1 1 i ^ . - i ' ' 

1 

2 6 0 . 0 

0 . 8 

1 1 1 i ^ i - i ' ^ 

0 1 2 3 4 5 6 7 8 9 

1 

2 

0 1 2 3 4 5 6 7 8 9 

N O . 3 . 

6 

0 
1 1 1 1 

5 

1 1 i ° i -

0 . 

1 i ° r 

0 . 

0 . 

1 1 i i i -

7 5 4 

0 

1 ,5 , , 1 

3 B R - 2 
1 1 1 1 

1 1 1 1 

1 1 1 1 

0 
1 1 1 1 

0 
1 1 1 1 

LiMiA_j 
2 2 1 0 

i ! 1 1 

3 4 8 0 
_ L _ X - J _ L - , 

5 0 7 0 
1 1 1 1 

7 8 9 9 
1 1 1 1 

0, 6, 6, 8, 

1 
1 1 1 1 

0 
1 t 1 1 

, , , ,1 

i l l ! 

8 8 1 
1 1 1 1 

0 
1 1 1 1 

, 1 , , 0 

1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

2 

ORIGINATOR Daniel F. Schoeberle DATE 7 /31 /62 PAGE 1 

3 

0 1 2 3 4 5 6 7 8 9 

P I N I N 

4 6 

. 0 0 2 

. 0 5 

. 0 

. 9 7 7 2 

. |0 

. 0 

. 6 6 1 

. | 0 , 2 | 8 | , , 

4 

0 1 2 3 4 5 6 7 8 9 

S MA L L T R E A T 
1 1 1 1 f 1 

1 1 1 1 1 1 I > 1 I 1 

3 2 3 2 
J^l_ J .1 1 1 1 1 1 t 1 

9 
_1-_L J 

_ L _ L J 

8 0 . 0 
1 1 1 1 • I 1 1 

0 . 0 5 
1 1 1 1 1 1 1 1 

0 , 0 

0 . 9 8 2 5 

1 . 0 

0 . 2 5 4 

0 . 8 0 

1 1 1 i ' ^ r i < ' i * ' i . 1 1 

_ i 1 1 

0 1 2 3 4 5 6 7 8 9 

3 

• 

0 1 2 3 4 5 6 7 8 9 

4 

S 

0 1 2 3 4 5 6 7 8 9 

L O O P . S E R I E 

3 2 1 0 

0 . 0 1 

0 . 9 9 3 3 

1 1 i ^ r i ^ l 1 1 

1 1 1 1 1 1 1 1 1 

0 . 4 0 

1 1 | 2 r , 6 , 4, 8, 1 

0 1 2 3 4 5 6 7 8 9 

5 

6 

0 1 2 3 4 5 6 7 8 9 

S 

0 

F L O W . 

0 . 0 1 

1 . 0 0 9 

1 0 5 0 . 0 

0 . 0 

1 1 1 i^ ' r i '^ i 1 

0 1 2 3 4 5 6 7 8 9 

6 

OF 3 

7 

0 I 2 3 4 S 6 7 8 9 

7 

, 1 | 1 | 0 | 0 | 1 

, 1 , 2 , 0 , 0 , 1 

, 1 , 3 , 0 , 0 , , 

1 4 0 0 

| 1 _ 5 | 0 , 0 | 1 

, 2 , 0 , 1 , 1 , 1 

, 2 , 0 , 2 , 1 , , 

| 2 , 0 | 3 , 1 | , 

, 2 , 0 , 4 , 1 , 1 

, 2 , 0 , 5 , 1 , , 

| 2 , 0 , 6 , 1 , 1 

, 2 , 5 , 0 , 0 , , 

3 0 1 1 A 

, 3 , 0 , 1 , 1 , |B 

, 3 , 0 , 1 , 2 , 1 

, 4 , 0 , 1 , 1 , , 

| 4 , 0 , 1 , 2 , 1 

, 4 , 0 , 1 , 3 , , 

, 4 , 0 , 1 , 4 , , 

0 1 2 3 4 5 6 7 8 9 

7 

8 

0 

0 

8 

AMD-8 (9-60) 



704 INPUT DATA 

FORM I 46351-01 
COST CODE 

PROGRAM ARGUS RE248 PROBLEM 26.00017 ORIGINATOR Daniel F. Schoeberle DATE 7/31/62 PAGE 2 OF ^ 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 

1 | - | 9 | 0 , . | 0 | 4 , 9 | 8 | , 

0 . 8 0 
1 1 1 1 1 1 1 1 1 1 

i 1 I J 1 J - £ | 2 , 1 

1 1 , , 0 , . , 2 , 2 , 7 

1 1 1 | 2 | . | 5 , 7 , 1 

, i^i'-^iOi-iO, 1 

0 . 0 

0 . 1 8 9 

2 . 8 5 9 

9 8 . 0 

0 . 0 

1 1 , | 0 | . , 1 | 9 , 6 

1 1 1 i ' l | - | 4 | l | - J 

1 , 4 , 5, 0, . , 0 , 1 

1 1 1 | f ' l - | 0 | 1 

1 1 1 | 0 i . | 9 , 2 , l 

1 1 1 1 ^ 1 • 1 ^ 1 "''i "* 

I V J 

L i J 

4 

1 1 1 1 1 1 1 1 ! J _ L _ 
1 2 3 4 5 6 7 8 9 

2 

0 1 2 3 4 5 6 7 8 9 

' 

^.±__i__ili^A.^j, .x__ 

0 . B 0 
1 1 1 1 1 1 1 1 1 1 1 

J 1 1 l 6 i . P J I L S I I J_ 

1 1 1 | 0 | . | 2 | 7 | 6 , 1 , 

1 , 1 | 2 , , , 8 , 8 , 3 , , , 

5 2 0 . 0 

0 . 0 

0 . 2 1 0 5 

3 , 0 1 8 

4 2 7 . 0 

0 . 0 

1 1 1 | 0 i . ? | 2 | 2 , , 1 

1 1 1 | 4 | M ' ? | 3 | 3 , I , 

l_ [ 6 , 5 , 0, . , 0 , , , , 1 

, 1 1 , 0 | . , 0 

i 1 T l ^ ' l - l ' ^ l ' l ^ l " ! * ^ ! ^ 

- 7 . 8 6 5 - 0 4 

0 1 2 3 4 5 6 7 8 9 

1 

3 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

1 | 8 | 8 , 1 

0 

1 1 1 | 0 

1 1 1 | 3 

6 6 2 

2 2 1 

0 

3 

9 4 0 

0 

, , , ,0 

, 1 1 , 4 

1 1 8| 5, 0 

, , , ,0 

1 , , ,1 

3 

. , 0 | , 1 , , 

. 6 6 1 

. J 0; 2, 8j 1 1 

. , 3 , 2 | 5 | 1 , 

. , 2 , 1 , 0 , , 1 

. 0 

. 0 

. 2 7 3 9 

. 3 4 6 

. 0 

. 0 

. ,2 ,4 |8 1 , , 

. , 9 , 2 , 8 , 1 1 

. , 0 , , , , , 

. , 0 , , , 1 1 

. , 4 ,5 3 - 0 7 

. 6 6 2 - 0 7 

1 1 1 1 I I 

0 1 2 3 4 5 6 7 8 9 

2 

4 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

J-O— 

1 L 

1 0 

| 1 , 2 

, 1 ,0 

1 1 

1 1 

1 1 

i.jVjMiliii_i_ 
0 . 8 0 

1 L -L X -L J J U l 

, 0 , . | 0 , 0 | 1 , , 

iO | . i 4 | l , l , 7 | , 

, 3 , . ,1 ,7 , 5 , , , 

0, 0 | . , 0 , 1 1 , , 

0 . 0 

0 . 2 5 1 0 

3 . 3 4 6 

0 0 . 0 

0 . 0 

| 0 | - | 2 | 7 , 4 , , , 

, 5 , . , 0 , 5 , 3 , , , 

5 , 0 , . | 0 | , , , , 

,0 ,. ,0 

9 . 9 9 9 + 2 9 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

3 

5 

0 1 2 3 4 5 6 7 8 9 

6 

0 1 2 3 4 5 6 7 8 9 

_ l JL_±_JL_ L 1 1 1 1 1 1 

-

1 1 1 1 1 1 1 1 1 

0 . 4 0 
1 1 I 1 1 1 1 1 1 

1 1 i " . - |4 |8 , 0 , 9 , 

1 , 1 , 0 , . , 4 , 0 , 2 , 1 

1,0,8,0 ,. p , , , , 

0 . 0 
1 1 1 1 1 1 1 M 

0 . 2 , 5 , 1 0 
1 1 1 1 1 1 1 1 1 

3 . 3 4 6 

1 ,3 , 0|0 ,. p , 1 ^ ^ 

0 . 0 
1 1 ! 1 1 1 j 1 1 

1 1 | 0 | - | 3 | 0 | 0 | 1 

, , , 5 , . , 0 | 7 , 7 i , 

1,2, 5,0 ,. ,0 1 1 1 1 

, , , O r , « i 1 , 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

J_..J 1 1 1 1 1 1 1 1 I 

0 1 2 3 4 5 6 7 8 9 

4 

0 1 2 3 4 5 6 7 8 9 

5 

7 

0 1 2 3 4 5 6 7 8 9 

_ J L J J L_l 1 1 l_L 1 _ 

0 . 0 

1 1 1 I '^r | 0 | 1 

1 1 1 | 0 , . i& |3 , l 

1 1 1 | 2 | . |9iJ.|J-

^ 0 | . 2 ^ 5 ^ 1 

3 . 3 4 6 

I 1 1 | 0 | . i 3 | 0 | 0 

1 1 1 i ^ i " i < ^ l ' ' J 

1 1 

1 1 

^1 1 

1 ! 

! 1 

1 1 

«, , 

1 1 

LA. JU 

LJ™i__ 

L _L_L_ 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

8 

0 

l i | 0 j 2 . 1 , J , 

, 4 , 0 , 2 , 2 , , 

4 0 2 3 

llMi^ 
1 5, 0 , 1 , 1 , , 

, 5 , 0 ,1 , 5̂  , 

, 5 , " , 1 , 3 . , 

5 0 1 4 
1 1 1 1 1 1 

5 0 2 1 
1 1 1 1 1 1 

5 0 2 2 
1 1 f ! t 1 

. 5 , 0,2, 3, , 

5 0 2 4 
1 1 1 1 1 1 

, 5, 0, ^ J, , 

, 5 , " ? , 2 , , 

.5 |" ,3 |=^i 1 

5 0 3 4 
1 1 1 1 1 1 

, 6 , 0 , 1 , 1 , , 

_iVjiA_L_. 

1 1 1 1 1 1 

1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

AMD-8 (9-60) 
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704 INPUT DATA 

FORM I 

PROGRAM ARGUSRE248 PROBLEM 26.00017 

COST CODE 

ORIGINATOR Daniel F. Schoeberle DATE 7/31/62 

46361-01 

PAGE 3 OF 

1 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

j ^ . , S , . , 4 , 9 , 0 , . , 0 , 3 

1 1 1 | 0 , . , 9 | 4 , 8 

1 1 1 | 4 | 0 , , , 

1 1 1 i ^ , . , 0 , 0 , 0 

1 1 1 ,s,.,Q,o, 

1 1 1 | 2 r | O i O , 

1 1 1 i ? , . , 4 , 0 , 

1 1 , , 6 , . , 0 , 0 , 

1 1 1 . 4 i . , 9 , 0 , 

1 1 1 i 4 , - , 2 , 0 , 

1 1 i 5 | 0 | . | 0 , 1 

, , , , , 1 , , , 

1 1 1 1 | 3 | 1 , 

, , 1 , 1 , . , 0 , , 

, 1 , 0 , 0 , 0, . , 0 , , 

0 

1 | 2 , 6, 0, . , 0 , , 

4 | 1 

1 i l 

- , 0 , 2 

+ ,0 ,1 

+ ,0 ,0 

- | 0 | 1 

- , 0 , 1 

- l O i l 

- , 0 , 1 

1 l l 

1 1 1 1 1 1 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 

2 

0 1 2 3 4 5 6 7 8 9 

1 1 | - ! 6 , . , 8 , 2 , 5 , - , 0 , 6 

1 , , - , 2 , . , l 

_ J . J _ L _ L J _ ™ L 

1 1 1 1 2 , . , 5 

1 1 1 | 3 i - | 7 

, , 1 , 1 , . , 3 

1 1 . i ^ i - i O 

1 1 1 i S i - i ? 

1 1 1 i 4 i . , 8 

1 1 1 I ' ^ i - i l 

1 1 1 i l | - | 0 

1 | 2 , 6 , 0 , . , 0 

LMLILAA 

0, , - , 0 , 1 

0, ,+ , 0 , 1 

0, , + , 0 , 0 

0, | - | 0 , 1 

0, , - , 0 , 1 

0 , i - i O i l 

0, , - , 0 , 1 

1 1 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

1 

3 

0 1 2 3 4 5 6 7 8 9 

, 1 , |3 ,. p ,7 ,5 ,- ,0 ,9 

, , , - , 3 , . P | l ^ , - , 0 , 8 

1 1 1 1 1 1 1 1 1 1 1 

, , , ? N & P 1 , + | 0 , l 

1 , , ih'Pfi, , + |0,o 

1 1 1 |6 

1 1 1 i5 

1 1 1 | 4 

, , 1 , 4 

, , , ,1 

1 | 2 , 6 , 0 

. ,8 ,0 , ,- ,0 ,1 

. ,6 ,0 1 , - , 0 , 1 

.161O1 1-1O1I 

. ,0 ,0 , , - , 0 , 1 

. ,0 , , , , , 

. , 0 , , , 1 , 

1 1 • 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

2 

4 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

2 

1 ! I I 1 1 1 1 1 

l_ l I 1 1 1 1 J _ L „ 

L Aii^^ . tAi 
, 1 , . , 5 , 0 , , + , 0 , 1 

, 9 , . , 0 , 0 ^ , - , 0 ^ 1 

, 6 , . , 6 , 0 , , - , 0 , 1 

| 5 | . , 4 , 0 , , - , 0 , 1 

, 4 , . , 5 , 0 , , - , 0 , 1 

, 0 , . , 0 , , , , , 

! 1 1 1 1 1 1 f 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

6, 0, . , 0 , , 1 , , 

f 1 1 t 1 1 1 1 

1 1 1 1 1 i 1 1 

1 1 I 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

3 

;5 

jo 1 2 3 4 5 6 7 8 9 

6 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 i t ! ) 

1 1 1 1 I I 1 1 1 

1 1 i ' ' r i ° i ' ' i i+i" 

1 1 I ' ^ i ' i ^ i ^ i i+ i ^ 

, 8 , . , 4 0 - 0 

6 . 4 0 - 0 

5 . 2 0 - 0 

1 1 | 4 , . , 4 , 0 , , - , 0 

1 1 1 t 1 1 1 I 1 

, 2 , 6 , 0 , . ,0 , , 1 1 

0 

0 

1 

1 

1 

1 

1 1 1 1 1 1 1 1 J 1 l _ 

0 1 2 3 4 5 6 7 8 9 

4 

0 1 2 3 4 5 6 7 8 9 

5 

7 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 i 1 

1 . 8 0 

1 i ^ i ' i ^ i " , 

7 . 8 0 

6 . 2 0 

5 . 0 0 

1 1 1 . 4 r | 3 , 0 , 

2 6 0 . 0 

+ 0 1 

+ 0 0 

- 0 1 

- 0 1 

- 0 1 

- , 0 , 1 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

a 
0 

| 6 | 0 , 1 | 3 | 1 1 

16 ,011 ,4 , , 

, 7 | 0 | 0 | 1 , , 

, 7 _ 0 , 0 ^ 2 , |A 

7 0 0 2 B 
1 1 1 1 1 1 

7 0 0 2 C 
1 1 1 1 1 1 

7 0 0 2 D 
f 1 1 1 1 1 

7 0 0 2 E 
1 1 1 1 1 1 

, 7 , 0 , 0 , 2 , ,F 

, 7 , 0 , 0 , 2 , ,G 

, 7 , 0 , 0 ,3 , 1 

, 8 , 0 , 0 , 0 , , 

, 8 | 1 , 0 , 1 , 1 

| 8 , 1 , 0 | 2 | , 

| 8 . 1 , « , 3 | , 

, 9, 0, 0, q , 

(V,r , 1 
1 

1 1 1 1 1 1 

( 

1 

1 

1 

1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

AMD-8 (9-60) 
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ARGUS TEST PROB» N0.3 .EBR-2 PIN IN SMALL TREAT tOOPsSERIES FLOW. 1089/RE248 PROB.NO, 25 .00017 PAGE 
0̂  

INPUT 

GENERAL PROBLEM DATA 
IHAX= 18 JMAX= 5 LMAX= 6 HMAX= 4 
l~ 3«61188E 01 FINAL TAU= 1.20000E 00 

NPMAX= 6 NHil>= 32 
DELTA TAU= 2.00000E-03 

MHC2)= 32 
G= 

NHC3)= 32 
9.80000E 02 

NPR=100 
EPSDI1J= 

EPSDS2)= lO.OOOOOE-03 EPSDC3)= lO.OOOOOt-03 EPSH{1)= 5.00000E-02 EPSHI2)= 

NUL)= 7 
MCLJ= I 
KIL3= I 

3 1 3 
3 4 3 
4 5 4 

5.00000E-02 EPSH(3)= 
lO.OOOOOE-03 
5.00000E-02 

R I D 
1 .B2900E-01 2 . 2 1 0 0 0 E - 0 1 3 . A 8 0 0 0 t - 0 1 5«07000E-01 7 . 8 9 9 0 0 E - 0 1 1.06680E 00 

UCL) 
5o67859E 02 l.OOOOOE 00 0. l^OOOOOE 00 0. 

POWER DISTRIBUTION DATA 

MUU) IREAD ACROSS) 
9.75300E-01 9.75400E-01 9»77200t-01 9.82500E-01 9.93300E-01 1.00970E 00 1.03170E 00 0. 
0. 0. 0» 0. 0. 0. 0. Q. 

ZtTAILsJ) IREAD ACROSS) 
L= I 

l^OOOOOE 00 I.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 I.OOOOOE 00 

Q0!L) IREAO ACROSS) 
1.05000E 03 0. 0. 0. 

FLOWING COOLANr REGION DATA (READ DOhN) 

IPT ICS 
1 0 
1 3 

IH 
1 
1 

VO PSIO PSIS DE Al A2 A3 
4.57200E 02 2.60000E 02 8.81000E 02 2.54000E-01 8.00000E-01 8.00000E-01 6.61000E-01 
-9.00498E 01 0» 8.81000E 02 5.65800E-01 8.00000E-01 8^)00006-01 6.61000E-01 

81 B2 HI H2 H3 H4 
8.00000E-01 4.C0000E-01 2.15000E-02 6.01500e 00 2.80000E-02 0. 
8.00000E-01 4.00000E-01 2.l5000fc-02 6.01500E 00 2.80000E-02 0. 

H5 
2.64800E 00 0. 
2.64800E 00 0. 

H6 

MATERIAL PROPERTIES 

K JCNE ROW FOR EACH MATERIAL) 
2 . 2 7 0 0 0 E - 0 1 2»76000E-01 3 . 2 5 0 0 0 E - 0 1 4 , 
K 8 9 4 0 0 E - 0 1 2 . 1 0 6 0 0 E - 0 1 2»73900E-01 2 , 
1 .96000E-01 2 . 2 2 0 0 0 E - 0 1 2 . 4 8 0 0 0 F - 0 1 2 W 4 0 0 0 E - 0 1 3 , 0 0 0 0 0 E - 0 1 
9 . 2 1 2 0 0 E - 0 1 - 5 . 7 9 0 0 0E-04 1 .45300E-07 

11700E-01 4.80900E-01 
blOOOE-Ol 2»51000E-01 

,31300E-01 
.51000E-01 
,00000E-0l 



ARGUS TEST PROB. N0.3.EBR-2 PIN IN SMALL TREAT LOOPtSERItS FLOW. 1089/RE248 PROB.NO. 26.00017 PAGE 

RHO»C I ONE ROW FOR EACH MATERIAL) 
2.57100E 00 2.88300E 00 3.21000fc 00 3. 17500E 00 1.04020E 01 2.91100E 00 
2.85900E 00 3.01800E 00 3.34600E 00 3.34600E 00 3,34600E 00 3.34600E 00 
4.41300E 00 4.73300E 00 4.92800E 00 5.05300E 00 5.07700E 00 5.07700E 00 
1.35400E 00-T.86500E-04 3.66200t-07 9.99900E 29 

TT OR NU (ONE ROW FOR EACH MATERIAL) 
3.90000E 02 5.20000E 02 6.62000E 02 l.OOOOOE 03 1.08000E 03 
9.80000E 01 4.27000E 02 9.40000E 02 1.20000E 03 1.30000E 03 
4.50000E 02 6.50000E 02 8.50000fc 02 I.05000E 03 1.25000E 03 
5.49000E-03-6.82500E-06 3.37500fc-09 

RHO»DH OR RHO 
0. 0. 
0. 0. 
0. 0. 

!ONf ROW FOR EACH MATERIAL) 
2.21000E 02 0. 0. 
0. 0, 0. 
0. 0. 0. 

9»48400E-01-2,l0700E-04-3.61200E-08 

NITAU) DATA 

NN= 40 NBtTA= 1 

NtTAU) CREAD ACROSS) 
7.00O00E-02 2.50000fc-01 7.00000E-01 2.00000E 00 
7.00000E 00 3.50000fc 00 2.00000E 00 1.30000E 00 

7.00000E 00 1.80000E 01 3.60000E 01 3.70000E 01 2.50000E 01 1.50000E 01 
1.05000E 00 9.00000E-01 8.40000E-0i 7.80000E-01 7.40000E-01 7.00000E-01 

6,80000E-01 6.60000E-01 6.40000E-01 6.20000E-01 6.00000E-01 5.70000E-01 5.60000E-01 5.40000E-01 5.20000E-01 5«00000E-01 
4.90000E-01 4.80000F-01 4.60000E-01 4.50000F-01 4.40000E-01 4.30000E-01 4.20000E-01 4.10000E-01 4.00000E-01 0. 

BETA 
5.00000E 01 

PHICTAU) DATA 

NPHI= 3 NGAMMA= 1 

PHHTAU) (READ ACROSS) 
l.OOOOOE 00 l.OOOOOE 00 l.OOOOOE 00 

GAMHA 
l.OOOOOE 03 



ARGUS TEST PROB. N0.3.EBR-2 PIN IN SMALL TREAT LOOPtSERIES FLOW-

OUTPUT 

10a9/RE248 P R 0 8 . N O . 26.00017 PAGE 

TAU = 0. DELTA rAUll)= 2.00000f-03 DELTA TAUJ2)= 2.00000E-03 

H I B . L s J ) 
2 .25927E 01 2.259271: 01 2.25927fc 01 2 . 2 5 9 2 / t 01 2 .25927E 01 
2 ,25927E 01 2 .25927E 01 2 .25927E 01 2.25927E 01 2 . 2 5 9 2 7 t 01 
9 .25178E 00 9.26178E 00 9.25178fc 00 9 .25178E 00 9 .25178E 00 
9 .25178E 00 9.251?8E 00 9 . 2 ' J 1 7 8 E 00 9 .25178E 00 9 .25178E 00 

TEMPERATURES CREAD 
2.60000E 
2.60000F. 
2.60000t 
2.60000E 
2.60000E 
2.60000t 
2.60000fc 
2.60000E 
2.60000L 
2.60000fc 

TAU= 

02 2.60000e 
0? 2.60000E 
02 2.60000fc 
02 2.60000E 
02 2.60000E 
02 2.60000E 
02 2.60000b 
02 2.6f>000t 
0? 2.60000fc 
02 2.60000E 

[ ACROSS, J DOWN) 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.00000E-01 

2.60000fc 
2.600G0e 
2.60000fc 
2.60000E 
2.60000t 
2.60000t 
2.60000E 
2.60000E 
2.60000E 
2.6000ue 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.60000E 
2.60000fc 
2.60000L 
2.60000t 
2.60000E 
2.60000E 
2.60000L 
2.60000t 
2.60000E 
2.60000t 

DELTA TAUll 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.60000E 
2.60000E 
2.60000E 
2.60000E 
2.60000t 
2.60000E 
2.60000fc 
2.60000E 
2.60000E 
2.60000E 

= 2.00000E-

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

D3 

2.60000fc 
2.60000E 
2.60000E 
2.60000E 
2.60000fc 
2.60000t 
2.60000E 
2.60000F 
2.60000E 
2.60000E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.60000E 
2.60000E 
2.60000E 
2.60000E 
2.60000E 
2.60000E 
2.60000t 
2.60000E 
2.60000E 
2.60000E 

DELTA rAUC2 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.60000E 
2.60000E 
2.60000t 
2.60000E 
2.60000E 
2.60000E 
2.60000E 
2.60000t 
2.60000fc 
2.60000E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

= 2.00000E-03 

2. 

2. 

2 

2. 

2, 

60000E 

60000E 

.60000E 

60000E 

60000E 

02 

02 

02 

02 

02 

2 

2 

2 

2 

2 

.6000E 

.6000E 

.6000E 

,6000E 

.6000E 

02 

02 

02 

02 

02 

H I B . L f J ) 
2 .25927F 01 2.25716E 01 2.2563f tE 01 2 .25610E OX 2 .25593E 01 
2 .25927F 01 2 . 2 5 7 1 6 t 01 2 . 2 6 6 3 6 t 01 2.25610E 01 2 .255936 01 
9 .25126E 00 9 .251116 00 9.25089fc 00 9 . 2 4 9 2 6 t 00 9 .23705E 00 
9-25126E 00 9 . 2 5 H l f c 00 9 .25089E 00 9 .24926E 00 9 .23705E 00 

TEMPERATURES (READ 
2.79299E 
2.60000E 
2.79647t 
2.61737F 
2.79753E 
2.62409E 
2.79782E 
2.62635C 
2.79796E 
2.62780E 

TAU= 

H(B,LjJ) 
2.25927L 
2.Z5927E 
9.25126t 
9.26126E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.79048E 
2.60000E 
2.794126 
2.614636 
2.79524E 
2.62020t 
2.79554E 
2.62208fc 
2.79570E 
2.623671; 

I ACROSS, J DOWN) 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

4.00000E-01 

01 
01 
00 
00 

2.25716fc 
2.25716F 
9.25111t 
9.25111E 

01 
01 
00 
00 

2.78277fc 
2.60001E 
2.7B689E 
2.60352t 
2.788iqE 
2.60477E 
2.78855E 
2.60566E 
2.78873t 
2.6I036E 

2.25636E 
2.25636E 
9.25089fc 
9.25089E 

02 
02 
02 
0? 
0? 
02 
02 
02 
02 
02 

2.76911t 
2.60004C 
2.77408E 
2.60079L 
2.77570E 
2.60127E 
2.77617fc 
2.60352fc 
2.77641E 
2.62037E 

DELTA TAUd 

01 
01 
00 
00 

2.25610E 
2.25610E 
9.24926E 
9.24926E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.74820fc 
2.60006E 
2.75446E 
2.60036E 
2.75659fc 
2.60081E 
2.75721E 
2.60406h 
2.757576 
2.62780E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

= 2.00000E-03 

01 
01 
00 
00 

2.25593E 
2.255936 
9.23705E 
9.23705fc 

01 
01 
00 
00 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

.71804t 

.60003E 

.72615E 

.60019E 

.72900E 
,60043E 
.72988E 
.60232fc 
.73039E 
.61712E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.67S85E 
2.60000E 
2.68652E 
2.60001E 
2.6904lfc 
2.60003E 
2.69165E 
2.60019t 
2.69240E 
2.60168E 

DELTA rAU(2 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

2.67221t 
2.60000E 
2.682926 
2.60000fc 
2.68683E 
2.60000E 
2.68807E 
2.600036 
2.68882E 
2.60028e 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

= 2.00000E-03 

2.65305E 02 2.6285E 02 

2.65790E 02 2.6346E 02 

2.65948fc 02 2.6366E 02 

2 .66046E 02 2.6379E 02 

TEMPERATURES (READ I ACROSS, J DOWN) 

http://PR08.no


ARGUS TEST PROB. NO,3.EBR-2 PIN 
4.36726E 
2,60000E 
4.40623E 
2»76494E 
4,42102E 
2.83372E 
4,42790E 
2,86038E 
4,43321E 
2,88143E 

02 4.34614E 02 
02 2.60003E 02 
02 4.38606E 02 
02 2,73919E 02 
02 4.40126E 02 
02 2.79723E 02 
02 4.40837E 02 
02 2.82050E 02 
02 4.41385E 02 
02 2.84328E 02 

UMP NUMBER 1 TAU = 

TAU= 5.99999E-01 

4,28078E 
2.50029E 
4.32369E 
2.63716E 
4.34028E 
2.65372E 
4,3480?E 
2.66776E 
4.35409E 
2.72284E 

IN 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

5,82999E-01 

SMALL TREAT LOOP,SERIES FLOW. 
4,16385E 
2.60104E 
4.21273E 
2.61047E 
4,23220E 
2.61812E 
4.24118E 
2.64620E 
4,24815E 
2.81311E 

DELTA TAUll 

02 3,98306E 02 
02 2.60147E 02 
02 4.04315E 02 
02 2.60620E 02 
02 4.06767E 02 
02 2,61334E 02 
02 4.07844E 02 
02 2,65095E 02 
02 4,08683E 02 
02 2,88143E 02 

=10,00000E-04 

3.72387E 
2.60092E 
3.80176E 
2.60395E 
3.83383E 
2,60851E 
3.84714E 
2.53270E 
3,85755E 
2.78089E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

1089/RE248 PROB. 
3,32713E 
2.60010E 
3.42986E 
2.60047E 
3.47237E 
2.60103E 
3.48927E 
2.60421E 
3.50256E 
2.62425E 

DELTA TAUC2 

02 3.29100E 02 
02 2.60001E 02 
02 3.39411E 02 
02 2.60010E 02 
02 3.43677E 02 
02 2.60023E 02 
02 3.45373E 02 
02 2,60102E 02 
02 3.46706E 02 
02 2.606356 02 

=10.00000E-04 

NO, 26,00017 
2,98307E 

3.10742E 

3.15903E 

3,17925E 

3.19518E 

02 

02 

02 

02 

02 

2 

2 

2 

2 

2 

PAGE 
.7211E 

.8718E 

.9345E 

.9588E 

.9781E 

4 
02 

02 

02 

02 

02 

H!BtL,J) 
2.25927E 01 2.20171F 01 2.17698E 01 2.16714E 01 2.15919E 01 
2.25927E 01 2.20171E 01 2.17698E 01 2.16714E 01 2.15919E 01 
9,23362F 00 9.22530E 00 9,2128?E 00 9.15057t 00 8.80875E 00 
9,23362E 00 9,22530E 00 9.21282E 00 9.15057E 00 8.80875E 00 

TEHPERATURES (READ 
1.02186E 03 1.013g4E 
2.60000E 02 2.60034F 
l.03799fc 03 1.03153fc 
3.44631E 02 3.34391E 
l,04554£ 03 1.03931E 
3.93122E 02 3.74289E 
1.04786E 03 1.04218E 
4.17722E 02 3.96543E 
1.05079E 03 1.04545E 
4.379226 02 4.18199E 

I ACROSS, J 
03 9.93460E 
02 2.50338E 
03 1.01078E 
02 2.85411E 
03 1.02040E 
02 2.98712E 
03 1,02512E 
02 3.11040E 
03 1.02946E 
02 3.52583E 

DOWN) 
02 9 
02 
03 
02 
03 
02 
03 
02 
03 
02 

,33890E 
,61073E 
,744206 
,684636 
,920006 
, 75093t 
,99683E 
,965726 
,002976 
,019546 

02 8 
02 2 
02 8 
02 
02 
02 
02 
02 
03 
02 

,43445E 02 
,61454E 02 
,96596E 02 
,65566E 
,20572E 
,71654E 02 
,29459E 02 
,988596 
,377336 

02 
02 

02 
02 

37922E 02 3 

7.22174E 
2.60968E 
7.84100E 
2.63770E 
8.12398E 
2.67905E 
8.18882E 
2.86730E 
8.360216 

82263E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

65786E 
60134E 
35357E 
60543E 
62000E 
61152E 
78842E 
64121E 
07834E 
80289E 

5.56070E 02 4.25178E 02 3.1232E 02 
2.50035E 02 
6.25821E 02 5.01158E 02 3.9465E 02 

02 
02 
02 
02 2.60149E 

6.56776E 
2.60319E 02 
6.63977E 02 

02 
02 
02 

02 
02 5,45255E 02 4.5058E 02 

5,59405E 02 4.7176E 02 
02 2 . 5 U 9 3 E 02 
02 6.99411E 02 5.810176 02 4.9147E 02 
02 2.66260fc 02 

TAU = 7.99998E-01 DELTA TAU(l)=10.00000E-04 DELTA TAUI2)=10.00000E-04 

HIB.L.J) 
2,25927E 01 2.05427E 01 1.94875E 01 1.89908E 01 1,85453E 01 
2,25927E 01 2.054276 01 1,94876E 01 1.89908E 01 1,85453E 01 
9.15862E 00 9.10488E 00 9.02051E 00 8.69463E 00 7,44085E 00 
9.15862E 00 9.10488E 00 9.02051E 00 B.69463E 00 7.44085E 00 

TEMPERATURES (READ 
1.17194E 
2.60000E 
1.336816 
4.570356 
1.42680fc 
5.83230E 
1.492946 
6.59912E 
1,56253F 
7.446126 

03 
02 
03 
02 
03 
02 
03 
02 
03 
02 

1.15891E 
2.60217F 
1.323816 
4.43062F 
1.41440E 
5.536906 
1.48108E 
6.238616 
1.551716 
7.10760E 

! ACROSS, J DOWN) 
03 
02 
03 
02 
03 
02 
03 
02 
03 
02 

1.11993E 
2.62115E 
1.28488E 
3.4310IE 
1.37724E 
3.94482E 
1.44554t 
4.49761E 
1.51928E 
6.03003E 

03 
02 
03 
02 
03 
02 
03 
02 
03 
02 

1.05524E 
2.65817E 
1.22032E 
2.94571E 
1.31546L 
3.24834E 
1.38652E 
4.06528E 
1.46533E 
6,82313E 

03 
02 
03 
02 
03 
02 
03 
02 
03 
02 

9.45544E 
2.67493E 
1.13049E 
2.857526 
1.22922E 
3.13541E 
1,30423E 
4.08579E 
1.38988E 
7.44612E 

02 
02 
03 
02 
03 
02 
03 
02 
03 
02 

8.00154E 
2.65392E 
1.015836 
2.78801E 
1.11863E 
2,99372E 
1.198886 
3.718996 
1.29287f 
6.26532F 

02 
02 
03 
02 
03 
02 
03 
02 
03 
02 

6.19815E 
2.60949E 
8.63202E 
2.634516 
9.fa3817E 
2.67307E 
1.07069E 
2.82688fc 
1.17417E 
3.48389E 

02 
02 
02 
02 
02 
02 
03 
02 
03 
02 

6.11660E 
2.60307E 
8.547796 
2.61158E 
9.75804E 
2.62456E 
1.06548E 
2.68074E 
1.165416 
2.949736 

02 
02 
02 
02 
02 
02 
03 
02 
03 
02 

4. 

6. 

8. 

9. 

9, 

62288E 

976a3E 

21754E 

05890E 

98890E 

02 

02 

02 

02 

02 

3. 

5, 

6. 

7. 

8. 

2460E 

5365E 

8174E 

6270E 

5188E 

02 

02 

02 

02 

02 

DUMP NUMBER TAU = 9.16997E-01 -J 



ARGUS TEST PROB. N0.3,EBR-2 PIN IN SMALL TREAT LOOPsSERIES FLOH. 1089/RE248 PROB.NO, 26.00017 PAGE 

-J 

TAU= 9,999976-01 DELTA TAU(1)=10.00000E-04 DELTA TAU(2)=10.00000E-04 

HlB.L.J) 
2.25927E 01 2.06269fc 01 1.9076eE 01 1,81281E 01 1,66176E 01 
2.25927E 01 2,06269E 01 1.90768E 01 1.81281E 01 1,66675E 01 
9.02956E 00 8,83599E 00 e.54745E 00 7,84278E 00 6.56880E 00 
9.029566 00 8,83599E 00 8.54745E 00 T.84278E 00 6.56880E 00 

TEMPERATURES CREAD 
7.45527C 
2.60000E 
1.01760E 
4,00145E 
1.08234E 
5.35160E 
1.13680E 
6,27940F 
1,24936E 
7.84310E 

TAU= 

02 
02 
03 
02 
03 
02 
03 
02 
03 
02 

7.36807E 
2.60774E 
1.00166E 
3.98493E 
1.078636 
5.26715E 
1.13106E 
6.213796 
1.24321E 
7.89358E 

I ACROSSt J DOWN) 
02 
02 
03 
02 
03 
02 
03 
02 
03 
02 

1.19999E 00 

7.10705E 
2,67397t 
9.52965F 
3.61894E 
1.06135fc 
4,47350E 
1,11390E 
5.55339E 
1,22488E 
7,86062E 

02 
02 
02 
02 
03 
02 
03 
02 
03 
02 

6.67509E 
2,77608E 
8.96206E 
3.26743fc 
1,01957E 
3.90024F 
1.08540E 
5,25063E 
1.19469E 
7,915726 

DELTA TAUd 

02 6.080546 02 
02 2.81568E 02 
02 8.27606E 02 
02 3.20237E 02 
03 9.50049E 02 
02 3.80203E 02 
03 1.04570E 03 
02 5.22930E 02 
03 1.15317E 03 
02 7,84310E 02 

5.267916 
2.76781E 
7.48361E 
3.08345E 
8.702986 
3.56422E 
9.68667E 
4.74069t 
1.10098fc 
7.16477E 

02 
02 
02 
02 
02 
02 
02 
02 
03 
02 

4.29805E 
2,63843E 
6.62000E 
2,72251E 
7,79070E 
2.84970E 
8.7e28lE 
3.24108E 
1.03893E 
4.41166E 

02 
02 
02 
02 
02 
02 
02 
02 
03 
02 

4.25981E 
2.61527E 
6.55112E 
2.65173E 
7.75552E 
2.707056 
8.74762E 
2.89937E 
1.03642E 
3.58840E 

02 
02 
02 
02 
02 
02 
02 
02 
03 
02 

3.56284E 02 2,9069E 02 

5,54771E 02 4.6232E 02 

6,85326E 02 5,9879E 02 

7.83970E 02 6.9611E 02 

9.45549E 02 8,5813E 02 

DELTA TAUt2)=10.00000E-04 

HI8,L,JJ 
2.259276 01 ?,20552E 01 2.04580E 01 1.93386E 01 1.78226E 01 
2,25927E 01 2,20552E 01 2,04580E 01 X,93386E 01 1.78226E 01 
8.96615E 00 8.70919E 00 8.30783E 00 7,682476 00 7.10928E 00 
8.966156 00 8.70919E 00 8.30783E 00 7.68247E 00 7.10928E 00 

TEMPERATURES (READ 
4,711616 
2,60000E 
5.585086 
2.901836 
6.81246E 
3.992456 
7,67729F 
4.97967E 
9.653146 
6.440616 

0. 
0, 
0. 
1,17264E-
0, 
1.155246-
0. 
1.13736E-
0, 
1.102826-

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-01 

-01 

-01 

-01 

4,66896E 
2,616806 
5.53418E 
2.96180E 
6.78766E 
4.07544E 
7.63564E 
5.10480E 
9.586876 
6.62285E 

5.15121E-
1.218366-
5.44783E-
1.18938E-
6.97722C-
1.1C324E-
6.97722E-
9,72366t-
6.97722E-
8.60681E-

[ ACROSS, J DOWN) 
0? 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-02 
-01 
-02 
-01 
-02 
-01 
-02 
-02 
-02 
-02 

4,54239E 02 
2,75822E 02 
5.38425E 02 
3.32247E 02 
6.71843E 02 
4.31867E 02 
7.510336 02 
5,46869E 02 
9.39736F 02 
7.11151E 02 

7.72682E-02 
6.37388E-03 
8.17174E-02 
6.3738BE-03 
1,0465BE-01 
6,37388E-03 
1,046586-01 
6,731286-03 
1,04658E-01 
7.22208E-03 

4.33641E 
2,93384fc 
5.14477E 
3,43581E 
6.62000E 
4.27176E 
7.30003E 
5.49122E 
9,108576 
6,77058E 

8.58536E-
1.34811E-
8.58536E-
1.34811E-
1,16287E-
1,34811E-
1.16287E-
1,42371E-
1.162876-
1,52752E-

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-02 
-02 
-02 
-02 
-01 
-02 
-01 
-02 
-01 
-02 

4.05816E 
2,99275E 
4.81351E 
3,47421E 
6.15050E 
4.27697E 
7.00262E 
5,48285E 
8.741356 
6,44061E 

9,01462E-
2,14787E-
9,01462E-

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-02 
-02 
-02 

?,l3475E-02 
9,53370E-
2.10953E-
1,22101E-
2.05615E-
1.22101E~ 
0. 

-02 
-02 
-01 
-02 
-01 

3.71689E 
2.92573E 
4.40078E 
3.35068E 
5,66689E 
4.04002E 
6.62000E 
5.13496E 
8.309136 
6.34682E 

8.55148t-
2.81180E-
9,27218E-
2.73121E-
9.806096-
2.60535E-
1.255906-
2,24634E-
1,255906-
2,07874E-

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-02 
-02 
•02 
-02 
-02 
-02 
-01 
-02 
-01 
-02 

3,30566E 
2.69765E 
3.91998E 
2.B6123E 
5,10895E 
3.11544E 
6,14609E 
3.69229E 
7.820526 
4.94374E 

1.05051E-

02 
02 
02 
02 
02 
02 
02 
0? 
02 
02 

-02 
2,144286-03 
1.25679E-
2,14428E-
1.25679E-
2.14428E-
1,45562E-
2.1442aE-
1.83959E-
2.26451E-

-02 
-03 
-02 
-03 
-02 
-03 
-02 
-03 

3.29557E 
2.64761t 
3.90810E 
2.73920E 
5.09549E 
2.87947E 
6.13236E 
3.25821E 
7.80484E 
4.281016 

8,89400E-
4.47871E-
8.89400E-
4.47871E-
8.75803E-
4,47871E-
8.75803E-
4.47871E-
8.75803E-
4.47871E-

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-01 
-03 
-01 
-03 
-01 
-03 
-01 
-03 
-01 
-03 

3. 

3. 

4. 

5, 

7. 

1, 

1 

2. 

2, 

2, 

00437E 

49467E 

69555E 

72410E 

31829E 

83130E-

83130E-

14928E-

14928E-

14928E-

02 

02 

02 

02 

02 

-01 

-01 

-01 

-01 

-01 

2. 

3 

4. 

5. 

6 

7295E 

0962E 

2827E 

2984E 

.8318E 

1825E-

1896E-

4245E-

4412E-

4644E-

02 

02 

02 

02 

02 

-01 

-01 

-01 

-01 

-01 



ARGUS TfcST PROB, N0.3.EbR-2 PIN IN SHALL TREAT LOOPsSERItS FLOW. 
5.87903F-01 
0, 
5.641746-01 
6.98084E-01 
4,41823E-01 
7.02565E-01 
4.41823E-01 
7,071676-01 
4,418236-01 
6.59497E-01 

n 
V 
4,12097E-01 
0, 
4.358266-01 
1,84651E-01 
5.58177E-01 
1,819116-01 
5.58177E-01 
l,79096F-0l 
5.58177t-01 
l,73656E-01 

EIN.J) 
0, 

-9,01851E-03-
G 
3.552086-01 
0, 
3.19023E-01 
0. 
3,22540E-01 
0. 
3.22540E-01 
0, 
3.22540E-01 
0, 

7.93951E-
8,63350E-
7.82087E-
8,66249E-
7,20911E-
8.74862E-
7.209UE-
8,87119E-
7.20911E-
8.97147E-

1,54636E-
1.48139E-
1.63435E-
1.481396-
2.09317t-
1.48139E-
2.09317C-
1,56446E-
2.09317E-
1.67853E-

2,55157E-
-4.567606-

3.55245E-
0, 
3.19056E-
0, 
3.22573E-
0, 
3.22573E-
0. 
3.22573E-
0. 

-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 

-01 
-02 
-01 
-02 
-01 
-02 
-01 
-02 
-01 
-02 

-02 

7,93951E-01 
9,85945E-01 
7.82087E-01 
9.85945E-01 
7.20911t-01 
9,85945E-01 
7.20911E-01 
9.85157E-01 
7,20911E-01 
9.84075E-01 

1,28780E-01 
7,68070E-03 
1,36196E-01 
7,680706-03 
1,74430E-01 
7.68070E-03 
1.74430E-01 
8.11139E-03 
1.74430E-01 
8,70282E-03 

2.62794E-02 
-03-4.67037E-03-

-01 

-01 

-01 

-01 

-01 

3.55900E-01 
0. 
3.19645E-01 
0. 
3.231686-01 
0, 
3.23168E-01 
0. 
3.231686-01 
0. 

7.939516-01 
9.33320E-01 
7.93951E-01 
9,348456-01 
7.209UE-01 
9.372266-01 
7.20911E-01 
9.43262E-01 
7.20911E-01 
9.46952C-01 

1.20195E-01 
5.31989E-02 
1.20195E-01 
5.16743E-02 
1.62802E-01 
4,929296-02 
1,628026-01 
4.25005E-02 
1.62802E-01 
3.77733E-02 

2,70352E-02 
-4.83888E-03 

3.578306-01 
0, 
3,578306-01 
0. 
3.24921E-01 
0. 
3.24921E-01 
0, 
3,24921E-01 
0, 

7,939516-01 
9,36039E-01 
7.93951E-01 
9,45393E-01 
7,82087E-01 
9,46039E-01 
7,20911E-01 
9.47404E-01 
7,20911E-01 
0. 

1.15902E-01 
3,34636E-02 
1,159026-01 
3.325916-02 
1.225766-01 
3.28662E-02 
1.569876-01 
3.20346E-02 
1.56987E-01 
0. 

5.656526-02 
0. 

3.61764E-01 
0, 
3,617646-01 
0, 
3.24911E-01 
0, 
3.28493E-01 
0, 
3.28493E-01 
0. 

8.09967E-
9.67053E-
7,93951E-
9,67859E-
7.82087E-
9.69118F-
7,20911E-
9,72437E-
7.20911E-
9.74113E-

1,04518E-
4,82865E-
1.13327E-
4.82865E-
1,19852E-
4.82865E-
1,53499E-
5.09941E-
1.53499E-
5,09941E-

4.12363E-
0. 
3,67737E-
0. 
3,302766-
0. 
3,33917t-
0. 
3.33917E-
0. 

-01-
-01 
-01-
-01 
-01-
-01 
-01-
-01 
-01-
-01 

-01 
-03 
-01 
-03 
-01 
-03 
-01 
-03 
-01 
-03 

-01 

-01 

-01 

-01 

-01 

1089/RE248 PROB 
-7.68827E-01-
9.95366E-01 
-7.44930E-01-
9.95366E-01 
-7,44930E-01-
9.95366E-01 
-7,20663E-01-
9.95366E-01 
-7,24359E-01-
9.95106E-01 

8,739096-01 
2,489836-03 
8,59897E-01 
2,48983E-03 
8.59897E-01 
2.48983E-03 
8.45775E-01 
2,48983E-03 
8-43784E-01 
2.62945E-03 

4.21348E-01 
0. 
3.75749E-01 
0, 
3.75749E-01 
0, 
3,374726-01 
0. 
3.41192E-01 
0, 

-8.15216E--01 
9.95521E-01 
-8,15216E-
9,95521E-
-7,98265E-
9,95521E-
-7,98265E-
9.955216-
-7,98265E-
9.95521E-

1,82080E-
0. 
1,820806-
0, 

-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 

-02 

-02 

2,33298fc-02 
0, 
2.33298E-
0, 
2,33298E-
0. 

0, 
0. 
0. 
0. 
0. 
0, 
0, 
0. 
0. 
0. 

-02 

-02 

•NO, 26.00017 PAGE 6 
6.15609E-01 2,5819E-01 

6,156096-01 2.6580E-01 

5,48865E-01 2,9147E-01 

5,48865E-01 3.0661E-31 

5.48865E-01 3,2770E-0l 

2,01260E-0l 2,5266E-01 

2,01260E-01 2.4814E-01 

2.36206E-01 2.H82E-01 

2.36206E-01 2.0257E-01 

2.36206E-01 1-8971E-01 

0, 

0, 

0, 

0, 

0. 

TAU=FINAL TAU. END OF PROB.NO. 
# # ALL DATA PROCESSED, 

26,00017 

EXECUTION TERMINATED BY LOAD DRUMs VIA OPERATOR OR PROGRAM, 



03
 

o
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C MAIN PROGRAM 1089/RE248 J HEESTAND 9/62 
C 
C PURPOSE—Cl) READ ANO STORE PROGRAM INPUT DATA. 
C 12) TEST FOR TAKING AUTOMATIC PERIODIC RESTART DUMPS. 
C (3) LINK RtMAINING CALCULATIONS VIA SUBROUTINES. 
C SUBROUTINES USED--LINER? INPRNT, PRELIMt ITERAT, POST, IRTN), 
C CLEVls (STH), (CSH), IFIL), IBDOt (DBOt CIOHIOt {IOH)L 
C 

DIMENSION AFC 25)tAMUl100)sANUI10«9 3 tAII10)fA2<10),A3llO)f 
1 BClOOt 16I,BETA( 10),8H10) ,82110 3 t 
2 CC100,16)fCAYf10,10)iCURPHIC^)t 
3 Dl lOOt 16) tOEl 10 3 ?DENTAU <2 ) t 01ANC10 3 tOPHIKI , 
A OR(25),DT(2)tDTTflOtl03?OTTiaO,93, 
5 ES10?163,E6C25)tfcNTAUISOO),EPSDC3)sEPSHI3)? 
6 F<25)fGIIOO9I6)?GAMMAI4tlO)s 
7 HI 2,10f 16) tHUlO) ,H2f l0 3,H3tlO) ,H4CI0 3,H5(10) ,H6C10)t 
8 ICSI10)?IH(10)tIPI100,16)5lPFS2,10tl6)tIPT(10), 
9 ITYPEI 1003 tKC253 ,M(25) sf«M?253 
DIMENSION NFI 25 3,NFI(4) j-^GCA) tNGAMC4) , NGAMMA I 43 , NHI 3 ) t Nil 25 ) s 
1 NNH(3),NPHI(43»PHI(4t2503fPSISI103fPSI0C103, 
2 CMU/tlOOs16),Q0(25), 
3 Rf25),RHOIl0s9),RH0Cli0,10l?RH0DHfl0f9)sR0CC10,16) , 
4 ROWClOJfRZC100),SL2i33?SL3C33, 
5 T(100s16),TAUN(9)tTAUPf4,9),TDTll0Otl6 3 sTEMPC25 3f 
6 TITLEl12),TPRIMEf100sl6)sTT(10t9l,UI25)fVS10 3 fVOClO), 
7 WID&N(10)sWll25),W2{25)sYCl 3?ZETAC25,163 
EQUIVALENCE IY?TOT 3 ?(ANU^TT)sfRH0tRH00H3 
COMMON AFtAKsAMUfANEW,ANU,AltA2,A3tBsBETAtBlsB2, 
1 CsCAY,CURPHI,CURRENfDfOEtOEK.DENTAUsDIAN, 
2 DPHI,DR?DT,DTT,DTTlsDZ,DZ2fE,EE?EM,ENtENTAUt 
3 EPSDfEPSH.FtGsGAMMAfGEE,GR,H5HPRIMEsHl,H2sH3tH4fH5tH6f 
4 I,ICNTRL,ICSfIHfIJ«IJSUMfILINEtIMAX,INITsIPfIPAGEt 
5 IPF?IPTfITEMP,ITYPfI TYPEtI X?JfJLINE,JMAX,JMX,Jl? 
6 K?LfLA,LBsLINEsLLINE?LMAX,Ll,L2fK»MINMLiMLsMM,MMAX, 
7 N.NABCDMfMABC0RfNACRfNBsN8ET,NBETA,NDTH,NDUMP, 
8 NENTAUtNF?NFI,NFR,NG,NGAMsNGAMMAsNHtNI,NIL,NNt 
9 NNEXTf NWH,NP,NPHI,NPMAXfNPI»«X,NPR,NPRC,NPTsNl,N2|N3,N4 
CCMMON P.PHItPRtPROBtPSIStPSIOfQHUZ,00,RfRE,RHO.RHOCs 
1 R0,R0C?(<0WfR2?SL2,SL3,Slf S2f S3,T,TAUfTAUFf TAUN, 
2 TAUP9TDT,TEMP,TITLEsTPRIMfc,TlPR,T2PR?T3PR, 
3 UtV,V08WIDANtWl,W2fX,X0fXlsX2fX3,ZfZETA 
1 FORMAT S12A6) 
2 FORMAT (6E12.5] 
3 FORMAT (1216) 
4 FORMAT 1316,E12,5) 
5 FORMAT (2I6,E12,53 
6 FORMAT fF9.53 
7 FORMAT I13H0DUMP NUMBER 13?7H TAU =1PE14.53 
8 FORMAT I54H0 DELTA TAU HAS BEEN HALVED 4 TIMES, END OF PROB.NO, I 
19.5) 

10 DO 15 1=1,21000 
15 YII}=0.0 
20 SENSE LIGHT 0 

C 
C READ AND STORE GENERAL PROBLEM AND REGION DATA 
C 

25 READ INPUT TAPE 7,I,CTITLE(I)sI=1i12) 
30 READ INPUT TAPE 7f6fPR0B 
35 READ INPUT TAPE 7?3,NDUMP?IMAX?JMAX,LHAX,MMAX,NPMAXtNhI 139NHI2), 

1 NHI3),NPR 
40 IF {NDUMP) llll?90,45 
45 N=NOUMP-l 



50 IF (N) lllt65,55 
55 00 60 1=1,N 
60 READ TAPE 9 
65 READ TAPE 9tfY(I}t1=1f21000) 
70 CALL LINER 
75 WRITE OUTPUT TAPE 6,7?NDUMPsTAU 
80 LINE=LINE+2 
85 GO TO 845 
90 READ IMPUT TAPE 7,2sZtTAUF«DTCI I,GEE,EPSOf1),fcPSDI2),EPSDf3)t 

1 EPSHC1},EPSHC2StEPSHI3l 
95 NABCDR=0 
100 00 135 L=1,LMAX 
105 READ INPUT TAPE 7,A,NI{L),M(L}tK(L},RSL) 
110 IF fKlL3-5) Il5tl30fllll 
115 NABCDR=NABCDR+1 
120 MMIL)=MfLI 
125 GO TO 135 
130 HMIL)=0 
135 CONTINUE 
140 NFR=LMAX-NA8CDR 
145 NABCCK=0 
150 DO 190 L=1?LMAX 
155 IF IMMIDJ 111,190?160 
160 NABCDM=NA8CDM+1 
161 IF CL-LMAXl 165sl90,lll 
165 L1=L+1 
170 00 185 L2=LlfLMAX 
175 IF |MMIL2)-M!L)) 185sl80sl85 
180 MMIL2]=0 
185 CONTINUE 
190 CONTINUE 
195 DO 200 L=lsLMAX 
200 l«MiL)=0 

C 
C READ NON-COOLANT REGION DATA 
C 
205 IF fiMABCDR) lll,245f210 
210 READ INPUT TAPE 7,2s HEMP I N ) ,N=l, NABCORI 
215 N=0 
220 00 240 L=1,LMAX 
225 IF fK!LI-5) 230t240,lll 
230 M=N+1 
235 UILI=TEMP{N) 
240 CONTINUE 

C 
C READ AND STORE POWER DISTRIBUTION DATA 
C 
245 NACR=0 
250 N=l 
255 NIL=.MII 1) 
260 DO 295 L=lsLMAX 
265 IF IKIL)-3) 270s275t290 
270 IF IKCL)-1) Illlt275t290 
275 READ INPUT TAPE 7,2sI AMUU}sI=N,NILI 
280 READ INPUT TAPE 7 , 2tIZETACL , J),J=l,JMAX1 ,Q0lL) 
285 NACR=NACR+l 
290 N=l+NIL 
295 NIL=NIL-^NIfL + l) 

C 
C READ AND STORE COOLANT REGION DATA 
C 

300 IF {NFR) 1111,325,305 



305 DO 321 N=1,NFR 
310 READ INPUT TAPE 7,3fIPTCN),ICSfN),IHIN) 
315 READ INPUT TAPE 7f2,VOfN)sPSIOIN),PSISIN),DEINl 
320 READ INPUT TAPE 7,2,A1CN)tA2IN),A3 IN),Bl(NI,B2IN) 
321 READ INPUT TAPE 7t2,HI IN),HZIN3tH3IN),H4IN},H5(Nl,H6INl 

C 
C READ AND STORE MATERIAL PftOPFRTY DATA 
C 

325 IF INA8C0M) ills420,330 
330 00 415 N=1,NABCDM 
335 MINML=32767 
340 DO 360 L=lfLMAX 
345 IF IMMfDI 111?350,360 
350 IF fKlL)-5} 355,360,111 
355 MINML=XMINOFIMlNMLsMfL)) 
360 CONTINUE 
365 DO 380 L=ltLMAX 
3T0 IF IMfD-MINML) 380,375,380 
375 MMIL)=N 
380 CONTINUE 
385 NPMX=NPMAX-1 
390 READ INPUT TAPE 7s2,ICAYiNtNP),NP=1tNPMAX) 
395 READ INPUT TAPE 7 12 t I RHOC 11̂  tMP) ?NP=1,NPMAX} 
400 IF INPMX) 1111,415,405 
405 READ INPUT TAPE 7s2tITTIM?NP),NP=1sNPMX) 
410 READ INPUT TAPE 7,2tIRHODHCN.NP)iNP=1sNPMXS 
415 CONTINUE 
420 IF INFR) llif525,425 
425 NNEXT-NAeCDMtl 
430 DO 505 N=N!MEXT,MMAX 
435 KINML=32767 
440 DO 460 L=lfLHAX 
445 IF IMMID) 1 1 1 , 4 5 0 , 4 6 0 
450 IF I K l L ) - 5 ) 1 1 U 4 5 5 , 1 1 1 
455 MINML=XHINOFIMINML»M!L)I 
460 CONTINUE 
465 DO 480 L=lfLMAX 
470 IF IM!LI -MINHL) 480t475»480 
475 MMIL}=N 
480 CONTINUE 
485 READ INPUT TAPE 7f2,CCAYlN,NPJ,NP=l,3) 
490 READ INPUT TAPE 7f2fIRHOCIN?NPIfNP=1t4) 
495 READ INPUT TAPE 7 12, I At̂ Ul N, NP ) ,NP = 11 3) 
500 READ INPUT TAPE 7t2,(RHOCN,NP)tNP=1,33 
505 CONTINUE 
510 00 520 L=1,LMAX 
515 MCL)=MMIL) 
520 MMILI=0 

C 
C READ NITAUI AND PHUTAU) DATA 
C 

525 IF INACRJ 111,565^530 
530 READ INPUT TAPE 7,5,NN,NBETAtP 
535 IF INN] 1111,565,540 
540 READ INPUT TAPE 7,2,(ENTAUlN),N=1,NN) 
545 READ INPUT TAPE 7 ,2?fBETA IN)^N=ltNBETA) 
550 N1=NBETA-1 
555 IF {Nil 1111,565,560 
560 READ INPUT TAPE 7,2,ITAUNIN 11N=l,N11 
565 IF INFR] 111,625,570 
570 READ INPUT TAPE 7f3,IMPT 
575 00 620 N=1,NPT 
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580 READ INPUT TAPE 7,3tNPhI|N),NGAMMA(N) 
585 N1=NPHI(N3 
590 READ INPUT TAPE 7,2,fPHI!N,N23,N2=l,N1) 
595 Nl=NGAMMAfN) 
600 READ INPUT TAPE 7,2t(GAMMAfN,N23,N2=l,Nl) 
605 Nl=Nl-l 
610 IF INl) 1111,620,615 
615 READ INPUT TAPE 7, 2, ! TAUP I N ,N2) ,N2==1 ,N11 
620 CONTINUE 

C 
C READ AND STORE INITIAL TEMPERATURE DATA 
C 
625 J1=JMAX+1 
630 N^O 
635 DO 655 L=1,LMAX 
640 IF CKlL)-5) 655,645,111 
645 N=N+1 
650 NF{L}=N 
655 CONTIIMUE 
6 6 0 READ INPUT TAPE 7,3,ITfcf4P 
665 IF lITfcMP) 7S5f700,670 
670 I=ITEMP-1 
675 IF 11) 111,690,680 
680 00 685 Nl=ltI 
685 READ TAPE IC 
690 READ TAPE 10,IYI I),1 = 1,1600) 
695 GO TO 765 
700 READ INPUT TAPE 7,2,CTEMP IL),L=I,LMAX3 
705 N=l 
710 M L = INiH 1) 
715 DO 745 L=1,LMAX 
120 DO 730 J=l,JMAX 
725 DO 730 I=N,NIL 
730 TDTII,J)=TEMPCL) 
735 N=1+NIL 
740 NIL=NIL4-NnL+l) 
745 CONTINUE 
750 GO TO 766 
755 DO 760 1=1,IMAX 
760 READ INPUT TAPE 7,2,(TOTU,J),J=l,JMAX) 
765 LLINE=fLMAX+93/10 
770 JLINE=IJMAX+9)/10 
775 ILINE={ U"AX + 9)/10 
780 IJ=IMAX»JMAX 
785 IJSUM^-IJ 
790 CALL INPRNT 
791 MINML==6 
795 CALL PRfcLIM 
196 IF IMINML-7) 800,797,111 
797 SENSE LIGHT 4 
798 CALL TEMPRT 
199 WRITE OUTPUT TAPE 6,8fPR0e 

GO 10 10 
C 
C TEST FOR TAKING AUTOMATIC PERIODIC RESTART DUMP. 
C 
800 IJSUH=IJSUM+IJ 
805 IF UJSUM-30000) 845,810,810 
810 IJSUM=0 
815 NDUMP=N0UMP+1 
820 MRITE TAPE 9,IY(I),1=1t21000) 
825 IF (LINe-57) 835,830,830 



830 CALL LINER 
835 WRITE OUTPUT TAPE 6,7,NDUMP,TAU 
840 LINE=LINE+2 
845 CALL ITERAT 
850 CALL POST 
855 MINML=MINML 
860 GO TO 1800,101,MINML 
111 PAUSE 111 
865 GO TO 10 
111 PAUSE 1111 
870 GO TO 10 
875 END 10,1,0,1,0) 

SUBROUTINE PRELIM 1089/RE248 J HEESTAND 9/62 

PURPOSE—TO PERFORM ALL MECESSARY PRELIMINARY CALCULATIONS 
AND INITIALIZATIONS BEFORE STARTING THE ITERATIVE 
PORTION OF THE PROBLEM. 

SUBROUTINES USED—HCOfiP, COCOMP, LINER, TEMPRT, EXP, (RTN), 
(LEV), CSTH), (FID, IBDC), lOBC), IIOH)!, UOHIO. 

SUBROUTINE PRELIM 

DIMENSION AFI25),AMU(100 3,ANU<10,9),AH 10),A2110),A3 110), 
1 B(100,16),BETA(10),Bl(10),B2{lO)t 
2 C(100,16),CAYi10,103,CURPHI(4), 
3 DC 100,16],DEI 10),DENTAU(2),DIANC10),DPHI{43, 
4 DRI25)fOT(2),0TT(10,103,0TTl(10f9)f 
5 El10,l6),EE(25)ffcNTAUI500),EPSDI33fEPSH(3), 
6 F(25),GI 100,16),GAMMA(4,10), 
7 H(2,10,16),H1I10 3,H2(10),H3(10),H4I10),H5I10),H6I10), 
8 ICSC103,IHI10lfIPI100,16},IPFI2,10,16),IPTI10), 
9 ITYPEI100),KI25)fMI25),fM(25) 
DIMENSION NFC25),NFI(4}fNG(4)tNGAMI4),NGAMMAf4),NHI3),NIi25), 
1 NNHC3),NPHI(4)tPHI(4,250),PSISI10),PSI0(10), 
2 QMUZ(100,16),Q0I25), 
3 R{?5)fRHOI10,91.RHOCf10,10)tRH0DH|10,9),ROC(10,16), 
4 ROW( 10),R2I100),SL2f3),SL3I3), 
5 T(100,16),TAUN(9),TAUP(4f9),TOT(100,16).TEMPI 25), 
6 TITLE I 12),TPRIMEI100,16),TT(l0t9),U(25),V I 10),VO(10 I, 
7 WIOANI10),W1I25),W21253,YI1 3,ZETA125,16) 
EQUIVALENCE IY,TDT),(ANU,TT),IRH0,RH0DH) 
COMMON AF,AK,AMU,ANEW,ANU,Al,A2,A3fB,BETA,Bl,B2, 
1 C,CAY,CURPHI,CURR£N,D,DE?DEK,DENTAUtOIAN, 
2 0PHI,DRf0TfDTT,DTTlt0Z,DZ2fE,EE,fcMfEN,ENTAU, 
3 EPS0,EPSH,FfG,GAMMA,GEEfGR,H,HPRIME,Hl,H2,H3,H4,H5,H6, 
4 ItlCNTRLsICS,IH,IJ,IJSUM,I LINE,IMAX,INIT,1P,I PAGE, 
5 IPF,IPT,ITEMPsITYP,ITYPE,IX,J.JLINt,JMAX,JMX,Jl, 
6 KtL,LA,L8,LINE,LLINEsLMAX,LlfL2,M,MINML,ML,MM,f4MAX, 
7 N,NABC0htNABCDR,NACR,NBfNBETtN8ETAtN0TH,NDUMP, 
8 NENTAUtNF,NFI,NFR,NG,NGAM,hGAMMA,INiH,NI,NIL,NN, 
9 NNEXT,NNH,MP,NPHIfNPMAX,NP^«X,NPRtNPRC,NPT,NltN2,N3,N4 
COMMON P,PHI,PR,PROB,PSIS,PSIO,QMUZ,00,RtRE,RHO,RHOC, 

1 R 0 , R 0 C f R 0 W , R 2 , S L 2 , S L 3 , S l f S 2 , S 3 , T , T A U , T A U F , T A U N , 
2 TAUP,TOI,TfcMP,TITLfcfTPRIMfc,TlPR,T2PR,T3PRt 
3 U , V , V 0 , W I D A N , W l f W 2 , X , X 0 , X l t X 2 , X 3 f Z , Z E T A 

4 FORMAT!7H00UTPUT) 

ASSIGN I T Y P E d ) 
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5 N2=l 
10 NIL=NH 1) 
15 DO 265 L=1,LMAX 
20 DO 255 N=N2fNIL 
25 IF I K C L ) - 4 ) 3 0 , 7 5 , 3 5 
30 IF |K(L)-2) 175,185,85 
35 IF IL-LMAX) 40,65,222 
40 IF (L-1) 222,45,55 
45 ITYPEIN)=1 
50 GO TO 255 
55 ITYPECM)=2 
60 GO TO 255 
65 ITYPE(N)=3 
70 GO TO 255 
75 N1=0 
80 GO TO 90 
85 Nl=16 
90 IF (N-NIL3 95,100,222 
95 IF (N-N2) 222,150,140 
100 IF (L-LMAX) 105,110,222 
105 IF (L-l) 222,120,130 
110 irYPEIN)=9+Nl 
115 GO TO 255 
120 ITYPEtN)=7+Nl 
125 GO TO 255 
130 ITYPFCN)=8+N1 
135 GO TO 255 
140 1TYPEIN3=6+N1 
145 GO TO 255 
150 IF (L-13 222,155,165 
155 ITYPE(N3=4+N1 
160 GO TO 255 
165 ITYPEIH)=5+Nl 
170 GO TO 255 
175 Nl=5 
180 GO TO 190 
185 N1=0 
190 IF IN-NIL) 195,235,222 
195 IF IN-N2) 222,210,200 
200 ITYP£(N)=12+N1 
205 GO TO 255 
210 IF IL-I) 222,215,225 
215 ITYPElN) = 10+r>Jl 
220 GO TO 25b 
225 ITYPfclN)=ll+Nl 
230 GO TO 255 
235 IF IL-LMAX) 240,250,222 
240 ITYPE{N)=13+N1 
24S GO ro 255 
250 ITYPEIN)=14+N1 
255 CONTINUE 
260 N2̂ NIL-»-l 
265 N!L=N1L+NIIL+13 

C 
C PRELIMINARY CALCULATIONS 
C 

210 DTI2)=DT(1) 
275 JMX=JHAX-1 
280 IF IJMX) 222,285,295 
285 DZ^Z 
290 GO TO 310 
295 S1=JMX 



300 DZ=Z/S1 
305 0Z2=2.0»DZ 
310 N=0 
315 DO 500 L=lfLMAX 
320 IF (KfL)-2) 435,435,325 
325 IF !KCL)-5) 330,385,222 
330 IF (L-13 222,335,355 
335 DR!L)=RIL3 
340 MlfL3=0«0 
345 EECL)=0.0 
350 GO TO 370 
355 DRIL)=CR1L3-R{L-13)».5 
360 Hl{L) = (2.*RIL-l)+DRIL)3/I 4.•RlL-l3+DRIL3 3 
365 EEfL3=8.»RIL-13/l4.*R(L-l)-t-DRlL) ) 
370 W2fL3=l2.*RIL)-0RCL)}/l4.*RIL3-0R(L)) 
375 FIL3=8.»RCL)/(4»*RfL)-DRIL33 
380 GO TO 500 
385 N=N+l 
395 IF IL-1) 222,415,400 
400 0RCL3=RILI-R(L-1) 
405 OIANIN3=RtL)4-R(L-l) 
410 GO TO 425 
415 OR!L)=RIL) 
420 DIANfN)=R!L3 
425 WIOANCM3=DR{L)»»3 
430 GO TO 500 
435 Sl=NIfL)-l 
440 IF IL-ll 222,445,475 
445 DRCL)=RIL)/S1 
450 WHL)=0.0 
455 W2CL)=I2.«R(L)-DRIL))/I4.»RIL3-DR(L))»4, 
460 eEfL)=0.0 
465 F{L) = 8.»RCL)/I4.»R(L3-0R{L) ) 
470 GO TO 500 
475 DRfL)=IRfL)-R{L-l))/Sl 
480 WlfL)=l2.*RIL-l)+0RIL3)/(4.*RIL-l)+DR{L)3*4» 
485 M2IL)=I2.»RIL)-DR(L3 3/I4.»R(L}-DRIL)3*4. 
490 EECL)=8.»RCL-1]/I4^*RIL-1I+DRIL3} 
495 FlL}=8.«RfL)/l4.«R(L3-ORCL3) 
500 CONTINUE 
505 N=l 
510 NIL=NII1I 
515 00 570 L=1,LMAX 
520 Sl=-1.0 
525 IF I K l L l - 4 ) 5 3 0 , 5 3 0 , 5 6 5 
530 00 560 I = N t M L 
535 S 1 = S 1 * U 0 
540 IF IL-1) 222,545,555 
545 R2n)=2.0»DRIL)*Sl 
550 GO TO 560 
555 R2in = IRCL-l)*Sl»DRIL33*2»0 
560 CONTINUE 
565 N=1+NIL 
570 NIL=NIL+NnL + l ) 
515 DO 605 ML=l,NABCDM 
580 OTTI ML,I)=RH0DHI ML,1)/RHOC f ML,I) 
585 IF fNPMAX-l) 2 2 2 , 6 0 5 , 5 9 0 
590 DO 600 NP=2,NPMAX 
595 0TTIMLfNP3-RHO0HIMLfNP)/RH0C(ML,NPI 
6 0 0 0TTllMLfMP}=RHOOHlML,NP-l3/RH0CIML,NP) 
6 0 5 CONTINUE 



C COMPUTE INITIAL PHASES 
C 
615 N=l 
620 NIL=Nn 1) 
625 DO 815 L=1,LMAX 
630 ML=MIL) 
635 IF CKfL3-53 640,705,222 
640 DO 695 I=N,NIL 
645 DO 695 J=1,JMAX 
646 QMUZII,J)=QOfL)»AMU(I)»Z£TACL,J3 
650 IF CNPMX3 222,655,665 
655 NP=i 
660 GO TO 690 
665 DO 680 NP=ltNPMX 
670 NP=NP 
675 IF ITDTCI,J3-TrCMLfNP)} 690,690,680 
680 CONTINUE 
685 NP=NPMAX 
690 IPfItJ)=NP 
695 CONTINUE 
700 GO TO 810 
705 N2^NF(L3 
710 IF CL-13 222,715,725 
715 AFIL)==,5»RCL)»RCL3 
720 GO TO 730 
725 AFCL} = ,5»!RCL3+R<L-l))«(RCL3-RIL-13 3 
730 l=h 
735 00 805 J=1,JMAX 
736 QMUZCI,J)=0.0 
740 IF f TDTCI,J3-PSISIIM23 ) 765,745,745 
745 IPFCItNZ,J3=3 
750 IPFf2,N2,J)=3 
755 SENSE LIGHT 2 
760 GO TO 805 
765 IF ITDTfI-l,J)-PSISCN2)) 780,770,770 
770 IPFC1,N2,J)=2 
775 GO TO 785 
780 IPF(lfN2,J)=l 
785 IF ITDTtl+l,J)-PSISCN2)I 800,790,790 
790 IPFC2,N2,J)=? 
795 GO TO 805 
800 IPFC2,N2,J)=l 
805 CONTINUE 
810 N=l-«-NIL 
815 NIL=NIL+NICL+1} 
820 IF CKll)-5) 835,825,222 
825 DO 830 J^ltJMAX 
830 IPFC1,1,J)=0 
835 IF CKILMAX3-5) 850,840,222 
840 DO 845 J=1,JMAX 
845 IPFC2,NFR,J)=0 
850 IF fNFR3 222,1025,855 
855 DO 910 N=1,NFR 
860 IF (ICSIN)) 222,865,890 
865 IF IV0IN3) 870,880,880 
870 MMIN)=2 
875 GO TO 910 
880 MMIN3=1 
885 GO TO 910 
890 IF tV0IN3) 895,905,905 
895 MMIN)=4 
900 GO TO 910 



905 MMIN)=3 
910 CONTINUE 
915 DO 925 1=1,NPT 
920 DPHK I ) = IPHiC I,2)-PHn 1,1) )/GAMMA CI ,1) 
925 CURPHII I)=PHIC I, 13-i-DPHI C 13/2.0 
930 NNHC13=1 
935 NNHC2)=1 
940 NNHC3)=1 
945 DO 960 1=1,NPT 
950 NFIC13=1 
955 NGAMCI)=l 
960 NGI13=1 
965 1=1 
970 N1L=NII1) 
975 00 1020 L=1,LMAX 
980 IF CKCL3-5) 1015,985,222 
985 N=NFCL) 
990 ML=MCL) 
995 IF CVOCN)) 1000,1010,1010 
1000 R0WIN)=RH0CML,1)-J-TDTC I, JMAX 3 » C RHO C ML, 2 3 4-TDTCI , JMAX) »RHO CMLt 3) 3 
1005 GO TO 1015 
1010 ROWlN)=RHOCML,l)-<-TDTC I, 13 •(RHOC ML ,2 )-i-TOT C I , 1) *RHO C ML , 3 ) ) 
1015 I = l-i-NIL 
1020 NIL=NIL*NICL-t-13 
1025 IF CNACR) 222,1075,1030 
1030 IF CNN) 222,1035,1045 
1035 CURREN=C 1. 0-4-EXPF C DT C 13/P) 3/2.0 
1040 GO TO 1060 
1045 OENTAUI1)=IENTAUC2)-ENTAUC133/BETAC13 
1050 D£NTAUC2)=DENTAUI1) 
1055 CURREN^ENTAUC1)+DENTAUC1)».5 
1060 NB=l 
1065 NBET=1 
1070 NENTAU=1 
1075 INIT=1 
1146 NDTH=0 

C 
C CALCULATF INITIAL HCB,N,J) 
C 
1080 L2=l 
1085 CALL HCOMP 

C 
C CALCULATE INITIAL COEFFICIENTS 
C 
1090 LA=1 
1095 LB=l 
1100 CALL COCOMP 
1105 CALL LINER 
lilO WRITE OUTPUT TAPE 6,4 
1115 LIN£=LINe+3 
1120 TAU=0.0 
1125 CALL TEMPRT 
1130 00 1140 1 = 1, IMAX 
1135 00 1140 J=l,JMAX 
1140 TCIfJ}=TOTII,J) 
1145 NPRC=1 
1150 GO TO 1155 
222 PAUSE 222 
1155 RETURN 
1160 END (0,1,0,1,0) 



SUBROUTINE HERAT 1089/RE248 J HEESTAND 8/62 
C 
C PURPOSE—EVALUATE NEW TEMPERATURES AT EACH POINT USING 
C TEMPERATURE DIFFERENCE EQUATIONS^ 
C SUBROUTINES USED—EXP 
C CALLED BY—MAIN PROGRAM 
C 

SUBROUTINE ITERAT 
C 

DIMENSION AFC 25),AMU(100)tANUI10,9),AlC10)tA2I 10 ItA3C10), 
1 Bl100,16)tBETA(10)fBit10),B2110)f 
2 CI 100,16)fCAYC10?10),CURPHI(4)t 
3 DllOOf161tOEl10),CENTAUI2)tOIANClO),DPHII4)t 
4 DR( 25) fDTI2)fDTTC 10,10) fDTTlU0f9)t 
5 Ell0fl6),EE(25)tENTAUISCO),EPSDI 3),EPSHC3)t 
6 F(25)fGIlOOf16)tGAMMAI4,10l, 
7 HI2,10,16)fHK10),H2llO)fH3(10),H4I10)fHSllO)fK6f10), 
8 ICSllO),IHI10)fIP(100,16),IPF!2,10sl6),IPTC10), 
9 ITYPECIOO) ?K125) ,Ml25),f>«M{25) 
DIMENSION NFC25)fNFII4),NGI4),NGAMI4)tNGAMMAI4) ,NHf3),N11 25)t 
1 NNHI3),NPHIC4)tPHIf4,250)fPSISI10l,PSI0ll0}t 
2 CMUZCI00,16)s00l25), 
3 RI25),RHOI10,'}) ,RHOC 110,10) ?RH00H110,9) ,R0CI10,1&I, 
4 ROWIIO),R2I100)sSL2l3),SL3{3)f 
5 TI100,16)tTAUNI91tTAUPI4f9)tTOTf100116)tTEMP{25 I, 
6 TITLE I 12),TPRIMEI100,16),TT110,9) ,U I 25 ) t V I 10 ) f VOUO ) t 
7 WIDANilO),WH25),W2l25) ,Yll ) ?ZETA 125 ,16) , ZOTS f 32 ) 
EQUIVALENCE (Y.TDT),IANUtTT),fkHOtRHOOH) 
COMMON AF,AK,AMUf ANEWfAfMUf AlsA2f A3,B,B£TAfBl,B2, 

1 CfCAY,CURPHIfCURf tEN,D,OEfOEKtDENTAU,DIANf 
2 D P H I , O R , D I , D T T i D T T l , D Z t O Z 2 f E , E E f E M , E N , E N T A U f 
3 E P S 0 , E P S H f F t G , G A M M A , G E E , G R f H , H P R I M e , H l , H 2 , H 3 , H 4 , H 5 f H 6 , 
4 I,ICNTRL,ICS,IHfIJ,IJSUM,I LINE,IMAX,INIT,IP,IPAGEi 
5 IPF,IPT,HEMP,ITYPflTYPEfIXfJ,JLINE,JMAX,JMX,Jl, 
6 K,L,LA,LBtLINE,LLINE,LMAX,Ll,L2,MtMINMLfMLfMM,MMAX, 
7 NtNABCOM,NABCDR,NACR,NBfNBET,MBETA,NDTH,NDUMP, 
8 NENTAUfNF?NFI,NFRtNG,NGAM,NGAMMA,NHtNI,NIL,NN, 
9 NNEXT,NNHfNPfNPHl |NPMAXfNPKX,NPR,NPRC,NPT,N1,N2,N3,N4 

COMMON P ,PHI tPR,PROB,PSIS fPS IOfQMUZ,QO,R tRE,RHOtRHOC, 
1 R 0 , R 0 C , R 0 W , R 2 f S L 2 , S L 3 f S l , S 2 ? S 3 t T s T A U , T A U F , T A U N ? 
2 TAUPfTOTfTEMPfT ITLE fTPRIME,T1PR,T2PR,T3PR, 
3 U f V , V 0 , W I 0 A N s W l , W 2 t X f X 0 , X l ? X 2 f X 3 ? Z t Z E T A 

5 00 15 J = l f J M A X 
10 00 15 I=lfIMAX 
15 Tf I , J } = S W A P F ( r i I , J ) t T D T U f J ) l 
20 ICNTRL=1 
25 TAU=TAU-5-DTl I ) 
30 IF CNFR) 3 3 3 , 3 2 5 , 3 5 
35 I F I JMX) 3 3 3 , 3 2 5 s 4 0 

C 
C COMPUTE COOLANT TEMPERATURES. 
C 

40 L i = l 
45 1 = 1 
50 NIL==Nn 1) 
55 DO 80 L=lfLMAX 
60 IF IKIL)-5) 75,65t333 
65 N=NFIL) 
70 IF IMM{N)-2) 185,205,75 
75 I=NIL+1 
80 NIL=NIIL*1)+NIL 



85 Ll=2 
90 N3=0 
95 1 = 1 
100 NIL=Nn 1) 
105 DO 160 L=lsLMAX 
110 IF IKfL)-5) 155,115,333 
115 N=NF{L) 
120 IF <MMIN+10)) 333,125,155 
125 N4=ICSfN) 
130 N4=NFIN4) 
135 IF {MMIN4+10)) 333,140,150 
140 N3=l 
145 GO TO 155 
150 IF fMMIN)-3) 333,185,205 
155 I=NIL+1 
160 NIL=NI!L+1)+NIL 
165 IF CN3) 333,170,90 
170 00 175 N=1,NFR 
175 MMfN+10)=0 
180 GO TO 270 
185 N1=JMAX 
190 TDT(I,1)=PSI0IN) 
195 TDTI I,N13=BI !,Nl)»TC I-ltNl)+CCI,Nl)»T{I,NU+DCI,Nl)»TCI+l,Nl) + 

i Efrj,Nl)«TC I,N1-1) 
200 GO TO 220 
205 N1=I 
210 TDT(I,JMAX)=PSIO(N) 
215 TDT( I,l)=Bf I,l]9TII-ltl)^Cn,l)»Tf I,l)+D^Itl)»TCI + l,l)-

l EIN,1)»TC1,2) 
220 00 225 J=2,JMX 
225 TOT f If J)=B{ I,J)»Tf I-l, J)+Cf Is J)»TII,J)^0C If J)*TU + l,J) + 

I EIN,J)»{T(I,J-l)-T(l,J+l)) 
226 IF CNFR-1) 333,270,230 
230 MMIN+10)=1 
235 00 260 N2=lfNFR 
240 N4=ICSIN2) 
241 IF IN4) 245,260,245 
245 N4=NFCN4) 
250 IF {N4-N) 260,255,260 
255 PSI0(N2) = TDTI I,"̂ !) 
260 CONTINUE 
265 GO TO 175,155),LI 

C 
C SET TEMPERATURE OF BOILING COOLANT POINTS TO PSISCN), 
C 
270 1=1 
275 NIL=NII1) 
280 DO 320 L=1,LMAX 
285 IF {5-KlLI) 333,290,315 
290 N=NFCL) 
295 DO 310 J=1,JMAX 
300 IF {PSIS(N)-TDTfI,J))305,310,310 
305 TDH!,JI=PSISIN) 
310 CONTINUE 
315 I=NIL+1 
320 NIL=NIL+NIIL+1) 

C 
C COMPUTE TEMPERATURE OF INTERIOR POINTS OF THICK REGIONS. 
C 

325 Nl=l 
330 NIL=NH 1) 
335 00 375 L=1,LMAX 



93 

340 IF {KIL)-2) 345,345,370 
345 IF lL-1) 333,346,348 
346 N2=l 
347 GO TO 350 
348 N2=N1+1 
350 N3=NIL-1 
355 00 365 I=N2,N3 
360 DO 365 J=1,JMAX 
365 TDTU,J)=BfI,J)®Tn-l,J)4-CSI,J)»Tn,J}-i-DtltJ)*TU-f-l,J| + 

I GlI,J)»CURREN 
310 N1=NIL+1 
375 NIL=NIL+NnL + l) 

C 
C COMPUTE THIN REGION TEMPERATURES. 
C 

380 X2=0.0 
381 Ml=l 
385 NIL=NIf1) 
390 L=l 
395 Jl=0 
396 IF IKIL)-3) 810,404,400 
400 IF IKlL)-4) 333,405,810 
404 Jl=l 
405 IF !INIT-1) 333,410,430 

C 
C NO INNER ITERATIONS* 
C 

410 DO 420 J=1,JMAX 
415 DO 420 I=NltNIL 
420 TDTI1,J)=BI If J)»m-l,J)+Cn,J)»T(I,J)+Dll9J)«TU + l, J) + 

1 GU,J)»CURREN 
425 GO TO 810 

C 
C INNER ITERATIONS^ 
C DETERMINE TYPE OF REGION TO LEFT AND RIGHT OF THIN REGIONtS) 
C AND NUMBER OF HORIZONTAL POINTS IN THIN REGIONtS), 
C 
430 IF CL-1) 333,435,450 
435 Ll=l 
440 IX=2 
445 GO TO 475 
450 IF fKfL-l)-5) 465,455,333 
455 Ll=2 
460 GO TO 4 70 
465 Ll=3 
470 IX=3 
475 IF IL-LMAX) 476,520,333 
476 N2=L*1 
480 DO 505 L2=N2,LMAX 
485 L2=L2 
490 IF IKIL2)-3) 530,499,495 
495 IF iKCL2)-4) 333,500,530 
499 J 1 = 1 
500 IX=IX+3 
505 L=L+l 
510 L2=LMAX 
520 L2=l 
525 GO TO 550 
530 IF IKlL2)-5] 545,535,333 
535 L2=2 
540 GO TO 550 
545 L2=3 



94 

550 H2=nH-lX-l 
C 
C SAVE OLD BOUNDARY TEMPERATURES. 
C 

555 00 560 J=l,JMAX 
560 ZOTSCJ)=TfNl,J) 
565 DO 570 J=ltJMAX 
570 ZOTStJ+16)=TIN2,J) 
575 S3=INIT 
580 IF !J1) 333,610,585 
585 IF (NN) 333,590,605 
590 Xl = TAU-DlI 1) 
595 X2=ltXPF(Xl/PI+EXPFC{Xl+DTC2))/P)I*.5 
600 GO TO 610 
605 X2=CURREN-D£NTAUI 1) 4-DENTAUJ 2 ) 
610 00 780 IX=1, INIT 
615 X0=IX-1 
620 DO 730 J=1,JMAX 
625 GO TO 1630,640,655),LI 
630 T1PR=0.0 
635 GO TH 660 
640 Sl=fTDTlNl-1,J)-TIN1-1,J))/S3 
645 TlPR=TCNi-l,JI+X0»S1 
650 GO TO 660 
655 T1PR=T(N1-1,J) 
660 GO TO 1665,675,690),L2 
665 r2PR^0.0 
670 GO 10 695 
675 S2=ITDT(N2 + 1, J)-TirM2*l,J) )/S3 
680 T2PR=TIN2+l?J)+X0»S2 
685 GO TO 695 
690 T2PR=TIN2+I,J) 
695 TDTINlt J)=B{Nl,J)«TlPR-«-CINl,J)»TCNl,J)4-D(Nlf J)»TIN1 + 1, J) + 

1 G{N1,J)»X2 
700 TDTfN2,J)=B{N2, J)»T(N2-l,J)+C(N2t J)»T(N2, J)•»•DfN2,J)•T2PR*• 

l G(N2fJ)*X2 
?05 IF I"»J2-N1-1) 333,730,710 
710 N3=iMl + l 
715 N4=N2-1 
720 DO 725 I=N3,N4 
725 TOT I If J)=e( Is J)»Tf I-lt J)+Cf I, J}»TII,J)-i-DC I , J)«Tt I-4-lt J)*GCI,J)»X2 
730 CONTINUE 
735 DO 745 J=lsJMAX 
740 DO 745 I=N1,N2 
745 Tl I,J) = TOT{I,J) 
750 IF IJl) 333,780,755 
755 IF (NN) 333,760,775 
760 X1=X1+DT(2) 
765 X2=CEXPFIX1/P)+EXPF((Xl+DT(2))/P))•.S 
770 GO TO 780 
775 X2=X2+DENTAUI2) 
?80 CONTINUE 

C 
C RESTORE OLD BOUNDARY TEMPERATURES. 
C 

185 DO 790 J=1,JMAX 
790 TINl,J)=ZOTSfJ) 
795 00 300 J=1,JMAX 
800 TIN2,J)=70TSIJ+16) 
805 NIL=N2 
810 IF IL-LMAX) 815,835,333 
815 L=L+1 



95 

C 
C 
C 

C 
c 
c 

c 
c 
c 

c 
c 
c 

820 Nl=NIL+l 
825 NIL=NIL+NIIL) 
830 GO TO 395 

COMPUTE THICK REGION BOUNDARY TEMPERATURES. 

835 Nl=l 
840 NIL=NIIl) 
845 DO 955 L=lfLMAX 
850 IF IKILI-2) 855,855,950 
855 IF (L-1) 333,880f860 
860 N2=KfL-lJ 
865 GO TO 1880,880,870,870,8701fN2 

THICK LEFT BOUNDARY NEXT TO THIN OR COOLANT REGION. 

870 DO 875 J=1,JMAX 
815 TDTINl,JI=BCNl,J)«ITDTfNl-l,J}+TINl-ltJ])+CINI,Jl•TCNl,J I+ 

1 OINlfJJ»ITOTCNl+l»J)+TfNl+l,J))+GIN1,13»CURREN 
880 IF IL-LMAX) 885f940f333 
885 N2=KIL-*1} 
890 GO TO f895,895,940,940,940)tN2 

INTERFACE OF TWO ADJACENT THICK REGIONS. 

895 DO 930 J=lfJMAX 
900 XO = BINIL,J]«C TDTINIL-lfJ)+TCNIL-1,J3 3*CINIL,J3«TfNIL,J] + 

1 DfNIL,J)»TfNIL+l,J} 
905 Xl=DfNIL,J) 
910 X2 = B(N!L+l,J)»TINIL,J3+CINlL + if J)»TfNIL-»-l, JI + 

I CiNIL + l,J)*IT0TlfyIL + 2f J3+TfNIL + 2,J3 ] 
915 X3=BINIL+1,J) 
920 S3=1.0-X1»X3 
925 TDTiNILfJ]=CXO+Xl»X2)/S3+GfNILtJ]«CURREN 
930 T0T(ML+1, J) = IX2 + X3»X0)/S3+GIWIL+lf J3»CURREN 
935 GO TO 950 

THICK RIGHT BOUNDARY NEXT TO THIN OR COOLANT REGION. 

940 DO 945 J = l , J M A X 
945 T D T I N I L , J ) = B ( N I L s J ) » I T D T C N I L - l s J } + T f N I L - l f J 3 } + C f N I L , J 3 » T ( N I L , J I + 

1 D I N I L , J ) » I T D T ( N 1 L + 1 , J ) + T I » J I L 4 - 1 , J 3 3 + G ( N I L , J I » C U R R E N 
950 N 1 = N I L + 1 
955 N I L = N I l + N I I L + 1 3 
960 GO TO 965 
333 PAUSE 333 
965 RETURN 
970 END I O , l t O a f 0 3 

C 
C 
C 
C 
C 
c 
c 
C 
c 
C 
c 

SUBROUTINE POST 1089/RE248 J HEESTAND 9/62 

PURPOSE—113 
121 
133 

TESTS FOR PROBLEM 
MAINTAINS PROGRAM 
CALLS SUBROUTINES 
PREPARE FOR NEXT 

TERMINATION AND ROUTINE PRINTOUTS, 
COUNTERS, NITAU), AND PHHTAU). 
PHASE, HCOMPs AND COCOMP TO 
ITERATION. 

C4) COMPUTES NEK ROWfN) AND EdNtJl. 
SUBROUTI^JES USED—EXP, PHASE, HCOHP, COCOMP, TEMPRT, 

{LEV), UOH)0, ISTH3, IFILI. 
CALLED BY—MAIN PROGRAM. 



C 
SUBROUTINE POST 

DIMENSION AFI25),AMU(1001tANUllO,93,Al110 I,A2I 10),A3 110), 
1 BI 100 s16 3,BETAI10),B1C10),82(10), 
2 C(100,16),CAY(10,10),CURPHIf43, 
3 01100,16),OF!10 3,OENTAUC23,DIAN{10),DPHII4), 
4 DRf25),DT(2).DTTIlOjlO),DTTlll0s9), 
5 E(10,163,£6125),fcNTAUI 500),EPSDI33,EPSHi3), 
6 F(253,G<100,16),GAMMAI4tl03 , 
7 Hl2,i0,16),Hlf10),H2!10 3,H3{10),H4I10),H5(103,H6S103, 
8 1CS(10),IH(10S,IPC100,16),IPF(2,10,16),IPT(10 3, 
9 ITYPEC 1003 tK(253 ,M(25) ,f*M(25) 
DIMENSION NF(25 3,NFI(43,MG(4),MGAM(4),NGAMMA(4),NH(3),hH25), 
1 NNHC3),NPHI(43,PH114,2503,PSISl103,PS 10(103, 
2 QMUZI100,16),00(25), 
3 R(2 5) ,RHO( 10,9 3 ,RHOC( 10 ,10 ) , RHODHUO , 9) ,ROCC10,16 3, 
4 ROW(IO),R2(1003tSL2(3S,SL3(3), 
5 Tl 100,16),TAUN(9),TAUP(4,9),TOT(100,16 3.TEMPI 25), 
6 TITLE I 12),TPRIME(100,16),TT110,93,Ui25) , V 110) ,V0I 10), 
7 KIOANt 10),WH25) ,W2I25) ,YI1 ) , ZETA ( 25 ,16} 
EQUIVALENCE (Y,TDT),(ANU.TT),(RHO,RHOOHS 
COMMON AF,AK,AMU,ANfcW,AIMU,Al,A2 8A3,B,BETAt81,B2f 
1 C,CAY,CURPHI,CURREN,D,DE,DEK,DENTAU,DIAN, 
2 DPHI,DR,DT,DTT,DTTl,DZ,0Z2fE,EE,eM,EN,ENTAU, 
3 EPSD,EPSH,F,G,GAMKA,GEE,GR?H,HPRIME,H1,H2,H3,H4 5H5,H6, 
4 I,ICNTRL,ICS,IH,IJ,IJSUM,I LINE,IMAX,INIT,IP,I PAGE, 
5 IPFtIPT,ITEMP,ITYP,ITYPE,IX,J,JLINE,JMAX,JMX,J1, 
6 K,L,LA,LB,LINEfLLINt',LMAX,Ll,L2,M,MINMLfML,MM,MMAX, 
7 N,NABCDM,NAbCDR,NACR,NB,N8ET,NBETA,NDTH,NDUMP, 
a NfcNTAU,NF,NFI,NFR,fsiG,NGAM,NGAMMA,NH,Nl,NIL,NN, 
9 NNEXT,NNH,NP,NPHr,NPMAX,NPMX,NPR,NPRC,NPT,Nl,r42 8N3,N4 
COMMON P,PHI,PR,PROB,PSIS,PSIO,QMUZ,QO,R,RE,RHO,RHOC, 
1 R0,ROCtROW,R2,SL2,SL3,SlsS2,S3,T,TAU,TAUF,TAUN, 
2 TAUPtTDT,TEMP,TITLE,TPRIME,TlPR,T2PR|T3PR, 
3 U,V,VO,WIDAN,WI,W2 5X,XO,Xl,X2tX3,Z,ZETA 
1 FORMAT t34H0 TAU=FINAL TAU. END OF PROBAND, F9.5) 
2 FORhAT 135H0 NCIAU) USED UP. END OF PROB.NO. F9.5) 
3 FORMAT f6H0 PHIC11,32H,TAU3 USED UP. END OF PROB.NO. F9.5) 
4 FORMAT (54H0 DELTA lAU HAS BEEN HALVED 4 TIMES. END OF PROB.NO. 
19.5) 

C 
C MAINTAIN NfTAU). 
C 

5 NBET=NBET 
10 IF ITAU+.5»DT(13-TAUF) 25,25,15 
15 MINML=1 
20 60 TO 285 
25 IF INACR) 444,130,30 
30 IF INN) 444,125,35 
35 IF (MBET-NBETA) 40,45,45 
40 IF (TAU+.5*OT(13-rAUN(NBET)I 45,70,70 
45 N=BETAINBET5 
50 IF (N8-N3 55,75,75 
55 N8=NB+1 
60 CURREN = CURREN-»-DENTAUl I) 
65 GO TO 130 
70 N8ET=NBET+1 
75 NENTAU^NENTAU+l 
60 IF (NEf^TAU-NN) 95,85,85 
B5 MINML=2 
90 GO TO 285 
95 NB=1 



100 DENTAUCl)=IENTAU{NEWTAU+l]-ENfAUINENTAU))/BETAINB6T} 
105 X=INIT 
110 DENTAU{2)=DENrAUlll/X 
115 CURREN=ENTAUINENTAU)4-DENTAUIII»,5 
120 GO TO 130 
125 CURREN=IEXPFITAU/P3 4-EXPFI ITAU-t-DTIl) )/P)3».5 
130 IF INFR) 444,240,135 

C 
C MAINTAIN PHllTAU3. 
C 

135 00 235 N=1,NPT 
140 Nl=NGAMfN3 
145 N2=NFI(N) 
150 N3=GAMMAINfN13 
155 IF INGAM(N)-NGAMMAIN)) 160,165,165 
160 IF ITAU+.5»DT(l)-TAUPIN,Nl}3 165,185,185 
165 IF |N6IN)-N3) 170,195,195 
170 NGCN)=MGCN)+l 
175 CURPHI{N)=CURPHICN3+DPHICN) 
180 GO TO 235 
185 NGAMCNI=NGAMCNI+1 
190 N l = N l + l 
195 N F H N ) = N F I I N ) + l 
200 N2=N2+1 
205 IF CNFI IN) -NPHIIN) ] 2 2 0 , 2 1 0 , 2 1 0 
210 MINHL=3 
215 GO TO 285 
220 NGfN)=I 
225 DPHIfN)- = IPHIINfN2 + l ) -PHIINtN2)3 /GAMMAIN,Nl l 
230 CURPHIlN1=PHl(NfN2}+OPHHN3»»5 
235 CONTINUE 

C 
C TEST FOR PRINTING. 
C 

240 IF INPRC-NPR) 245,265,444 
245 NPRC=NPRC+1 
250 IF ISENSE SWITCH 6) 255,280 
255 MINML=4 
260 GO TO 285 
265 NPRC=1 
270 MINML=5 
275 GO TO 285 
280 M1NML=6 

C 
C TEST PHASE 
C 
285 CALL PHASE 
290 IF INFR) 444,297,410 

C 
C COMPUTE NEW ROWIN) AND EIN,J), 
C 

410 IF IJMX) 444,295,415 
415 1=1 
420 NIL=NIC1) 
425 00 510 L=1,LMAX 
430 IF lKIL)-5) 505,435,444 
435 N=NFIL) 
440 ML=MILI 
445 IF CVOINI) 450,465,465 
450 N2=JMAX 
455 Nl=l 
460 GO TO 475 



465 N2=l 
470 N1=JMAX 
475 R0WIN)=RH0IML,1)+TDTI I ,N2 ) • (RHOi ML ,2 3-i-TDT I I ,N2 3 »RHOI ML, 3 ) ) 
460 S2=RHOCML,13+TDTJI,Nl)»(RHO(MLf2)+TDT(I,N13*RHOCML,3)) 
481 C( I,N1)=C(I,Nl)+ABSF(eiN,Nl)) 
485 EtN,Nl)=R0W(N)/S2»V{N)/DZ«DT(l) 
486 CI IsNl)=CII,N1)-ABSF|E(N,N1)3 
487 IF (CU,IM1)) 488,490,490 
488 LA=1 
489 LB=1 
491 GC TO 305 
490 DO 500 J=2,JMX 
4 9 5 S 2 = R H 0 C M L , l ) + T D T I I , J ) ^ ( RHOI ML , 2 ) 4-TDT I I , J ) •RHOI ML , 3 ) ) 
5 0 0 E ( N , J ) = R O W ( N ) / S 2 » V I N 3 / D Z 2 » D T ( 1 ) 
5 0 5 I = 14-NIL 
510 M1L=NI(L+13+NIL 

C 
C COMPUTE NEW H(B,N,J). 
C 
295 L2=0 
296 CALL HCOMP 
297 IF ISENSE LIGHT 1) 300,310 
300 LA=2 
301 L8=2 

C 
C COMPUTt NEW COEFFICIENTS. 
C 

305 CALL COCOMP 
310 IF INFR) 444,515,315 
315 DO 405 IX=1,3 
320 IF INNHiIX)-NH(IX3) 325,335,444 
325 NNHI IX)=NNH{ IX)-t-l 
330 GO TO 405 

C 
C ADJUST NH ON BASIS OF RESULTS OF HCOMP. 
C 

335 DO 355 N=1,NFR 
340 DO 355 J=l,JMAX 
345 DO 355 Nl=l,2 
350 IF nPFINl,N,J)-IX) 355,365,355 
355 CONTINUE 
360 GO TO 400 
365 IF i S L ? I I X ) - E P S D H X ) ) 3 7 0 , 3 8 5 , 3 8 5 
370 IF (NH(1X3-163833 3 7 5 , 3 7 5 , 4 0 0 
3 7 5 NHI IX)=iS|HnX)+NHI 1X3 
380 GO TO 400 
385 IF ISL2(IX)-EPSH(IX)3 400,390,390 
390 IF INHI1X3-1)444,400,395 
395 NHIIX]=NH(1X3/2 
400 NNHnX)=l 
401 SL2CIX)=0.0 
405 CONTINUE 
515 MINML = f«INML 
520 GO TO (525,545,565,585,600,620,630,MINML 
525 SENSE LIGHT 4 
530 CALL TEMPRT 
535 WRITE OUTPUT TAPE 6iI,PR0B 
540 GO TO 61C 
545 SENSE LIGHT 4 
550 CALL TEMPRT 
555 WRITE OUTPUT TAPE 6,2fPR0B 
560 GO TO 610 



565 SENSE LIGHT 4 
570 CALL TEMPRT 
575 WRITE OUTPUT TAPE 6,3,PROS 
580 GO TO 610 
585 SENSE LIGHT 4 
590 CALL TEMPRT 
595 GO TO 620 
600 CALL TEHPRT 
605 GO TO 620 
610 MINML=2 
615 GO TO 625 
620 MINML=l 
625 RETURN 
630 SENSE LIGHT 4 
635 CALL TEMPRT 
640 WRITE OUTPUT TAPE 6,4,PR0B 
645 GO TO 610 
444 PAUSE 444 
650 GO TO 610 
655 END (0,1,0,1,0) 

C SUBROUTINE LINER 1089/RE248 J HEESTAND 8/62 
C 
C PURPOSE—II) INCREASE OUTPUT PAGE NUMBER. 
C 12) RESTORE PAPER. 
C 13) WRITE OUT CASE ID, PROGRAH ID, AND PAGE NUMBER. 
C 14) RESET LINE COUNTER TO 1. 
C SUBROUTINES USED—(LEV), IIOH)0, ISTH3, (FID. 
C CALLED BY—MAIN PROGRAM, INPRNT? TEMPRT. 
C 

SUBROUTINE LINER 
C 

DIMENSION AFC 25),AMU(1001,ANU(10,9),AlI 10),A21103,A3(10), 
1 B(100,16),BETAI 10 3,811IC),B2110), 
2 CI 100, 163 ,C AY I 10, 10) ,CURPHH4) , 
3 D( lOOf 163 ,Dfc( 10) ,DENTAUI2) ,DIAN(10 3 ,DPHn43, 
4 DRC25),DTI2 3,DTT!10,10) ,DTTiC10,y3, 
5 E(10,16),EE{25) , ENTAUI 500),EPSDI 33,EPSHI 33, 
6 F(25),GI100,16),GAMMA{4,10), 
7 H(2,10,16),H1(10),H2I10),H3I10),H4ll0)fH5(10)fH6{I0), 
8 ICSI IO) , IH( 10 3 , I P d O O t 161 , I P F ( 2 , 1 0 , 1 6 3 , I P T I 1 0 3 , 
9 ITYPEI 100) , K I 2 5 ) ,MI25) , f 'M(25) 
DIMENSION NF(25) ,NFH4) ,NG(4) ,NGAKI4) ,NGAMMA|4 3 ,NH( 3 3 , N H 25 ) , 
1 NNHI3),NPHII4),PHI(4,250),PSISI 10),PS 10 1103, 
2 GMUZI100,16)tQ0(25), 
3 R(253,RHOI 10,9),RHOCi10,10),RH0DHI10,9),ROCI10,15), 
4 kOWllO),R21100),SL2(3),SL3(3), 
5 Tl100,16),TAUN(93,TAUP14,9),TDTI100,16 3,TEMP 125), 
6 TITLE!123,TPRIME(100,16)tTTI10,9),U(25),VI10),V0l10), 
7 WIOANI103,Wlt25),W2(?53,Y(1 3,ZETA(25,163 
EQUIVALENCE (Y,TDT),IANU,Tl3,(RH0,RH00H) 
COMMON AF,AK,AMUtANEW,ANU,Al,A2,A3,B,fiETA,Bl,B2f 
1 C?CAY,CURPHI,CURRtK8D,DE,0EK,DENTAU,0IAN, 
2 DPHItOR,DT,DfTsDTTlsDZ,DZ2,E,EE,fcM,ENfENTAU, 
3 EPSD,EPSHfF,G,GAMMA,GEE,GR,H,HPRIMEfHl,H2,H3,H4,H5,H6, 
4 I,ICNTRLfICS,IHsIJ, IJSUM,I LINE,I MAX,INIT,IP,I PAGE, 
5 IPF, IPT, HEMP, ITYP, I TYPE , I X, J , JL INF , JMAX , JMX ? J 1, 
6 KfLsLAtLB?LINE,LLINE,LMAX5LlfL2,M,MINML,ML,MM,MMAX, 
7 N,NABCDM,NABCDk,NACR?NB|NBET,NBETAsNDTH,NDUMP, 
8 NfcNTAU,NF,NFI,NFR,NG,NGAM,NGAMMA,NH,NI,NIL,NN, 



1 0 0 

9 N N E X T , N N H , N P , N P H I , N P M A X , N P M X , N P R , N P R C , N P T , N l , N 2 t N 3 , N 4 
COMMON P , P H I , P R , P R O B , P S I S , P S ! 0 , Q M U Z , Q O , R , R E , R H O , R H O C , 

1 R O ? R O C , R O W , R 2 , S L 2 , S L 3 , S l , S 2 , S 3 , T s T A U , T A l J F t T A U N , 
2 TAUP,TDT,TEMP,TITLE,TPRlMEfTlPR,T2PR,T3PR, 
3 U,VsV0,WIDAN,Wl,W2,X,X0,Xl,X2,X3,ZfZETA 

5 FORMAT (12A6t9X,20H1089/RE248 PRCB.N0.F9.5,7H PAGE 13) 
10 IPAGE=1PAGE+1 
15 WRITE OUTPUT TAPE 6,5,(TITLEI 1),1 = 1,12),PROB,I PAGE 
20 LINE==1 
25 RETURN 
30 END I0sl,0,1,0) 

C SUBROUTINE INPRNT 1089/RE24S J HEESTAND 8/62 
C 
C PURPOSE—WRITE OUT CASE INPUT. 
C SUBROUTINES USED—LINER, (LEV), {IOH)0, ISTH), (FID 
C CALLED BY—MAIN PROGRAM. 
C 

SUBROUTINE INPRNT 

DIMENSION AF(251,AKUI100),ANU(I0,9),Al110) ,A2110 3,A3 1103, 
1 B(lGO,16),BETA(103,81(10),82(10), 
2 CII00,16),CAY(10,103,CURPHI(4), 
3 01100,163,De(10 3 tDENTAU(2 3,DIANI103,DPHII4), 
4 DRI 25 ),DT( 2 ) ,DTT( 10,101 tOTTK 10,9), 
5 fclI0tl63tCt(25),ENTAU(500),EPSD(3),EPSHI 3 ) , 
6 F(25)tG(100,16),GAMMA(4,10), 
7 H(2,10,16),H1(10),H2I10)JH3(10),H4(10),H5(10),H6(10), 
8 ICSI10),IH(10)sIPI100,16),IPF(2,10fl6),IPT(10 3, 
9 ITYPe(100),K(?5}fM(25),MM(25} 
DIMENSION NF(25) ,NFI(4) ,Nn(4) ,'4GAM(4) ,NGAMMAI4) , NHI 3 3 , NII 25 ) , 
1 NNH133,NPHI(4),PHI14,250),PSIS(103,PS!0(10), 
2 QMUZdOO, 16),Q0I25) , 
3 R(253 tRHO(10,9),RHOCl10,10),RH00HI10,9) ,ROC(10,151, 
4 ROW 1103,R2(100)tSL?(3),SL3(35, 
5 T(100,16),TAUN(9),TAUP(4,9),T0T(100,16),TEMP I 25) , 
6 TITLE! 12 3 .TPRIMI- ( 100, 16 ) , TT ( 10, 9 ) ,U ( 25 3 , V 110 3 , VOI 10 3 , 
7 KIDANI103,W1{25I,W2{253,Y(1 ),ZETA(25,16) 
EQUIVALENCE lY, TOT) , ( AfMU , TT ) , ( RHO ,RHODH ) 
COMMON AF,AK,AMU,ANEW,ANUtAlfA2,A3,B,BETA,R1,B2, 
1 C,CAY,CuRPHI,CURRfcN,D,De,DEK,DENTAU,DIAN, 
2 DPHI,DRtDT,DTT,DTTl,DZ,DZ2,E9EE,EM,EN,ENTAU, 
3 EPSD,fcPSH,F,GfGAMMA,GEE,GR8H,HPRIMe,Hl,H2,H3,H4,H5,H6, 
4 I,ICNTRLfICS,IH,IJ,IJSUM,I LINE,I MAX,INIT,IP,I PAGE, 
5 IPF,IPT,I TEMP 5ITYP,11YPE,I X,J,JLINE,JMAX,JMX,Jl, 
6 K,L,LA,LB,LINE,LLINE,LMAX,Ll,L2,M,MlNMLfML,MM,MMAX, 
? N,NABC0M,NABC0R,NACRfNB,N8ET,NBETA,N0TH,NDUMP5 
8 NEN TAU,NF,NFI,NFR,NG,NGAM,NGAMMA,NH,NI,NIL,NN, 
9 NNEXT,NNH,NP,NPHI,NPMAX,NPHX9NPR,NPRC,NPTtNl,N2,N3fN4 
COMMON P,PHI,PR?PROB,PSIS,''SIO,QMUZ,QOfR,RE,RHO,RHOC, 
1 R0,R0C,R0WtR2iSL2,SL3,Sl,S2,S3,T,TAU,TAUF,TAUN, 
2 TAUP,TDT,TEMP,TiTLh,TPRIME,TlPR,T2PRsT3PR, 
3 U,V,V0,WIDAN,W1,W2,X,X0,X1,X2,X3,Z,ZETA 
1 FORMAT C/6H0INPUT/22H0 GENERAL PROBLEM 0ATA/8H 1MAX=13,6X,5HJMAX 
1=12,7H LMAX=I2,8X,bHMMAX=!2,8H NPMAX=^ 12 , SX, 6HNH {13 = 13 ,8H Nh(2) = 
213,4X,6HNH(33=I3,6H NPR=I3/3X,2HZ=IPE19.5,12H FINAL TAU=E12.5,12 
3H DELTA TAU=E12.5,4H G = t20.5,10H EPSD11)=E14.5/3X,8H£PSD(2)=E13 
4.5,lOH tPSD(33=E14.5flOH EPSH(13=E14.5,lOH EPSHI 2)=£14.5,lOH E 
5PSH(3)=E14.5) 

2 FORMAT I9HU '111 L ) = I 3 , 19 I 43 



101 

c 
c 
c 

c 
c 
c 

3 FORMAT (8H 
4 FORMAT I8H 
5 FORMAT {7H0 
6 FORMAT OHO 
7 FORMAT 
11P10E12.5)) 

8 FORMAT C27H0 
9 FORMAT 
10 FORMAT 
11 FORMAT 
IT ICS 
233 

12 FORMAT 
13 FORMAT 

MIL)=20I4) 
KIL3=20I4) 
RCL}/I1P10E12.5I3 
UIL)/I1P10E12.5)} 

1/25H0 POKER DISTRIBUTION OATA/23HO MUII3 (READ ACROSSI/I 

ZETA(L,J3 (READ ACROSS)) 
I4X,2HL=I2/I1P10E12.5)3 
I23H0 Q0IL3 (READ ACROSS 3/IIP10E12.53) 
f/42H0 FLOWING COOLANT REGION DATA IREAO 00«N)/ 
IHllX,2HV09Xt4HPSI0 8X,4HPSIS9X,2HDEl0X,2HA110X, 

18H0 L IP 
2HA210X,2HA 

l2I4,I6,I4,lPE18.5,6Ei2.5) 
I/5X,2HB110X,2HB210X, 

1X,2HH510X,2HH6) 
14 FORMAT I1P10F12.53 

I/21H0 MATERIAL PROPERTIES/33H0 15 FORMAT 
lIAi)} 

16 FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
1) 

25 FORMAT 
FORMAT 

2HH110X,2HH210X,2HH310Xt2HH410 

(ONE ROW FOR EACH MATER 

17 
18 
19 
20 
21 
22 
23 
24 

EACH MATERIAL 
NBETA==I2,4H 

I37H0 RHO«C CONE ROW FOR EACH MATERIAL)) 
(40H0 TT OR NU I ONE ROW FOR EACH MATERIAL)) 
I45H0 RHO»DH OR RHO (ONE ROW FOR 
(/13H0 NITAU) DATA/6H0 NN=I3,9H 
{24H0 NCTAU) (READ ACROSS)) 
(7H0 BETA/IP10E12.5) 
112H0 TAUIBETA)/1P10E12.5) 
I/15H0 PHHTAU) DATA) 
I8H0 NPHI=I3,10H NGAMMA= 

)) 
P=1PE12.5) 

I2/26H0 PHHIAU) (READ ACROSS) 

26 
30 

I8H0 
I13H0 

GAMMA/1P10E12.5) 
TAU(GAMMA)/1P10E12.53 

CALL LINER 

WRITE OUT GENERAL PROBLEM AND REGION DATA 

35 WRITE OUTPUT TAPE 6,1,I MAX,JMAX,LMAX,MMAX.NPMAX,NH(13, 
INHf33,NPR,ZtTAUF,OT(13,GEE,EPSDIl),EPSDI2),ePSOI 33,EPSH 
2iEPSH(3) 

6,2,(NIIL),L=1,LMAX) 
6,3,IMIL),L=1,LMAX3 
6,4,(KID 
6,5, (RID 

NH(2), 
I1),EPSHI2) 

40 
45 
50 
56 
60 
65 
70 

75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 

MRITE 
WRITE 
WRITE 
WRITE 
WRITE 
LINE=16 + LLlNE-»-LLINE 
IF INACR) 555,150,75 

OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 

TAPE 
TAPE 
TAPE 
TAPE 
TAPE 

,L= 
fL = 

1,LMAX) 
l,LMAXl 

6t6,lUlL3,L=l,LMAX) 

WRITE OUT POWER DISTRIBUTION FUNCTIONS, MUI 13, ZETAIJ3, QOIL) 

WRITE OUTPUT TAPE 6,7,I AMU{I 3,1 = 1,IMAX) 
LINE=LINE+7+ILINE 
WRITE OUTPUT TAPE 6,8 
DO 125 L=1,LMAX 
IF fKlL)-3l 100,105,125 
IF IKID-l) 555,105,125 
IF f57-LINE-JLINEI 110,110,115 
CALL LINER 
WRITE OUTPUT TAPE 6 , 9 , L , I Z E T A I L , J ) , J = l , J M A X ) 
LINE=LINE + 14-JLINE 
CONTINUE 
IF I56-LINE-LLINE3 135,135,140 
CALL LINER 
MRITE OUTPUT TAPE 6,10,IQO(L),L=1,LMAX} 
LINE=LINE-i-2 + LLINE 



150 IF INFR) 555,265,155 
C 
C WRITE OUT FLOWING COOLANT REGION DATA 
C 

155 IF I53-LINE3 160,160,165 
160 CALL LINER 
165 WRITE OUTPUT TAPE 6,11 
170 LINE=LINE+5 
175 N=0 
180 DO 215 L=1,LMAX 
185 IF (5-KIDI 555,190,215 
190 N=N+1 
195 IF (58-LINb) 200,200,205 
200 CALL LINER 
205 WRITE OUTPUT lAPL 6,12,L,IPTIN),ICSIN),IHIN),VOIN),PSIOlN3, 

1PSISIN),DE(N),AIIN),A2(N3,A3IN3 
210 LINE=LINE+1 
215 CONTINUE 
220 IF 157-LINE) 225,225,230 
225 CALL LINER 
230 WRITE OUTPUT TAPE 6,13 
235 LINE=LINe+2 
240 DO 260 N=1,NFR 
245 IF I58-LINE3 250,250,255 
250 CALL LINER 
255 WRITE OUTPUT TAPE 6,14 , BH N) ,B2 ( N) , HH N 3 ,H2 ( NI ,H3( N3 ,H4( N) , 

IHSCN),H6IN) 
260 LINE=LINt+l 

C 
C WRITE OUT MATERIAL PROPERTY DATA 
C 
265 IF t53-LINE-MMAX3 270,270s275 
270 CALL IINER 
275 WRITE OUTPUT TAPE 6,15 
280 DO 285 N=1,NA«C0M 
285 WRITE OUTPUT TAPE 6,14,ICAY(N?NP3,NP=1,NPMAX) 
290 IF INFR) 555,305,295 
295 00 300 N=NNEXT,MMAX 
300 WRITE OUTPUT TAPE 6,14,(CAY(N,NP),NP=1,3) 
305 LINEAL INE-S-5 + MMAX 
310 IF l56-LINE-MhAA3 315,315,320 
315 CALL LINER 
320 WRITE OUTPUT TAPE 6,16 
325 DO 330 N=l,NAflC0M 
330 WRITE OUTPUT TAPE 6,14,IRHOCIN,NP),NP=1,NPMAX3 
335 IF INFR) 555,350,340 
340 00 345 N=NNEXT,MMAX 
345 WRITE OUTPUT TAPE 6,14,IRHOCIN.NP3,NP=1,43 
350 LINE=LINt+2+MHAX 
355 IF 156-LINh-MMAX) 360,360,365 
360 CALL LINER 
365 WRITE OUTPUT TAPE 6,17 
370 IF INPMX) 555,385,375 
375 00 380 N=1,NABCDM 
380 WRITE OUTPUT TAPE 6,14,ITTIN,NP),NP=l,NPMX3 
385 IF INFR) 535,400,390 
390 00 395 N=NNEXT,MMAX 
395 WRITE OUTPUT TAPE 6,14, ( Â Ûl N , NP ) , NP=1, 3 ) 
400 LINE = LINE-»-2 + MMAX 
405 IF I 56-LINt-MMAX3 4l0,410,^il5 
410 CALL LINFR 
415 WRITE OUTPUT TAPE 6,18 



420 IF INPMX1 555t435t425 
425 00 430 N=1,NABCDM 
430 WRITE OUTPUT TAPE 6,14sfRHODHtNtNP)sNP=l,NPMXS 
435 IF !NFR) 555t450s440 
440 00 445 N=NNEXTtMMAX 
445 WRITE OUTPUT TAPE 6i14,IRHOlNtNP)tNP=1,3) 
450 LINE=^LINE + 2 + MMAX 
455 IF 8NACRI 555f595f460 

C 
C WRITE OUT HEAT GENERATION FUNCTION, NfTAU) 
C 
460 IF 154-LINfcl 465,465,470 
465 CALL LINER 
470 WRITE OUTPUT TAPE 6,19sNN.NBETAtP 
475 LINE=LINE4-5 
480 IF (NN}555f595f485 
485 IF 157-LINE) 490j490,495 
490 CALL LINER 
495 WRITE OUTPUT TAPE 6s20 
500 LINE=LINE+2 
505 00 540 N=l,NNtlO 
510 IF 158-LINE) 515«515f520 
515 CALL LINER 
520 Nl=N4-9 
525 IF INN-NIJ 530,535,535 
5-50 N1=NN 
535 WRITE OUTPUT TAPE 6,14tIENTAUIN2IsN2=M,Nl) 
540 LINE=LINE+l 
545 IF f56-LINe) 550,550f556 
550 CALL LINER 
556 WRITE OUTPUT TAPE 6,21ffBETA INItN=ltNBETA) 
550 LINE=LINE+3 
565 N1=NBETA-1 
570 IF INIJ 555f595,575 
575 IF 156-LINE) 580,580,385 
580 CALL LINER 
585 WRITE OUTPUT TAPE 6?22?ITAUNCN],h=l,N1) 
590 LINE=LINE+3 
595 IF (NFR) 555f755f600 

C 
C WRITE OUT VELOCITY FUNCTIONt PHIITAU) 
C 
600 IF f56-LINE) 605,605f6I0 
605 CALL LINER 
610 WRITE OUTPUT TAPE 6f23 
615 LINE=LINE+3 
620 DO 745 N=1,NPT 
625 IF f55-LINfcl 630,630f635 
630 CALL LINER 
635 WRITE OUTPUT TAPE 6s24sNPHIIN)fNGAMMA(N) 
640 LINE=LINE+4 
645 Nl=NPHIfN] 
650 DO 685 N2=l?Nlf10 
655 IF (58-LINE) 660s660,665 
660 CALL LINER 
665 N3=N2+9 
670 IF (N1-N3) 675,680,680 
675 N3=N1 
680 WRITE OUTPUT TAPE 6f14,I PHI!NsN4)tN4=N2tN3) 
685 LINE=LINE+1 
690 Nl=NGAMMAIN3 
695 IF (56-LINE) 700,700t705 



700 CALL LINER 
705 WRITE OUTPUT TAPE 6f25t(GAMMAIN?N2)tN2=l?N1) 
710 LINE=LINt+3 
715 Nl=Nl-l 
720 IF (Nl) i.55,745?725 
725 IF (56-LINE) 730?730f735 
730 CALL LINER 
735 WRITE OUTPUT TAPE 6?26sCTAUPCN,N2)tN2=l?Nl5 
740 LINE = LIME-t-3 
745 CONTINUE 
750 GO TO 755 
555 PAUSE 555 
755 RETURN 
760 END CO.ltOfltO] 

C SUBROUTINE TEMPRT 1G89/RE248 J HEESTAND 8/62 
C 
C PURPOSE—ID WRITE OUT TAU, DELTA TAUSDt DELTA TAUf2S, FILM 
C COEFFICIENTS HlBsL.JIf AND CURRENT TEMPERATURES 
C TDT(1,J). 
C 12) WRITE OUT COEFFICIENTS OF TEMPERATURE DIFFERENCE 
C EQUATIONS IF SENSE LIGHT 4 IS ON. 
C SUBROUTINES USED—LINER, (LEV), UOH)Of tSTH3f (FID. 
C CALLED BY—PRELIM^ POST» 
C 

SUBROUTINE TEMPRT 
C 

DIMENSION AFI25 3 fAMU(100)?ANU(lOf9)tAlllOI *A2110),A3(103 t 
1 Bll00fl6)fBhTA{10lt81ll0)sB2ll0), 
2 C!100116 3 fCAYClOs10)fCURPHII4), 
3 D(ICC,163,DEI 103,DENTAU(2 3,01AN(10),OPHIC43s 
4 DR125)tDT(2),DTT{lOf10),DTT1(10^93 ? 
5 E(10,l6),EEf25),ENTAU{5003,EPSD(33tEPSH(3), 
6 F125),GI100sl6),GAMMAf4,lO), 
7 H(2,10,l6lfHl(10),H2(103,H3I103,H4(10),H5I10),H6(10), 
8 lCSI103,IH(103tIP(100sl63,fPFI2,10fl63,IPT(l0 3, 
9 ITYPEl100),K(?5)fM(25)fKM(25) 
DIMENSION NF(25),NFII4),NG(4),NGAH(43,NGAMMAI4 3 tNH(33,N11 253, 
1 NNHI3),NPHIC4I,PHIC4,25 0)fPSIS(103fPSI0(10), 
2 QMUZC100,16),Q0(25)t 
3 RI253 fRHOC10,9),RHOC(10,101,RH0DHii0,9),ROCf10,163, 
4 R0W(103,R2C100),SL2I3),SL3(3), 
5 T( 100,16),TAUNI9),TAUP(4,9 3,TDT(100,16),TEMP(253 , 
6 TITLE!1?).TPRIMEI100,163,TT(10,93,UI 253,VC103,VOI103, 
7 WIDAN( 103 fWl(2i>3 ,W2C25) fYll 3 ,ZETA ! 25 ,16 3 
EQUIVALENCE (Y,TDT),(ANU,TT3,IRH0,RH0DH3 
COMMON AF,AK, AMUf ANeW,ANU,MtA2,A3,8,8ETA,Bl,82, 
1 C,CAY,CURPHI,CURREN,D,DE,DEK,OfcNTAU,DIAN, 
2 0PHI,DR,0T?0TT,DTTl,DZ,DZ2,E?EE,EM5EN,ENTAUf 
3 EPSD,EPSH,F,G,GAMMA,GEE,GR,H,HPRIMEfHl,H2,H3,H4,H5,H6 5 
4 I, ICNTRL,ICS,IH.IJjlJSUMflLINEflMAX.INITsIPsIPAGE, 
5 IPF,IPT,ITEMP,ITYP,ITYPE,IX,JfJLINE,JMAX,JMX,J1, 
6 K,L,LA,L8,LINE,LLINE,LMAX,Ll,L2,M,MINML,ML,MM,MMAX, 
7 N,KAeCDM,N/>8C0R,NACR,NBfNBET,N6ETA,NDTH,N0UMPs 
8 NENTAU ? NF,NFI,NFR,NG,NGAM,NGAHMA,NH,NI,NIL,NN, 
9 NNEXr,NNH,NP,NPHI,NPMAX,NPMX,'^PR,NPRC,NPT,Nl,N2,N3fN4 
COMMON PjPHItPR,PROB,PSIS,PSIO,QMUZfOO,R,REfRHO,RHOC, 
1 RO,ROC,ROW,R2,SL2,SL3sSl,S2,S3,I,TAU,TAUF,TAUN, 
2 TAUPtTDT.TEMPfTITLE,TPRIMEsTlPR,T2PR,T3PR, 
3 U,V,V0,WIDAN,Wl,W2,X,X0sXl,X2,X3,Z,ZeTA 
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1 FORMAT I/6H0 TAU=1PE18,5,1IX,13HDELTA TAUH3=E12.5,1IX,13HDELTA TA 
lUS2)=Ei?.5) 

2 F0RMA1 (lOHO HIB,LfJ}) 
3 FORHAT llPEi3.5,8E12.5,E11.4) 
4 FORMAT (39H0 TEMPERATURES (READ I ACROSS, J DOWN)3 
5 FORf»AT {2H0B3 
6 FORMAT (2H C) 
7 FORMAT I2H D) 
8 FORMAT (7H ECN,J]3 
9 FORMAT (2H G) 

C 
C WRITE OUT TAU, OTIl), DTI23 
C 

15 IF C56-LINE3 20,20,25 
20 CALL LINER 
25 yRITE OUTPUT TAPE 6,1,TAU,OTI 1),CT(23 
30 LINE=LINE+3 
35 IF (NFR) 777,90,40 

C 
C WRITE OUT H(BsL,J) 
C 

40 IF (57-LINE) 45,45,50 
45 CALL LINER 
50 WRITE OUTPUT TAPE 6,2 
55 LINE=LINE+2 
60 DO B5 L=1,NFR 
65 DO 85 N=l,2 
70 IF (58-LINE-JLINE) 75,75,80 
75 CALL LINER 
80 WRITE OUTPUT TAPE 6,3,IHIN ,L,J),J=l,JMAX3 
85 LINE=LINE+JLINE 

C 
C WRITE OUT TDTII.J) 
C 

90 IF C57-LINe) 95,95,100 
95 CALL LINER 
100 WRITE OUTPUT TAPE 6,4 
105 LINt=LINE+2 
110 DO 130 J=1,JMAX 
115 IF {58-LINE-lLINE) 120,120,125 
120 CALL LINER 
125 WRITE OUTPUT TAPE 6,3,(TO!(I,J),1=1?IMAX) 
130 LINt=LINE4-ILINE 
135 IF (SENSE LIGHT 43 140,495 

C 
C WRITE OUT COEFFICIENTS 
C 

140 IF 157-LINE) 145,145,150 
145 CALL LINER 
150 WRITE OUTPUT TAPE 6,5 
155 LINE^LINE+2 
160 DO 180 J=1,JMAX 
165 IF (58-LINE-ILINE3 170,170,175 
170 CALL LINER 
175 WRITE OUTPUT TAPE 6,3,IB(I,J),1=1,IMAX3 
180 LINE=LINE+ILINE 
185 IF (58-LINE3 190,190,195 
190 CALL LINER 
195 WRITE OUTPUT TAPE 6,6 
200 LINE=LINE+1 
205 00 225 J=1,JMAX 
210 IF 158-LINE-ILINe) 215,215,220 
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215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
396 
400 
405 
410 
415 
420 
425 
430 
435 
440 
445 
450 
455 
460 
465 
470 
475 
480 
485 
490 
777 
495 
500 

CALL LINER 
WRITE ourpur TAPE 

LINE=LINE+ILINE 
6,3,(C(I,J), 

IF 158-LINE) 235,235,240 
CALL LINER 
WRITE OUTPUT TAPE 
LINe=LINE+l 
DO 270 J=1,JMAX 
IF ( 5 8 - L I N E - I L I N E ) 
CALL LINER 
WRITE OUTPUT TAPE 
LINE=LI.ME+ILINE 

6,7 

260,260,265 

6|3,ID!I,J3 , 

IF (NFR) 777,445,400 
IF {58-LINE3 405,405,410 
CALL LINER 
WRITE OUTPUT TAPE 
LINE=LINE+1 
DO 440 N=1,NFR 
IF (58-LINE-JLINE) 
CALL LINER 
WRITE OUTPUT TAPE 
LINE=LINE+JLINE 

6, 8 

430,430,435 

6,3,(E(N,J)i 

IF C58-LINF3 450,450,455 
CALL LINER 
WRITE OUTPUT TAPE 
LINE=LINE+1 
00 485 J=1,JMAX 
IF (58-LINE-ILINE3 
CALL LINER 
WRITE OUTPUT TAPE 
LINE=L1NE+ILINE 
GO TO 495 
PAUSE 777 
RETURN 
END 10,1,0,1,03 

6, 9 

475,475,480 

6,3,(GlI,J), 

I=1,IMAX) 

I=1,IMAX) 

J=1,JMAX3 

I=1,IMAX3 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE HCOMP 

PURPOSE—(13 

1089/RE248 J HEESTAND 8/62 

COMPUTE V(N3 FOR EVERY COOLANT REGION, EVERY ENTRY 
(EVERY TIME ITERATION PLUS EVERY CHANGE IN DTI 1)3. 

!2) COMPUrfc RQCSNiJ) FOR EVERY HIB,N,J) COMPUTED^ 
(33 COMPUIE FILM COEFFICIENT H(B,N,J)— 

IA3 L2=l, ALL H(B,NsJ3 ARE COMPUTED^ 
IB3 L2=0, H(B,N,J3 IS COMPUTED IF MATERIAL PHASE OF 

POINT B,N,J HAS CHANGED, OR IF THE COUNTER ON NH 
(THE NUMBER OF ITERATIONS BETWEEN AUTOMATIC 
RECOMPUTATION OF H) = NH. 

(4) TEST PERCENT CHANGE IN H FUR POSSIBLE HALVING 
OR DOUBLING OF NH (IF L2=0)» 

SUBROUTINES USED—ABSF, XABSF, EXPO, 
CALLED BY—PRELIM, COCOMP, POST. 

SUBROUTINE HCOMP 

DIMENSION API 25)tAMUl100),ANUI10,9),AlI 10),A2(103 ,A3f10 ) , 
1 BC100,163,BETA I 10 3,81(103 fB2(10), 
2 CI100tl6 3,CAY(10,I0 3,CURPHII4), 
3 01 100, 16) , DEI 10) ,DENTAUI2) ,0IANU0) ,0PHI(4) , 
4 DRI25 3,DTI 2),DTTf 10,10) ,DTT1{10,93, 
5 El 10,16),EE(253,tNTAU(500),EPSD(33,EPSHI3), 



6 FI25),GI100,16),GAMMA(4,10)f 
7 HI2,10,16),H1I10)sH2(10),H3I10 3,H4I10),H5I10),H6I10), 
8 ICSI10),IHI10),IPIl00,163,IPF12,10,16),IPTI 10), 
9 ITYPEI100)fK(25)fMI25),MMI253 
DIMENSION NFI25 3 tNFI14),NG(4),NGAM(4),NGAMMAI4),NHI 33,NH25) , 
1 NNHI3I,NPHII4),PH114,250),PSISI103,PSI0(103, 
2 CMUZI100,163,00(25), 
3 RI25),RHO(10,9)fRHOCI10,10),RH00HI10,93,R0C(10,15) , 
4 R0W(10),R2I100),SL2f3),SL3I3), 
5 TI 100,16),TAUNI9),TAUP|4,9),TDTI 100,16),TEMP I 25), 
6 TITLE!12)tTPRIMEl100,16),TTI10,9),UI25),VI10)5V0{10), 
7 KIOANl10),W1I25),W2I25) ,Y(1 3 , ZETA(25,16) 
EQUIVALENCE (Y,T0T),IANU,TT),IRHO,RHCDH3 
COMMON AF,AKtAMU,ANEW,ANU,Al,A2,A3,BfBETAtBl,B2, 
1 C,CAY,CURPHI,CURREN,D,DE,DEK,DENTAUsOIAN, 
2 DPHI,DR,DT,DrT,0TTl,DZfDZ2,E,EE,EM5£N,tNTAU, 
3 EPSDsEPSH,F,G?GAMMA,GEE,GR,H,HPRIME,Hl,H2,H3,H4,H5,H6, 
4 I, ICNTRL,ICS, IH,IJ,IJSUM,I LINE,IMAX , IN IT , IP,I PAGE, 
5 IPF,IPT,I TEMP,ITYP,I TYPE,I X,J,JLINE,JMAX,JMX,Jl, 
6 K,L,LA,LB,LINE,LLINEfLMAX,Ll,L2,M,MINML,ML,MM,MMAX, 
7 N,NABCDM,NABCDR,NACR,NB,iMBET,NBeTAtNOTH,NDUMP, 
8 NENTAU,NF,NFI,NFR,NG,NGAM,NGAMMA,NH,NI,NIL,NN, 
9 NNeXT,NNHsNP,NPHI,NPMAXfNP.vX,N?R,NPRC,NPT,Nl,r42,N3,N4 
COMMON P,PHI,PR,PROB,PSIS,PSIOfQMUZ,QO,R,RE,RHO,RHOC, 
1 ROfR0CfR0W,R2,SL2,SL3,Sl,S2,S3,T,TAU,TAUF,TAUN, 
2 TAUP,TDT,TEMP,TITLE,TPRIME,TIPR,T2PR,T3PR, 
3 U,V.VOfWIDAN,W1,W2,X,X0,X1,X2,X3,Z,ZETA 

5 1=1 
10 N I L = N I I 1 ) 
15 DO 250 L=1,LMAX 
20 IF ! 5 - K ( L ) ) 2 1 1 , 2 5 , 2 4 5 
25 IF ILMAX-L3 2 1 1 , 6 5 , 3 0 
30 IF I L - l ) 2 1 1 , 3 5 , 5 0 
35 N2=2 
40 N3^2 
45 GO TO 75 
50 N2=l 
55 N3=? 
60 GO TO 75 
65 N2-1 
70 N3=l 
75 N=NF(L) 
80 ML-MID 
85 L l ^ I P T I N ) 

C 
C COMPUTE VIN) 
C 

90 VCN)=V0IN3«CURPHHL1) 
95 IF IL23 2 1 1 , 1 3 5 , 1 0 0 

C 
C LOOP TO COMPUTE ALL VALUES OF H 
C 

100 DO 125 N1=N2?N3 
105 L l - N l - l 
110 DO 125 J=1,JMAX 
115 IX^XABSFIIPFIN1,N,J)) 
120 GO TO 255 
125 CONTINUE 
126 SENSE LIGHT 1 
130 GO TO 245 

C 
C LOOP TO COMPUTE H IF IPFIB,N,J) IS NEGATIVE, OR NNH=NH 
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C 
C 
c 

c 
C 
C 

c 
C 
c 

135 DO 240 N1=N2,N3 
140 L1=N1-1 
145 DO 240 J=1,JMAX 
150 IX=XABSFCIPFINl.N,J)) 
155 IF INHIIX)-NNh(IX)) 211,160,170 
160 ICNTRL=1 
165 GO TO 255 
170 ICNTRL=0 
175 IF (IPFINl.N,J)) 255,211,240 
180 IF (ICNTRL) 211,210,185 

TEST CHANGE IN H FOR POSSIBLE CHANGE IN NH 

185 Sl=ABSF((HIN1,N,J)-HPRIMEI/HPRIME) 
190 SL2IIX)=MAX1F(SL2IIX),S1) 

SET IPII,J) NEGATIVE FOR POINTS INVOLVING NEW H VALUES 

210 IF II1) 211,215,225 
215 IPI I-l,J)=-XA8SFnP( I-1,J3 ) 
220 GO TO 2 30 
225 IPC I + l,J)=-XA8SFIIPII+ltJ)3 
230 IPF(N1,N, J3:=-IX 
235 SENSE LIGHT 1 
240 CONTINUE 
245 I=1+NIL 
250 NIL = NIL+NHL+13 
251 GO rO 620 
255 IF (2-1X3 260,270,270 

COMPUTE ROCIN.J) 

260 R0C(N,J)=RH0CIML,4) 
265 GO TO 275 
270 ROCf N, J)=RHOCCP^L, U + TDTI I , J )» I RHOC ( ML , 2 3+TOT ( I , J) eRHOCI ML , 3) 3 
275 HPRIME=H!N1,N,J) 
2801F"{2-IH{N))'295, 285, 281 

GO TO 300 "̂-* •*•* - iA T t> 

285'IY = IX+ 3 _^300*GO*TO'(305, 340. 375, 400, 465, 490, 515, 550, 585), lY 
290*GO"TO"^^^ 

COMPUTE H BY SERIFS I EQUATIONS 

305 AK=CAYIML, 13-i-TDT( I, J ) * ( CAY ( ML i 2 3+TDT ( I , J ) #CAY I ML , 3) 3 
310 ANEW = ANUIML, ll + TDH I, J 3 » ( ANU( ML ,2 3+TDT I I , J 3 »ANU ( ML , 3 3 ) 
315 OEK=AK/DE(N) 
320 PR=ANEW/AK»ROC(N,J) 
321 RO=RHOfML? 13+TDI"I I, J ) *l RHOI ML ,2)+ TDT( I, J) "RHOI ML,3) 3 
325 RE=ABSF(V(N)»ROWIN)/RO)/ANEW«DE(N) 
330 HINUN, J3=DtKiHHllN)«RE»»Al(N)*PR»«Bl(N)+H2IN3 3 
335 GO TO 615 
340 AK=CAYIML,l)-4-TDT( I, J 3 « ! CAYI ML ,2 )+ TDT ( I , J ) »CAY I ML , 33 ) 
345 ANErt = ANU{ML, D-t-TDH I , J ) » ( ANU( Ml , 2 3+ TDT I I , J ) «ANU I ML,3 ) ) 
350 DEK=AK/0eiN3 
355 PR=ANEH/AK»ROC(N,J) 
356 RO=RHO(ML, D+TDTI I , J ) » I RHO{ ML ,2 ) + TDTI I , J ) *RHDf ML , 3 ) ) 
360 RE^ABSF(V(N3»ROW(N)/R0 3/ANEW«DE(N3 
365 HINl.NfJ)=OEK*(H3IN3»RE»»A?(N)»PR»*B2CN3+H4IN3) 
370 GO TO 615 
375 IF ILl) 211,380,390 
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380 HCN1,N,J3=H5IN)»IT0TII-l,J)-TDTII,J))•«A3IN)+H6IN) 
385 GO TO 615 
390 HCN1,N, JI=H5IN)*(TDTI I + l, J)-TOTI I, J) ) »»A3 I Nl-I-H6 I N3 
395 GO TO 615 

C 
C COMPUTE H BY SERIES II EQUATIONS 
C 

400 AK=CAYIML,1)4-T0TI I, J 3 • I C AYC ML ,2 ) *TDT I I, J ) *CAY I ML , 3) ) 
405 ANEW=ANUIML, D^TDTI I , J 3 * I ANUI ML , 2 ) 4-TDTI I, J 3*ANU I ML , 3 ) 3 
410 RO=RHO(ML,1) + T0TII,J)*IRHOIML,2)+TOTI I,J 3*RHOIML,33 3 
415 Sl=RHOIML,l)+TII,J 3»fRHOI ML,23+TII,J)«RHOIMLi3 I) 
420 PR=AMEW/AK«ROCINtJ) 

425 S2=[RHO(ML,2) + 2.0*RHO(ML3) * T D T ( I , J ) ] / R 0 
430 IF (L13 .211,435,445 ^ '^' 
435 S1 = TDTU-1,J3-T0T! I,J) 
440 GO TO 450 
445 Sl=TDTl I + l,J)-TOTn,J) 
450 GR=GeE»S2»Sl/ANEW»WI0ANI^^)/ANEW 
455 HfNltN,J)=AK/DIANIN)«(Hl(N)»GR**AllN)»PR*»81IN3-i-H2(N)] 
460 GO TO 615 
465 IF ILl) 211,4 70,480 
470 HINl,NsJ)=ri3{N)»CTDTI 1-1, J )-TDT C I , J 3 ) *»A21 N3 •••H4I N3 
475 GO TO 615 
480 HINl,N, J)=H3IN3»ITDT( H I , J 3-TDT I I , J 3 ) »»A2 I N3+H4 I N3 
485 GO TO 615 
490 IF (LI) 211,495,505 
495 HIN1,N,J)=H5IN3»(TDTII-l,J)-TDTII,J))»»A3IN3+H6IN) 
500 GO TO 615 
505 HCN1,N,J}=H5IN)»ITDTII + l,J)-TDTII,J))""AS IN)+H6IN3 
510 GO TO 615 

C 
C COMPUTE H BY SERIES III EQUATIONS 
C 

515 IF ILl) 211,530,520 
520 S1=T0TII+l,J)+273^2 
525 GO TO 535 
530 Sl*TDTn-l,J)+273.2 
535 S2^TDTII,JI+273.2 
540 HIN1,N,J3=H1(N3*IS1+S2)*(S1«SI+S2»S23 
545 GO TO 615 
550 IF ILl) 211,565,555 
555 Sl=TDriI+l,J)+273.2 
560 GO 10 570 
565 S1=TDTII-l,J)+273.2 
570 S2=TDTII,J)+273.2 
575 H(N1,N,J)=H2IN)«IS1+S2)»IS1»SI+S2*S2) 
580 GO TO 615 
585 IF ILl) 211,600,590 
590 Sl=TDTIl+l,J)+273.2 
595 GO TO 605 
600 Sl=TOTfI-lfJ)+273.2 
605 S2=T0TII,J)+273.2 
610 HINl,N,J)=H3CN)»ISl+S2)»ISl*Si+S2»S2) 
615 IF fL23 211,180,125 
620 IF DIVIDE CHECK 2111,630 

2111 PAUSE 2111 
625 GO TO 630 
211 PAUSE 211. 
630 RETURN 
635 END 10,1,0,1,0) 



C SUBROUTINE COCOMP 1089/Rt24e J HEESTAND 9/62 
C 
C PURPOSE—(1) COMPUTE ALL COEFFICIENTS NEEDED FOR 
C TEMPERATURE DIFFERENCE EQUATIONS. 
C (A) LA=0, NO THICK NOR COOLANT REGION 
C COEJ-FICIENTS NEED BE COMPUTED. 
C (B) LA=1, COMPUTE ALL THICK AND COOLANT 
C REGION COEFFICIENTS. 
C (C) LA=2, COMPUTE THICK AND COOLANT REGION 
C COEFFICIENTS ONLY FOR POINTS WITH 
C NEGAIIVt IP(I,J) OR IPF{B,N,J). 
C ID) L B = 0 , NO THIN SitGION C O E F F I C I E N T S NEED 
C 6E COMPUTED. 
C (E) LB=l, COMPUTE ALL THIN REGION COEFFICIENTS. 
C IF) LB=2, COMPUTE THIN REGION COEFFICIENTS ONLY 
C FOR POINTS WITH NEGATIVE IP(I,J). 
C (23 TEST FOR NEGATIVE COEFFICIENTS, REDUCE 
C TIME INTERVAL WHEN APPROPRIATE, AND REPEAT 
C APPROPRIATE COEFFICIENT CALCULATIONS. 
C SUBROUTINES USED—HCOMP , EXP 
C CALLED BY—PRELIMIWITH LA=L8=1),POSHWITH LA=LB=2) 
C 

SUBROUTINE COCOMP 
C 

DIMENSION AFI25),AMU{100 3,ANUI10,93fAlllO),A2(10),A3(10), 
1 B(100,16),BETA{10>,Bi(IC),B2II0), 
2 C(100,16),CAY(10,10),CURPHI14), 
3 D(100,16),DE(10) , OENTAU (2) ,DIAN( 10) ,0PHH4) , 
4 DR(25),0ri2),DTTI10,l0),DTTlll0,9), 
5 El10,16),EE(25),ENTAUlSCO),EPSDI33,ePSHI3), 
6 FI253,G(100,16),GAMMA(4,10), 
7 HI2,10,16),HH10),H2C10),H3(10),H4{10 3,H5(103,H6(10), 
8 I C S I 1 0 3 , I H ( 1 0 ) , l P l l O O , 1 6 l , I P F I 2 t l O , 1 6 3 , I P T I 1 0 3 , 
9 I T Y P E I 1 0 0 3 , K ( 2 5 ) , M ( 2 5 3 , M M I Z 5 3 

DIMENSION N F I 2 5 ) i N F I ( 4 3 , N G I 4 ) , N G A M { 4 ) , N G A M M A ( 4 ) , N h l 3 3 , N H 2 5 ) , 
i [MNHI3) ,NPHI 14 1 f P H H 4 , 2 5 0 ) , P S I S { l O f P S I O I l O ) , 
2 Q M U Z ( 1 0 0 , 1 6 3 , 0 0 ( 2 5 ) , 
3 R(25)tRHO(10,93,kHOC(10,103,RHODH110,93,ROC 110,163, 
4 ROW(10),R2(100),SL2I33,SL3I33, 
5 T(100,16),TAUN(9)fTAUP(4,9),TDT(100f16),TEMP I 25), 
6 TITLtl12),TPRI ME( 100,16),TTI 10,93,UI 25),V 110),VOI 10), 
7 WIDANI10),W1I25),W2(25) ,Y(l 3,ZETAI 25,16) 
EQUIVALENCE IY,1DT),IANU,TT),IRHO,RHODHI 
COMMON AFsAK,AMU,ANEW,ANU,Al,A2,A3,B,BeTA,81,B2, 

1 C,CAY,CURPHI ,CURREN,0,Oe,OEKfDENTAU,OIA iM, 
2 D P H I , D R , D r , D T T , D T T l , 0 Z , D Z 2 , E , E E , E M , E N , f c N T A U , 
3 E P S D , E P S H , F , G f G A M M A , G E E , G R , H , H P R I M E , H l , H ? , H 3 , H 4 , H 5 , H 6 , 
4 I,ICNTRL,ICS,IH,IJ,IJSUM,I LINE,IMAX,INIT,IP,I PAGE? 
5 IPF, IP r, I TEMP, ITYP,ITYPl:,IX,J,JLiNE,JMAX,JMX,Jl, 
6 K,L,LA,LB,LINfc,LLINE,LMAX,Ll,L2,M,MINML,MLfMM,MMAX, 
7 NfNABCDM,NABCOR,NACR,NBfNBfcT,NBETA,NDTH,NDUMP, 
B N E N T A U , N F , N F I f N F R , N G , N G A M , K G A M M A , N H , N I , N I L i N N , 
9 NNEXT,NNH,NP,NPHI,NPMAX,NPMX,NPR,NPRC,NPT,Nl,N2,N3,N4 
COMMON P.PHIfPR,PR0B,PSIStPSI0,QMUZ,Q0,R,RE,RHOtRH0C, 
1 R0,R0C,R0W,R2,SL2fSL3,Sl,S2,S3tT,TAU,TAUF,TAUN, 
2 TAUPfTDT,TEMP,TITLE ITPRIMfc,TIPR,T2PR,T3PR, 
3 Uf V t VO,WI DAN s W1,W2,X,XO,X1,X2,X3,Z,ZETA 

C 
C LOOP TO COMPUTE APPROPRIATE THICK AND COOLANT REGION COEFFICIENTS. 
C 

5 IF (LA-13 135,10,10 



10 N l ^ l 
15 N I L = N I l l ) 
20 00 130 L=1,LMAX 
25 IF ( 5 - K f L ) ) 3 1 1 , 3 0 , 4 0 
30 N=NFID 
35 GO TO 45 
40 IF ( 2 - K I D ) 1 2 5 , 4 5 , 4 5 
45 ML=MIL) 
50 00 120 I=Nl ,NIL 
55 ITYP=ITYPEII) 
60 DO 120 J-1,JMAX 
65 IF C5-KIL)) 311,70,100 
70 IF (LA-1) 311,85,75 
75 IF (IPFIltN.J)) 85,80,80 
80 IF (IPFI2tN,J)) 85,120,120 
85 IPFI1,N,J)=XABSFIIPFIl,N,J)3 
90 IPFI2,N,JI=XABSF(IPFI2tN,J)) 
95 GO fO 115 
100 IF ILA-1) 311,110,105 
105 IF IIPIHJ)) 110,120,120 
110 I P I I , J ) = X A B S F C I P n , J I } 
111 N P = I P I I , J } 
112 IF IITYP-15) 115,113,113 
113 G!I,J)=QMUZII,J)»DTIi3/RHOCIML,NP3 
115 GO TO 1220,235,255,311,311,311?311,311,311,570,595,660,705,735, 

1 570,595,660,705,735,311,311,311,311,311,311),ITYP 
120 CONTINUE 
125 N1=NIL+1 
130 NIL=NIL+NHL + 1) 
135 IF ILB-1) 215,140,140 

C 
C LOOP TO COMPUTE APPROPRIATE THIN REGION COEFFICIENTS. 
C 

140 Nl=l 
145 NIL=NI(1) 
150 DO 210 L=lfLMAX 
155 IF {4-K(L)) 205,165,160 
160 IF 13-KIL)) 311,165,205 
165 ML=MILJ 
166 00 200 I=N1,NIL 
170 ITYP=ITYPEII) 
175 DO 200 J=1,JMAX 
180 IF ILB-l) 311,190,185 
185 IF IIPIHJ)) 190,200,200 
190 IP! I,J)=XABSF(IPII,J3) 
191 NP==IPI I,J) 
192 IF I I T Y P - 2 0 ) 1 9 5 , 1 9 3 , 1 9 3 
193 G( I,J3=QMUZII,J)«DTI 2)/RHOC(ML,NP3 
195 GO TO 1311,311,311,355,380,430,465,510,560,311,311,311,311,311, 

1 311,311,311,311,311,355,380,430,465,510,560),ITYP 
200 CONTINUE 
205 N1=:̂ IL + 1 
210 NIL==NIL+NIIL + 1) 
215 RETURN 

C 
C ITYP=1—CENTER COOLANT REGION. 
C 
220 01I,J)=H|2,lfJ)/ROC(1,J 3»RfI)/AFI 1)»DT(13 
225 C( I,J3 = 1.0-D(I,J) 
230 IF ( C ( I , J ) ) 7 8 6 , 2 / 0 , 2 7 0 

C 
C ITYP = 2—INTERIOR COULA?>IT RfcGION. 



235 81 ItJ)=H(1,N,J)/R0C(N,J)»RIL-1)/AFIL3»0TI13 
240 Di I, J)=H(2fN, J)/R0C(N,J)»R!L3/AKL)»DT(1) 
245 CII?J)=1.0-B( I,J)-D(HJ) 
250 IF (CII,J3) 78b,270,270 

C 
C ITYP=3—OUTSIDE COOLANT REGION. 
C 
255 B(I,J)=H(1,N,J)/ROCIN,J)»RIL-13/AF(L)*DTI13 
260 CII,J) = 1.0-BI I,J3 
265 IF (CII,J3) 786,270,270 
27C IF (JMX3 311,285,275 
275 IF IJ-1) 311,280,330 
280 IF (VOIN)) 310,285,285 
285 BlI?J3=0.0 
290 CI I,J)=0.0 
295 DC I,J)=0.0 
300 E(N,J}=0.0 
305 GO TO 120 
310 S2=RH0IMLt1)+TDHI,J I»IRHOI ML,2)+TDTI I,J)*RHOIML,3)3 
315 EiN,J)=R0W(N)/S2»V(N3/DZ»DTI1) 
320 CII,J)=CCI,J)-ABSFIEIN,J)3 
325 IF ICII,J3) 786,120,120 
330 IF (J-JMAX3 340,335,311 
335 IF IV0!N)3 285,310,310 
340 S2=RH0<ML,ll+TDTII,J)«lRhOIML,2)+TDT(I,J)•RHOIML,3)3 
345 EIN,J)=ROW(N)/S2»VIN3/DZ2^nTll3 
350 GO TO 120 

C 
C ITYP=4t20—CENTER THIN REGION, 1=1. 
C 

355 EM=DR(1)/0T(2)«DR(13/CAY I ML,NP}«RHOC(ML,NP3 
360 IF (EM-4.0) 960,365,365 
365 OfI,J)=4.0/EM 
370 CI I,J) = l.O-DI I,J) 
375 GO TO 200 

C 
C ITVP = 5,21—INTERIOR OR OUTSIDE THIN REGION, LEFT BOUNDARY. 
C 

380 IF (5-KIL-13) 311,395,385 
385 X=U{L-13 
390 GO TO 405 
395 N=NF(L-l) 
400 X=Hf2,N,J) 
405 eM = DRID/0TI 2 I »DRI L )/CAY I ML ,NP) *RHOC ( ML,NP) 
406 EN=X«ORlL)/CAY(ML,NP)»FEIL) 
410 BlI,J}=FN/EM 
415 01 I,J)=4.0«kllL)/EM 
420 CI1,J) = 1.0-B( I,J)-D( I,J) 
425 IF ICIItJI) 960,200,200 

C 
C ITYP=6,22—INTERIOR OR OUTSIDE THIN REGION, MID-POINT. 
C 
430 EM=CRIL)/0T(2)»DRlL3/CAYIMLfNP)«RH0CIML,NP3 
435 S1 = DRIL)/R2( I I 
440 Bl I,J3 = ( H0-S1)/EM 
445 0(I,J)=(1.0+S1)/EM 
450 CI I,J)^l.O-B( I,J)-D(I,J) 
460 IF IC(I,J)) 960,200,200 

C 
C ITYP=7,23—CENTER THIN REGION, RIGHT BOUNDARY. 
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465 IF I5-KI2)3 311,480,470 
410 X=UC1) 
4?5 GO 10 490 
480 N=NFI2} 
485 X=HIl,N,J) 
490 EM=DRI1]/DTI2I»0R(1I/CAYIML,NPI»RH0CIML,NP] 
491 EN=X*DR(L)/CAYIML,NPI»F(LI 
495 BII,J)=4.0/EM»W2IL) 
500 01I,J5=EN/eM 
501 CII,J) = 1.0-BI liJJ-OIIf J) 
505 IF CCCItJ)) 960,200,200 

C 
C IfYP-8,24—INTERIOR THIN REGION, RIGHT BOUNDARY. 
C 

510 IF I5™KCL+1II 311,525,515 
515 X=UfL) 
520 GO rO 535 
525 N=NFIL+1I 
530 X = H l l f N , J } 
535 EH=0RlL)/0T(2)»DRILI/CAY|MLtNP|»RH0CIML,NP} 
536 EN*X»DR(L]/CAYCMLfNP)*FIL) 
540 Bl1,J)=4.0«W2(L)/EM 
545 OIItJI=EN/EM 
550 CII,J|al.0-BfI,J)-0I1,JI 
555 IF ICII.jn 960,200f200 

C 
C ITYP^9,25—OUTSIDE THIN REGIONf RIGHT BOUNDARY. 
C 

560 X=OsO 
565 GO TO 535 

C 
C ITYP=10,15—CENTER THICK REGION, 1=1. 
C 

570 EM=ORIll/Df(i)*DRIll/CAYlHL,NPJ»RHOCIML,NP) 
5T5 IF IEM-4^0) 786,580,580 
580 0ll,JI=s4.0/EM 
585 CI1,J1=1.0-DCI,J) 
590 GO TO 120 

C 
C ITYP=llfl6—INTERIOR OR OUTSIDE THICK REGION, LEFT BOUNDARY. 
C 

595 IF l5-KfL~lll 311,610,600 
600 X=UIL-1I 
605 GO TO 620 
610 N-NFIL-1} 
615 X=HI2fNfJI 
620 EM«ORfLI/DTIll«DRILI/CAYIML,NP3»RHOCIML,NPI»2.0 
625 IF IEM--4^0) 786,630,630 
630 eN=X*DRILI/CAYIMLtNP)*EECL) 
63> S1=EM+EN+H1ILI 
640 8II,JI=EN/S1 
645 CII,J3=IEM-EN-WICLII/S1 

655 GO TO 120 ̂ ^ — • • » G(I,Jj - G(I,Jj *EM/S1 
C 
C IfYP=l2fl7—ALL THICK REGIONSt INTERIOR POINTS. 
C 

§60 EM=DRCL)/DTIIl»DRCLl/CAYIML,NP3«RHOCIML,NP) 
665 IF IL-ll 311,670,675 
6?0 IF IEM-4.0) 786,680,680 
6T5 IF IEM-2.0) 786,680f680 
680 S2=DRIL)/R2I II 



685 BlI,J)=I1.0-S23/EM 
690 01 ItJ) = f1.0 + S23/EM 
695 CCI,J) = l.0-BI I,J)-DII,J) 
700 GO TO 120 

C 
C irYP=13fIB—CENTER OR INTERIOR THICK REGION, RIGHT BOUNDARY. 
C 

705 IF C5-KIL+1)3 311,720,710 
710 X=UCL) 
715 GO TO 740 
720 N^NFIL+ll 
725 X=HI1,N,J3 
730 GO TO 740 

C 
C ITYP=14,19—OUTSIDE THICK REGION, RIGHT BOUNDARY. 
C 

735 X=0.0 
740 EM=DRIL)/DT(1)»DR(L)/CAY I ML,NP)»RHOCI ML,NP3»2.0 
745 IF IL-l) 311,750,755 
750 IF IEM-8.0) 786,760,760 
755 IF (EM-4.03 786,760,760 
760 EN=X*DR(L)/CAY(ML,NP)»F(L3 
765 S2=EM+EN+K2(L) 
770 BUtJ3-=W2(L)/S2 
775 CI I,J) = IEM-EN-W2(L))/S2 
780 muji-mqj^^^^^^^ ,^ J^ ^ G(I,J) * E M / S 2 

785 GO TO 120^ ------_-=^\j\i,j / ^\x,o, 
C 
C REDUCE DTI 13, RECOMPUTE TIME DEPENDENT VARIABLES, REPEAT 
C APPROPRIATE COEFFICIENT CALCULATIONS. 
C 

786 NDTH=NDTH+1 
787 IF (NDTH-5) 790,985i985 
790 DTII)=0TI1)»0.5 
795 NPR=NPR»2 
800 NPRC=NPRC»2-1 
805 IF INFRI 311,870,810 
810 DO 840 N1=1,NPT 
815 N3=NGA.'1MAIN13 
820 00 825 N2=I,N3 
825 GAMMAIN1,N2)=GAMMA(N1,N2I«2.0 
830 OPHI(N13 = OPHHNI)*0.5 
835 CURPHI(N1)=CURPHHN13-0PHI iN13«0.5 
840 NGINl)=NGINl)*2-l 
845 00 855 Nl=l,3 
850 NNHIN1)=NNHIN1)«2-1 
855 NHIN1}=NHIN1)»2 
860 L2=l 
865 CALL HCOMP 
870 IF INACR) 311,915,875 
875 IF (NN) 311,910,880 
880 DO 885 N1=1,NBETA 
885 BETACN1I=BETAINI)»2.0 
890 DENTAUI13=DENTAUI1)»0.5 
895 CURReN=CURREN-OENTAUll)»0.5 
900 NB=^NB*2-1 
905 GO TO 915 
910 CURREN=IEXPFITAU/P)+eXPFIITAU+DTI1))/P))»0.5 
915 IF IINIT-13 311,920,945 
920 0TC2)=DT(13 
925 0ENTAU<23=DENTAUI 1) 
930 LA=1 
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935 LB=l 
940 60 TO 5 
945 INIT-INIT/2 
955 GO TO 930 

C 
C REDUCE DTI25, RECOMPUTE TIME DEPENDENT VARIABLES? REPEAT 
C APPROPRIATE COEFFICIENT CALCULATIONS. 
C 

960 0TI2I=DTI2I«0.5 
965 DENTAUI2I=0ENTAU12I»0«5 
970 INIT=INIT»2 
9T5 LB=l 
980 GO TO 135 
985 MINML=7 
990 GO TO 215 
111 PAUSE 311 
995 GO TO 215 
1000 END 10,1,0,1,01 

C SUBROUTINE PHASE 1089/Re248 J HEESTAND 8/62 
C 
C PURPOSE—111 CHECKS MATERIAL PHASE OF EACH POINT IN MESH. 
C 12) IF PHASE HAS CHANGEDf CORRECT ONE IS COMPUTED 
C AND SET MINUS AS A SIGNAL TO HCOMP AND COCOMP. 
C 13] ONCE A COOLANT POINT REACHES PHASE 3, IT IS HELD AT 
C THE SATURATION TEMPERATORE, AND SENSE LIGHT 2 IS 
C TURNED ON (AND KEPT ONI. 
C SUBROUTINES USED—ABSF. 
C CALLED BY—POST^ 
C 

SUBROUTINE PHASE 
C 

DIMENSION AFI 251,AMU I 100),ANU110,9),All 10),A2110),A3110), 
1 Bli00,16)fBETAI10l,Blf10),B2I10I, 
2 C!100il6),CAYI10,10)tCURPHII4), 
3 01 100,16),DEI 10J,DENTAUI2),D1ANI 103 ,DPHH4), 
4 DRC25),DTI2),OTfllO,10),DTTlf10,9)t 
5 Ef10,16 3,EEI 25),ENTAUl5003,EPSOI 3),EPSH!33, 
6 FI25)sGflOOf163fGAMMAC4,103, 
7 HI2,10,16),HII1G) ,H2UO)tH3(103,H4llO)fH5ll03 ,H6I10) t 
8 ICSf103,IHI101,IP 1100,16),IPFI 2,10,1631IPTCIO 3f 
9 ITYPEI1003,KI25)fMC25),MM{25) 

01 MENS ION NF I 25} , NF 11 4 ) t NG I 4) t NGA Ml4)sNGAMMAI4) ,NHI33tNH25) t 
1 NNH ( 3 3 , NPHII 4 1 , PHH 4 , 2 5 0 ) I P S ! SI 1 0 ) , PS 1 0 1 1 0 ) , 
2 Q M U Z I I O O , 1 6 ) , 0 0 ( 2 5 ) , 
3 R I 2 5 ) f R H O I 1 0 , 9 } , R H O C ( 1 0 , 1 0 ) f R H O O H I 1 0 , 9 3 , R D C I 1 0 , 1 6 ) , 
4 R O W a O ) , R 2 C 1 0 0 l f S L 2 l 3 ) ,SL3I33 , 
5 T t l O O f 1 6 ) , T A U N 1 9 ) , T A U P 1 4 , 9 ) t T D T 1 1 0 0 , 1 6 ) , T E M P I 2 5 ) , 
6 f I T L E t l 2 3 , T P R I M E ( 1 0 0 t l 6 ) , T T I l 0 t 9 3 , U I 2 5 ) , V l l 0 ) , V O I 1 0 ) , 
7 WIDANI10} ,WII25)?W2I25) , Y l l ) ,ZETA125 ,163 

EQUIVALENCE (Y,TOT),IANU,TT),IRHO,RHODH) 
COMMON AF,AK,AMUfANEWtANU,Al,A2,A3?B,BETA,81,B2, 
1 C,CAY,CURPHItCURREN,0,De,DEK,DENTAU,DIAN, 
2 0PHI,DR,DT,01T,DTTl,DZ,0Z2,E,EE,EM,EN,ENTAUt 
3 EPSDfEPSH,FfGfGAMMA,GEE,GR,H,HPRIME,HI,H2,H3fH4»H5sH6, 
4 I,lCNTRL,lCS,IH,IJ,IJSUM,ILINE,IMAX,INITtIP,IPAG£, 
5 IPF,IPT,ITEMP,ITYP,I TYPE,I X,J,JLINE,JMAX,JMX,Jl, 
6 K,LfLA,LB,L!NEfLLINE,LMAX,Ll,L2fM,MINML,ML,MM,HMAX, 
7 N,NABCDMtNABCDRtNACRtNB,NBETfNBETA,NDTH,NOUMP, 
8 NENTAU,NF,NFItNFR,NG,NGAM,NGAMMAfNH,NI,NIL,NN, 



9 NNEXT,NNH,NPfNPHItNPMAXfNPMX,NPR,NPRCfNPT,Nl,N2fN3fN4 
COMMON P ,PHI ,PR,PRCBtPSIS ,PSIO,QMUZ,Q0 ,R ,REfRH0,RH0C, 
1 R0,R0CtR0W,R2,SL2,SL3,Sl,S2,S3,T,TAU,TAUF,TAUNf 
2 TAUPfTOr,TEMP,TITLE,TPRIMt,TIPR,T2PR,T3PR, 
3 UfV,V0,WI0AN,Wl,W2,X,X0,Xl,X2sX3,Z,ZETA 

5 Nl=l 
10 NIL=Nni) 
15 DO 415 L=l,LMAX 
20 IF I S - K I D I 5 1 1 , 2 5 , 2 1 0 

C 
C LOOP FOR COOLANT PHASE TESTS 
C 

25 I=N1 
30 N=NFCD 
35 IF ILMAX-D 511,75,40 
40 IF IL-l) 511,45,60 
45 N3=2 
50 N4=2 
55 GO TO 85 
60 N3=l 
65 N4^2 
70 GO TO 85 
75 N3=l 
80 N4=l 
85 00 200 N2=N3,N4 
86 Ll=N2-l 
90 DO 195 J=1,JMAX 
95 IF I3-IPFIN2,N,J)3 511,115,100 
100 IF IPSISIN3-TDT{I,J3) 105,105,125 
105 IPFIN2,NtJ)=-3 
110 SENSE LIGHT 2 
115 TDTII,J)=PSISCN) 
120 60 TO 195 
125 IF ILl] 511,130,165 
130 IF IPSISIN)-T0TII-1,J)) 150,150,135 
135 IF IIPff1,N,J)-1) 511,195,140 
140 IPFCl,N,J)=-l 
145 GO TO 195 
150 IF I2-IPFI1,N,J)) 511,195,155 
155 IPFCl,N,J)=-2 
160 GO TO 195 
165 IF C P S I S I N ) - T D T { I + 1 , J ) 3 1 8 5 , 1 8 5 , 1 7 0 
170 IF tlPFI2,N,J)-l) 511,195,175 
175 IPFI2fN,J3=-l 
180 GO TO 195 
185 IF I2-IPF(2,N,J)) 511,195,190 
190 IPFI2,N,J)=-2 
195 CONTINUE 
200 CONTINUE 
205 GO TO 410 

C 
C LOOP FOR NON-COOLANT PHASE TESTS 
C 

210 IF INPMAX-1) 511,410,215 
215 ML=MIL) 
220 DO 405 I=N1,NIL 
225 DO 405 J=1,JMAX 
230 NP^IPf I,J) 
235 IF INPMAX-NP) 511,250,240 
240 IF fTTIML,NP)-TDTII,J)3 330,245,245 
245 IF CNP-l) 511,255,250 
250 IF ITOTII,J5-TT(MLfNP-l33 2o5,255,255 



255 TPRIMEII,J)=0.0 
260 GO TO 395 
265 IF ITPRIME!I,J3) 275,275,270 
270 TPRIMEIIfJ)=0.0 
275 Sl=TOTII,J)+TPRIMEfI,J) 
280 S2=Sl-TT(ML,NP-l) 
285 IF (DTT1(ML,NP)-ABSFIS2)) 305f305,290 
290 TPRIMEII,J)=S2 
295 TOTfItJ)=TT(ML,NP-ll 
300 GO TO 395 
305 TDTII,J3=Sl+DTri(MLfNP) 
310 TPRIMEII,J3=0.0 
315 NP=NP-l 
320 SENSE LIGHT 3 
325 GO TO 245 
330 IF ITPRIMEU.J)) 335,340,340 
335 TPRIMEII,J3=0.0 
340 S1=TDTII,JI+TPRIME!I,J) 
345 S2=S1-TTIML,NP) 
350 IF fDTT{ML,NP)-ABSFIS2)3 370,370,355 
355 TPRIMEII,J3=S2 
360 TOTfI,J)=TTIML,NP3 
365 GO TO 395 
370 TDTII,J)=S1-DTTIML,NP) 
375 TPRIMEIItJ)=0.0 
380 NP=NP+l 
385 SENSE LIGHT 3 
390 GO TO 235 
395 IF (SENSE LIGHT 3) 400,405 
400 IPII,J1=-NP 
401 SENSE LIGHT 1 
405 CONTINUE 
410 Nl=l+NIL 
4 1 5 N I L = N I L + f » I l L + l ) 
420 RETURN 
511 PAUSE 511 
425 GO TO 420 
430 END 10,1,0,1,0) 
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