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ABSTRACT 

- 
The HEATING6 heat conduction code i s  modi f ied t o  ( a >  redd the 

mu1 tigroup par t ic le  fluxes f r o m  a two-dimeaisional DOT-IV neutrun-photon 

transport calculation, ( b )  interpolate the f luxes  from the DOT-IV 

variable (optional) mesh t o  the HEAPING6 control volume mesh, and ( c )  

fold the interpolated fluxes with kerma factors t o  obtain a nuclear 

heating source for  the heat  conduction equation. 

i s  placed as a module i n  the QRNL discrete ordinates system (TBOS) 

has been renamed DOS-HEATING6. DGS-HEATING6 provides the capab.a’1 i t y  f o r  

determining temperature distributions due t o  nuelear heating in eoaaiplex, 

mu7 ti-dimensional systems. All of the  o r i g i n d l  c a p a b i l i t i e s  o f  HEATIt1G6 

are retained f o r  the nuclear heating calculation; e. . , general i zed 

boundary conditions (convective, radiative,  finned, fixed temperature or  

heat f l ux ) ,  temperature and space dependent therm1 prnperties 

steady-state or transient analysis, general geometry description, rttc, 

T e modified HEhTING6 

and 

The numerical techniques used in the code a r e  revie ecl and the  Llser 

input instructions a n d  JCI- t o  perform DOS-HEATING6 calculations are 

presented. 

DO$-HEATING6 calculations o f  a complex space-reactor configuration i s  

described, and the input and o u t p u t  o f  the calculations a m  l is ted.  

Finally a sample problem involving coupled DOT-’IV and 

xi 





Section 1.0 INTRODUCTION 

1 

Energy deposition due t o  neutron and gama  interactions w i t h  

s tructural  and shielding materials i s  a recognized concern in designing 

many nuclear power systems. 

t h i s  "nuclear heating" source can cause severe thermal s t resses  and ,  in 

extreme cases such as i n  space-based reactors,  the temperature can 

actually approach the melting p o i n t  of v i t a l  components. 

compute the temperature dis t r ibut ion,  two steps are required. 

par t ic le  t r anspor t  calculation is  performed t o  obtain t h e  space and 

energy distribution of the neutron and/or  gamma fluxes. 

fluxes are folded w i t h  kerma factors t o  determine the volumetric heat 

source which i s  i n p u t  t o  a heat conduction calculation. The o u t p u t  o f  

the conduction calculation i s  checked t o  make sure t h a t  a l l  thermal 

constraints are met. 

the procedure repeated. 

The temperature distribution arising from 

In order t o  

F i r s t ,  a 

Second, %he 

I f  n o t ,  then a design modification i s  made, and 

The Discrete Ordinates System (DOS) ( l )  a t  Oak Ridge National 

Laboratory (ORNL) provides the capability of performing detailed 

transpart calculations o f  very complex systems. 

i s  a two-dimensional, mu1 t i g r o u p  discrete ordinates transport code, 

which i s  a major module in th i s  system. 

fluxes f o r  evaluating the nuclear heating source; however, no rriodules 

previously existed i n  the DOS system to  u t i l i ze  the DOT output t o  

perform the subsequent conduction calculations i n  order t o  determine the 

final temperature distribution. 

The DOT-IV ('1 pyogram 

DOT-IY can be used to  compute 
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Many sophisticated programs are  currently available t.o solve the 

hea t  conduction cqnat,ian 

which i s  available a t  ORNL i s  HEATING6,(3) which i s  the l a t e s t  version 

o f  t h e  HFATINS program. HEATING6 was d e ~ e l o p e d  under support from the 

U.S. Nuclear Regulatory Commission t o  serve as  a module i n  t h e  SCALE 

corripr t e r  code system. 

perform safety analysis of spent fuel s h i p p i n g  casks; however, the 

individual program i n  the system can be used alone o r  together t o  

analyze many other types o f  problems. In par t icu lar ,  the HEATING6 

progrdm can be used as a stand-alone, heat conduction program, The 

foilowiny i s  a description of sollie o f  the capabi l i t i es  of HEAXING6: 

One o f  the more advanced conduction codes 

( 4 )  - Ihe S C A L E  system was designed mainly t o  

!‘EJiEAlING6 solves steady-state and/or t ransient  heat conduction probl ems 

i n  O W - ,  two-, or three-dimensional Cartesian or  cylindrical  coordinates 

o r  i n  one-dimensional r;pherical coordinates. The thermal conductivity, 

density,  a n d  specif ic  hea t  may be b o t h  spa t ia l ly  and temperature- 

dependent. I n  addition, the thema1 conductivity may be anisotropic. 

kllected materials may undergo a charge o f  phase ( i . e m 3  melting, 

boil ing,  freezing, e t c . )  f o r  t ransient  calculations involving one o f  the 

r x p l  ic i . t  procedures. 

L  ne, temperature and position; and boundary temperatures may be 

dependent on titile and posit-ion. 

applied along surfaces o f  a model include specified temperatures or any 

combi n a t i  un of prrscri  bed heat f l  IIX 

COi~V~CtiOn, and radiation. Models are  available t o  simulate the thermal 

f i n  efficiency o f  certain finned surfaces. 

rduiative heat t r a n s f e r .  across gaps or  regions embedded i n  t he  model. 

The heat generation rates may be dependent on 

L 2  

Boundary concli t i o n s  which may be 

forced convection , n a t u r a l  

In addition, one may specify 

._- -! 2 
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The boundary condition parameters may be tirne- and/or  temperature- 

dependent. dN The mesh spacing may be non-uniform along each axis.  

1.1 Objectives 

I t  can be seen that the capability i s  available t o  perform 

transport as well as heat conduction calculations i n  complex systems, 

using DOT-IV and HEATINGG, respectively. However, prior t o  t h i s  work 

there was no automated coupling between the two calculations. 

differences i n  the way that the calculational meshes are defined i n  DOT 

and HEATINGG, i t  i s  impossible t o  define a single consistent mesh t h a t  

will coincide for  the t r anspor t  and heat conduction calculations. Thus  

i t  i s  always necessary t o  interpolate the DOT fluxes t o  t h e  appropriate 

HEATING6 mesh in order t o  compute a consistent nuclear heating S O U I - C ~ .  

Furthermore, because of the way HEATING6 defines i t s  "control volumes 1'' 

Due t o  

i t  i s  necessary t o  compute u p  t o  four interpolated f l u x  values f o r  each 

node i n  the HEATING6 mesh. 

materials in each control volume can then be folded w i t h  the 

Kerma factors corresponding t o  the different  

interpolated fluxes to  o b t a i n  the final nuclear heat source a t  a given 

node. For complex geometries, computer routines must be developed t o  

perform these tasks.  

The objective of t h i s  work i s  t o  modify the original HEATING6 

program, i n  order t o :  

( a )  Read the DOT-IV o u t p u t  fluxes from a VARFLM f i l e  (including 

variable mesh problems) 

( b )  interpolate the DOT group fluxes to  the midpoints of the 

various "subregions" which comprise the control volume about a 

particular node in HEATING6. 



( c )  read  i n p u t  va lues f o r  t h e  kerma f a c t o r s ,  and f o l d  t h e  

i n t e r p o l a t e d  f l u x e s  w i t h  kermas f o r  t h e  a p p r o p r i a t e  m a t e r i a l  i n  

t h e  subregion. 

( d )  sum t h e  r e s u l t s  o f  ( c )  a v e r  group and subregion t o  o b t a i n  t h e  

f i n a l  n u c l e a r  h e a t i n g  source a s s o c i a t e d  w i t h  t h e  c o n t r o l  volume 

f o r  a g i v e n  node. 

( e )  implement t h e  m o d i f i e d  v e r s i o n  o f  HEATING6 as a module i n  t h e  

DOS system, so t h a t  coupled DOT-IV/HEATINGG c a l c u l a t i o n s  can be 

e a s i l y  performed i n  a s i n g l e  j o b  s tep.  

The f o l l o w i n g  c o n s t r a i n t s  were p laced  on t h e  m o d i f i c a t i o n s  made i n  

HEATING6 t o  compute t h e  n u c l e a r  h e a t i n g  source: 

( a )  m o d i f i c a t i o n s  can n o t  r e s t r i c t  t h e  c u r r e n t  c a p a b i l i t i e s  o f  

t h e  code. 

(b )  n u c l e a r  h e a t i n g  source can be p r e s e n t  s imu l taneous ly  w i t h  any 

e x t e r n a l  hea t  source p r e s e n t l y  t r e a t e d  by t h e  code. 

( c )  t h e  code must he "backward campat ib le ' l  f o r  a l l  p rev ious  i n p u t  

decks; new i n p u t  requi rements must be k e p t  t o  a minimum, and 

w i l l  use f r e e  form i n p u t  procedures.  

(d )  new a r r a y s  a r e  t o  be v a r i a b l y  dimensioned. 

The mod i f i ed  v e r s i o n  of HEATING6 i s  now c a l l e d  "DOS-HEATING6". 

The o r i g i n a l  HEATING6 code i s  w r i t t e n  m o s t l y  i n  FORTRAN, w i t h  a few 

assembly-language r o u t i n e s  used i n  co re  s to rage  d e t e r m i n a t i o n  (e.g., 

ALOCAT). 

and about 19000 l i n e s  of coding. The DOS-HEATING6 program has n i n e  

The program i s  q u i t e  l a rge ,  c o n s i s t i n g  of ove r  100 subrou t ines  



5 

modified routines, a s  well as four completely new routines, as l i s t ed  i n  

table 2.1. 

i n p u t  data i s  variably dimensioned. 

these variable dimensions may be overridden using the NAMELIST feature 

i n  the i n p u t  d a t a ,  and t h u s  the code does not have to  be recompiled 

each time a change i s  specified. 

several features i n  HEATING6 i s  handled a t  execution time, and the 

values for these flags may also be overridden us ing  the NAMELIST 

feature. 

Basically, i t  obtains the value for  the total  computer core requested by 

the user from the j o b  control language (JCL). 

amount o f  core required by the basic HEATING6 code ( a l l  b u t  the variably 

dimensioned ar rays)  and the buffers for the logical un i t s  to  be used. 

The remaining core is then reserved f o r  the variably dimensioned arrays. 

Essentially every array whose s ize  i s  a function of the 

The default  values used t o  compute 

Computer storage allocation for 

HEATING6 uses the SCALE computer core a1 location feature. 

I t  then determines the 

The card i n p u t  data for  DOS-HEATING6 uses free-form reading 

subroutines and  i s  subdivided i n t o  data blocks ident i f iable  by keywords. 

Data items or blocks may be added, modified or deleted from the input 

d a t a  stream for the current model or  from the previously defined model 

making parametric studies easy. DOS-HEATING6 will  read the i n p u t  data 

fo r  a case until  i t  encounters an end-of-case indicator. I t  checks the 

i n p u t  d a t a  for  errors and inconsistencies and issues messages clearly 

identifying any data problems t h a t  may be encountered. 

are fa ta l  and cause processing t o  be terminated immediately. However, 

most errors  will allow the i n p u t  data processing t o  continue for the 

case b u t  will n o t  a l low the case t o  be executed. This resul ts  i n  the 

code locating a l l  or most of the i n p u t  d a t a  errors w i t h  one execution. 

If  no i n p u t  data errors are encountered, DOS-HEATING6 will proceed w i t h  

Some da ta  errors 
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Table 1.1 HEATING6 Code Modifications 

-.- Modi f ied  Subrout ines 

HEATNG 

INPUT 

MAIN 

KEADER 

MAPERL 

CALQLT 

TRANQ 

D I RECT 

DIFFER(* )  

New Subroutines 

DOTR 

DOTQ 

TERP 

DMOT 

--I__ 

(*)Corrected error i n  o r i g i n a l  coding; DTAN (1.000) changed t o  DAGAN 

(1.050) 
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. 

the specified calculations for  the case. 

encountered or i f  the calculations fo r  the case are completed, the code 

s t a r t s  reading i n p u t  d a t a  for  the next case. 

from the previous case, the new case will n o t  be executed unless the 

I f  input data errors  are 

I f  a case re l ies  on d a t a  

previous cdse terminated successfully. ( 3 )  

A brief description of the numerical techniques used i n  

DOS-HEATING6 i s  given i n  Section 2 of t h i s  report. 

the terminology for  problem specifications,  and gives the i n p u t  

description. 

coupled DOT-IV/HEATINGG runs t o  determine the temperature distribution 

in a space-reactor shield. 

Section 3 describes 

Section 4 i l l u s t r a t e s  a sample calculation involving 
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Section 2.0 C A L C U L A T I O N  METHODOLOGY 

A detailed description o f  the numerical methods used i n  HEATING6 t o  

solve the steady s t a t e  or transient heat conduction equation i s  given in 

Section F10.2.1 of the HEATING6 documentation, contained in Vol. I 1  o f  

the  SCALE reports. ( 4 )  

Some of t h i s  section was taken directly from t h a t  report with 

appropriate a l terat ions t o  re f lec t  the specific problem addressed by 

DOS-HEATING6 o f  how t o  compute the heat source due to  nuclear heating, 

ut i l iz ing the flux o u t p u t  from a DOT-IV neutron/photon transport 

calculation. 

provide capability for computing the nuclear heat source i s  given here .  

A more detailed description, including a l i s t i ng  o f  the new subroutines 

appea.rs in Reference 5. 

Only an outline of the modifications made t o  HEATING6 t o  

2 .1  HEATING6 Numerical Techniaue 

The HEATING6 program solves the steady-state or transient heat 

conduction problem in ei ther  one, two, or three dimensions for ei ther  

Cartesian or cylindrical coordinates or in one dimension ( rad ia l )  for  

spherical coordinates. 

and the discussion which follow are written for a three-dimensional 

problem i n  Cartesian coordinates. 

source calculation in DOS-HEATINGG, which i s  based on the 

two-dimensional DOT-IV f l u x  o u t p u t ,  i s  actually limited t o  R Z ,  Ro, or X Y  

geometries and steady s t a t e  cases. 

For i l l u s t r a t ive  purposes> the general equations 

However, the present nuclear heating 
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Fi r s t ,  the physical problem i s  approximated by a system o f  nodes 

each associated with a small control volume. In order t o  define the 

nodes, a system o f  orthogonal planes i s  superimposed on the problem. 

The planes may be unequally spaced, b u t  they must extend t o  the outer 

boundaries of the problem. 

the intersection o f  any three planes i s  depicted in F i g .  2.1. 

flow from a node t o  each adjacent node along paths which are parallel t o  

each axis. 

internal node to  each of i t s  six neighboring nodes. 

A typical internal node, which i s  defined by 

Heat may 

T h u s  f o r  a three-dimensional problem, heat may flow from an 

The system of 

equations describing the temperature distribution i s  derived by 

performing a heat balance on the control volume associated w i t h  

node. 

The f i n i t e  difference heat balance equation for  the contro 

around node o i n  Fig. 2.1 i s  

n n Tn” I T” 6 

co A t  m= 1 

0 0 n 
= Po + c oi(m(Tm - To) 

each 

vo1 ume 

where T i  i s  the temperature of the m t h  node adjacent t o  node o a t  time 

t n ’  o m 
capacitance of the material associated with node 0 ,  and P i  i s  the heat 

generation ra te  i n  the l a t t e r  material a t  time tn. 

generation rate  will be composed of an external heat source, as 

discussed in the original HEATING6, plus a “nuclear heat source” arising 

from the energy deposition o f  neutrons and /o r  photons which interact  

w i t h  the materials comprising the node. Therefore, the total  heat 

generation rate  for  node o can be written as follows: 

K i s  the conductance between nodes o and m ,  Co i s  the heat 

I n  general, the heat 
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O R  NL- DWG - 7 I -  9496 

(z, + 

( X i  t 

CUBE INCLUDING Vf 'S ONLY 

Fig. 2.1. Nodal Description for Three-Dimensional Problem 
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where (P!)E E external heat sources a t  time tn 

( P  ) O N  5 nuclear heat source (time-independent) computed from DOT 

o u t p u t  f lux,  

%Is 
With reference t o  Fig. 2.1,  the VR's  (sub-region volumes) and 

(subregion areas) are defined, by using examples, a s  follows: 

The expressions f o r  computing values o f  Co, P:, and 

node "0" are given i n  section F10.2.1 of the SCALE HEATING6 report; 

however, in t h i s  report we are only concerned w i t h  the expression for 

the node heat generation ra te ,  given by 

associated with 

where Qi i s  the  heat generation rate  per u n i t  volume in subregion R of 

node 0 ,  a t  time step n .  AS shown i n  Eq. 2.2,  P: i n  DOS-HEATING6 i s  

composed of an external and a nuclear heat source, so t h a t  there w i l l  be 

a corresponding volumetric heat generation rate  for  each of these 

cotitri b u t  ions : 
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The volumetric nuclear heat source ( Q R ) N  i s  calculated from the 

neutron/photon flux o u t p u t  o f  the DOT transport code as discussed i n  

Section 2.2. 

Nodes lying on a surface or nodes from one- or two-dimensional 

prablems will n o t  necessarily have six neighbors, as do internal nodes, 

The general heat balance equation for the control volume about node i 

having Mi neighbors can be written as 

T ? + l  - TY = Py + 'i C . K  (T: - TY) , 
ci A t  m = l '  m 

where a i s  the  m t h  neighbor o f  the i t h  node. These nodes will also n o t  

necessarily contain eight subregions, so t h a t  the general form of t h e  

heat generation rate  associated with node I l i "  i s  

Li QY V, P. = c 
R= 1 

n 
1 

(2.10) 

where L i  5 number o f  subregions associated w i t h  node 'li". 
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For a steady-state conduction problem, the heat balance equation 

for  an  arbi t rary node i reduces to  

Mi 
P i  +& jKam(Tam - T i )  = 0 

since the left-hand side of E q .  2.1 i s  zero. 

(2.11) 

If there are I node points, there will ,e a system o f  I equat.ions 

w i t h  I unknowns since E q .  (2 .11)  will be applied a t  each node. 

contains two techniques fo r  solving the result ing system o f  equations. 

The f i r s t  technique involves point successive overrelaxation (SOR) 

i terat ion combined with a modification of the " A i t k e n  6' 

process"" 

w i t h  DOS-HEATING6. However, fo r  certain classes of  problems convergence 

may be slow or  the convergence cr i ter ion may be unreliable since i t  only 

requires that  the maximum relat ive change in temperature from one 

i terat ion to  the next be less than the specified value. 

the steady-state temperature distribution could change significantly as 

the convergence cr i ter ion i s  decreased i n  magnitude. Such di f f icu l t ies  

can a r i se  in problems with widely varying parameters such as  thermal 

conductivity, grid spacing along an axis ,  or nonlinear boundary 

conditions. T h u s ,  a second technique i s  available to  HEATING6 t o  solve 

the steady-state system o f  equations using a d i rec t  solution technique. 

The d i rec t  solution technique i s  available only for  one- and two- 

dimensional problems, and even then i t  i s  n o t  always more e f f ic ien t  than 

the successive overrelaxation method since i t  can require a large amount 

of core. This can occur f o r  two-dimensional calculations when the 

problem requires a large number o f  l a t t i c e  l ines  along the X (or R )  

axis ,  o r  when the problem requires heat t ransfer  across a gap along the 

HEATING6 

extrapolation 

This method can be used for  any steady-state problem modeled 

I n  other words, 
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Y ( o r  0) or Z axes. However, i t  can be much fas te r  and more reliable 

t h a n  the successive overrelaxation technique for  many problems. 

2.2 Calculation o f  Nuclear Heat Generation Rate Prom DOT Fluxes ..-__ 

As shown i n  the previous section, the total  nuclear heat sources 

for  the control volume around a node -is found by summing t h e  heat 

generated within each subregion o f  the node control volume. 

t u r n  i s  found by mult,iplying the volumetric heat source for  the 

subregion by the subregion volume. 

Th is  i n  

Recall t h a t  the control volume associated with a given node may 

contain more t h a n  one material , i f  t h e  node happens t o  l i e  on an 

interface; however, the composition of  each subregion in the node i s  

uniform. In a three-dimensional problem an internal node (i .e. , one 

which does n o t  l i e  on an  outer boundary or an internal gap  boundary) i s  

composed of eight subregions; however, in two-dimensional problems an 

internal node contains only four subregions. Boundary nodes  will 

c o n t a i n  fewer subregions. 

DOS-HEATING6 s presently limited t o  two-dimensional problems, t h o u g h  i t  

would be s t r a  ghtfarward t o  extend the capability to  three-dimensions. 

Ihe reason For the two-dimensional res t r ic t ion i s  the fac t  t h a t  the DOT 

transport calculation i s  limited to  X Y ,  RZ or RO geometry. 

The nuclear heating source calculation in 

- 

As shown i n  Eq. 2.8 the nuclear heat source i s  obtained from the 

volumetric nuclear heat source (Q&)\. 

nuclear heat. source i s  calculated b a s e d  on the DOT flarx o u t p u t  using the 

expression: 

For subregian "R" the volumetric 

I GM 

(2.129 
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where 

((neutrons o r  gammas)/(cm -sec))  

i s  the average flux in subregion E, fo r  energy group g, 
g,R 

2 

c i s  the kerma factor  corresponding t o  the material in subregion 

R for  energy group g (Joules/cm), and  
g , a  

IGM i s  the number o f  yror7s used i n  the DOT calculation. 

The mesh used in the DOT trarisport calculation does n o t  correspond t o  

the mesh used in the DOS-HEATING6 calculation; therefore, the value o f  

the average flux within a subregion must be obtained by interpolating 

the fluxes on the DOT o u t p u t  VARFLM f i l e .  The fluxes must be 

interpolated t o  the center o f  each subregion volume associated with a 

given node in HEATINGG.  In two-dimensional geometry t h i s  requires that  

four interpolations be performed for  each internal node, a s  shown i n  

Figure 2.2. 

Note t h a t  the fluxes are spat ia l ly  continuous, so t h a t  a simple 

two-dimensional l inear  interpolation i s  used t o  obtain the average flux 

in each subregion. 

interfaces,  and i n  general can vary among the f o u r  subregions 

comprising a node, as shown in Figure 2.2. 

which was developed fo r  DOS-HEATING6 allows for  a "variable mesh c-Ppticn's 

t o  be ut i l ized in the DOT transport calculation, whereby the  number and 

distribution of I meshes can vary with the 3 mesh. 

The kerma factors are discontinuous a t  material 

The interpolation routine 

The HEATING6 

calculation, however, only has fixed-mesh capability. All information 

needed t o  define the DOT mesh employed in the transport calculations i s  

obtained direct ly  from the DOT o u t p u t  VARFLM f i l e ,  so t h a t  none o f  th i s  

information must be entered a s  pa r t  of the DOS-HEATING6 card i n p u t  by 

the user. 
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Section 3.0 INPUT DESCRIPTION FOR DOS-HEATING6 

One o f  the objectives i n  developing the DOS version of HEATING6 was 

to  minimize the changes t o  the basic input requirements; thus, the input 

description for  the DOS version i s  essentially the same as the original 

SCALE version of H E A T I N G G ,  with a few additional parameters. The user 

is  referred to  Reference 3 for  detailed information on set t ing u p  a 

basic HEATING6 heat conduction prablem. 

Section 3 . 2  an abbreviated version of the basic HEATING6 input 

For convenience we include in 

description taken from t h a t  report. 

basic input which were added t o  provide for  nuclear heat source 

I n  Section 3.1, the changes t o  the 

calculations are summarized. 

In addition t o  the i n p u t  provided on cards by the user, DOS- 

HEATING6 needs values f o r  the DOT calculational parameters obtained from 

the WARFLM f i l e  input t o  the code whenever a nuclear heating calculation 

i s  performed. The following are some of these parameters: 

IGM = number of energy groups i n  DOT calculation 
JM = number of J intervals (e.g., 2 or 0) 
ISM = number o f  variable I-mesh se t s  
IMSISM = total  number o f  I intervals ,  a l l  se ts .  

3 . 1  Additional HEATING6 I n p u t  Required For Nuclear Heating Calculations 

The option to  perform a nuclear heating calculation with DOS- 

HEATING6 i s  indicated by set t ing a new parameter called "IDOT" equal t o  

an integer greater t h a n  zero. The IDOT parameter i s  entered as the l a s t  

variable in the NAMELIST /OPTION/ which i s  par t  of the standard HEATING6 

namelist i n p u t .  

number assigned to  the DOT VARFLM f i l e ,  which i s  input to  DOS-HEATING6 

to provide fluxes for  the nuclear heat source calculation. 

The value for IDOT corresponds t o  the logical unit 



The only other special input required f o r  nuclear heating 

calculations are the kerma factors .  

kermas are entered by group,  fo r  each material in the problem. This i s  

done in the " M a l e r i a l  Data Block" o f  the standard HEATING6 input. 

Previously, there were two types of cards in th i s  block for  each 

material in the problem: "Card MI' t o  assign thermal properties f o r  the 

material ; and "Card PC" (optional ) t o  assign phase change information 

fo r  thase materials which are allowed t o  melt o r  boil. In the DOS 

version, a third type o f  card (card K)  i s  also required i f  the  parameter 

IDOT ( i n  the NAMELIST /OPTION/)  is  positive. 

values f o r  the kerma factors of the material are entered on the K cards, 

s tar t ing with group 1 (highest energy) a n d  ending with g roup  " I G M "  

(lowest energy). 

flux f i l e ,  and o f  course the group structure o f  the kerma factors must 

be consistent with the BOT fluxes. 

Macroscopic ( i  .e. , "prpru-niixed") 

The "IGM" group-wise 

The value for  IGM i s  read by HEATING6 from the DOT 

3.2 I n w ~ t  Variable DescriPtion 

' I h i s  section was taken direct ly  from Sec t ion  10.3 o f  Reference 3 

and -is designed t u  guide the user t h r o u g h  t h e  s t e p s  necessary t o  solve a 

hea t  tmnsfer  problem w i t h  HEATING6. 

presented to a i d  t h e  user in representing the geometrical conf igu ra l ions  

of  the problem with a l a t t i c e  a f  points. 

the code t o  define the material parameters are given, followed by a 

discussion of user-supplied subroutines. 

F i r s t ,  a se t  of instructions i s  

Then, the functions used by 



Regions 

The configuration of the problem i s  approximated by d i v i d i n g  i t  

i n t o  regions, depending on the shape, material s t ructure ,  indentations, 

cutouts, and other deviations from the general geometry. 

z o n i n g  into regions must be done i n  order t o  describe a specific 

boundary condition or a material whose thermal conductivity, density, or 

specific heat i s  a function of position. 

governing region division: 

In some cases, 

There are three basic rules 

Boundary l ines  o r  planes must be parallel t o  the coordinate 

axes (two points, fou r  l ines ,  o r  six planes are required t o  

enclose a region i n  one-, two- or  three-dimensional geometry. 

respectively). 

A region may contain a t  most one material (however, many 

regions may contain the same material). 

contain a material. 

When a boundary condition i s  defined a l o n g  the boundary of a 

region, i t  must apply along the fu l l  length of the boundary 

l ine  for two-dimensional problems and over a l l  o f  the boundary 

plane for  three-dimensional problems. 

A gap region does no t  

Consider, for  example, a case consisting o f  a simple rectangle i n  

X Y  geometry, half of which contains one material, and the other h a l f  a 

second material, as depicted i n  F i g .  3.1. 

This elementary case would require two regions (as indicated),  one f o r  

each material. 

in Fig. 3.2, three regions are  required as shown. 

I f  the upper r i g h t  corner o f  the rectangle i s  omitted as 
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Th is  d i v i s i o n  o f  t h e  r i g h t  h a l f  o f  t h e  r e c t a n g l e  i n t o  two reg ions  

accounts for  t h e  indented  o r  c u t o u t  upper r i g h t  corner .  

reg ions  2 and 3 o f  F ig .  3.2 c o n t a i n  t h e  same m a t e r i a l .  

Note t h a t  

Now cons ide r  t h e  case o f  F i g  3.2, i n t r o d u c i n g  boundary c o n d i t i o n s  

as i n  F i g  3.3. 

con ta ins  two d i f f e r e n t  boundary types.  Thus, i n  accordance w i t h  t h e  

t h i r d  b a s i c  r u l e ,  r e g i o n  zoning i s  per formed t o  account  f o r  t h e  

d i f f e r e n t  boundary c o n d i t i o n s ,  and an a d d i t i o n a l  r e g i o n  i s  requ i red .  

To s p e c i f y  hea t  t r a n s f e r  between p a r a l l e l  surfaces, one de f ines  a 

The l e f t  boundary o f  t h e  l e f t - m o s t  r e c t a n g l e  now 

r e g i o n  whose boundar ies i n c l u d e  the  two p a r a l l e l  sur faces .  Then, t h e  

boundary c o n d i t i o n  d e s c r i b i n g  t h e  heat  t r a n s f e r  process i s  a p p l i e d  a long  

bo th  o f  t h e  sur faces  o f  t h i s  reg ion .  A l though t h e  reg ions  a d j o i n i n g  t h e  

para1 l e 1  su r faces  i n v o l v i n g  t h e  su r face - to -su r face  heat  t r a n s f e r  may be 

composed o f  more than one m a t e r i a l ,  t hey  must be d e f i n e d  and must 

c o n t a i n  a m a t e r i a l .  

m a t e r i a l .  I n  F ig .  3.4, su r face - to -su r face  hea t  t r a n s f e r  cannot be 

def ined between t h e  l e f t  and r i g h t  boundar ies o f  Region 3 s ince  p a r t  o f  

t he  area a d j o i n i n g  t h e  r i g h t  boundary i s  undef ined.  

su r face - to -su r face  boundary c o n d i t i o n s  can be a p p l i e d  a long  t h e  l e f t  and 

r i g h t  s ides  o f  Region 3, 

The r e g i o n  i t s e l f  may o r  may n o t  c o n t a i n  a 

I n  F ig .  3.5 

I f  a su r face - to -su r face  ( t y p e  3)  boundary c o n d i t i o n  has been 

def ined a long  a su r face  o f  a r e g i o n  and a sur face- to-boundary ( t y p e  1) 

boundary c o n d i t i o n  i s  d e s i r e d  a long  t h e  same sur face ,  then t h e  t y p e  1 

boundary c o n d i t i o n  must be a p p l i e d  a long  t h e  su r face  o f  t he  a d j o i n i n g  

reg ion.  

a p p l i e d  a long  t h e  l e f t  and r i g h t  s ides  o f  Region 3 w h i l e  a s u r f a c e - t o -  

boundary boundary c o n d i t i o n  can be a p p l i e d  a long  t h e  l e f t  s i d e  o f  Region 

4. 

I n  F ig .  3.5, sur face- to -sur face  boundary c o n d i t i o n s  can be 

Th is  can be done o n l y  i f  Region 3 i s  a gap reg ion .  
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Model Involving Surface-to-Surface Boundary Condit ions,  

Incompatible w i t h  HEATING6 
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Lattice Arrangement -I 

The second requirement .fur describing the overall configuration i s  

t o  construct a s e t  of l a t t i c e  l ines perpendicular t o  each axis and 

extending the ent i re  length of the reriiaining coordinates. 

l ines are really points, l ines ,  or planes for a one-, two-, or 

three-dimensional problem, respectively. However, the phrase, " l a t t i c e  

l ine,"  will be used f o r  i l l u s t r a t ive  purposes. 

in the following manner, 

classes: gross l a t t i c e  l ines and f ine l a t t i c e  l ines.  

l ine must be specified a t  both region boundaries along each axis. Fine 

l a t t i c e  l ines ,  equally spaced, may appear between t w o  consecutive gross 

l ines t o  create a f iner  mesh. If  unequal mesh spacing i s  desired within 

a particular region, then gross l a t t i c e  l ines may appear with that  

region. 

one-dimensional problems, by each intersection of two l a t t i c e  l ines 

appearing in a material region or on i t s  boundary in two-dimensional 

probleriis, and by every intersection o f  three l a t t i c e  planes appearing in 

a material region o r  on i t s  boundary in three-dimensional problems. The 

points are numbered consecutively by the procjrinm a t  the intersection o f  

each X -  ( o r  R - 1 ,  Y -  ( o r  @ - ) ,  and Z-plane s tar t ing with the planes 

nearest the origin and changing t h e  X -  (or R - )  plane most rapidly and  

the Z-plane least .  

p o i n t .  

The l a t t i c e  

The l a t t i c e  i s  defined 

The l a t t i c e  l ines are divided into two 

A gross l a t t i c e  

A nodal point i s  defined by each l a t t i c e  point i n  

Temperatures are calculated a t  each such nodal 

In a nuclear heating calculation, the HEATING6 nade arrangement i s  

made independently of the mesh used in the D O T  transport calculation. 

Thus the selection of the DOT mesh can be based on par t ic le  transport 

considerations, whereas t h e  DOS-HEATING6 mesh can be selected on 

temperature gradient considerations. 
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Analytical and Tabular Functions 

The analytical and tabular functions are  built- in functions which 

may be used t o  aid i n  the description of some of the input variables. 

An analytical function i s  defined by 

F ( v  ) = A 1 + A 2 v + A 3 ~ 2 + - A 4 ~ ~ ~  (A5v )+A6exp ( A7v )+A8s i n (Agv )+AIORn ( Al lv )  (3.1) 

A tabular function i s  defined by a s e t  of ordered pairs ,  ( v l , G ( v l ) ) ,  

( v 2 , G ( v 2 ) )  ,...,( v n ,  G ( v n ) ) ,  where the f i r s t  element of a pair  i s  the 

independent variable and the second i s  the corresponding value of the 

function. I n  order t o  evaluate the tabular function a t  some point, the 

program uses l inear  interpolation in the interval containing the point. 

The set o f  ordered pairs must be chosen so tha t  the independent 

variables are  arranged in ascending order or 

v1 < v2 v3 <...< v n - 1  < 'n* (3.2) 

If the function must be evaluated a t  some p o i n t  outside o f  the defined 

domain of the function, then 

Input Variables 

The i n p u t  variables included i n  Table 3.1 must be defined by a 

function having the following form: 

P(x,y,z,t,T) = Po*f(x,y,z,t,T) (3.4)  

where Po i s  a constant factor  and f(x,y,z , t ,T)  may be a product of 

analytical and tabular functions, such as 

f ( x  ,y ,t = Fi ( x  Fj (y I *  Fk(z  * F,(t) Fm( T) (3.5) 

In observing the  definit ions o f  the input parameters (see Table 3.1) 

which may be defined by Eq.(3.4),it i s  noted tha t  only the volumetric 

external heat generation rate  i s  a function o f  a l l  the independent 
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Tab1 e 3.1. Dependence o f  I n p u t  Parameters 

Func t i on  o f  Re1 a t e d  User- 
Pa ramet e r x y z t T Suppl ied Subrout ine 

P (4 x DNS I T Y  

TO X X x (4 INITTP 

X X X X X H EATGN QE 

Tb X X X X BNDTMP 

I.- 

NOTE: The x enclosed i n  parentheses, ( x ) ,  i n d i c a t e s  t h a t  a l t hough  t h e  
parameter cannot be an e x p l i c i t  f u n c t i o n  o f  t h e  i n d i c a t e d  
v a r i a b l e  u s i n g  normal i n p u t  data,  t h i s  v a r i a b l e  i s  i n i t i a l i z e d  i n  
t h e  r e s p e c t i v e  use r -supp l i ed  subrout ine.  Thus, t h e  parameter can 
be a f u n c t i o n  of t h e  indicated v a r i a b l e  if i t  i s  so d e f i n e d  i n  
i t s  r e s p e c t i v e  use r -supp l i ed  sub rou t ine .  
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variables. T h u s ,  i f  any variable i s  omitted from the definit ion o f  the 

parameter, then the corresponding factor  i s  s e t  

(3.5). The constant factor ,  Po, i s  part  of the 

value appears on the data card which i s  used t o  

I f  one o f  the input parameters i s  t o  be a furict 

equal t o  unity i n  Eq. 

input data, and i t s  

define the parameter. 

on of position, time or 

temperature, t h e n  the  appropriate index o r  indices, i , j , k , l  or m ,  from 

Eq. (3.5) are entered on a data card, too. 

then i t  defines the number o f  the analytical function for  the respective 

variable. 

defines the number o f  the tabular function fo r  the respective variable. 

I f  any of the defined factors fur a parameter are omitted from the input 

data,  then t h a t  par t icular  factor  i s  s e t  equal t o  unity i n  Eq. (3 .5) .  

I f  none of the factors are defined i n  the input, then tha t  par t icular  

parameter i s  treated as a constant. I f  the value o f  Po i s  zero or i s  

l e f t  blank on the data card and i f  the data indicates t h a t  the parameter 

is  t o  be function o f  position, time or temperature, then Po i s  s e t  equal 

t o  unity i n  Eq. (3.4) 

i f  the data indicates tha t  the parameter i s  not a function o f  position, 

time, o r  temperature, then Po i s  set equal t o  zero in Eq. (3 .4) .  

I f  an index is posit ive,  

I f  i t  i s  negative, then the absolute value o f  the index 

If the value o f  Po i s  zero or i s  l e f t  blank and 

- NOTE ... 
with an analytical o r  tabulated function. I t  i s  computed 

internally by the code. 

in th i s  manner. 

The nuclear heating source i s  n o t  specified by the user 

Only the external heat generation i s  input 
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I f  a particular vdriable cannot be de.firied by a product o f  

analytical and tabular functions as indicated i n  Eq. (3.5) then the riser 

may siupply his own subroutine t o  evaluate E q .  ( 3 .4 ) .  

User-Suppl ied Subroutines . ... . .__ 

Subroutines may be supplied by t h e  user to  evaluate any o f  the 

parameters l i s t ed  in Tab le  3.1. 

defined by one o f  t h e  built-in functions as described previously, i t  i s  

q u i t e  simple fo r  the user t o  ddd his own computational technique for 

evaluating the parameter. The user-suppl ied subroutine i s  referenced by 

specifying one o f  t h e  factors of the parai i ieter as  an  analytical func.tion 

( i . e . ,  leave the second entry on t h e  A I  card b l a n k  a n d  omit the related 

A2 card).  

code to  cal l  the appropriate user--suypl i e d  subroutine, the same 

analytical function can be specified for more t h a n  one parameter. 

computational technique i s  then programmed i n  the subroutine associated 

with the parameter of in te res t .  

the time-dependent factor  i s  evaluated independently o f  the other 

fac tors ,  and thus, the iime-dependent factor can be specified as 

user-supplied independent of the position- and time-depevdent factors.  

More de ta i l s  an how t o  s e t  u p  a user-supplied routine are given i n  the 

Thus, i f  an input parameter cannot be 

Since th i s  analytical function i s  only a f l a g  t o  t e l l  the 

The 

For the heat generation ra te  parameter, 

H E A T I N G 6  report. (3)  
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3 . 3  User I n p u t  Procedures 

. 

A discussion o f  the input cards i s  presented in th i s  section 

followed by a brief outline o f  the input d a t a .  

description o f  the HEATING6 input specifications i s  given in Reference 

3. Much of t h i s  section i s  condensed from that  reference. 

the input d a t a ,  any consistent s e t  o f  units may be used in the HEATING6 

program except for  problems involving radiation. Then, the default for  

temperature units i s  degrees Fahrenheit. I f  the temperature units are 

e i ther  degrees Celsius or abso lu te  degrees, the temperature units f lag 

must be properly se t .  

appear in user-supplied subroutines must be consistent with those of the 

input d a t a .  

factors must be consistent b o t h  with the DOT flux units (usually in 

cm s ) ,  as well as the energy units o f  the other input parameters. 

A much more thorough 

I n  preparing 

T h e  units associated with the algorithms which 

For nuclear heating calculations, the units on the kcrma 

-2 -1 

The input d a t a  for HEATIFIGG i s  read using the SCALE free-form 

reading routines (see Reference 4 )  which allow data t o  be entered in an 

unformatted manner by separating each d a t a  item by one or more blanks or 

by a comma. 

entered anywhere in columns 1 t h r o u g h  72. 

on a card will n o t  f i t  on one card ( i . e . ,  the p r i n t o u t  times), an "'0" 

must appear in column 1 of each continuation card. 

will read the remaining data f o r  t h a t  card image as e i ther  zero o r  

blank. There i s  no l imit  t o  the number o f  continuation cards. However, 

a continuation card may not immediately follow a t i t l e  card, an 

end-of-data card, a comment card, or a keyword indicator car. 

t h r o u g h  80 of each card are reserved f o r  identification t o  aid  the user 

With a few exceptions noted below, the d a t a  items may be 

If the d a t a  t h a t  i s  t o  appear 

Otherwise, the code 

Columns 73 
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i n  t he  p r e p a r a t i o n  and hand l i ng  of  da ta .  

concerning t h e  f r e e - f o r m  i n p u t  data was taken froin Reference 4. 

da ta  may be en te red  as i n  FORTRAN i n p u t ,  e.g., 1.733-4, 1.733E-4, 

1.7331-4, o r  0.0001733 

b lanks a r e  n o t  a l l owed  w i t h i n  a g i ven  number rep resen ta t i on .  

f r c e - f o r m  read ing  r o u t i n e s  have p r o v i s i o n s  f o r  m u l t i p l e  en t rees  of t h e  

same data value. 

f o l l o w e d  by e i t h e r  R, *, o r  $, f o l l o w e d  by t h e  data va lue  t o  be 

repeated. For example, 5R2 o r  5*2 e n t e r s  f i v e  successive 2 ' s  i n  t h e  

i n p u t  data.  

and t h e  repea t  f l a g  ( R ,  *, o r  $ ) ,  b u t  each m u l t i p l e  e n t r y  must  be 

separated f rom t h e  r e s t  o f  t h e  da ta  by one o r  more b lanks o r  by a comma. 

Since b lanks a r e  ignored,  an embedded zero must be s p e c i f i e d  i n  t h e  

i n p u t  da ta  e i t h e r  as 0 f o l l o w e d  by one o r  more b lanks ,  as  0 f o l l o w e d  by 

a comma, o r  as one or more b lanks  f o l l o w e d  by a coma.  

t r a i l i n g  b lanks  may be omi t ted .  

where N i s  t h e  number o f  zeros t o  be repeated. Again, t h e r e  must n o t  be 

any b lanks between t h e  N and t h e  Z b u t  t h e  NZ must be separated from t h e  

r e s t  of t h e  data by one o r  more b lanks o r  by a coma.  All  l i t e r a l  da ta  

f i e l d s ,  such as t h e  m a t e r i a l  names, must be d e l i m i t e d  by a b lank.  They 

must n o t  be d e l i m i t e d  by a comma. 

The f o l l o w i n g  d i s c u s s i o n  

Decimal 

i s  t h e  same as 1 . 7 3 3 ~ 1 0 - ~ .  Note t h a t  embedded 

SCALE 

This  i s  done by e n t e r i n g  t h e  number of  repeats ,  

There must n o t  be any b lanks between t h e  number o f  repeats  

However, 

M u l t i p l e  zeros niay be s p e c i f i e d  as NZ 

The i n p u t  data f o r  an execu t ion  of HEATING6 c o n s i s t s  o f  data 

d e f i n i n g  t h e  s i z e  o f  t h e  v a r i a b l y  dimensioned a r r a y s  and the  o p t i o n s  

t h a t  w i l l  be i n  e f f e c t  d u r i n g  t h e  computer r u n  and i s  read u s i n g  t h e  

NAMELIST /OPTION/.  

be solved. 

parameter cards,  and the  data b l o c k s  necessary t o  d e f i n e  the  problem 

This  da ta  i s  f o l l o w e d  by data decks f o r  each case t o  

A da ta  deck f o r  a case c o n s i s t s  o f  a t i t l e  ca rd ,  two 
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i 

being modeled. 

t o  a s s i s t  i n  documenting a model. 

appear anywhere in the input d a t a  deck following the t i t l e  card except a 

comment card may not precede a continuation card. The comment cards are 

identified by an asterisk (*)  in column 1. 

written on the s tandard  output unit as they are encountered. 

The user may wish t o  add comment cards t o  the input d a t a  

Any number o f  comment cards may 

These comments will be 

Seventeen different data blocks may be used i n  describing the model 

to the computer code. Except for the transient parameters d a t a  block 

which must be the final block def tied for  a case, the d a t a  blocks may 

appear i n  any order and may occur more t h a n  once. 

R E G 1  and a MATE d a t a  block. A d a t a  block must consist of a block 

indicator card containing the keyword in the f i r s t  four columns followed 

by the d a t a  cards for  t h a t  block. 

i n  the f i r s t  four characters of the keyword. 

block i s  contained in Table 3.2. 

The data reference numbers, i .e . ,  the region number, material 

A case must contain a 

There cannot be any embedded blanks 

The keyword for each d a t a  

number, e t c . ,  in the REGP, MATE, INIT, HEAT,  BOUN, ANAL, and TABU blocks 

may appear in any order within the block and may have any integer value 

accepted by the machine. 

once within a d a t a  block, the l a s t  d a t a  read with t h a t  reference number 

applies. 

d a t a  t h a t  may have been previously defined f o r  the parameter identified 

by the absolute value of the data reference number. 

I f  a data reference number appears more t h a n  

If a d a t a  reference number i s  negative, i t  deletes the related 

The final d a t a  card in a d a t a  deck for  a case i s  an end-of-data 

card a n d  must contain a percent (%) in column 1 and a blanK i n  column 2. 

This card s ignif ies  t h e  end o f  data for  a problem and usually allows the 

code to  locate the start  of the next problem when a d a t a  error occurs i n  
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Tab le  3.2. D a t a  B l o c k  Keywords 

REGIONS 

MATE I? I ALS 

I N I T I A L  TEMPERATURES 

HEAT GENERATIONS 

BOUNDARY CONDIT IONS 

XGR I D 

YGRID 

ZGR I D 

ANAL. Y T I C AL F U N CT I ON S 

TABULAR FUNCTIONS 

PRINTOUT T I M E S  

NODES MONITORED 

S P E C I F I E D  PLANE OUTPUTS 

PLANES PRINTED 

TEMPERATURES OF NODES 

STEADY STATE PARAMETERS 

TRANS I ENT PARAMETERS ' 

;k"Transient Parameters" block must be l a s t  bl-ock of da ta  if i t  i s  used. 
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a problem or when a case terminates before a11 of  the input d a t a  was 

read. As HEATING6 reads the input d a t a ,  i t  se ts  a flag when an e r r o r  i s  

encountered and continues t o  read additional d a t a  unless the error  was 

fa ta l .  When the end o f  d a t a  indicator ( % )  or  the TRAN keyword 

identifying the transient parameters d a t a  block i s  encountered, HEATING6 

terminates reading and commences processing the input d a t a .  After 

processing i s  completed, the code performs the specified calculations 

unless an error  was encountered, i n  which case i t  looks f a r  the 

beginning o f  the i n p u t  data for the next case. 

In  the sections t h a t  follow, the characters ( A ) ,  ( I ) ,  or ( R )  may 

appear a f t e r  the heading for soiiie of the entr ies  t o  indicate t h a t  the 

entry i s  alphanumeric, integer or real ,  respectively. 

d a t a  card labels follow each d a t a  block section heading. 

may be entered in columns 73-80 of the related d a t a  cards t o  aid i n  

identifying the d a t a ,  

When a d a t a  reference number i s  negative, the remainiing d a t a  a ? i i  

t h a t  card may be omitted and any additional d a t a  cards related t o  t h a t  

parameter must be omitted. As an example, i f  the region number on an R 1  

card i s  negative, then the remaining data on the R 1  card may be l e f t  

blank and the related R 2  card must be omitted. 

Also ,  suggested 

These labels 

3.4 Card I n p u t  Specification 

NAMELIST /OPTION/ 

In general, i t  i s  advantageous t o  t a i lo r  DOS-HEATING6 t o  a specific 

problem by overriding certain default values f a r  array s i z e s  wl’ th values 

applying t o  the problem in question. 

supplying a new BLOCK DATA subprogram a s  discussed in Sect. F10.3.7 o f  

T h i s  can be accomplished by 
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Reference 3. However, an alternate and easier method i s  t o  use the 

NAMELIST /OPTICIN/ input feature described below. Each o f  the variables 

in the above-mentioned labeled common blocks whose default value can be 

modified appears in NAMELIST /OPTION/. The NAMELIST /OPTION/ must also 

be entered in order t o  specify a nuclear heating calculation. 

variables and the i r  default values appear in Table 3.3. 

These 

The f i r s t  record read by HEATING6 contdins d a t a  for NAMELIST 

/OPTION/. 

a l l  variables in NAMELIST /OPTION/ by merely including the symbolic name 

or (variable name) a n d  the desired value f o r  each value t o  be changed. 

These parameters then apply t o  HEATING6 for  the ent i re  r u n .  The exact 

format for  the d a t a  g r o u p  for NAMELIST /OPTION/ follows. 

This allows the user t o  change the default value o f  a n y  or 

The f i r s t  column o f  the f i r s t  d a t a  record (card) must contain a 

b l a n k .  The second column must be an "&'' immediately followed by the 

name OPTION. 

The resulting character string must not  contain any embedded blanks. 

This character string i s  followed by d a t a  items separated by commas. A 

comma after- the l a s t  d a t a  item i s  optional. 

NAMELIST /OPTION/ d a t a  group must be signaled by &END with no embedded 

blanks. 

variable, followed by an equal sign, followed by a constant (desired 

value). 

o r  l i t e r a l .  For integer constants, t ra i l ing  blanks are treated as 

zeros. Logical constants may be in the form "T"  f o r  "'TRUE" and ' IF" or  

"FALSE". Embedded blanks are n o t  permitted in e i ther  the symbolic name 

or the constants. 

The name OPTION must be followed by a blank in column 9. 

The end of the 

Each d a t a  item must consist of the symbolic name of the 

All variables in NAMELIST /OPTION/ are e i ther  integer, logical,  

I f  more t h a n  one d a t d  record ( c a r d )  i s  necessary t o  
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T a b l e  3,3. L i s t  o f  V a r i a b l e s  Whose D e f a u l t  V a l u e s  M a y  B e  
Mod i f ied  T h r o u g h  N A M E L I S T / O P T I O N /  

ClAX AN A 
NAXBDC 
MAXCP 

MAXFGL 

MAXGG L 

MAX H G N 
MAX I NT 
MAXMAT 
MAXNSN 

MAXPAR 

MAXPBT 

MAXPRS 
MAX PRT 
FAX PTS 
MAXREG 
MAXRFG 
MAXSPC 
MAXSPL 
MAXSUR 
NAXTBL 
MAXTFG 
MAXZFG 
IHCHAR 
I VCHAR 
NDIMEN 
CEP 
D I R E C T  
F I N  
HGEN 

I MP F L G 
LBOUND 
L E V 1  
MELTFG 
I ERROR 

I M A T L B  

I ri 

5 
5 * 
* 

10 

5 
5 
5 
5 

* 

1 

10 
10 
50 

5 
50 
10 
20 
50 
5 

50 
50 

I 
3 
T 
T 
F 
T 

T 
F 
T 
F 
0 

0 

4 

- 

MAXIMUM NUMBER OF A N A L Y T I C A L  FUNCTIONS 
MAXIMUM NUMBER OF BOUNDARY C O N D I T I O N  FUNCTIONS 
MAXIMUM NUMBER OF M A T E R I A L S  W I T H  PHASE CHANGE 

MAXIMUM NUMBER OF F I N E  G R I D  L I N E S  ALONG ANY A X I S  
(CALCULATED BY CODE) 

(SET TO 5 EY CODE) 

MAXIMUM NUMBER OF 
(MAY B E  DECREASED 
MAXIMUM NUMBER OF 
MAXIMUM NUMBER OF 
MAXIMUM NUMBER OF 
MAXIMUM NUMBER OF 
TEMPERATURES 
MAXIMUM NUMBER OF 

GROSS G R I D  1INES ALONG ANY A X I S  

HEAT GENERATION FUNCTIONS 
I N I T I A L  1EMPERATURE FUNCTIONS 
MAT ER I A L  S 
NODES FOR S P E C I A L  MGNITORING OF 

PARAMETERS I N  AN A N A L Y T I C A L  FUNCTION 

BY CODE IF MAXFGL IS  LESS) 

( S E T  TO 11 BY CODE) 
~IAXIMUM NUMBER OF 
NODES 
MAXIEllUM NUMBER OF 
MAXIMUM NUMBER OF 
I?AXIMUPS NUMBER OF 
MAXIMUlri NUMBER OF 
FIAXIMUM NUPliBER OF 
MAXIMUM NUMBER OF 
MAXIMUM NUMBER OF 
FIAXIMUM NUMBER OF 
MAXIMUM NUMBER OF 
MAXIMUM NUMBER OF 
PAXIMUM NUMBER OF 

Pos IT I obi DEPENDENT BOUNDARY TEMPERATURE 

PAIRS I N  EACH TABULAR FUNCTION 
PRINTOUT T I M E S  
L A T T I C E  P O I N T S  (NODES) 
REG I O N S  
R A D I A L  (OR X )  F I N E  G R I D  L I N E S  
PRINTOUT T I M E S  FOR SELECTED PLANES 
PLANES FOR SELECTED GUTPUT 

TABULAR FUNCTIONS 
THETA (OR Y )  F I N E  G R I D  L I N E S  
2 FINE: G R I D  L I N E S  

SURFACE-TO-SURFACE CONNECTORS 

HORIZONTAL D I V I D E R  SYMBOL FOR GUTPUT MAP 
V E R T I C A L  D I V I D E R  SYMBOL FOR OUTPUT MAP 
MAXIMUM NUMBER OF D I M E N S I O N S  (1,2, o r  3 )  
C L A S S I C A L  E X P L I C I T  PROCEDURE, TRANSIENT ( T  OR F )  
D I R E C T  SOLUTION TECHNIQUE, STEADY STATE ( T  OR F )  
F I N N E D  SURFACE A N A L Y S I S  ( T  OR F )  
EXTERNAL HEAT GENERATION, I N  A D D I T I O N  TO NUCLEAR H E A T I R G  
( T  OR F )  
I M P L I C I T  PROCEDURE, T R A N S I E N T  ( T  OR F )  
P O S I T I O N  DEPENDENT BOUNWRY TEMPERATURES ( T  OR F )  
L E V Y ' S  E X P L I C I T  PROCEDURE, TRANSIENT ( T  OR F)  
M A T E R I A L  PHASE CHAhGE, TRANSIENT ( T  OR F )  
L O G I C A L  U N I T  NUMBER 014 WHICH SELECTED ERROR MESSAGES MAY 
B E  WRITTEN ( O P T I O N A L )  
L O G I C A L  U N I T  NUMBER FROM WHICH DATA FROM THE M A T E R I A L  
PROPERTIES L I B R A R Y  MAY B E  READ ( O P T I O N A L )  

I N P U T  DATA I S  WRITTEN I N  SUBROUTINE ECHO AND FROPI WHICH 
STANDARD I N P U T  DATA I S  READ ELSEWHERE I N  CODE 

L O G I C A L  U N I T  NUMBER OF SCRATCH DATA SET ON WHICH STANDARD 
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T a b l e  3.3 (CONTD.) 

I O  
I PLOT 

I PLOT0 

I RECI..G 

I T P I N  

I TPOUT 

I w 
I S  

I R  

I L  

I M  

LTPEX 

LFGHEX 

LFGVEX 

DERUG 

MW I DTH 

* I D O T  

6 
0 

0 

80 

0 

0 

9 

0 
L 

2 

9 

2 

F 

F 

F 

F 

7 

LOGICAL U N I T  NUMBER ON WHICH STANDARD OUTPIJT I S  WRITTEN 
LOGICAL U N I T  NUMRER OF WHICH PLOT DATA S t T  MAY BE WRITTEN 
(OPT I O N A L )  
LOGICAL. U N I T  NUMBER FROM WHICH OLD PLOP DATA SET MAY BF 
READ FOR RESTART CASES I N V O L V I N G  PLOT OPTION ( O P T I O N A L )  
NUCIBER OF S I N G L E  WCRDS I N  EACH RECORD OF DATA OUTPUT I N  
UNFORMATTED FORM ON Uf;IT l B I N  
L O G I C A L  U N I T  NUMBER FROM WHICH THE I N I T I A I .  TEMPERATURE 
D I S T R I B U T I O N  MAY BE READ (OPTIONAL)  
LOGICAL U N I T  PIUMRER ON WHICH THE F INAL  TEMPERATURE 
D I S T R I B U T I O N  MAY B E  WRITTEN (OPTIONAL)  
CORRESPONDS TO W I N  FORISAT CODE IPND1J.S OR 0PNFW.S FOR 
TEMPERfi~TURES I N  TEMPERATURE OUTPUT MAP 

TEMPERATURES I N  TEMPERATURE OUTPUT MAP 
CORRESPCNDS TO R I N  FORMAT CODE lPNDW.R OR 0PENEW.K FOR 
HORIZONTAL F I N E  G R I D  L I N E S  I N  TEMPERATURE OUTPUT MAP 
CORRESPONDS IO L I N  FORMAT CODE 1PDL.M OR 0PFL.M FOR 
V E R T I C A L  F I N E  G R I D  L I N E S  I N  TEMPERATURE OUTPUT MAP 
CORRESPONDS TO M I N  FORMAT COPE 1PDL.M O K  0PEL.M FOR 
V E R T I C A L  F I N E  G R I D  L I N E S  I N  TEMPERATURE OUTPUT MAP 
T OR F FOR FORMAT CODE OF lPNDW.S OR 0PNEW.S FOR 
TEMPERATURES I N  TEMPERATURE OUTPUT MAP 
T OR F FOR FORMAT CODE OF lPNDW.R OR 0PENEbf.R FOR 
hORIZONTAL F I N E  G R I D  L I N E S  I N  TEMPERATURE OUTPUT MAP 
T OR F FOR FORMAT CODE OF 1PDL.M OR 0PEL.M FOR VERTICAL 
F I N E  G R I D  L I N E S  I N  TEMPERATURE OUTPUT MAP 
FLAG CONTROLLING OUTPUT OF VARIABLY DIMENSJONED ARRAY 
POINTERS FOR DEBUGGING ( T  OK F )  
MAXIMUM BANDWIDTH I N  C O E F F I C I E N T  MATRIX  FOR D I R E C T  
SOLUTION TECHNIQUE, STEADY STATE 
I F  > 0, NUCLEAR HEATING CALCULATION:  SET EQUAL TO 
LOGICAL U N I T  NUMBER FOR DOT VARFLM FLUX F I L E  USED TO 
GENERATE NUCLEAR HEATING SOURCE 

(MAXIMUM - 80) 

CORRESPONDS TO S I N  FORMAT CODE lPNDW.S. OR 0PNFW.S FOR 

. ... .- .-._. _.. 

( * )  NEW PARAMETER ADDED TO HEATING6 FOR NUCLEAR HEATING CALCULATIONS. 
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contain the data group,  each new d a t a  record (card) must begin with a 

blank in column 1. 

alorig with i t s  definition and i t s  current default value. 

Table 3.3 contains each symbolic riame (or variable) 

Card 1 - Ti t le  of Problem 

This card, which can contain alphanumeric characters in the f i r s t  

72 columns, contains a descriptive t i t l e  for the problem and must be the 

f i r s t  card i n  the d a t a  deck fo r  each case. The card i t s e l f  canno t  be 

omitted although i t  may be l e f t  b l a n k .  This t i t l e  serves t o  identify 

the o u t p u t  associated with a case since i t  appears a t  the t o p  of a 

number o f  the tables generated by the code. 

number o f  messages output  by the code. 

I t  i s  a l s o  .included with a 

Table 3.4 a t  the end of th is  s e c t i o n  yives the input cards required 

for each o f  the data blocks l i s ted  i n  Table 3.2. 

abbreviated outline of the various input cards, without giving much 

detail  a b o u t  the data i t s e l f ,  which can be f o u n d  in Reference 3. 

T h i s  represents an 



T a b l e  3 . 4  - An A b b r e v i a t e d  O u t l i n e  o f  t h e  V a r i o u s  I n p u t  C a r d s  f o r  DOS-HEATING6 

ROTS I Equation and Section numbers of tha fom 'Txx.x.x* or "FX%.X.XY~ or "Fxx.x.x.x' 
r n t l i o n e d  in Tablo 3.4 pertain to Rderence 4. 

Tablo Suuq md F O r u t  Ob Xnpt 

Entry 4 Entry 5 Entry 6 Entry 7 Entry I Entry 9 Entry 1 Entry 2 Entry 3 

JOBDES - Job Description - Vp t o  72 Alphanumeric Charrcters 

30,s . 4 .  J 

REGIONS 

Card 

Card 1 
(FLCJ.5.3.l 

Card 2 
(F10 5 .4 )  

Card 3 
(F10.5.5) 
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Table 3 . 4  (Contd.) 

SLTW(R) 
Phase-change 
or transition 
teaperaturn, 

~ ~ ( R l  
Conductivity 
i f  constant. 

Note: This card is only present for materials with phase change capabilities. There CUI be only W C P  
such materials. 

card Pc 
(F10.5.7) 

XKERII(R) 
Croup-wiss Kern Pactora of the uterirl starting with energy group "1" (highest energy) and ending with energy group "IGH"(1west entrgy) Card I: 

OR 
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Table 3 . 4  (Contd.) 

Forced COIIVK- 
tive hert t m -  
**fer cwffi- 
cimt tt.pcr8- 
tut.-dauendcnt 

hdiativa Eo.- Uatunl cmve- Wmtur8l convw- Prescribed heat Positive integer impplies anal- 
fficient t m p -  ctivs cwffle- tivs exponent flux tsrpsrat- ytical function.negative inte- 
erature-dapen- ient  teaperat- temperature- ure dependent ger implies tabular function. 
dent function. ure-dependent dependent function. 

function. function. 

FINLEU (R) (R) 
Fin apacing. 

(FlO.S.10) I 
I 

S2 (RI WAC (R) U r d  BS 
(F1O.S. 10) Spine spacing. Fin heat capa- 

city Nltipliet. 
Negative implies 
no adjustment to 
ncdt. (Default. 

I 1 I I 11 .ot 1 I 
XGNID 

irtans betuteri 

Card N2 
(F10.S.12) 

m: Sue aa N1  cards except for Y or B dircction. 
Maxi- of KUTFC. 

NOTE: S w  as Nl cards except for 1. direction. 
Maxi- of HAXZFC. 

mrd NS 



Table 3 . 4  (Contd.) 

WE: h i a m  of W S H  nodes. NDS(I) NDS(I) NDS(1) 
W e  11mbe~. NoBe nupber. Node nmber. Card (F10.5.17) S 

XY or RT 
XZ or R t  
Y Z  or ff 

c 
P 



Table 3 . 4  (Contd.) 

WERATWIE M K0DF.S 
INIDES . Job description - Up to 72 alphmuraric charactsrs. 

/Card It1 _ - _ _  - _ _ _  

a l m s  1-5 
NXl(1) 

m t i c e  point 
n u b e r .  

Entry 1 

SlZMlY STATE PA 
NOITX(1) 

hxima number 
of steidy state 

( L l e f i U I t ,  500) 
it8K8tiOlM. 

of that point. tu l e  of that 

F105.20)  r 
Tots1 of INITXI entr ies .  

YE7FIIc 

Steady s ta te  
convergence 
criterion. 
(befiult, 

(Default, 1) 

card ss 
(F10.5.21) 



Table 3 . 4  (Contd.)  

R&SDX(R> MITREZ(:) 
tonvergcncs Umber of Iter.  
criterion for atlons between 
ieplaclt 101- , t e s t s  for conv. 

rienr equation. Imp. 
urion o f  trm- ' BrgTe1Ic.2 I inssr 

E1 in Eq.(F- 

(IMf0U1%, 10-5 

corsosponds eo I (default. 1)  

10.2.433. 

DELTAT (R) 
Ini t ia l  time 
step for hppll- 
cdt  sesurim of 
translent equ- 
ation. (Default, 
previour sfae 

than  first TP 
card. 1 

step If ether 

TSFACT (R) 
(Factor by whict 
ithe current e l -  

LCB step is m- 

ch rim8 step. 
{ k f a u n t ,  8 . 0 )  

I t a p t i d  at ea- 

A8SDIF/R) 
Convergence cr. 
iterion for im- 

of translent 
equation invol- 
ving traperrtar. 
re dependent 
properrSe5 .Cor- 

in Eq.(FZO.2.6.t  
[Default 10-5; 

p l i c i t  solutio? 

respond3 t o C 2  

7NETA(Rj 
Parameter def- 
ining tschniq- 
ues for tmns- 
ime eqwiaon. 

1.0. 0 . 5  I s p l -  
ies Crank-Nit- 
alron,s.B h p -  
;lis Backwards 
E d a a .  Comes- 
ponds to B i n  
Eq. ;F30.2.28) 
(DofFIrrl? 0.S) 

0.S Cmt7.A & 
BETAT-0,ir w 1 1 3  =O.Corraspnds te3 .Cosraspndr  j t o  J d  in  Stc. 
be opthmised eo ,la,in %c. t o  T G  In Sec. P lC1 .2 .3 .S jd) .  
eqlricri  Iy . I f  F14.2.3.3Cd). i 9 5 . 2 . 3 . 3  (d j . {Defaub t , 2)  
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3.5 O u t p u t  o f  DOS-HEATING6 

The output o f  DOS-HEATING6 consists o f  the standard HEATING6 o u t p u t  

p l u s  new o u t p u t  information which a s  been added t o  aid in interpreting 

the nuclear heating analysis. The following new ed i t  features appear in 

DOS-HEATING6: 

( a )  Listing of the DOT-4 parameters, and the radial and axial meshes 

as read from the input VARFLM f i l e .  

Listing o f  the kerma factors by material and group.  

Listing of the volumetric nuclear heating source by node. 

Values for  the integrated nuclear heat generation rate and t h e  mass 

for  each material region, and for  the ent i re  problem configuration. 

( b )  

(c )  

( d )  

3.6 JCL for  Running on ORNL IBM Mainframe 

The DOS-HEATING6 program i s  se t  u p  t o  execute under the D O 5  driver,  

and i s  accessed similarly to  other modules in th i s  systeni, by preceding 

the card input with a card containing, 

= HEATING6 

beginning i n  column one. 

The DOS-HEATING6 code can also be run i n  conjunction w i t h  other DOS 

modules (e.g., DOT-IV), as  i l lus t ra ted  in the sample problem g i v e n  in 

section 4. A D D  card i s  required f o r  the DOT VARFLM f l u x  i n p u t ,  

corresponding t o  the logical unit number assigned by the value o f  ''IIDOT" 

in the NAMELIST /OPTION/ input. This NAMELIST /OPTION/ i s  also used t o  
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optionally assign l o g i c a l  unit numbers for  the input temperature guess, 

o u t p u t  temperature d a t a  se t  , plot d a t a  s e t ,  material properties l ibrary,  

e t c .  The user must supply DD cards f o r  a l l  logical units requested i n  

th i s  input. 

the ca rd  d a t a  on during the input processing. 

A scratch unit ( d e f a u l t  = Logical unit 4 )  i s  used t o  write 

Figure  3,G shows typical JCL f o r  executing DOS-HEATING6 under the 

ORNL DOS driver on the X-10 IBM 3033 computer. 

//XMWH6 JOB . . . e t c .  
/ /  EXEC D O S , R E G = M O K  
//GO.STEPLIB DD 
/ I  DD DSN=XMW.NODLOAD,DISP=SWR 
/ / G O . F T X X F O O l  DU ... e t c ,  
//GO.SYSIN DD * 
=:HEAT I NG6 
(remainder o f  input goes here) 
=END 
/ I  

NOTE: 'Thi. value of "XX" is s p t  by the parameter "IDOT" i n  tlie DOS-HEAL'IN(;6 
i n p u t .  The l o g i c a l  u n i t  w i l l  con ta in  the DOT-IV VARFLM f l u x  file. 

Figure 3.6 JCL f o r  Executing DOS-HEATING6 on ORNL IBM 3033 Computer 
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Section 4.0 SAMPLE CALCULATION 

A model o f  the SP-100 space reactor has been analyzed to  i l l u s t r a t e  

the capability o f  DOS-HEATING6. 

designed t o  be placed in earth o r b i t  

defense and/or c ivi l ian space applications. 

th i s  report i s  an early conceptual design proposed by General Electric 

( G . E . )  in August 1984. ( 6 )  

modified since t h a t  time, b u t  i t  will serve well as a sample problem t o  

show t h e  ab i l i t y  o f  coupled DOT-4 and DOS-HEATING6 calculations t o  t rea t  

very coniplex, real-world configurations. 

The SP-100 reactor i s  currently being 

and produce % 100 KW o f  power f o r  

The reactor analyzed in 

This particular SP-100 design has been 

The SP-100 configuration consists o f  a cylindrical ,  1 iquid-metal 

f a s t  reactor core approximately 18 cm in radius and 26 cm i n  height. 

The core produces 2 MWth o f  thermal power. 

region which protects the payload from neutron and gamma radiation. 

shield i s  composed mostly o f  LiH pressed in a s ta inless  steel  honeycomb 

structure for neutron shielding and tungsten for  ganmia shielding. 

neutron and gamma interactions in the shield will produce significant 

nuclear heating t h a t  can resul t  in substantial peak temperatures, 

depending on the specific shield design. 

maintain shield temperatures a t  a l l  points t o  be on the order o f  

600-680°K t o  reduce swe’lling and prevent loss o f  dissociated hydrogen in 

the L i H .  

requires satisfying dose constraints as well as thermal constraints, 

subject t o  severe weight limitations t h a t  m u s t  be met t o  f ac i l i t a t e  

launching into orbi t .  ( 8 )  Coupled neutron/photon transport and heat 

conduction calculations must be performed t o  evaluate the shield design. 

Above the core i s  a shield 

The 

The 

I t  i s  generally desired t o  

T h u s  a n  effective shield design for th i s  space reactor 
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4.1 SP-100 Model Used In Analvsis 

Figure 4 .1  shows the RZ model of the SP-100 model used i n  the 

radiation transport and heat  conduction analysis. The model includes 

the core and ref lector  regions near the bottom of the f igure,  followed 

by the shield region which  extends t o  the top o f  the figure.  The 

payload will be located a t  on  axial location 25 mekrs from the core 

midplane. 

G . E .  includes an enriched 

shield t o  help minimize nuclear heating. 

conductor s t r i p s  t o  (% 8 m m  thick)  conduct the heat radial ly  t o  the 

surface o f  the shield. Some multi-fail insulating gaps w i t h  an 

emissivity of  .02 are  also embedded i n  the shield t o  par t ia l ly  insulate 

the tungsten gamma shield.  The unusual shape o f  the shield i s  chosen t o  

minimize i t s  weight, while meeting dose constraints i n  the payload 

section. 

calculated t o  be 716 kg. 

T h i s  shield i n  th is  particular preliminary design proposed by 

7 L i H  region near the reactor s ide o f  the 

I t  a lso included aluminum 

The weight o f  the shield i n  t h i s  par t icular  model i s  

The t o p  a n d  bottom surface of the shield as well as the outer 

radial surface above P = 89 cm are  insulated. Heat  i s  radiated from the 

shield through a 2mm thick aluminum rad a t o r  surface (emissivity = 0.8)  

a long  t.he outer surface below Z = 89 cm shown i n  f igure 4.1. 

ambient temperature of 0°K was assumed. 

An 
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Figure 4 . 1  Model o f  S13-1Q0 Reactor and  Shield Used 
In Sample C a l c u l a t i o n s  



52 

4.2 Coupled DOT-4 and ..- DOS-HEATING6 _...- Sample ..-I- Calculation 

T h e  nuclear heating analysis of the model shown in figure 4.1 

required two DOT-4 transport calculations a n d  a DOS-HEATING6 conduction 

calculation. Both DOT calculations used a P3 Legendre expansion and an  

S6 quadrature, The f i r s t  DOT calculation was a 22 neutron-group, R Z  

geometry, eigenvalue calculation t o  obtain the core 

appropriate neutron flux dis t r ibut ion.  The f iss ion 

normalized t o  a. value of 1 . 5 5 ~ 1 0 ~ ~  neutrons/s. The 

f iss ion source 

source was 

neutron fluxes 

and 

from 

this run were input t o  a coupled 22 neutronll0 gamma group,  RZ DOT 

calculation i n  order t o  obtain the f inal  neutron and gamma fluxes 

throuyhou t the canfi guration. 

calculation are  used i n  BOS-HEATING6 t o  compute the nuclear heating 

source and the result ing temperature dis t r ibut ion.  The DOS-HEATING6 

calculation was performed o n l y  f o r  the shield region which was the focus 

of the nuclear heating analysis. 

both  the reactor and the shield regions. 

a n d  the RZ DOS-HEATING6 calculation were executed i n  a single DOS j o b  

step 

coupled t o  perform the en t i re  nuclear heating analysis. 

The output fluxes f roni the second DOT 

The DOT geometry o f  course includes 

The second DOT-4 calculation 

t o  i l l u s t r a t e  how the t r a n s p o r t  and conduction codes can be easi ly  

I t  can be seen tha t  the geometry for  the SP-100 shield i s  quite 

complicated, A total  o f  2693. nodes were required t o  model the 

configuration in DOS-HEAPING6. Cross sections for  the various materials 

were obtained from t h e  22/10 group s t ructure  VELM l ibrary.  

factors i n  t h i s  group structure were obtained from L . R .  Williams a t  

Kerma 
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Table 4.1 Temperature-Dependent Thermal Conductivities ( l )  Used i n  

DOS-HEATING6 Calculations 

w 
Mater i a1 Conductivity cni-"K vs. Temperature ( O K )  

L i H / S S  Honeycomb Shield 0.07113 @ 600"; 0.06276 I? 800" 

A1 unii nurn 9 pairs between 2.36 (3 273" t o  2.13 @ 900" 

Insulation (gap) 

Tungsten 

Beryl 1 i urri 

K=O (heat transferred across gap by 

radiation w i t h  emissivity = 0.02) 

12  p a i r s  between 1.82 @ 273 t o  1 - 0 9  @ 

1500" 

7 pairs between 1.82 @ 298" to 0.4933 @ 

1556" 

. (l)Actual values interpolated from the tabu1 ated values shown 
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ORNL.(lo) A l i s t ing  of these values i s  given in .the DOS-HEATING6 o u t p u t  

shown i n  Appendix B. 

conductivity values for various materials used in the conduct ion 

calculations e 

Table 4.1 shows the temperature-dependent thermal 

4.3 Results of Sample .._II- Calculation 

Due t o  the unusual heat flow paths a n d  non-linedrities (e.g. ,  

temperature-dependent thermal properties and radiative bcundaries) in 

the SP-100 model, th i s  sample problem i s  a severe t e s t  of the numerical 

algorithms in HEATING5. 

getting the DOS-HEATING6 results converged. 

different i n i t i a l  temperature guesses would converge t o  different final 

answers. I t  was f inal ly  discovered that th i s  was due t o  a rather 

strange "fa1  se convergence" problem. 

slowly between i teratiions t h a t  the drfaul t convergence cri terion o f  l om5  

Some diff icul ty  was originally encountered in 

I t  was observed t h a t  two 

The calculation was converging so 

was sat isf ied before the actual solution was reached. A 

criterion o f  a b o u t  was needed i n  order f o r  the two 

t o  give the  same solution. The original HEATING6 report 

t h a t  the code can n o t  be used as a "black-box" and t h a t  

studies should be performed for  d i f f i cu l t  calculations. 

convergence 

in i t i a l  guesses 

warns users 

convergence 

This analysis 

supports the i r  recommendation and i l l u s t r a t e s  some o f  the p i t f a l l s  in 

performing very d i f f i cu l t  heat conduction calculations. 

The final temperature distribution obtained with the t ight  

convergence cri terion i s  found in t h e  DOS-HEATING6 o u t p u t ,  l i s ted in a 

condensed form i n  Appendix B. 

contours a n d  a perspective p l o t  of the temperature dis t r ibut ion,  

Figures4.2 and 4.3 show isothermal 
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respectively. 

was computed t o  be a b o u t  6.33 kw. 

values were calculated to  be 880" and 532" K, respectively. 

teiiiperatures are  n o t  within the recornillended range for  L i H  stabi 1 i t y .  

Therefore th i s  par t icular  design i s  probably n o t  appropriate f o r  an 

actual SP-100 shield. 

The total  nuclear heating i n  t h i s  SPlC0 conceptual des ign  

The maximum and minimum temperature 

These 

Figure 4.3 Temperature Distribution: Reference Design 
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APPENDIX A. Listing of DOT-4 and DOS-HEATING6 I n p u t  €or 
Nuclear Heating Sample Calculation 
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SMPLE PROBLEM TNPUT 
( JCL)  

//XMWH6 JOB (XxXXX,I30), 'M WILLIAMS B-6025',,Time=(45,30), 
/ /  NOTIFY=XMW,MSGCLASS=T 

/ /  EXEC DOS,REG=640K 
//GO. STEPLLB DD 
/ /  DD DSN=XMIPJ.~IODLOAT),nISP-SHR 
//GO.FT06F001 DD SYSOUT=* 
//GO.FTOSFOQl DD UNIT=SYSDA,SPACE=(TRK,(lOO,ZO)), 
/ /  
//GO.FT09F001 DD DSN=XMW.N22G10,XSLTB,DISP=SHR 
//GO.FT35F001 DD UNIT=SYSDA,SPACE=(TRK, (100,20)), 
/ /  DCB=(KECFM=VBS,BLKSFZE=~447,LRECL=X),DISP=(~~W,~ELETE) 
//GO.FT36F001 DD UNIT=SYSDA,SPACE=(TR,(lOO,20)), 
/ /  DCB=(RECFM=VRSyBLKSIZE=6447,LRECL=X),nTSP=(N~W,DELETE) 
//GO.SYSIN DD * 

/*JOBPARM LINES=IO 

DCB= (FECFM=VBS, BLKSIZE=6447 ,T,RECL-X) ,D1SP= (WEW,DELETE) 



*******INPUT CARD DECK FOE? XS NIXING(US1MG GIP) NEEDED €OR BOTII**** 
*******DOT4 RUNS. * * a * * * * *  
=EIP 

I$$ 32 3 4 35 188 0 100 204 0 3 1 2 2 E 
T 
13$$ 981 1 100 
loss -101 6R -105 6 8  -109 5R -113 3R -117 6R -121 

GIP : 2 EIIW-TH GESPR1984 : REFERENCE HODEL : LSU 

7R -125 4R -129 5R -133 811 -139 5R -141 
5R -145 8%. -149 4R -153 6R -157 4R -161 

11R -165 2R -169 b2R -173 5R -177 1lR -181 12R -185 
12R -189 15R -193 13R -197 12R -201 

lls$ 0 0 17 21 25 61 57 0 51 57 65 29 9 
0 61 57 13 29 0 61 57 0 61 57 13 29 9 
0 89 93 29 61 57 9 0 61 57 9 0 61 57 13 29 
0 61 57 13 29 17 21 25 0 61 57 13 29 
0 63. 57 13 29 0 61 57 13 29 17 21 25 
0 61 57 9 0 61 57 65 29 9 
0 65 57 29 0 9 1 97 37 45 4 1  53 49 61 69 
0 33 0 5 9 1 97 37 45 41 53 49 61 69 
0 ’73 77 81 85 0 9 1 97 37 45 41 53 49 61 69 
0 5 9 1 97 37 45 41 53 49 61 69 
0 37 45 41 53 49 61 69 65 57 29 33 
0 37 45 41 53 49 61 69 65 57 29 5 9 1 97 
0 37 45 41 53 49 61 69 33 5 9 1 97 
0 37 45 41 53 49 61 69 33 9 1 97 

12** 0.0 0.0 7.278-2 8.088-3 2.022-2 5.645-3 5.701-5 
0.0 1.867-2 6.564-4 1.883-3 9.357-4 9.961-3 
0.0 2.163-3 2.185-5 6.103-2 6.103-2 8,0 4.444-2 4 . 4 8 9 - 4  

0.0 1.241-2 3.838-4 2.559-2 9.118-3 9.210-3 8.154-3 
0.0 3.701-2 1.718-4 2.729-2 
0.0 4.061-3 4.102-5 5.907-2 5.907-2 
0.0 6.256-3 6,319-5 2R 3.484-2 2.764-2 3.072-3 7.680-3 
0.0 1.614-3 1.630-5 6.198-2 6.198-2 
0.0 3.830-3 3.868-5 5.935-2 5.935-2 
0.0 5.557-3 5.612-5 2R 4.029-2 2.173-2 2.415-3 6.038-3 
0.0 5.200-2 5.252-4 1.199-3 
0.0 5.779-3 5.561-4 2.004-3 9.954-4 3,393-2 
0.0 5.133-2 1.275-2 2.550-2 
8.0 5.504-2 5.503-2 8.255-S 1.974-6 3.418-6 3.152-5 

0.0 6.036-2 
0 , O  4.167-3 5.139-2 5.555-2 8.333-6 1.974-6 3.418-6 

0.0 1.673-2 9.120-3 1.940-2 1.799-2 
0.0 5.229-2 5.228-2 7.842-6 5.121-5 8.870-5 

8.205-4 4.878-4 2.942-3 2.217-5 2,217-5 
0.0 3.923-3 4.833-2 5.230-2 7.846-6 5.960-5 1.032-4 

0.0 1.410-4 2.442-4 2.259-3 1.343-3 8.100-3 2R 6.105-5 

0.0 1.994-4 3.418-4 3,162-3 1.880-3 1.134-2 2R 8.544-5 

0 , O  3.710-5 6.426-5 5.945-4 3.534-4 2.131-3 2R 1.606-5 

0.0 1.160-4 2.010-4 1.859-3 1.105-3 6.666-3 2R 5.024-5 

0.0 9.1’18-3 9.210-5 3.961-2 3.981-2 ~1.154-3 

1.880-5 1.134-4 8.5444-7 8.544-3 

3.162-5 1.880-5 1.134-4 8.5444-7 8.544-7 

9.549-4 5.676-4 3.423-3 2.580-5 2 . 5 8 0 - 5  

2.200-2 5.465-3 1.093-2 2.587-2 

3.080-2 7.650-3 1.530-2 8.334-4 1.028-2 1.111-2 1.661-6 

4.328-3 3.712-3 4.577-2 4.948-2 7.422-6 

1 . 4 0 4 - 2  3.577-2 3.576-2 5.365-6 
T 
***********IPqPUT CARD DECK FOR 1ST EXST4 RUM************ 
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SAMPIE I NPUT , CC)NT I NUED 

rDOT4P3 
DOT,K CALCULATION # 1: 2 MW-TH GESPR19B4(REF. MODEL) :ISU 
61$$ o 35 a 5z 6 22 E 
62$$ 0 3 35 29 84 32 3 4 35 32 104 

0 30 1 1 0 0 0  1 - 1 0 5 1 2 0 2 2 5  
42 1 35 0 2R 1 32 100 0 E 

62$$ A21 8 E 
62$$ A26 1 E 
62$$ A29 3 A67 22 E 
63- 150.0 15.5~16 1.0-3 5.0-3 1 . 0 - 3  E 

T 
T 

81** 0.0 2R 4.16667-2 Q3 Q2 QS Q2 415 
62** -.36515 -.25820 +.25820 -.73030 -.68313 - . 2 5 8 2 0  + . 2 5 8 2 0  
+.68313 -.96609 -.93095 -.66313 - . 2 5 8 2 0  +.25820 +,68313 +.93095 

8 3 * +  3R-.93095 5R-.68313 7Rm.25820 317+.93095 5R+.63313 7R-t.25820 
~ 1 5  

T 
I** 0.039483 0.266832 0.169023 0.167036 0.125319 0.075872 
0.044828 0.027576 0.007402 0.032457 0.013280 0.005035 0.003030 
0.000926 0.001449 0.000308 5.090054 0.000017 F 0.0 

4 * *  
11 0.0 3.00 4.90 51 5.60 17.70 11 19.30 21 21.90 
26.40 11 27.50 11 33.50 11 37.71 21 39.43 21 4 8 - 6 9  56.36 

41 0.0 11 13.30 16.90 71 18.90 31 36.50 21 44.70 11 50.30 
51 56.00 62.80 21 63.80 69.8 70.8 71.8 72.2 72.6 73.455 
11 74.31 81 75.31 31 78.91 80.50 91 81*20 81 86.20 31 111.30 

2** 

31 122.0 133.0 
a s  

-1 1 1 29 a4 
-3 4 1 11 5 
-5 4 6 4 23 
-7 5 9 10 20 
-9 11 6 11 23 
-11 14 6 15 23 
-12 16 6 16 23 
-13 10 17 19 23 
-14 1 24 3 31 
-15 4 24 11 31 
-16 12 24 17 31 
-16 20 24 21 28 
-17 1 32 18 32 
-17 20 29 20 32 
-17 22 27 22 29 
-18 5 34 22 35 
-18 22 31 22 32 
-19 1 38 23 39 
-20 1 4 2  2 57 
-21 1 59 3 67 
-21 18 56 18 59 
-21 20 51 20 53 
-21 22 45 22 4 8  
-22 17 62 18 66 
-22 21 53 22 66 
-23 1 69 2 76 
-23 5 73 28 76 
-24 1 77 2 80 
-25 1 81 2 83 
-26 1 33 19 33 

- 2 3 1 3 5  
-4 1 6 3 23 
-6 5 6 10 8 
-8 5 21 10 23 
.10 12 6 13 23 

-12 17 7 17 23 

-16 18 24 19 30 
-16 22 25 23 26 
-17 18 31 19 31 
-17 20 29 22 29 
-17 22 27 23 27 

-13 1 34 2 35 

-20 5 4 3  21 57 
-21 4 59 17 67 
-21 19 53 19 56 
-21 21 48 21 51 
-21 23 43 23 45 
-22 19 59 20 66 

-18 20 33 22 33 

-23 5 69 26 76 

-24 5 77 26 79 
-25 5 82 '19 83 
-26 19 32 21 32 



SAMPLE I NPUT , CUNT I NUED 

-26 21 30 21 32 
-26 3 33  4 37 
- 2 7  1 40 2 3  41 
- 2 8  2 2  4 2  23 42 
- 2 8  2 %  4 4  2 1  4 7  
- 2 8  19 58 19 52 
-28  17  55 1 7  58 
-29 23 4 6  2 3  49  
- 2 9  21. 52 21 54 
-29 1 9  57 1 9  60  
-29 1 7  6 1  17 64 
-29 15 66 15 67 
-30 23 50 23 66 
-31 23 2 8  23 37 
-32 1 6  6 7  23 67 
-33 3 69 4 76 
-33 26 69 2 7  69 
-33 28 72 2 R  75 

-34 2 7  77 29 7 7  
-34 2 5  79 26 7 9  

-35 3 51 23 81 
-35 18 83 20  8 3  

-34 3 77 4 a0  

-35 a 8 1  4 arl 

F 0  

-26 21 30 22 30  
-26 1 36  2 2  37 
-27 3 40 4 57 
- 2 8  2 2  42 22 44 
-28 20 47 20 T O  
-25 18 52 1% 55 
-28 1 5 8  17 58  
-29 2 2  4 9  22 52 
- 2 3  20 5 4  20  5 8  

-29 15 44 16 66 

-30 1 68 26 68 

- 2 3  l a  60 18 6 1  

- 3 3  2 9  69 2 1  72 
- 3 3  29 7 5  29 76 

- 3 4  26 78 27  78 
- 3 4  3 8 0  25 80  

-35 20 82  21. 8 2  
-35  1 84 18  8 4  

9$$ 1 5 9 1 3  17 2 1  25  21 29 3 3  41 4 5  5 3  13 57 1 
61 65 69 73 77 4R 7 3  81  85 813 9 3  97 1 0 1  4R 8 5  

25$$ 2 5  
26SS 2 
27** 1 . 0  
2a$$  ZZR l a  i o z  
T 

93** 42  6 R  1 . 0  192  T 
9 4 * 4  8 2  12W 1 . 0  54%; T 
95** 0 .039483  0 .266882 0 . 1 ~ 9 0 2 3  o . i t j7036 0.125319 0.075872 

0 .044828 0.027576 0 .907402 0.032457 0 .013280 0 .005035 0 .003030 
0.000926 0 .001489 0.000308 0.000054 0.000017 F 0.0 
T 

***********INPUT CARD BECK FOR 2MD COT4 RUN*********** 
=WT4P3 
WT,K CALL'ULATION # 2 :  2 W-TH GESYR1984(REF+ MDE)EL);L$U 

61$$ 3 5  36 8 5 Z  6 2 2  E 
62$$ 0 3 35 29 8 4  3 2  3 4 35 32 104 

0 30  1 1 0 0 0  1 - 1 6 5 1 2 0 2 2 0  
42  1 3s 0 ZR 1 32 100  0 E 

62$S A 2 1  2 E 
62SS A26 1 E 
62$$ A 2 9  0 A 6 7  22 E 
63* *  6 0 . 0  15.5E16 1.0-3 5.0-3 1.0-3 E 
63** A ~ Z  1 . ~ 7 5 ~ 3  E 

T 
T 

Sl*" 0.0 2R 4.16669-2 Q3 Q2 Q5 Q2 015 
82+* --.36515 -.25820 + . 2 5 8 2 O  -.73030 - .68313 -.25820 +.25820 

+.68313 -.96609 -.93095 - .e8313 -.25820 +.25820 =+.68313 + .93095  
415 

8 3 * *  38-.93095 5 R - . 6 8 3 1 3  7R-.25820 3R+.93095 5R+.68313 7R+.25820 
T 

1** 0 .039483  0 . 2 6 6 8 8 2  0.189023 0.167036 0 ,125319  0 .075872  
0 .044828 0 .027575 0 .007402 0 .032853 0.813280 0.005035 0 .003030 



63 

SAMPLE INPUT, CONTINUED 

0.000926 0.001449 0.000308 0.000054 0.000017 F 0.0 
4 * *  

11 0.0 3.00 4.90 51 5.60 17.70 11 19.30 21 21.90 
26.40 11 27.50 11 33.50 11 37.11 21 39.43 21 40.69 56.36 

41 0.0 11 13.30 16.90 71 18.90 31 36.50 21 44.70 11 50.30 
51 56.00 62.80 21 63.80 69.8 7 0 . 8  71.8 72.2 72.6 73.455 
11 74.31 81 75.31 31 78.91 80.50 91 81.20 81 86.20 31 111.30 

2** 

31 122.0 13 

-1 1 1 
-3 4 1 
-5  4 6 
-7 5 9 
-9 11 6 

-11 14 6 
-12 16 6 
-13 18 17 
-14 1 24 
-15 4 24 
-16 12 24 
-16 20 24 
-17 1 32 
-17 20 29 
-17 22 27 
-18 5 34 
-18 22 31 
-19 1 38 
-20 1 42 
-21 1 59 
-21 18 56 
-21 20 51 
-21 22 45 
-22 17 62 
-22 21 53 
-23 1 69 
-23 5 73 
-24 1 77 
-25 1 81 
-26 1 33 
-26 21 30 
-26 3 33 
-27 1 40 
-28 22 42 
-20 21 44 
-28 19 50 
-28 17 55 
-29 23 46 
-29 21 52 
-29 19 57 
-29 17 61 
-29 15 66 
-30 23 50 
-31 23 28 
-32 16 67 
-33 3 69 
-33 26 69 
-33 28 72 
-34 3 77 
-34 27 77 

ass 
3.0 

29 
11 
4 
10 
11 
15 
16 
19 
3 

11 
17 
21 
18 
20 
22 
22 
22 
23 
2 
3 
18 
20 
22 
18 
22 
2 
28 
2 
2 
19 
21 
4 

23 
23 
21 
19 
17 
23 
21 
19 
17 
15 
23 
23 
23 
4 

27 
28 
4 

29 

84 
5 
23 
20 
23 
23 
23 
23 
31 
31 
31 
28 
32 
31 
29 
35 
32 
39 
57 
67 
59 
53 
48 
66 
66 
76 
76 

83 
33 
32 
37 
41 
42 
47 
52 
58 
49 
54 
60 
64 
67 
66 
37 
67 
76 
69 
75 
00 
71 

ao 

- 2 3 1 3 5  
-4 1 6 3 23 
-6 5 6 10 B 
-8 5 21 10 23 
-10 12 6 13 23 

-12 17 7 11 23 

-16 18 24 19 30 
-16 22 25 23 26 

-17 20 29 22 29 
-17 22 27 23 27 
-18 20 33 22 33 
-18 1 34 2 35 

-20 5 42 21 5 1  
-21 4 59 17 67 
-21 19 53 19 56 
-21 21 40 21 51 
-21 23 43 23 45 
-22 19 59 20 66 

-23 5 69 26 76 

-24 5 77 26 79 
-25 5 82 19 83 
-26 19 32 21 32 
-26 21 30 22 30 
-26 1 36 22 37 
-27 3 40 4 57 
-28 22 42 22 44 
-28 20 47 20 50 
-28 18 52 18 55 

-17 18 31 19 31 

-28 1 5% 17 5 8  
-29 22 49 22 52 
-29 20 54 20 58 
-29 18 60 10 61 
-29 16 64 16 66 

-30 1 66 26 68 

-33 27 69 27 72 
-33 29 75 29 76 

-34 26 78 27 78 



6 4  

SAMPLE I NPUT , CCPNTI NUGD 

-34 2 5  79 26 79 -34 3 8 0  25 80 

-35 3 81 23 31 -35 2 0  0 2  21 $ 2  
-35 18 83 20 83 -35 1 84 18 84 

-35 3 ai 4 a 4  

F O  
9$$ 1 5 9 13 17 21 25 21 29 33 4 1  45 53 13 57 1 

61 65 69 73 77 4w 73 8 1  a5 89 9 3  97 101 4pi 85 
2 5 $ $  25 
2655 2 
27+* 1.0 
2135s ZZR 10 IOR io 
T 

* * * * * * * * W S - H E W T l N G f i  I N P U T  CARD DECK********* 
=HEATING6 

6QPTIQFQ ~XG(;~71,~)($WT=9,MEaXPTS=3266,13AXWEG=124,KBXSUR=300, 
PYgX2FS=7lI~XPRS=15,rTPOUT”37,IWT=46,&~~D 
DOS-HEATING6 : 2 PWTH GESPR1984(REFERENCE MODEL) ; LSU 
5500 1 1 0,0 0.0 0.0 0.0 2 
0 0 0 0 - 1  
REGIONS 
1 8 1  0.0 3.35EE 0.0 0.0 6.38E1 6.58EI 
1 1  
2 81 3.05Ef 3.771B1 0,Q 0.0 6.2EEX 6.38EP 
1 1  
3 01 3.5605E1 3.771E1 0.0 0.0 6 . 0 5 3 3 3 E . l  6.28El 
1 1  
4 811 3.771E1 3 . 8 5 7 E . l  0.0 0.0 6.05333E1 6.16666E1 
1 1  
5 65 3.771B1 3.857E1 0.0 0.0 6.3.6666F.1 6.38E1 
1 1  
6 65 3.35Bl 3 . 8 5 7 E 1  0.0 0.0 6.3EEb 6.58EP 
1 1  
7 65 5.6 3 . 8 5 7 E 1  0.0 0.0 6.58F.1 6.98E1 
1 1  
8 65 0.0 3.0 0.0 0.0 6.58E1 6.98El 
1 1  
9 81 3.0 5,6 0.0 0 . 0  6 . 5 8 3 1  6.98E.l 
1 1  
10 83. 0.0 3.857E1 0.0 0.0 6.99Ef 7.18E.l 
1 1  
11 101 3.85781 3.923E1 O , O  0.0 5.82666El 7.PBE1 
1 1  

1 1  
13 85 0.0 3,923E1 0.0 0.0 7.26E1 7.431E3. 
1 1  
14 73 0.0 3.0 0*0 0 . 0  7.431EP 8.12E1 
1 1  

1 1  
16 73 5.6 2.64E5 0.0 0.0 7.431E1 8.12E1 
1 1  
17 73 2 , 6 4 E . l  2 . 7 5 E . l  0.0 0.0 7.431@1 7.970531 
1 1  

1 1  
19 4 3  3.05E1 3.35E1 0.0 0.0 7.431E1 7,771E1 
1 1  
20 4 3  3.35Ei 3.560531 0 - 0  0 . 0  7.431E1 7.651E1 
1 1  

12 69 0.0 3.923~1 0 . 0  0 . 0  7.18~1 7.25~1 

15 a5 3.0 5.6 0 . 0  0 . 0  7.431~1 8.12~9~ 

18 7 3  2 . 7 5 ~ 1  3.05~1 0 . 0  0 - 0  7.43181 7.851~1. 



6 5  

SAMPLE INPUT , CON” I NUED 

51 73 5.6 4.25166El 0.0 0.0 B.89889E1 1.19325E2 
1 1  
52 85 4.25166El 4.56033El 0.0 0.0 1.1665E2 1.22E2 
1 1  
53 85 3.0 5.6 0.0 0.0 8.89889E1 1.3025E2 
1 1  
54 73 0.0 3.0 0.0 0.0 8.89889E1 1.3025E2 
1 1  
55 05 5.6 3.943E1 0.0 0.0 1.19325E2 1.2475E2 
1 1  
56 85 3.943El 4.2515631 0.0 0 . 0  1.19325EZ 1.22E2 
1 1  
57 85 3.35E1 3.771E1 0.0 0.0 1.2475E2 1.275E2 
1 1  
58 73 2.75ET 3.35E1 0.0 0.0 1.2475E2 1.295E2 
1 1  
59 8 5  2.75131 3.5605E1 0.0 0 . 0  1.275E2 1.3025E2 
1 1  
60 73 5.6 2.7561 0.0 0.0 1.2475E2 1.3025E2 
1 1  

1 1  
62 69 0.0 4.869E1 0.0 0.0 8.62E1 8.64E1 

61 85 0.0 3.05~1 0 . 0  0 . 0  1.3025~2 1.3362 

1 1 0 2 0 0 2  
63 69 3,923E1 3.943E1 0.0 0.0 5.82666E1 8.62E1 
1 1 0 2  
64 69 0.0 2.72El 0.0 0.0 8.14E1 8.17E1 
1 1  
65 69 2.7233 2.75E1 0.0 0.0 9.98025El 8.17E1 
1 1  
66 69 2,75El 3.05E1 0.0 0.0 9.90025E1 8.01025E1 
3 1  
67 69 3.02E1 3.05E1 0 - 0  0.0 7.861E1 7.98025E1 
1 1  
68 69 3.05El 3.35E1 0.0 0.0 7.861E1 7.89131 
1 1  
69 69 3.32E1 3.3531 0.0 0.0 7.781E1 7.06131 
1 1  
70 69 3.35E1 3.5605El 0.0 0.0 7.781E1 7.81161 
1 1  

1 1  
72 69 3.5605F.1 3.771E1 0.0 0.0 7.661E1 7.691E1 
1 1  
73 69 3.741E1 3.771E1 0.0 0.0 7.541E1 7.661El 
1 1  
74 69 3.771E1 3.857E1 0.0 0.0 7.541E1 7.571El 
1 1  
75 69 3.82731 3.85731 0.0 0.0 7.45131 7.541E1 
1 1  
76 69 3.057E1 3.923E1 0.0 0.0 7.45131 7.481E1 
1 1  
77 0 0.0 2.64E1 0.0 0.0 8.12E1 8.14E1 
0 0 0 0 0 0 4 4  
78 0 2.64E1 2.72E1 0.0 0.0 7.98025E1 8.12E1 
0 0 4 4  
79 0 2.7281 2.7531 0.0 0.0 7.9705E1 7,9802551 
0 0 0 0 0 0 4 4  

0 0 4 4  

71 69 3 . 5 3 0 ~ ~ 1  3.5605~1 0 . 0  0 . 0  7.661~1 7.781~1 

80 0 2.75E1 3.02E1 0.0 0.0 7.861E1 7-9705E1 
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SAMPLE INPUT, CONTINUED 

21 7 3  3 . 5 6 8 5 E 1  3.771E1 0 - 0  0.8 7 . 4 3 1 E 1  7 . 5 3 l E 1  
1 1  
2 2  9 7  3.B57El 3 . 9 2 3 2 1  0.0 0 .0  7 .%Ei lEI  7 . 6 1 1 E 1  
1 1  
2 3  77 3 ,771F . f  3 . B 5 7 E 1  0 .0  0.0 7 . 5 7 1 3 1  7 . 7 3 1 E l  
1 1  

1 1  
2 5  7 7  3-35Ef 3 . 5 6 0 5 E 1  0.0 0.0 7 . 8 f l E l  7 . 9 3 0 7 5 E 1  
1 1  
2 6  7 7  3,05E1 4,35E1 0 , O  Q - 0  7 . 8 9 P E 1  B.OSEl 
1 1  
2 7  77 2.75EP 3.05E1 0 . 0  0.0 8.Q1025E1 8 . 2 2 B 1  
1 1  
2 8  7 7  2 . 6 4 E 1  2.75EP 0.0 0 - 0  8 . 1 7 E 1  8,27E1 
13. 
2 9  7 7  2 . 4 9 @ 1  2 . 6 4 E 1  0.0 8.0 3 . 1 7 E 1  B.42E1  
1 1  
30 77 2 .34EP  2.49F. l  0.8 0.0 B . 1 7 E l  8.52@1. 
1 1  

1 1  
3 2  35 2.49E.I 3.92JEX 0.0  0.0 8 . 5 7 E 1  B , 6 2 E 1  
1 1  
33 7 3  2.64ER 2,75E1. 0,O 0.0  8 . 4 7 E l  8 . 5 7 E l  
I 1  
3 4  7 3  2 . 7 5 @ 1  3 . 8 5 7 E 1  O v a  0.0 8 . 3 2 E 1  8 . 5 7 E 1  
1 1  
3 5  7 3  3 . 0 5 E 1  3 . 3 5 E I  0.0 0.0 3 . 2 7 E . l  3 -32E. I  

24 7 7  3.5605~1. 3 . 7 7 1 ~ 1 .  a.0 0.8  7 . 6 9 1 ~ 1  7 , 8 5 1 ~ 1  

3 1  7 7  0 . 0  2 . 3 4 ~ 1  0 . 0  0 . 0  8.17~1. a . 6 m i  

I I  
3 6  7 3  3 . 3 5 E 1  3 . 8 5 7 B 1  0.0 0 - 0  8 . 1 7 E 1  8 . 3 2 E 1  
I 1  
3 7  7 3  3 . 5 6 0 5 E l  3 . 7 7 1 E 1  0.0 0 .0  7 . 9 7 0 5 E 1  8 . 1 7 E 1  
1 1  
3 8  7 3  3.771E1 3 . 8 5 3 E 1  0.0 0.0 7 . 8 9 1 E 1  8.17E1 
1 1  
3 9  9 7  3.85’7E1 3 . 9 2 3 E 1  0.0 0.0 9 . 9 7 1 E 1  3 . 5 9 E l  
1 1  
4 0  97 0 - 0  4 . 8 6 9 E 1  0.0 0 .0  8 .6461 8.89339E1 
1 1 0 2  
4 1  85 4 . 8 6 9 E 1  5,12466Eh 0 . 0  0 - 0  8.89889EP 1 . 0 0 1 4 4 3 2  
1 1 0 0 0 0 2  

1 1  
4 3  85 5.12466%3% 5 . 3 8 0 3 3 E 1  Q . 0  0.0 9 . 7 3 5 5 5 E 1  P . 0 8 5 1 1 E 2  
1 1  
44 $5 5 . 3 8 8 3 3 E 1  5 . 6 3 6 E l  0.0 0.0 1 . 0 5 7 2 2 E 2  1 , 1 3 9 7 5 E 2  
1 1  
4 5  73 4 . 8 6 9 E P  5 . 3 8 0 3 3 E 1  0 . 0  0,O 1.03511E32 1 , 1 1 3 E 2  
1 1  
4 6  95 5 . 1 2 4 6 6 E f  5 . 3 3 0 3 3 E l  0.0 8.0 1 , 1 1 3 E 2  1 . 1 3 9 7 5 E 2  
1.1 
4 7  8 5  4 . 8 6 9 E 1  5.12466E.1 0.0 0 . 0  1 . 1 1 3 E 2  1 . 1 6 6 5 E 2  
1 1  
4 8  85 4 .56033F .1  4.869Ef 0.0 0 .0  1 . 1 3 9 7 5 E 2  1 . 1 9 3 2 5 E 2  
1 1  
4 9  73 4.5SQ33E1 4 . 8 6 9 E 1  0 , O  0.0 8 . 8 9 8 8 9 E f  1 . 1 3 9 7 5 E 2  
1 1  
50 73 4 . 2 5 1 6 6 E 1  4 . 5 6 0 3 3 E 1  0.0 0 .0  8 . 8 9 3 8 9 E l  1 . 1 6 6 5 E 2  
1 1  

4 2  73 4 . a 6 9 ~ 1  5 , 1 2 4 6 6 ~ 1  0.8 0 . 8  1 . 0 0 1 4 4 ~ 2  1 . 0 ~ ~ 1 1 ~ 2  
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SAMPLE $1 NZ'UT , CONT I NUW 

81 0 3.02E1 3.05E1 0.0 0.0 7.051E1 7.861S1 
0 0 0 0 0 0 4 4  
82 0 3.05E1 3.32E1 0.0 0.0 7.7BlE1 7.851El 
0 0 4 4  
0 3  0 3.32E1 3.35El 0.0 0.0 7.771E1 7.781El 
0 0 0 0 0 0 4 4  
84 0 3.35E1 3.5305E1 0.0 0.0 7.661El 7.771E1 
0 0 4 4  
0 5  0 3.5305E1 3.56OSEl 0.0 0.0 7.65131 7.661E1 
0 0 0 0 0 0 4 4  
86 0 3.5605E3. 3.741E1 0.0 0.0 7.541E1 7.651X1 
0 0 4 4  
87 0 3.74131 3.771E1 0.0 0.0 7.531E1 7,541E1 

8 9  0 3.77181 3.827E1 0.0 0.0 7.451El 7.531E1 
0 0 9 4  
89 0 3.82751 3.923E1 9.0 0,O 7.431EP 7.451E1 
0 0 6 0 0 0 4 4  
90 93 2.37E1 2.49El 0.0 0.0 B.55E1 8.6283. 
1 1  
91 93 2.49€1 2.64E1 0.0 0.0 8.55E1 8.57El 
1 1  

1 1  
93 93 2.64EI 2.75El 0.0 0.0 B.45E1 B.47E1 
1 1  
94 93 2.67El 2.75E1 0.0 0.0 83.0 3.45El 
1 1  

1 1  
96 93 2.78El 3.05E1 0.0 0.0 8.25El 83.0 
1 1  
97 93 3.05E1 3.35E1 0.0 0.0 8.25El 8.27E1 
1 1  
98 93 3.08E1 3.35E1 0.0 0.0 B.DBE1 8.25E1 
1 1  

1 1  
3.00 93 3.30F.1 3.5605El 8.0 0.0 7.36075E31 8.08E1 
1 1  
101 93 3,5605B1 3.771E1 0.0 0.0 7.96075E1 7.9705E31 
1 1  
102 93 3.5905E1 3.771E1 0.0 0.0 7.881E1 7.96075E1 
1 1  
103 93 3.771E1 3.857E1 0.8 0.0 7.881Ef 7.891E1 
1 1  
104 93 3.801E1 3.857E1 0.0 0.0 7.761E1 7.881E1 
1 1  
105 93 3.857E1 3.923E1 0.0 0.0 7,76131 7.77131 
1 1  
106 93 3.887E1 3.923E1 0.0 0.0 7.611E1 7.761E1 
1 1  
107 0 2.3431 2,3721 0.0 0.0 8.55El. B.62E1 
0 0 3 3  

0 0 0 0 0 0 3 3  
109 0 2.49E1 2.5231 0.0 0.0 0.4533 8.52E1 

o o o o o o 4 a  

92 93 2.52~1 2.64~1 0.0 0 . 0  a . a 5 n  8.55~1 

95 93 2.75~1 3.05~1 0 . 0  0.0 83.0 8.32~1 

99 93 3.35~1. 3.560531 0 . 0  0.0 8.oa~i 3 . ~ 7 ~ 1  

loa o 2.3731 2.49~1 0 . 0  0 . 0  0.5231 8.55~1 

0 0 3 3  
110 0 2.52E1 2.64E1 0.0 0.0 8.4231 8.45E1 
0 0 0 0 0 0 3 3  
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SAMPLE I WUT , CONTI NUED 

111 0 2.64El 2.67E1 0.0 0.0 83.0 8.42E1 
0 0 . 3 3  
112 0 2.67E1 2.75E1 0.0 0.0 8,27E1 83.0 
0 0 0 0 0 0 3 3  
113 0 2.75E1 2.78E1 8.0 0.0 8.25E31 8.27F.1 

114 0 2.78F.l 3.05F1 0.0 8.0 8.22E1 8.25E1 
0 0 0 0 0 0 3 3  
115 0 3.05E1 3.0WEl 0.0 0.0 8.Q8E1 8.22El. 
0 0 3 3  
I16 0 3.OBE1 3.35EX 0.0 0.0 8.03EX 8.08E1 
0 0 B Q 0 0 3 3  
111 0 3.35E1 3 . 3 8 E 1  0.0 0.0 7.96075El. 8.05E1 
8 0 3 3  
118 0 3.3821 3.5605E1 0.0 0.0 7 , 9 3 6 7 5 E P  7.96075E1 
0 0 0 0 0 0 9 3  
119 0 3.5605E1 3.590SE1 0.0 0.0 7.8BlE1 7.93875321 
0 0 3 3  

0 O Q O Q 9 3 3  
121. Q 3.77fE1 3.801E1 0.0 0 . 0  7,76PE1 7.852B.l 
0 0 3 3  
122 Q 3.8011El 3,857El 0,O 0.0 7.735B1 7.761Ef 
0 0 c r o 0 0 3 3  
123 0 3.857E1 3.8873231 0.0 0 . 0  1.611E1 7.73fE1 
Q @ 3 3  
124 85 4.56033EI 4.869E1 0.0 8.0 8.89889E1 9.17778E1 
1 1  
rnl'ERPA$LS 
65 X J H 7  0 - 0  0.8342 Q,0 -65 
6.86071E-14 4.42515E-14 3.26343B-14 2.63032E-14 2.07477E-14 
@ 1.65707E-14 1.40193E-14 1.25003E-14 h.28275E-14 9.94312E-15 
@ 6.3bB19E-15 4.53863E-15 3 . 2 0 8 3 Q E - 1 5  2.32954B-15 1.3455E-15 
@ 5.QllO2E-16 1.9571PE-16 8.27305E-17 5.97P35E-1.7 1.04781E-16 
@ 2,68176E-16 2 . 6 2 3 7 T E - 1 5  1.5828E-14 1.19834E-14 9.85147B-15 
@ 7.23232E-15 4.54723E-15 2 . 7 5 4 5 3 E - 1 5  1.593128-15 6.5681BE-16 

0 0 9 . 3  

120 o 3.5905~~. 3.771~1 0 . 0  0 . 0  7 . ~ 5 1 ~ ~  7 . ~ 8 1 ~ 1  

a 2.84419~-16 i.i~i332~-15 
59 AL 0.0  2.703 o,o -69 
1.19086E-14 3.54145E-15 2.52577E-15 1.95547E-15 P.58130E-15 
@ A.2465QE-15 1.03185E-PS 5.16292F-16 8.004898-16 6.14638E-16 
@ 5 , 3 0 4 3 1 E - 1 6  2,3084E-16 3.B7413.E-IS 1 .89579E-16 4.73329E-17 
@ 8.28214E-17 3,49411E-17 2,66807E-17 4.4726QE-17 9.56392E-17 
8 2,51275E-16 2.48433E-15 8.36566E-14 5.33944E-14 3.99992E-14 
@ 2,66513E-14 1.59422E-14 9.63219E-15 5.59262B-15 2.46829E-15 
e 2.45032E-15 2.35969E-14 
9 3  LIHNAT 0.0 0 . 8 3 4 2  0.0 -55 
6.99855E-14 4.77541E-14 3.39025E-14 2.74242E-14 2.18598E-14 
e 1.7873E-14 1.58436E-14 1.61395E-14 1.98641E-14 1.75639E-14 
@ 8,85869E-15 6,82888E-15 5,77b%OE-%5 5.23257E-15 5-339718-15 

@ 2.70562E-13 2.67585E-12 1.59305E-14 1.20925E-14 9.94362E-15 
@ 7.29883E-15 4.58914E-15 2.78802E-15 1.60777E-15 6.62661E-16 
@ 2,85827E-16 1.15383B-25 
77 'fUNGSTEN 0.0 1 9 . 3  0.0 -77 
1.72489E-15 1.02024E-1% 7.90533E-15 6.66992E-16 5.35184E-I6 

4.03112E-16 3.25453E-16 2.77635E-16 2.55752B-16 2.41377E-16 
@ 2.691SBE-16 2.70345E-16 2.67643E-15 2.83283B-16 3.52157E-16 
@ 3.QZQ04E-16 1.6OB59E-15 4.93233E-25 Q.56556E-15 3.17894E-13 
@ 5.61115E-15 3.28389E-14 1.39229E-12 7.13516E-13 4.48993E-13 
@ 2.31374E-13 1.24937E-13 1.06663E-13 1.45627E-13 5.Q56hlE-1.3 

c 4.19656~-ir i.iix4~-14 2.03032~-~4 4 .603636-14  1 . 0 2 8 5 7 ~ - 1 . 3  
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SAMPLE I NPUT ~ CON" 1 NUED 

@ 1.24674E-12 3.1745E-12 
81 LIH7CLAD 0.0 1.10849 0.0 -65 
6.61273E-14 4.41976E-14 3.11185E-14 2.50666E-14 1.9763-14 
e 1.57765E-14 1.33566E-14 1.18996E-34 1.221016-14 9.46627E-15 
@ 6.OP68BE-15 4.32159E-15 3.05539E-15 2.22839E-15 1.28183E-15 
@ 4.78296E-16 1.09654E-16 1,37885E-16 6.34047E-17 1.05495B-16 
€9 2.691258-16 2.6270432-15 3.21360E-14 2.11064E-14 1.608746-14 
@ 1.09296E-14 6.61036E-15 4.02309E-15 2.41246E-15 1.51503E-15 
@ 3.633313-15 2.85792E-14 
85 LIHNCLAD 0.0 1.24884 0.0 -65 
6.69988E-14 4.52603E-14 3.20530E-14 2.591046-14 2.0638l.E-14 
€! 1.68668E-14 1.49602E-14 1.52230E-14 1.87290E-14 1.65593E-14 
@ 8.35716E-15 6.44059E-15 5.44202E-15 4.99122E-15 5.03129E-15 

@ 2.54736E-13 2.52027E-12 3.5043lE-14 2.27601E-14 1.72319E-14 
@ 1.16206E-14 7.00042E-15 4.26254E-15 2.56551E-15 1.66650E-15 
@ 4.20206E-15 3.32453E-14 
93 LIHNCLAD 0.0 4.37 0.0 -65 
4.44623s-14 2.6447E-14 1.80991E-14 X.44893E-14 1.14203E-14 
C 9.27469E-15 8.29490E-15 8.30887E-15 1.016788-14 8.98205E-15 
@ 4.57339E-15 3.51394E-15 2.95962E-15 2.79361E-15 2.70552E-15 
€! 3.62075E-15 5.60539X-15 1.074338-16 2.30849E-14 5.14882E-14 
@ 1.35425E-13 1.33977E-12 1.78666E-13 1.03089E-13 7.21138E-14 

@ 3.36933-14 2.74916s-13 
97 LIHNCLAD 0.0 1.10758 0.0 -65 
6.70024E-14 4.60188E-14 3.26186E-14 2.6374E-14 2.10129E-14 
@ 1.71757E-14 1.52313E-14 1.5505E-14 1.90787E-14 1.68691E-14 

@ 6.90788E-15 1.06895E-14 1.9529E-14 4.41823E-14 9.87038E-14 
@ 2.59646E-13 2.56085E-12 2.85169E-14 1.91038E-14 1.47307E-14 
@ 1.01347E-14 6.17039E-15 3.75229E-15 2.23624E-15 1.32334E-15 
@ 2.86773E-15 2.23137E-34 
101 L'HM7CLAD 0.0 1.90789 0.0 -65 
6.09J;'SP-P$ 3.99464E-14 2.79034E-14 2.25096E-14 1.7718OE-14 

@ 6.77810~-15 1.04887~-14 1.91838~-14 4.33486~-14 9.68416~-14 

@ 4.41634E-14 2e51570E-14 1.54258E-14 9.7772E-15 9.22546B-15 

g 8.51149s-15 6.56014~-15 5.54347~-15 5.0a079~-15 5.12669~-1s 

@ 1.4P347E-14 1.19852E-14 
@ 5.39393E-15 3.87289E-15 
Q 4.31105E-16 1.77014E-16 
B 2.70601E-16 2.62931E-15 
@ 1.04257E-14 1.07924E-14 
@ 1.04279E-14 8.4274133-14 
INITIAL TEMPERATURES 
1750.0 
HEAT GENEMTIONS 
1 0.0 
BOUNDARY CONDITIONS 
2 1  
0.0 4.535661)-12 
3 3  
0.0 0.113392D-12 
4 3  
0.0 0.113392D-12 
X G R I D  
0.0 0.015 1.5 3.0 4.9 

1.06579E-14 1.09339E-14 8.48055E-15 

2.49776E-16 7.08017E-17 1.06167E-16 
6.52275E-14 3.96131E-14 2.87305E-14 
6.59430E-15 4.07369E-15 3.25686E-15 

2.73925~-15 2.01889~-15 i.15019~-15 

5.6 7.61666 9.63333 1.165E1 1.36667El 
@ 1.56833E1 1.77E1 1.93E1 2.06E1 2.19E1 2.34E1 2.37E1 
@ 2.49E1 2.52E1 2.64E1 2.6731 2.72E1 2.75E1 2.78E1 
@ 3,02E1 3.05E1 3.08E1 3.32E1 3.35E1 3.38E1 3.5305E1 
@ 3.5605E1 3.5905El 3.741E1 3.771E1 3.001E1 3.827El 
@ 3.857E1 3.007E1 3.923E1 3.943El 4.25166El 4.56033E1 
@ 4.869El 5.12466E1 5.38033E1 5.636E1 
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SAMPLE I NPUT CONT 1 NUED 

4 6RI 
ZGRTD 
5.82665E1 5.94E1 6.05333El 6.16666El 6.28E1 6.38El 6.58E1 
@ 6.78E1 6.98El 7.18E1 7.26E1 7.43lE1 7.651E1 7.451E1 
@ 7.531E1 7.541E1 7.571El 7.611El 7.651E1 7.661E1 7.691E3 
7.731E1 7.761B1 7.771E1 7.78lEl 7.8llE1 7.851E1 7.861E1 

B 7.881~1 7.891~1 7.93075~1 7.96~75~1 7.9705~1 7.98025~1 
@ 8.01025El 8.05E1 8.08El 8.12E1 8.14E1 8.17E1 8.22E1 
@ 8.25B1 8.27E1 8.3E1 8.32EI 8,37E1 8.42El 8.45E1 8.47E1 
@ 8.52El 8.55E1 8.57E1 8.62E1 8.64E1 8.89889El 9.17778El 
9 9.45666El 9.73555E1 1.00144E2 1.02933E2 1.05722E2 l.OB511E2 
@ 1.113E2 1.13975E2 1.1665E2 1.19325E2 1.22E2 1.2475E2 
@ 1.275E2 1.3025E2 1.33B2 
70RI 
TABULAR FUNCTIONS 
65 2 
600.0 0.071128 800.0 0.06276 
69 9 
273.0 2.36 300.0 2.37 350 2.40 400.0 2.40 500.0 2.37 600.0 2.32 
@ 700.0 2.26 800.0 2.20 900.0 2.13 
77 12 
273.0 1.82 300.0 1.78 350.0 1.90 409.0 1.62 500.0 1.49 600.0 1.39 
Q 7 0 0 . 0  1.33 8 0 0 , O  1.28 900.0 1.24 1.OE3 1.21 l.lE3 1.18 1.2E3 1.15 
B 1.3E3 1-13 1.4E3 1.11 1.5E3 1.09 
STEADY STATE PARAPIETERS 
10000 1.OQ-12 0.0 20 
% 
=END 



7 1  

APPENDIX B. Condensed Listing of DOS-HEATING6 
Output f o r  Sample Calculation 



YIXE 
I E l Y  
IECW 
ttsnm 
IWTLB 

IN 
I D  
IPLOT 
lPLOT0 
IRECLG 
ITPIN 
I TPW? 
IOOT 

Hi0 

95 
3 

0 
0 
4 

6 

0 
0 
a0 

0 
0 

35 
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PRINT l W Y  CAR0 IWGES WUIO COLUWS lMlCATE0 EVERY lOTH CARD-- 

WIO 
yO./taL. 1 ....... 10.. ..... -20.. ..... .30.. .... ..LO,. ..... -50.. ..... .M.. ..... .M.. ..... .80 

1 DOSMEAT1YG6 IUI F Q  CE SPACE *fACTQ (1984 IQKL);Lbu.W/24/87 
2 Moo 3 1 0.0 0.0 0.0 0.0 2 
3 0 0 0 0 0  
b REClOwt 
S 1 E.1 0.0 3.3511 0.0 0.0 6.38€1 6.%1 
6 1 1  
7 2 I 1  3.0511 3.77111 0.0 0.0 6.2LIE1 6.3dE1 
1 1 1  
9 3 11 3.MMEI 3.77lE1 D.0 0.0 6.0533311 6.211 

10 1 9 

11 b I1 3.77lE1 3.197E1 0.0 0.0 6.01SS%! 6 . 1 W 1  
12 1 1 
13 5 65 3.771El 3.S7EI 0.0 0.0 6.166&1 6.Wl 
14 1 1 
15 b 65 1.3ffl 3.857El 0.0 0.0 6.3&! 6.5dfl 
14 ’J 1 
17 7 65 5.6 3.855211 0.0 0.0 6.fMl 6.911 

111 1 1 
19 1 6 5  0.0 3.0 0.0 0.0 6.3E€l 6.98€1 
20 1 1  

21 9 81 3.0 3.6 0.0 0.0 6.%1 b.=l 
22 1 1  

24 1 1 
2S 11 101 3 .SX1  S.PZ?Kl 0.0 0.0 5.82t46El 7.18E1 
26 1 1 
27 12 69 0.0 3.923El 0.0 0.0 7.ldEl 7.26€1 
a 1 9  
29 13 85 0.0 3.92311 0.0 0.0 7.26t1 7.LSlEl 
UI 1 1  

H 14 13 0.0 3.0 0.0 0.0 7’.C;llE1 8.lZfl 
w 1 1  
33 IS 85 3.0 5.6 O*O 0.0 f.431El 8.12El 
34 1 1  
SS 16 73 S.6 2.64EI 0.0 0.0 7.431E1 8.12El 
36 1 1  
17 I7 TJ 2.M1 L E E 1  0.0 0.0 7.43111 7,910511 
58 1 1  
39 18 73 2.7SSL1 3.05E1 0.11 0.0 7.43111 7.fiSlE1 
40 1 1 

41 i9  TJ 3.OSEl S.33EI 0.0 0 -0  7.4’31El 7.nlEl 
42 1 1 
43 20 73 S.3SE1 3 . S W 1  0.0 0.0 7.4SlEl 7.6S1f1 
44 I 1  
45 21 73 3.5bOSEl 3.1718) 0.0 0.0 7.431El 7.53111 
44% 1 1  
b t  22 71 3.MTE1 3.ppE1 0.0 0.0 7.48lf1 1.61111 
4.8 1 1  
49 23 ?Y 3.71161 3.8Sfht 0.0 0.0 7.SHE1 ?.?YE7 

50 1 1 
H0,ICoI. 1 ....... 10 ........ 20.. ...... SO ...... ..bO... ..... 50.. ..... .M.. ..... . IO.  ...... .ti0 

51 2b 77 J.5605EI 3.TllEl 0.0 0.0 7.691E1 7.85IE1 

yO./coL. 1 ....... 10 ........ 20 ........ 30 ........ 40 ........SO.... .... 60 ........ 70.. ...... 80 

yO./ooL. ~,,,.... 10. ............. ...~,....,.. 40.. ...... SO... .............. 70......” .~ 

u i o  01 0.0 f.mni 0.o 0.0 6.vai  7.10~1 

W.#CUL. 1 ....... 10 ........ 20 ........ 30 ........ 40 ........ 50 ........bo ........ 70 .......,MI 

*a./mL. 1. ...... 10.. ..... .20.. .... ..u1.. ...... 40.. ...... SO. .... ...bo.. ..... .70.. ..... .M) 
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52 1 1 
53 25 77 3.3SE1 3.560511 0.0 0.0 7.811El 7.93075E1 
54 1 1 

55 26 TI 3.05EO 3.3SEl 0.0 0.0 7.89lF.9 8.OIEl 
56 1 1  

56 1 1 

59 28 77 Z.ME1 2.BEl 0.0 0.0 8 . 1 7 E I  6.27EI 
60 1 1  

57 27 n 2 . ~ ~ 1  3.05~1 0.0 0.a ~ ) . o i o z s ~ i  8 .22~1 

WO./COL. 1 ....... 10. ...... .20.. ..... .30.. ..... .CO.. ..... .58.. ..... .M.. ..... .70.. ..... .W 
61 a n 2 . 4 ~  2.t.m 0.0 0.0 8 .17~1  8 . 4 2 ~ 1  
62 1 1  
65 30 77 2.UEI 2.49E1 0.0 0.0 8.17Et &i.'IzEl 
66 1 1  
65 31 Y7 0.0 2.34E1 0.0 0.0 1.17E1 I.62F.l 

44 1 1  
67 32 85 2.49'21 3.92321 0.0 0.0 8.57E1 8.62Ell 
66 1 1  

20 1 1  

71 34 73 2.EEl S.857E1 0.0 0.0 8.32E1 6.52E1 
?2 1 1  

73 35 73 3.OSE1 L35E1 0.0 0.0 8.27El 8.32E1 
?4 1 1 
?5 '36 73 3.J5L1 3.8SE1 0.0 0.0 8.17E1 8.3ZE1 
76 1 1 

69 35 73 z .61~1 2 . ~ 5 ~ 1  0.0 0.0 8 . m 1  8.57~1 

xO./coLo 1.. ... . .to.. ..... .20. ...... .30.. ..... AO.. ..... .50.. ..... .60.. ..... .?O.. ..... .80 

n 37 n 3 . ~ 5 ~ 1  ~ . E = I E I  0.0 0.0 7.9~05~1 8.17~1 
m i i  

79 38 75 3 . n I L 1  3.857El 0.0 0.0 7.89lEl 8.17E1 
1 1  

Mo.Icah. 1 ....... 10. ...... .20.. .... ..SO.. ..... .CO. ...... .50.. ..... .M.. ..... .70.. ..... .80 
ill 39 97 J.6552E1 3.923El 0.0 0.0 7.7YlEl 8.57E1 
82 1 1  
83 40 97 0.0 4.MRl 0.0 0.0 8.6CLl 8.6988Qtl 
84 1 1 0 2  
rn 41 15 4 . r ~ ~  5 . 1 2 ~ ~ 1  0.0 0.0 I.~)PMPEI 1 ~ 0 1 4 ~ ~ 2  

1 1 0 0 0 0 2  
87 42 73 4.W9El 5.124661El 0.0 0.0 l.OO146EZ 1.08511f2 

I 1 1  
89 43 65 3.1246QEl 5.38033El 0.0 0.0 9.73555El 1.08511EZ 
PO 1 1  

V l  U 85 J.W35E1 5.6Wl 0.0 0.0 1.G5R2E2 1.13975C2 
92 1 1  
93 45 ?3 4.8B9F11 5.M033E1 0.0 0.0 1 . 0 8 5 l l E Z  l.ll5EZ 
91 1 1  
B 46 85 5.12-1 5.58035El 0.0 0.0 1.ll lEZ 1.13975E2 

94 $ 1  
97 47 85 4 . M e I  5.124bMl 0.0 0.0 1.113E2 I.lM5EZ 

98 1 1  
99 h8 IM 4.56033E1 4(.&5V€1 0,O 0.0 1.1397SE2 l.lVS25E2 

lo8 1 1  

101 4V 73 4.56033E1 4.86%1 0.0 0.0 8.89WS€1 1.13V7SE2 

102 I 1 
103 50 73 4.251W1 4.5693SE1 0.0 0.0 8.8911B9El 1.1665E2 
106 1 1  
105 51 73 5.6 4.25166El 0.0 0.0 8.898d9El 1.19325E2 
106 1 1  

wo~tclb, 1 ....... io  ........ rn ........ 30 ........ 40.- ...... 50 =.......bo .... ....'w ........ 10 

ma./m. I.. .... .io.. ..... .20.. .... ..30.. ...... ba. .  ..... .SO.. ..... An.. ..... .to. ...... .60 
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107 52 85 4.25166El 4.SMSSEI 0.0 0.0 1.1665E2 1.22E2 
101) 1 1  
109 53 85 3.0 5.6 0.0 0.0 8.89P(189El 1.302562 
110 1 1 

yO./Eoc. 1.. . . . . .lo.. . . . . ". 20.. . . . . . -30.. . . . . . .LO.. . . . . . .SO.. . . . . . .60.. . . . . . . M.. . . . . . .BO 

111 sb 73 0.0 3.0 0.0 0.0 a . w m i  1 . 3 ~ 5 ~ ~  
112 1 1 
11s 55 B 1.6 3.943El 0.0 0.0 1.1932SE2 1.2475EZ 
114 1 1 
115 Sb 85 3.WE1 L.ZS166El 0.0 0.0 1.19325E2 1.22EZ 
116 1 1 
117 57 85 f.35E1 3.771E1 0.0 0.0 1.2LtSE2 1.215E2 
118 1 1 
119 M TJ 2.7521 3.3H1 0.0 0.0 1.247SEZ 1.273E2 
It0 1 1  

121 59 85 2.T5E1 3.560581 0.0 0.0 1.27562 1.3025E2 
122 1 1 
123 60 TJ 5.6 2.7SE1 0.0 0.0 1.2CTw2 1.31KSE2 
124 1 1 
125 61 I)) 0.0 3.OSE1 0.0 0.0 1.3025E2 1.332 
126 1 1 
127 62 69 0.0 4 . W l  0.0 0.0 8.6X1 8.Uf l  
128 1 1 0 2 0 0 2  
1 3  63 69 3.923E1 3.9bK1 0.0 0.0 5.32666E1 8.62E1 
130 1 1 0 2  

w(l./CK. I..... .. 10. ....,..20........ 30.. . .  .... 40 ........ SO . . . . . . . .w ) . . . . . . . .  70 ........MI 

M.4CQL. 1 ....... 10 ........ 20 ........ 30 ........ LO .....,,. SO ........ 60 ...".... TO ........ 60 
is1 6~ 69 0.0 2.72~1 0.0 0.0 a . m i  8.17~1 
132 1 1  
133 65 69 2.TzEl 2.7SEl 0.0 0.0 7.9802521 I.lfEl 
134 1 1  
135 66 69 2.nEl 3.0%1 0.0 0.0 7.98025E1 8.01OZSEl 
136 1 1  
137 67 69 S.OZE1 3.osE1 0.0 0.0 7.MlE1 7.9802SE1 
13a 1 1  
139 68 69 S.OSE1 S.3SEl 0.0 0.0 7.1161El 7.891€1 
140 1 1 

141 69 69 3.32E1 3.3SEl 0.0 0.0 7.7BlEl 7.1161El 
1 u  1 1  
143 70 69 3.3IEl 3.S405€1 0.0 0.0 7.781El 7.811El 
144 1 1  
145 71 69 3.5UKEl 3.560SEl 0.0 0.0 7.661E1 7.MlEl 
146 1 t 
lL7 72 69 3.5605El 3.771El 0.0 0.0 7.661Ll 7.691E1 
148 1 1  
1b9 73 69 3.741E1 3.771E1 0.0 0.0 7.541El 7.Mlfl 
150 1 1 

IS1 7b 69 3.771El 3.1157E1 0.0 0.0 7.1141E1 7.57lE1 
152 1 1 
153 75 69 J.QE1 J.IIS7El 0.0 0.0 7.451E1 7.SLlEl 
1% 1 1 
1% 76 64 3.857E1 3.92Xl 0.0 0.0 7.411fl 7.481E1 
1% 1 1 

158 O O O O O O 4 b  

16[) 0 0 4 4  

MOJCX. 1.......10 ........ 20 ..._.... 30 ........ a0 ........ 50 ........ 60 .,...... 70 ._...... 80 

yb./DX. 1.. ..... 10.. . . . . ..PO.. . . . . ..30.. . . . . ..LO.. . . . . . -50.. . . . . . .bo.. . . . . . .M.. . . . . . .Ed 

$57 n o 0.0 2 . ~ 1  0.0 0.0 a.12~1 8 . 1 ~ ~ 1  

is rn o 2 . 6 ~ ~ 1  2.72~1 0.0 0.0 7 . m ~ ~ i  a . m i  

w6.1c(K. l.... ... 10 ........ 20. ....... SO. ....... l o . . . . .  ... 50 ........ 6 0 . . . . .  ... 70........10 



76 

161 rn o 2.7~1 z.mi 0.0 0.0 7.9705~1 ?,wtm~i 
182 0 0 0 0 0 0 4 4  

189; 84 0 2.75El 3.02EI 0.0 0.0 7.MlE1 7.9iQSE1 
le4 0 0 4 4  
165 81 0 3.OX1 3.03E1 0.0 0.0 7.85181 7.M1EI 
1M 0 0 0 0 0 0 4 4  

167 82 0 3.ME1 3.32E1 0.0 0.0 7.781fl 7.851El 
168 0 0 4 b  
$69 83 0 3.JW1 3.3SE1 0.0 0.0 7.7?1€1 7.781E1 
f70 0 0 0 0 0 0 4 4  

171 84 0 3.35E1 3.5SPatl 0.0 0.0 7.661E1 7.771EI 
17-2 0 0 4 4  

174 0 0 0 0 0 0 4 4  

173 56 0 3.54IBEQ 3.741EIi 0.0 0.0 7.561E1 7.651E1 
l?B 0 5 4 4 
177 17 0 S.7.hlEl 3.WIEO 0.0 0.0 7.ESlEl 7.541E1 
1m 0 0 0 0 0 0 4 i  

179 M 0 J"TI1El 3.823Er 0.0 0.0 ?.451€1 7.539Cl 
1m 0 0 4 4  

m.ma.. 1.. ..... io.. ..... .ax.. .... .m.. ..... .ox.. ..... so.. ..... .m.. ..... .TO.. ..... .m 

in as 0 s . s m ~ i  x s m f i  0.0 0.0 7.651~1 7 . ~ 1 ~ 1  

WQ.b6@!.. 1.. ..... 10. ...... .20. ...... .30* ..... ..4.0*.. ... ..SO.. ...... 60.. ..... .70.. ...... EO 
181 89 0 S.827EI 3.923Ei 0.0 0.0 7.439P1 7.h51E1 
102 O O O O O O I I  

1s 1 1  
WS 91 93 2.4861 2.6kEl 0.0 0.0 8.55E1 8.5Rt 
186 1 1  
IUT 92 93 2.5PE1 2.66E1 0.0 0.0 6.4SEfi L1.55El 
lB8 1 1  

190 1 1  

189 w 93 2 . ~ ~ 1  2 . 4 ~ 1  0.0 0.0 R.SSEI a . m i  

im ps 9s 2 . ~ 1  t . m i  0.0 0.0 a.4SiEi a . 4 m  

#(a.lcQc. 1 ..... ..IO.. ..... .20.. ..... .SO.. ..... . h O o . .  .... .SO. .  ..... .M.. ..... .70.. ..... .taa 
WI p1 n 2 . 6 ~ ~ 1  2.75~1 0.0 0.0 m.0 8.4~~1 

$93 m m 2 . 7 5 ~ 1  3 . ~ ~ 1  0.0 0.0 a3-o 8.~21~1 
$92 1 1 

195 96 93 2.7851 3.09F1 0.0 0.0 6.25EE1 83.0 
f% 1 1 
192 91 ?3 3.ME1 5.35CI 0.0 0.0 6.2%1 B.27El 
1% 1 1  

98 93 3.08E3 1.35E1 0.0 0.0 L o a 1  8.2SEI 
1 1  
1 ....... TO.. ..... .so. ...... .SO. ...... .&a. ...... .SO.. ..... .a. ...... .70.. ...... . 

203 99 93 9.35E.I 3.S89SEl 0.0 0.0 11.08E1 8.17E1 
202 1 1  

loo 93 S.3aEI 3.54005E1 0.0 0.0 7.96QSSE2 8.0BE1 
1 1  
101 93 4.56(P5El 3.PP1EI 0.0 0.0 7.960'HEI 7.970SE1 
1 1  

207 102 91 9.5903tl 3.77IEl  0.0 0.0 7.BBlEl 7.960EEl 
m 1 1  
2W 103 93 3.77lEO 3.857El 0.0 0.0 7.BBIEl 7.191EI 
210 1 1 

711 1W 93 3.8001E1 3.Q157EY 0.0 0.0 7.761El 7.8LllE1 
212 1 1 
219 105 93 S.85El 3.923El 0.0 0.0 7.761E1 7.Tp9EI 
216 1 1 
215 1M 93 3.MEl 3.923EP 0.0 0.0 7.611E1 7.761E1 

W o , / a .  1.. .... .lo.. ..... -26. ...... .SO.. ..... .&Os ...... .500 ...... -60.. ..... .70.. ..... .%!3 
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216 1 1 
2 I?  107 0 2.34El 2.37El 0.0  0.5 8.55E1 8.62E1 
218 0 0 3 3 
214 108 0 2.37E1 2.L'XI 0.0 0.0 8,XzEI 8.55F.1 
220 0 0 0 0 0 0 5 3  

221 109 0 2.4Wil 2.52El 0.0 0.0 5.1SEl 6.5K1 
222 0 0 3 3 
225 110 0 2.52E1 2 . W 1  0.0 0.0 I ) .btE? 8.4SEl 
224 0 0 0 0 0 0 3 3  
225 111 0 2.6LE1 2.67€1 0.0 0.0 bJ.0 8,CZEI 
226 0 0 3 3  

za 0 0 0 0 0 0 3 3  
229 113 0 Z.BE1 2.m1 0.U 0.0 8 . X E l  8.2TE1 
m 0 0 3 3  

y0.m~. 1 __ . . , . . io  ........ 20 ........ 30 ........ eo ....... .5a ..... ...m ..... ...* o ........ 80 

221 112 o 2 . 6 ~ 1  2 . 7 ~ ~ 1  0.0 0.a 6.27€7 m.0 

WO./CUL. 1.......19... .....20........ 30 ........ 40 ........ 50 ........ 6..........0........ . 
231 114 o 2.~11~1 3.05~1 0.0 0.0 a . m i  8.25~1 

as 11s o 3.05~1 3 . ~ 1  0.0 0.0 ~ . o a ~ i  8 . 2 ~ 1  

235 916 o 3 . o ~  3.35~1 0.0 0.0 8 . ~ ~ 1  a.oaEt 

237 117 0 s .35~1 3 . ~ ~ 1  0.0 0.0 T.QM)TSL~ 8.asEi 

sn 5 0 0 0 0 0 3 3  

234 O D 3 3  

236 0 0 0 0 0 0 3 3  

236, 0 0 3 3  
239 116 0 3.MEl 3.MOSEl 0.0 0.0 1.9307SE1 7.960nEl 

240 0 0 0 0 0 0 3 3  
1O.lCUl. 1.. ..... lo... ..... 20.. ..... .30, . .  ..... 40.. ...... IO.. ..... &. ...... .?O. ....... 80 

241 119 0 3.1605E1 3.5WSE1 0.0 0.0 7.M1fl 7.930VSE1 
212 a 0 J 3 
2 U  120 0 3.5905Et f.T?lEl 0.0 0.0 7.6SlEl 7.881EI 
2b4 u 0 0 0 0 0 5 3  
245 121 0 S.RlE1 S.8OIE1 0.0 0.0 7.761E1 7.6JlEI 
2*6 0 0 3 3  
247 122 0 3.80lEl  3.LIs7El 0.0 0.0 7.73lEl  7.761E1 
246 0 0 0 0 0 0 3 5  
249 123 0 3.65lE1 S.Cd7€l 0.0 0.0 7.411El 7.73lEl 

2SO 0 0 3 J 

251 124 8!i L.MOS3E1 4 . W l  0.0 0.0 5.89&39€1 9.177711 
252 1 I 
8 3  MATERIALS 

2% 65 LlW7 0.0 0.8342 0.0 -65 
255 
2% 0 1.6570TE-14 1.4019S-14 1.2SMlfE-I4 1.2827SE-14 9.94312E-15 
Ts5 8 6.31818-15 4.5M65E.15 3.2oLuOE-15 2.JZ9SCE-lS 1.345%-15 

0 2.M176E-16 2.623ZSE-15 1.5828-14 !.lV834E-11 9.8SUZE-15 

wo./cDL. l.......lO.. ...... 20 ........ 30 ........ 40 ........ so ........ bo... 

6.46071E-14 4.6XlSE-lL 5,2631SE-14 2.63032E-14 2.07477E~IL 

as a $.oiiot~-w. i .w i ip -16  ~ ) . z M ~ E - v  S . V I ~ J S E - ~ ~  ~ . D ~ T B I E - I ~  
255 
255 D 7.23a2E-15 I.YRJE-lI 2.7S463E-15 1.59JIZE-15 6.56818E-16 

Wa.fW. 1.. ..... IO.. ..... .m.. ..... .30.. ..... .bo.. ..... .SO.. ..... .60. .. 
255 0 2.844llE-16 1.153WE-15 
2% 69 AL 0.0 2.703 0.0 -69 
257 
2S7 
257 
257 
257 

1.1908&-14 3.$4145€-15 2.5257?€-15 I.%%?€-15 1.5513M-I5 

D 1.2LbSLL-lS 1.0718%-1'5 8.162922-16 8.lWWE-16 6.1C6JdE-16 
0 3.30(31E-16 2 . m - 1 6  3.i74llE-15 1.8%7VE-(lb 1.T3529E-17 
il 8.28214E-17 3,4P*llE-!7 2 . M ? E - t 7  4.4RME-17 9.56392E-17 

0 2.S12IS.E-16 2.bM33E-15 8.361ME-14 S.JJQbLCE-14 3 .W95W-14  

257 
257 a z.4sosa-15 2 . 3 5 ~ - 1 4  

a Z.MSIJE-IS i .swzE-14 9 . a m ~ - 1 5  ~ . ~ 9 2 6 2 ~ - 1 s  P.ZMXX-S 

2S8 73 L I M A 1  0.6 0.8342 0.0 -65 

.... 

,70*,* ..... 80 

.I5 ........ 80 
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271 a i . ~ z m - i ~  I)AZIC~E-IL 
272 m r m  ~ERERATUES 
273 1750.0 
274 HEAT EUIERLlIOYS 

276 BiUWART CXWOIllOYS 

zn 2 1 
278 0.0 4.535611D-12 
2w 3 3  
260 0.0 0.113392D-12 
281 4 s 
282 0.0 0.1133920-12 
2n3 x u 1 0  
264 0.0 0.01s 1.5 1.0 6.9 3.b 7.61666 9.63333 1.165E1 1.36667E1 
284 0 1.3MSSE1 1 . m I  1.QfEl 2.06E1 2.1pEl 2.WEl 2.37E1 

2n i 0.0 

WO./coC. 1 . . . . . . -10.. . . . . . . J . . . . . . . . 30.. . . . . . .40. . . . . . .SO.. . , . . . .60. . . . . . . .70. . . . . . . . @O 

P 2.49EI 2.52E1 2 . M l  2.6"El 2.TtEl 2.75E1 2.ml 
uO./tDL. 1.......10........20.. ......~........ LO.. ...... 50. ....... 60.. ...... 70. .......M1 
rn a s.om  LOSE^ s.mi s . m i  J.SSEI s . 3 ~ 1  J.SJOKI 
rn e 3 . ~ ~ 1  J . S ~ E ~  J . ~ L I E I  ~ . r r i ~ i  3 . ~ 0 1 ~ 1  3.azni 
an a ).ami s.suni s.9n~i L W E I  4.2SlbbEl ~.r)o33ei  
rn a &.mi S.IZWXI s.~o3wi 5.636~1 
2 s  4tal 
206 2 U I O  
287 S . W 1  S.W1 6.MUB1 6.16M6E1 6.28€1 6.3clfl 6.5lEl 
287 0 b.?E€l b.*1 7.18El 7.26E1 7.431El 7.451El 7.48lEl 
287 S 7.SllEl 7.541f1 7.S71El 7.61lEl 7.6Slf1 7.661f1 7.691E1 
2117 0 ?.=If1 7.741tl 7 . 7 7 l E l  7.?8lEt 7.811El 7.851E1 7.d61E1 

wO./COL. 1 ....., . 10.. .. . . ..to.. . . *. . .30.. .. ,. . A O . .  . .. . ..SO.. . . .. . .60.. . . . . . .70.. . . . . ..BO 
a 7  a 7.MlEl 7 . ~ 1 ~ 1  7 . ~ 0 7 ~ ~ 1  ~.WOZSEI 7 . ~ 0 5 ~ 1  7 . ~ 2 5 ~ 1  
287 0 (I.Ol02SEl 1.05El B.oQ1 8.12El B.lLE1 1.17El B).22€1 
287 0 8.ZIEl 8.2Rl 8.Xl 1.Skl  8.31E1 8.42El 8.4SEl 8.LTEl 

287 0 PAMME1 9.7355K1 1.0014b€2 1.0295332 1.OSR2E2 l.OESIlE2 
2E7 11.11H2 1.1J92sE2 1.1MSC2 l.t9125€2 1.22E2 1.2475E2 
287 0 1.275E2 1.302w2 1.3SE2 
2 a  mr 
289 T U  M l t T l O l S  
2(4 65 2 

291 W . 0  0.071128 d w . 0  0.M276 
ZOZ 6 4 9  
293 
293 
2% n 12 
295 
ws 
295 a 1.3~5 1.13 1 . 4 ~  1.11 l . W  1.w 

a 7  o a.51~1 a.sw 8 . ~ ~ 1  8 . ~ ~ 1  8 . ~ ~ 1  o . I ) ~ & ~ I  9 . i m i  

1K)./ooC. 1.. . . . . -10.. . , . . ..ZO.. . . . . . .30.. . . . . . .40. .  . . . . .SO.. . . -. . .60.. . . . . . .70.. . . . . . .80 

273.0 2.34 300.0 Z.S7 350 2.40 600.0 2.40 500.0 2.37 600.0 2.32 
0 m.0 2.26 8lXl.O 2.20 900.0 2.13 

2n.O 1.82 300.0 1 . n  310.0 1.70 400.0 1.62 500.0 1.49 bMI.0 la39 
a m.0 1.5s 6w.o 1.2~900.0 1.26 1 . 0 ~ 3  1.21 1 . 1 ~ 3  1.18 12E3 1.11 

2% STUDY STATE PUWATERS 
297 dooao 1.00-12 0.0 20 

l p l l f ;  
*o.ICOL. 1.. . .. . -10. . . . . . . .Eo . .  . _. . . .M. .. . . , . .40.. .. . . . .SO.. ... . ..60.. . . . . . .70.. . . . . . -80 
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IKATIut6, A M(LTI-DO(EYSIOYAL HEAT CCXAKXtCS CQ)E WITH TEWERATURE-OEPEW€YT TttEUIUl PRWERTIES. WDU-LIUEAR A N 0  
-FACE-TO-SllRFlQ S U M O A R 1  Ca*)ITlOYS, FINNED SURflCE AWALYSlS TECHWIMS,  AW CHZJIGE-OF-PHASE CAPABILITIES. 
SlfAOT STATE W L S  M Y  BE MLVED OY EITHER WERRELAXATfOW WITH EXTRAPOLATfOM 011 8Y DIRECT SOLUTIOU l€CX#IQuES OPTS1 OU DPBFA Am 
D P I S l  F R a  LIUPACK. THE DIRECT SDLUIIOY TECltUtPUES ARE LIMITED rLl OIlE IUD TYO DlWEUSlOUAl PROBLEMS. 
TRAWSIEWT XQ1)ElS W Y  #E W.MD BT IMPLICIT TECHWlPUES fCRAUK-YICOLYJY OR 3ACXUAROS EULER), BY LEVI'S EXPLICIT PROCEWRE, 011 T H E  

CLASSICAL E X P L l C l l  PltOcEDIRE. THE TIM€ STEP SIR TOR THE IMPLICIT TRAUSIEWI CALWlATIfJNS M Y  BE A FWCTlON Of 7HE U A X I W  
TEIPERATUE CHAWW. T I E  IMPLICIT TECWIWE MAY NO1 BE USED FOR PROBLEMS 1YVOLVIWC CHAYCE Of PllASf CALCULATloYS. 
EACM A R M T  WOS€ LENGTH IS A FWCTIOY Of 1RE IYW? DATA IS UARIMLY DIWEWSIWEO EXCEPT fOR THE WUIBER OF UAlERlALS 
THAT W MuytE PUASE CEcrUL TO 5) Ay1) T I E  N W E R  OF P L R ~ T E R S :  I Y  AN AUALYTICAL fUWC?IOI (EWAL T0 1%). 
HEATfWGb USES THE SCALE FREE FORM READlWG lKuTIllE5 TO PROCESS I T S  STAWDARO INPUT DATA. 

M E A 7 I y E 6  W URtTTEY I T  
D.C. ELK@ 
LE. GILES 

Y.O. NIILa 
COlsrYTQ Xl fYCfs  DlvlsIoy 
Uldy URBlM c o I # u T I d y ,  M L E A R  DlVlSlOU 
WILD1YG K-1007. WAIL STW Yo. S f  
C M T  O f f l a  IMX P 
(YI: RIDGE. TEIIWSSEE 377330 

PiDWf - 615-172-8b77 
FTS 62b*M?? 
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0 GIP 10 U P  11 GIP 12 GRP 13 CRP 11  CRP 15 GRP 16 GIP I? GRP 18 
1 Q.945120-1S 6.5181#-15 5.S3iW30-1S 3.268MO-15 2.329540-15 1,%55110-15 5.011029-16 1.957110-16 8.2*JOM-l? 

0 !iRP 19 Gllp Io CRP 21 ERP 2 GRP 23 CRP 24 GtCP % CRP 26 WP 27 
I S . Q 7 1 5 ~ - 1 7  l.Ob7810-!4 2.6811a-16 2.62323750-15 I.St32W-14 I.1PBwD-11 9.1153470-15 7.232320-1s 1.547230-15 

0 U P  b 61tr 29 ol(P 30 GRp 31 GRP 32 
1 2 . m - 1 5  1.59312D-lS 6.SMlb0-16 2.Bc117D-16 1.115320-12 

0 GRP 1 aP 2 OIP 3 CRP 5 GRP 5 GRP 6 WIP 7 6RP 8 GRP 9 

1 1.190MO-14 3.54165D-15 2.525T)D-15 1.%5471)-15 1.5813[10-?5 1.246560-15 1.0718SO-15 8.16#20-16 8.804890-16 

0 DIP 10 GRP 'I1 ERP 12 GRP 13 CUP 14 GRP 15 GRP 16 6RP 17 CUP 18 
1 6.1c63dD-16 S.UW310-16 2.30840b-16 3,171110-16 1.895TpD-16 4.T3329Q-17 6.2%?140*17 3,49411D-lI 2.468870-17 



8 4 

0 CF8P 10 GRP 11 GBP 12 GBP 13 CRP 14 818 15 G I P  19 CRP 17 GRP 18 
1 2.41377D-PB 2.69169)-16 2.7OSbQ3-16 2.67GXD-16 2.832430-96 3.5215pD-16 7.020040-14 I . W 5 W ” 1 5  4.932350-1), 

0 1.29 10 CIp 11 tRB i% t W  13 CRP 14 CWP ’15 tRP 1Q GRP 17 CRP 18 



85 

o GRP 19 wlc' 20 =P 21 Gap 22 CRP u CRP 24 GRP 25 GRP ZQ GRP 27 
1 6.4iQC70-37 I.OS&%D-16 2.6912%-16 2.527048-15 3.213600-14 2.110&40.,14 1.MM74D-11 1.892960-1& 6.610360-15 

0 GllP 28 WIP 29 GliP 30 UtP 31 CRP 32 
1 4.023(PPO-15 Z.L12M(I-I5 1.515030-15 3.831319-15 2.65t9im-16 

0 OilP I GKP 2 6RP 5 G8P 4 GRP 5 GRP 6 GRP 7 GRP (I GRP '9 
1 b.446230-14 2.WecCfUr-lC 1.BUWt5-14 1.448950-11 l . W 0 3 D - 1 6  9.295699-15 8.294900-lS 8.3N187D-15 1.016780-14 

0 GRP 19 tll? I;RP 21 CRP 22 GRP 23 GRP 24 CUP 24 GRP 26 GRP 27 
1 2.3611LPL(-14 5.1UK2D-14 1.554250-13 1.53977D-12 1.ntMdD-13 1.030690-13 7.2113Bo-14 4.L16345-IC 2.515700-14 

0 GRP 1 &RP 2 &RP 3 GRP 4 CRP 5 GRP 6 CUP 7 GRP 8 CRP 9 

1 6.7ZEZbD-14 6.60168D-14 3.261860-12 2,637400-14 2.101;H;hD-14 1.71?S?D-14 1.523150-14 1.55OSOD-14 1.9078m-lb 
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0 GSP 10 CIF l'i W P  12 GRP 15 GRP 14 GRP 15 GRP 16 GRP 17 GAP 18 
1 1.6116910-14 8.511590-95 6.56014Qo-15 5.5bS47D-15 5.08Q70D-15 5.12tJpO-13 6.907880-15 1.0t8950.14 1.952900-14 

0 WP 19 GRP 25 WPP 21 GCLP 22 CIF 23 6RP 24 CRP 25 G I P  26 GaP 27 
1 4 . 4 1 W D - t b  9.8?07WJ-lb 2.5WMl-I3 2.5gMll IO*dZ 2.851640-14 1.910380-14 1.47307a-1L 1.013470-14 4.170390-15 

0 GRP 1 GRP 2 CBP 3 GRP 4 GIP 5 GRP 6 CRP 7 GRP 8 G W  9 
1 6.09?290-14 5.8964AO-16 2.TpBu0-IL 2.25096D-14 1.771800-14 1.413470-14 1.19852D-14 l.oQ5790.14 1.093390-14 

0 i 3 P  10 GSP 91 CRP 12 GRRP 13 GRP 14 GRP 15 6RP 16 GRP 17 GRP I8 
50-15 5.993930-15 3.872890-15 2.7'592%0~-15 2.018890-15 1.150190.iS 1.31105D-16 1.770110-16 2.491760-16 

0 a? 19 GftP 20 CRP 29 GRP 22 C W  25 GBP 24 GRP 25 6RP 24 CRP 27 
1 7.980170-17 1.06?679-14 Z.TQM)10-tr? 2.62931D-13 6.522250-14 3.96131D-t4 2.8Y305D-14 1,M25?D-14 1.079240.16 

0 !aB 28 GllP 29 6RP 55 GRP 31 6RP 32 
1 6.SpLSIB-lS 4.07349D-15 5.25 .1S 1.042790-14 8.427410-14 

W E I  O f  PIRbKtTERS SPPCIFIEO BY PHE BNWT DATA. 

124 
9 
1 
1 
3 

47 
1 
71 
0 
3 
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YwSElll At30 FCW W E B  
EC. RkTL 111T # U T  
yo. no. t€R GEM. 

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

10 81 1 1 
11 101 1 1 
' I 2 6 9  1 1  
1 3 6 5  1 1  
1 4 n  1 1  
I S 8 5  1 1  
1 6 7 3  1 1  
1 7 7 3  1 1  
1 8 7 3  1 1  
1 9 7 3  1 1  
2 0 7 3  1 1  
Z 1 7 3 ~ 1  
2 2 7 7 1  1 
2 3 7 7 1 1  
2 b 7 7 1  1 
2 5 7 7 1  1 
a n 1  1 
2 7 7 7 1  1 
a n  1 1  

3 0 7 7 1  1 
3 1 7 7 1 q  
3 2 6 5  1 1  
a n  1 B 
3 4 2 3  1 1  
3 5 7 3  1 1  
3 6 n  1 1  
5 7 7 3  1 1  
s73 1 1  
s 9 9 7  1 1  
40 97 1 1 
4 1 8 s  1 1  
4 2 7 3 1  1 
4 3 8 5  1 1  
u a s  1 1  
4 s n  1 1  
4 b M  1 1  
4 7 6 s  1 1  

I 1  

5 0 7 3  1 1  
5 1 7 3 1  1 
s 2 m  1 1  
5 5 6 5  1 1  
W n  t t 
5 S M  1 1  
5 6 8 5  1 1  

s n i  1 

4 9 7 3  i I 

S W T  O f  REGION OATA 
*.h... Mt+:*l..**t*..****.**. OII#YSIMIS .*****+" 
LEFT -x-w I 1 cni -%-at LMP -'I -w UPPER-I -m 

0.0 u.5m 0.0 0.0 
50,5000 37.7100 0.0 0.0 
A.6050 37.7100 0.0 0.0 
37.7160 38.5100 0.0 0.0 
37.7100 33.5100 0.0 0.0 
53.5Ooo M.Sm0 0.0 0.0 

5.6000 JI).sm0 0.0 0.0 
0.0 5.oooo 0.0 0.0 
3 . m  5.6000 0.0 0.0 
0.0 311.5700 0.0 0.0 

33.sm J9.23W 0.0 0.0 
0.0 59.2300 0.0 0.0 
0.0 39.2360 0.0 0.0 
0.0 3.oooo 0.0 0.0 

LOOM) 5 . m  0.0 0.0 
5.6000 26.4000 0.0 0.0 

26.4000 27.5000 0.0 0.0 
27.5WO 30.5000 0.0 0.0 
3o.sooo 33.5Ooa 0.0 0.0 
33.500[) 3s.MKo 0.0 0.0 
35.6050 37.7160 0.0 0.0 
S8.5700 59.2300 0.0 0.0 
37.7150 38.5700 0.0 0.0 
35.6050 37.7l00 0.0 0.0 
33.5wx) 35.6QW 0.0 0.0 
so.5OOo 33.5oW 0.0 0.0 
27.5000 30.5000 0.0 0.0 
2 6 . W  27.5000 0.0 0.0 
2b.0000 26.4000 0.0 0.0 
2S.4000 24.pooQ 0.0 0.0 
0.0 g.m 0.0 0.0 

24.9060 39.2300 0.0 0.0 
26.LOW 27.5000 0.0 0.0 
27.SW 33.5700 0.0 0.0 
30.5000 3 s . m  0.0 0.0 
33.5000 M.5700 0.0 0.0 
35.6050 37.7100 0.0 0.0 
37.n00 38.5100 0.0 0.0 
38.5m 39.2300 0.0 0.0 
0.0 4 a . m  0.0 0.0 

4 a . m  51.2466 0.0 0.0 
46.bpo 5 1 . 2 W  0.0 0.0 
51.244M 53.tloss 0.0 0.0 
5 3 . ~  M.S6W 0.0 0.0 
46.6900 f3.8033 0.0 0.0 
51.2466 53.8033 0.0 0.0 
46.6400 51.2464 0.0 0.0 
45.60u M.6906 0.0 0.0 
45 .6pn  48.6wxI 0.0 0.0 
42.5166 45.- 0.0 0.0 
5 . m  42.5166 0.0 0.0 

42.5166 65.6033 0.0 0.0 
Laoar s.6ooo 0.0 0.0 
0.0 s.oo00 0.0 0.0 
s.60(10 39.4306 0.0 0.0 

39.4300 42.51M 0.0 0.0 

INNER-R CUTER-R LEFT-TWEtA RIGUT-TUETA 

,.*Ut..**..*. 

REAR'Z 

65.ao00 
b2.8000 
60.5333 
60.5533 
61 .Mdb 
6s.cKmJ 
65.8000 

65.8000 
65 .QW 
69.t!LMO 
58.2M6 
71 .M)m 
72.m 
74.31W 
74.31 00 
74.3100 
74.3100 
74.3100 
74.3100 
74.3100 
7L.310 
75.1100 
'ps.7100 
76.9100 
78.1100 
78.9100 
80.1025 
a i  .moo 
ai.7000 

as.2ooo 

61.7000 
81 .m 

64.7ooo 
83.2000 
82. moo 
81 .Tow 
79.7050 

211.9100 
77.1100 
W.4000 
M . 9 W  

100.1410 
97.3555 

1M.7220 
106.5110 
111.3w)O 
111.3OOO 
113.9750 
m.9689 

88.9869 
aa.91169 

116.6500 
M . W  
an8.9(LB9 

119.S250 
119.3250 

SRHfDAR'I U M E R S  .----._- o...... t.. _._.___. 
FRMIT-z i f - x  R T - Y  10-1 UP-I RR-2 r r - z  

6s.aooo o o o o o o 
IN-R 01-R  LF-0 RY-0 

63.8000 0 0 0 0 0 0 
62.8000 0 0 0 0 0 0 

61.6666 0 0 0 0 0 0 
6S.6000 0 0 0 0 0 0 
65.8000 0 0 0 0 0 0 
60.8000 0 0 0 0 0 0 

69.m 0 0 0 0 0 0 
69.w160 0 0 0 0 0 0 
71.6000 0 0 0 0 0 0 
71,8000 0 0 0 0 0 0 
72.6000 0 0 0 0 0 0 
74.3100 0 0 0 0 0 0 
8 1 . m  0 0 0 0 0 0 
81.2ooo 0 v 0 0 0 D 
s 1 . m  0 0 0 0 0 0 
79.7050 o o o a o o 
18.5100 0 0 0 0 0 0 
n.ri00 a o o o o o 
76.5100 0 0 0 0 0 0 
75.3!00 0 0 0 0 0 0 
76.1100 0 0 0 0 D 0 
V.3100 0 0 0 0 0 0 
78.5100 0 0 0 0 0 0 

8 0 . 5 m  0 0 0 0 0 0 
82.2000 0 0 0 0 0 0 
82.7000 0 0 0 0 0 0 
84 .2m 0 0 0 0 0 0 
( 1 5 . ~ Q O O 0 0 0  
W.2000 P 0 0 0 0 0 
M . 2 m  0 0 0 0 0 0 

85.7000 0 0 0 0 0 0 
Iu.2000 0 0 0 0 0 0 
a3.20Uo 0 0 0 0 0 0 
s 1 . m  0 0 0 0 0 0 

M.IO(W 0 0 0 0 0 0 
88.9889 0 2 0 0 0 0 

100.1440 0 0 0 0 2 0 
108.5110 0 0 0 0 0 0 
108.5110 0 0 0 0 0 0 
113.9754 0 0 0 0 0 0 
111.56w) 0 0 0 0 0 0 
113.9750 0 0 0 0 0 0 
116.6500 0 0 0 0 0 0 
119.S250 0 0 0 0 0 0 
113.9pjO 0 0 0 0 0 0 
116.4500 0 0 0 0 0 0 
119.5250 0 0 0 0 0 0 
122.oooo 0 0 0 0 0 0 
1so.2soo 0 0 0 0 0 0 

130.2500 0 Q 0 0 0 0 
$24.2500 0 0 0 0 0 0 
122,mo 0 0 0 0 0 0 

m.son a o o B D o 

as.mm o o o v o o 

ai.7000 o o o o 0 o 



rroooo 
0000st 
sr0000 
ooooss 
rroooo 
oooors 
rSoo00 
oooos€ 
rs0000 
oooors 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
770000 
000077 
770000 
000077 
770000 
000077 
'170000 
000077 
770000 
000077 
770000 
000077 
770000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000 

000000 
000000 

000020 

OZOOZO 

000000 

000000 

000000 

000000 
000000 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

0'0 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0.0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0' 0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
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117 0 0 0 

119 0 0 0 

1 2 0 0 0 0  
itl 0 0 0 
122 0 0 0 
l U 0 0 0  
1% LK 1 1 

i i a  o o o 
s3.5600 
s3.IIIKy) 
35.4oSo 
fS.mSO 
37.7100 
sri.0100 
%3.5m 
&'I .6035 

J3.aooo 
55.4050 
35.PMO 
37.7100 
38.0700 

31).5'100 
M.llrn 
4a.m 

0.0 
0.0 
0.0 
0.0 

0.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

79.M)Is 
79.5075 
?O.IIW 
76.5100 
77.6100 
??.Sioa 
76.1100 
M.?aW 

ao.5ooo 
79.M)n 

fd.8100 
M.5100 
Tf.61W 
n.3100 
?1 .m 

m 5 o n  

5 3 0 0 0 0  
0 0 6 0 3 3  
5 5 0 0 0 0  
0 0 0 0 3 3  
9 Y O O O O  
0 0 0 0 3 3  
3 3 0 0 0 0  
0 0 0 0 0 0  
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CcOIDvETIVIYI 

0.0 
" 65 

0.0 
-69 

0.0 
- 65 

0.0 
-n 

0.0 
-65 

0.0 
-65 

0.0 
-65 

0.0 
" 65 

0.0 
-65 

SPEClrlE HEAT 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

S W M R Y  OF I N I T I A L  TENPERATURE DATA **o*'***** 

W E R  I"0KU TI=-, TGWRAWRE-,  A l l D  POSITIW-OEPEUOENT YLWBERS 

QENSITI TI= TWERAPURE X CR R Y W TH 2 
1 0.0 0 0 0 0 0 
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NATURAL C W V  Yo. TYPE FCT T W E U N R E  FWCED CWV.  RADIATIOW 
FLAG T X Y 2 ASSOC. 

FCTS 

2 1 0 0.0 
0 0 0 0  

3 3 0 0.0 
0 0 0 0  

b 3 0 0.0 

0 0 0 0  

GMst LATTICES IYD l W E R b  OF lYCRfI(EY1S 

R O I X  

11.65ooW 
D.7oooM) 

5o.zonooo 
SS.Ks0oo 
59.43oooo 

1 
1 
1 
1 
1 
1 

0.0 

2 
%).zM66a 
bp.lum#o 
75.710000 

'19.105m 
82.MwOo 
#.moQoo 

p2.566613Q 
116.6Maoo 

1 
1 
1 
1 
1 
1 
1 
1 
1 

n.aibDo0 

O.OlS0oo 
13.666m 
N .W0000 
M.5aX)(10 
37.L10000 
c2.516600 

1 
1 
1 
1 
1 
1 

59.L- 
71.11ooow 
76.110000 
n.11dooo 
W.@RSKJ 
52.SowoO 
b.m0000 
97.3555t@ 
119.323000 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1.5oWao 
15.68S3fM 
i!5.m0000 
K).mooQu 
37.7lWOO 
45.wuoo 

1 
1 
1 
1 
1 
1 

60.533300 
R .- 
78.5tbdoo 
LU1.1QS4a 
82.TooMy) 

w.5- 
loo. lUOO0 
122.006#10 

1 
1 
1 
1 
1 
1 
1 
1 
1 

r6.5ioooo 

0 .o 

0.0 

0.0 

3.00oMx1 
17.70DMd 
26.400006 

33. mM) 
M . 0 1 0 ~  
L8.@0@40 

1 
1 
1 
1 
1 
1 

61.666600 
7L.31oooO 
76.61owO 
78.610000 
M ) . u ) o w  

n3.6ooWo 
85. fowoo 
102.933000 
124.75oB(Io 

1 
1 
t 
1 
1 
1 
1 
1 
1 

4.535680-12 0.0 

1.1339ED-13 0.0 

l.lSS9ZOo-15 0.0 

4.900600 
19.3~00 
26.m0000 
n.500000 
M.270000 
51.2&M(M 

1 
1 
1 
1 
1 
1 

62.8Ow100 

7b.510000 
76.91oooO 

M).fflowD 
a3.2moQ0 
~ . Z o w O O  
lM.n?Obo 
127.SoMwO 

? 
1 
1 
1 
1 
1 
1 
1 
1 

n.aiwoo 

5 .moo 
20.600000 
27.200000 
33.80OOOO 
36St00d0 
53.~63300 

1 
1 
1 
1 
1 
1 

63.800000 

T7.310OW 
78.91oooO 
81 .zMMIw 
a3.moe 
86.4(xWw 
1~.511000 
1JO.NO(UNI 

1 
1 
1 
1 
1 
1 
1 
I 
1 

~c.a~oo00 

7.616660 
21.900000 

3s. 505000 
38.82oOoO 
M.360000 

1 
1 
1 
1 
1 

2r.soc~x) 

65 .80y)ooM 
75.31OOW 
77,610600 
w.307500 
81.4OoooO 
M.ZW)(KIO 

M.9LldPM) 

1 1  1.300000 
133.0600M 

1 
1 
1 
1 
1 
1 
1 
1 

EXPWEN'I FLUX 

0.0 0.0 

0.0 0.0 

0.0 0.0 

9.633330 
23.LOObaO 
27.800000 
35.605000 
39.230000 

1 
1 
1 
1 
1 

6t.WO000 

75.~1wOo 
n . 7 1 m  
?9.6075W 
81.700000 
@b .500000 

91.777800 
113.925006 

1 
1 
1 
1 
1 
1 
1 
1 
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94 

1 
6 

11 
$6 

21 
28 
31 
34 
51 
46 
51 
56 
6.1 
M 
PP 

3 
8 

IS 
18 
n 
21 
33 
38 
b3 

2 
7 

12 

25 

27 
32 
37 
42 
47 
52 
57 
62 
67 

ir 

4 
9 

I C  
19 
24 
29 
34 
39 
45 

3 
6 
13 
18 
23 
20 
33 
38 
4s 
48 

53 
58 
63 
68 

5 
10 
15 
20 
25 
30 
35 
60 

45 

4 
9 
14 
19 
24 
29 
34 
97 
44 

49 
56 

59 

QB 
69 

4.900500 
13.664'109 
21 "900000 
26,400000 
30.2omo 
53. 8 ~ 0 ~  

37.718000 
38.230000 
51.246400 

61 .M6500 
~ 9 . a o o o o  
74.810000 
76 51 0000 
n. 71 0000 

78.81Oa00 
79.802500 
8 I . l W  

&.moa0 
M.40C1080 

100.144000 
113.97SW 
127.5QDO50 

a3 .(KMIXKI 

6 
11 
16 
21 
26 
31 
36 
41 
66 

5 
10 
15 
20 
25 
35 
53 
4Q 

45 
50 

55 
60 
616 
?0 

5 :600000 
15.683300 
25 5000QO 

2b.70OOOO 
30.500000 
35.30SGoO 
58 o ioma 
99.130000 

55.803500 

62.805000 
71 .BM)[)oo 

T5.9 10000 

76.610000 
77. owow 
7a.910000 
~o.iozsfia 
81.i00000 
85. 200000 

85. zo0000 
Bb.YaaW0 

102.9330GO 
116,650000 
190.256000 
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0.7781oD+02 0.781100+02 0.785100.02 0.78610D+02 0.78R100+02 0.789100+02 0.793070+02 0.79607D+02 
0.797050+02 0.798020+02 0 .M11020+02 0.805~+02 0.808000+02 0.81200~+02 0.814000+02 0.81 7000+02 
O.&?ZooD+OZ 0.825000+02 0.827000+02 0.836M10+02 0.852000+02 0.837000+02 O.B42000+02 0.8LS000+02 
0.84700D*02 0.8SZOM+02 0.855oM+02 O.(lSmoD+O2 0.852000+02 0.866000+02 0.8B9890+02 0.917780+02 
0.915610*02 0.973550+02 0.10014Or03 O.lOZ930*03 0.105720+03 0.108510+03 0.111300+03 0.11397D+03 
0.116650+03 0.119320+03 0.122000+03 0.124750+05 O.l275OD+03 0.13025043 0.133000+03 

I C I ( , W E U T , J C ( , L M , l n * , I ~ , ~ M S I ~ , I S B T =  32 22 8-4 10 29 1 29 1 

1 S E 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 1 1 1 1 1 1 1 1 1 1  
i l l l l l l l l l t l l l l l l l l l l l l l  

ZD: 0.0 O.ZMOOE*Ol 0.53200€+01 0.798OOE+Ol 0.10640E+02 0.133WE202 0.1510Cf+02 0.16900E+02 0.18WOE+02 0.21 10OE*02 
O.Z3xlof+O2 0.25SOOE+OZ 0.2770OE42 O.zpQoCE+02 0.32?00€+02 0.34300€+02 0.365SLWE+OZ 0.585WE+OZ 0.40600E+02 0.4265Of+O2 
0.44700E+02 0.46567E+02 0.4863K+02 0.50300€+02 0.5315[#+02 0.56000E+02 0.57133E+OZ 0.58267€+02 O.S%OOE+O2 0.60533€+02 
0.61667E+02 0.62BoOE+02 0.63800E+02 0.6580OE+02 0.67fu)OE+02 0.6QBM)E+02 0.70800€+02 0.71800E*02 0.7220Of+02 0.72600E+02 
O.W55€+02 0.7431W+02 0.7481Oe+02 0.75310€+02 0.75710E+02 0.76110E+02 0.7651cEto2 0.76910E+02 0.77310Ec02 0.77710E*02 
0.78110E+02 O.T8510€+02 0.7B910€+02 O.?9307E+02 0.79705E+O2 O.BOtOtE+OZ 0.80500E+02 0.812dOE+02 0.8170&+02 0.82200€+02 
0.827~*02 O.(lWOOE+O2 0.83700€+02 O.B4200€+02 O.&L700€+02 O.iKZOOE+O2 0.857WE+02 O.M2OQE+O2 0.8896%+02 0.91778E102 
0.94567E+02 0.97354€+02 0.10014E+O3 O.l0293E+O3 0.10572E+03 0.10851€+03 0.11 130E+03 0.11397€+03 0.116656+03 0.11932E*03 
0.1220OE*03 0.12CfSf*OS 0.12750€+03 0.1302SE+03 0.13300€+03 

RD: 0.0 O.l500M+01 0.30000E+01 0.6~OE+Ol 0.560WE+Oll 0.76t67€+01 0.96333E+Ol O.l165OE+02 0.13667E+02 0.15683€+02 
0.17700C+M 0.193WE+02 0.20600€*02 0.21QOOE+02 0.2UOM+02 0.24900E+02 0.26400€*02 0.2tSOUE+OZ 0.30500E+02 O.S3SOOE+02 
0.356ME+02 0.577lOE+O2 D.38570€+02 O.~943Of+02 0.425 t7E+02 0.45603E+02 0.48690€*02 0.51247E+02 0.53803E+02 0.56360E+02 

MAP OF VOLUMETRIC HEAT GEM RATES FM( ALL NODES : 

R 2 1  2 2  2 3  2 4  2 5  2 

1 0.D 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 

4 0.0 0.0 0 .o 0.0 
5 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 
a 0.0 0.0 0.0 0.0 
P 0.0 0.0 0.0 0.0 
10 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 
12 0.0 0.0 0.0 0.0 
13 0.0 0.0 0.0 0.0 
14 0.0 0.0 0.0 0.0 
1s 0.0 0.0 0.0 0.0 
16 0.0 0.0 0.0 0.0 
17 0.0 0.0 0.0 0.0 
18 0.0 0.0 0.0 0.0 
19 0.0 0.0 0.0 0.0 
SO 0.0 0.0 0.0 0.0 

21 0.0 0.0 0.0 0.0 

6 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

z 7  2 8  
0.0 
1.zBpsw-01 
1.322320-01 
1.39695D-01 
1.6~65111-01 
1.565280-01 
1.5P53ZD-01 
1.581070-01 
1.515730-01 
1.420010-01 
1.310530-01 
1.203010-01 
1.12~60-01 
1.11947~-01 
1.171140-01 
1.ZOOMID-Ol 
1.192430-01 
1.148170-01 
1.088260-01 
1.032~-01 
Q .9W92D -02 

2 9  
0.0 
1.058100-01 
i.oa2m-01 

i .2naio-~i 
1.192290-01 

1.2221m-01 
1.2042m -01 
l.lPo840-01 
1.146SzD-01 
1.081640-01 
1.010530-01 
9.437000-02 
8.931411)-02 
8.756280 - 02 
8.954520-02 
9.11 5870-02 
9.088640- 02 
11.804150-02 
8.409010-02 
7.91 7wo -02 
7.5105?I-02 

0.0 0.0 
8.026820-02 7.036030-02 
8.1779Oa-02 7.099700-02 
9.650BSO-02 7.741810-02 
1.025360-01 8.098600-02 
9.02069O-02 7.335540-02 
8.4947 00-02 7.0055m02 
8.376540-02 6.857560-02 
8.099970-02 6.630480-02 

7.69177D-02 6.31409D-02 
7.260620-02 5.99048D-02 

6.W4ZD-02 5.692650-02 
6.538790-02 5 .C593&-02 

6.339630-02 5.292560-02 
6.306550-02 S.1631&-02 
6.338810-02 5.1 11590-02 
6.350290-02 5.110830-02 
6.2186OD-02 5.04176D-02 
6.026360.02 4.943550-02 
5.701821)-02 4.7302pD -02 
5.110030-02 4.529350-02 
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22 
23 
24 
25 
26 
27 
28 
29 
36 
31 
32 
P 
14 
3% 
56 
37 
38 
39 
$0 

41 
A2 so 47 

0.0 
0,D 
D.0 
0-0  
0.0 
0.0 
Q . O  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
S.iTWXl-02 

5.W670 .a2 
4. W917D-02 

0.0 
2.tv.0~10~ az 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.Q 

0.0 

0.0 

5.016520-02 
4.5713da-02 
3.719w -02 
2. RSCrn-02 
0.0 

11.0 

0.0 

I 
1 
2 
3 
4 
5 
6 
T 
I 
9 

so 
11 
12 
13 
14 
15 
16 
17 
18 
PP 
8 
21 
22 
53 
24 
a 
26 
27 
2a 
b 
30 
31 
32 
3% 
34 
35 
36 

0.0 

0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.412CWp-02 

3. Bw7a-oa 

6.721130-02 

4 .32tl5wAa2 

3 .?12?EB,-0f 
3 . r n ” 0 2  
3.2Bl2aR3-02 

2.639ED-0Z 
0 .o 



37 1.7301m-02 S.MQW-W 
m t .an0g-02 4 . 7 4 ~ - o a  
39 1,9&580-02 4.0RWzt-Ot 
40 2.00667D-02 3 , S b W - O Z  
41 2.1SMoD-02 1.99PL10-02 

42 TO 47 0.0 0.0 I 

I 
1 
0 
3 
4 
5 
5 
7 
8 
9 

10 
11 
I2 
13 
1b 
IS 
16 
19 
18 
19 
1 
21 
22 
23 
24 
25 
26 
n 
26 
2e, 
30 

S I  
32 
33 
54 
n 
56 
37 
3il 
39 
10 
b l  

L2 TO 

R 
1 

z 14 I 20 I 21 
0.0 0.0 
I.812300-w I .  -02 

5.993046-02 4.WII1Ix)-02 

5.407MD-02 5.1?7930-02 
4 . ? w m - 0 2  4.56sSsD-02 
4 . m - R  4.32Xm-02 
4.4S8130-02 b.2202CO-02 

4.324750-02 4. 1116U1-02 
4.194710-02 S.9967lD-02 
4.060600-02 S . I W 7 l B - 0 2  

5.917plti-02 3.TUlP-02 

3.rn75m-02 3.606MD-02 
3.6MzcO-02 3.493650-02 
3.13&?')0-02 3,3739&*02 
S . U W - 0 2  9~.2d?KO-OZ 

3.2mbzD-02 I . 1 3 W - 0 2  
3.2SZw1D-02 J.08ZMU-02 
3.16195D42 3.01~11O-OX 
3 .1OZmO-02  t.Pd3S20-02 
3.067p29-02 2.91ulg-02 

2.9&3950-02 2.856430-02 

2.60?570-02 Z.LMo%D-aZ 
2.43?6#*02 2.327120-02 
2.2?Sm-02 2.167W-02 
1.98s&o-02 1.117823rJ-02 
1.806smD-a2 1.iolRo-02 
1.67M(D-O2 0.0 
i.AM3bn-02 1.M791D-QZ 
1.323910-02 1 .&2&340-02 
0.0 1 . 6 m - m  
1.2S1I)(O-m 1.34272D-02 

1.1mPD-01 1.lPSCm-01 
9.IU1&10-02 9.MSOD-02 
11.9374YD-02 8.4X75D-02 

1.129240-02 1.05235D-02 
1 . m - 0 2  9.UOl6D-03 

4.m~~-02 a.551370-02 

3.nm.o~ 3 . t ~ ~ i a 0 - 0 2  

2 . ~ 9 4 m - 0 2  2.72121~1-02 

7 . ~ 5 0 ~ 0 ~ - 0 2  7.ozasd~-oz 

6 . m ~ t a - m  ~ . m 5 1 o . m  
17 0.0 0.0 

I 

i 

2 3.tlWlD-02 3.OSYzD-02 

4 3.SM196D-02 3.395%-Dz 
5 3.66MlD-02 3 - m - 0 2  
6 3.1zfla)-02 3 . W - 0 2  

3 3.09a2m-a~ 1.01~2i1~-02 

1.996440-02 1.862230-02 1.766050-OP 1.237570-02 1.575110-02 9.S95L40-02 1 .la9osa-Ol 
1.11161120-02 1.aa114i~02 8 . i i i w - w  1.033sw-ai Q . W ~ M - O ~  t . i o n w - o i  i.07ism.01 
I.702QUP02 1.715650-02 1.22~%0-01 1 .S31750-01 1.549100-01 1.126610-01 6.128630-02 
I.%19&-02 I.MSO?&OZ 7.77Om-02 Q.2676CX3-02 8.10@340-02 6.Q5692D-02 3.53817B-02 
l . m - 0 2  1.633#0-02 1.4S27LD-02 1.22041D-OZ 1.0895&00-02 9.S4o0110-03 7.7100&-05 
3.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 3 1  z s 2  2 3 s  Z Y  2 3 5  2 3 1 )  
0.0 0.0 0.0 0.0 0,O O"0 0.0 

2.929050-02 2.7tI3930-01 2.554320-02 2.590390-02 2.5221do*(M 2.kMSOO-02 2.236160.02 
2.410270-02 2.76265a-02 2.63ISLb-02 2.Sd6(Mo-02 2 . 4 m - 0 2  2.SESKpzD-02 2.219(wD-02 
3.2&5130-02 3.11913a-02 2.992191-02 2.919910-02 2.d4TbW-02 2 . W - 0 2  2.5562QO-02 
3.47168D-02 3.315060.02 3.177610-02 5.103410-02 5.029220-02 2.9WIlOO-02 2.7315fii-02 
z.pci930-02 ~ . T Y ~ I D - O ~  2.m22p-02 2.603090-02 2.ssmm-02 2.12~9m-02 2 . z b i ~ 0 - 0 2  



98 

7 
8 
9 

10 
11 
12 
15 
tb  

(5 
16 
17 
18 
19 
20 
21 
22 
25 

24 
25 
26 
27 
tll 
59 
30 
31 
32 
s3 
34 
35 
34 
37 
5% 
59 
4a 
41 

-04 2.US49zB.02 2.7570'BB-O2 2.61803D-02 2 . b P W - 0 2  2.431W-02 2 . M H M - 0 2  2.26325D-02 2.10747D-02 
-02 2.790210-02 2.6RWQ*02 2-563450-02 2,427300-02 2.XW&60-02 2,3236620-02 2.22156D-M 2.072500-02 

-02 2.625990-02 2.497140-02 2.38641*1-02 2.322 -02 2 . 2 M m - 0 2  2.167910-02 2.020690-02 
-92 2.563@&2-192 2.4376W~~-02 2.327340-02 1.248540-02 2.209930-02 2.114wD-02 1.97lC7O-Of 

2.6456m-02 2.577950-02 2.491BD-82 2. -02 2.265200-02 2.2WSlD-02 2.14%WID-02 2.057?11)-02 1.V1wMo-02 
-02 2 . 4 ~ ~ 0 - 0 2  2.21705~-02 z . i w m - 0 2  2.130110-02 2 . 0 n n o - 0 2  I,QKKBD-QZ t.iis513o-a~ 

2.465M-02 2.4021%Q-DZ 2.322450-02 2.2C19.390-02 2.1103W-02 2.057750-0Z 2.005110-02 1.92020D-02 1.7946GO-02 
2.392170-02 2.5%%&-02 2.a1T38-02 2.1k1610-02 2.044720-02 1.WSI40-02 1.946160-02 1.961950-02 I.TJ7410-02 
2.315710-02 2.x656D-02 2.1MIZW-02 2.0719?D-02 1.97T2119-02 1.927MD-02 1.8784(a-Q2 1.89130-02 1.678690-02 

-02 2.115178-02 L.Ol15Q-02 1.9191SD-02 1.87W5O-OZ 1.82I+)D-O2 1.746158-02 1.626130-02 
2.1923442-02 2.13&9RI8-02 2.063650-02 1,%73590-02 l.M18SOUD-02 l . W I 5 0 - 0 2  l .zMI70-02 1,7011L20-02 1.569VtD-02 
z . i? im~-oa!  2 . 0 ~ 5 ~ - 0 2  2.024930-02 1.9~m-02 O.~SSS~O-02 1 . w m - 0 2  i . m q m - 0 2  i.mmm-02 1.54am-02 

-02 1.78404a.02 1 . 7 3 3 5 ~ ~ - 0 2  1 . ~ 2 ~ 7 a - 0 2  1 ,6033~0-02 1 . ~ ~ i s i o - 0 2  

-02 !.67ZW-02 1.612268-02 0.0 0.0 0.0 
2.r!66160-02 2. -02 1.V35ccD-02 1.K619D-02 1.72263D-02 1.MEJVO-02 1.610040-02 1.5161lD-02 1.390430-01 

l.%%S?D-09 1 . 9 0 1 ~ - O 2  1.824311)-02 l.ll972D-02 1.61162ll.02 1.54951*1-02 2.465560-02 2.295220-02 2,0781&0-02 
1.91657D-02 l.BSM3D-02 l.77SSbo-02 1.W18lD-02 ?.552290~)-02 1.491910-02 2.3WlbD-02 1.16106Q-01 1.617320-01 
0.0 0.9 0.0 0.0 0.0 0.0 
2.2716tB-02 2.199250-02 2.W550-02 l.?M)iJD-02 1.561260-02 1.482580-02 
2. -02 2.11zldpD-02 1.27W?O-01 1.2(uV%l-09 1.594640-01 1.0154tD-01 
1. -m 1. -02 1.809520-01 1 . 8 3 O W D - O I  1.47b020-01 1.3559bD-01 1.23365D-01 9.850720-02 7.886Tdo-02 
1. -02 1. -02 1.247yD-01 1.143795-01 8 .  
9. -02 7. -02 1.op57To-01 9.455620-02 7. 
1. -01 1. -01 v . 4 w a - 0 2  7.91607~-02 9. 
8 .  -02 7.715390-02 6.m1520-02 6.131bQD-02 8.463500-03 8 .  -03 7.93458-OS 7.35807a-03 6.7597PD-03 
7.629930-02 6.11SQ911)-02 6.1954Do-02 5,663250-02 7.793500-03 4. -03 5.22TJ7D-03 4.VQ4?90°-03 4.IBSPpD-03 
0.0 8.748210-03 8.257WO-03 7.536640-93 7. -03 2 . m i ' D - 0 3  2.BcMxIo-03 2.790230-03 
0.0 7.183T&-QS 6.91969D-03 6.51104Q-03 4. -05 2.66M50-03 2.67932D-03 2.656330-03 
0.0 6.&0327D-03 4.893220-03 4.29508D-03 4 -  -a 2.516430-03 2.5314to-03 2,525510-03 
6.6450210-03 6.323%-03 3.245410-03 2.45504Q-03 2.431260*03 2.437110-03 2.442750-03 2.460020-03 2.b52351)-03 

6.336bTD-Q3 6.2WW-03 3.1491P-03 2.377350-03 2.3535800-03 2.355TllD.03 2.55W3-03 2.372550*03 2.372TJD-03 
-05 2,82211318-03 2.4156811-03 2JE10&-03 2.576990-05 2.572730-03 2.3M)nD-03 2.3M94D-03 

-09 2.4V&550-O5 2.LIWQ-03 2.401050-43 2.39?3.?D-03 2.37&5?0-03 2.380230*03 2.350350.03 
-03 3.14216D-03 3.01965D-05 2.97231D-03 2.924TTD-05 2.L1935dD.03 2.816020~03 
-03 3.128430-03 2.P16SZD-03 2.693?20-03 2.8SW2D-03 2.81467D~03 2,742020=03 

42 TO b7 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

I 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
!2 
1s 
14 
15 
16 
17 
10 
19 
20 
21 

2 3 7  2 3 3  2 3 9  2 4 0  2 4 1  2 4 2  2 4 3  
0.0 0.0 0.0 0.0 0.0 
2.W550-OS ~ . I 5 b ~ - 0 ~  3.22WW-02 2.3308&0-01 2 .3WlD-01 
2.018518-02 1.IIuIOzD-02 3.7tUuIipO-02 2.321320-01 2.27W20-01 

-02 3.112100-02 2.27USW-01 2.22W4D.01 
2.521ppD-02 2.Slb3YD-02 3.041120-02 2 .222m-01 2.1 
2.06UlD-02 1.8611%30-02 3.0zpS50-0Z 2.22 
1.92DUaO-02 l.747SQ-02 3.054dZD-02 2.248V40-01 2.176S7D-01 
1. -02 1.720750-02 3.02%90-02 2.23UZD-01 2.154190-01 
1.1)425qD-O2 1.6?&8CQ-02 2.V45530-02 2.16782D-01 2.079LPo-01 
1.797710-02 1.&968-02 2.8'26130-02 2.110980-01 2.0214TD-01 
1.75132D-02 1.5?51C!€#-02 2.815VfB-02 2.0556MR-01 I.QR4-20-01 
1 . w - 0 2  t . % m - o a  2.715~0-02 i . 9 m i c ~ - o i  1. 
1.63610D-02 3.49077D-02 2.6WVSzD-02 1.897bllD-D'l 1.823OSQ-01 
l.Xk'210.02 1 . W l O - 0 2  2.507Ua-02 1.81967D-01 1.72b4SO-01 
1.5318(0-02 1.593530-02 2.3855450-02 l.Rb%D-Dl 1.6S07bO~~-01 
1.4SOfB-02 1.34flOD-02 2.290760-02 1.62649D-01 1.57987D-01 
I . U ~ J ~ D - O Z  1 . 3 1 3 ~ ~ ~ - 0 2  2.235~10-02 1.615MD-01 1.539920-01 
l.MM(D-02 1.216Pho-01: 2.1972lD-02 1 .5?1841)-01 1.504400-01 
l.?42O&J-(u 1.ZS(ItSO-02 2.1632M.02 1.525W-01 1.b69240-01 
1.259350-02 9.14515D-02 l.W1&-02 1.36557Q-01 1.355310.01 
0.0 0.0 1.81527D-02 1 .205460-01 1.242330-01 

2 44 2 45 
0.0 0.0 0.0 0.0 
1 .59k970-01 1.28VlR)-Ol 1.018190-01 7.935%90-02 
1.57227O-01 1.2T3330-01 1.008UD-01 7.647220.02 
1,53pMo-Ol 1.249370-01 9.919750-02 7.71733D-02 
1.504810~01 1.222100-01 9.716740-02 7.599750-02 
1. b5593D -01 1.20524D-01 9.569420-02 7. b 7 0 m - 0 2  
1.468260-01 1.203060-01 9.5097'SD-02 7.38489D-02 
1.46717D-01 1.182500-01 9.3107118-02 7.202Mo-02 
1.401)2P-Ol 1.133290-01 8.910180-02 6 .WlCD-02 
1.MSTPD-01 l.W@WO"01 1.62Y40-02 4.645 
1.357260-01 1.076360-0l 8.b657i3D-02 6.5507Oa-02 
1.2t)Bl00-QI 1.OM35D-01 8.18411D-02 6.UbMD-02 

1.233200-01 9.950520-02 7.817550-02 6.082310-02 
1.1774U-01 9.476210-02 7.455611)-02 5.771190-02 
1.111760-01 8.VS2Ma-02 7.050810-02 5.465920-02 
1.061aso-01 ~ . ~ s ~ s I D - o ~  6.nw.0-02 S . U ~ ~ - O Z  
1.OU37D-01 8.329430-02 6.561090-02 5.oM)iW-02 
1.097790-01 8.1069Op-01 6.37w?0-02 4.946500-02 
9.05250-02 7.875600-02 6.18959s30-02 4.8137'29-02 
9.1816SD-02 7.704070-02 6.32557D-82 5.215210-DE 
8.589370-071 7.TBM90-02 1.9092Ul-02 9.1812LD-03 



99 

22 
2.3 
24 

25 
2A 
X? 
a 
29 
30 
31 
32 
3s 
Y 
3% 
56 
37 
30 
59 
40 
41 

42 TO 47 

R 
1 
2 
3 
4 

5 
6 
7 
I 
0 

10 
11 
12 
13 
I& 
1s 
16 
37 
18 
19 
20 
21 
22 
u 
24 
25 
26 
27 
20 
29 
30 
51 
32 
n 
Y 
3s 
36 

1.89292120-02 l.73717D-02 1.6UZcD-02 1 . O m - 0 1  1 .13SMD-01 8.0591LID-02 7.430200-02 
1 . i W t D - O l  1.2S655D-01 1.lozwD-01 1.241330-01 1 .0465do-01 7.614520-02 7.079610-02 
1.8.3lraD-01 l . 5 W - 0 1  1.3366?D-Ol 1.02ZwD-01 7.707WD-02 P.bZM30-03 8.921900-03 
9.473190-02 7.717340-02 6.4?XB-O2 5.483410-02 4.tB625D-02 7.27S5LW-US 7.12021-03 
8.tllMO-02 6.821220-02 S.8Qzbcb-02 5.09894D-02 4.401150-02 6.669679-03 S.50uIcD-OS 
v.moom-03 ~ . O S ~ ~ - O S  a.i~fp50-os 7.281020-03 6.~asma-03 6.070~0-os ~, izzcpo-os 
7.67S710-03 7.2-43 6.7662fa-05 6.2?B730-03 5.TL18do6-Of 5.405390-03 3.d351Uo-03 
7.DS09(10-03 6.6M7¶B-03 6.Zb301D-0.3 4.971MO-03 4.16514D-03 4.04421D-03 3.22WLO-03 
6.700310-03 6.m060-0~ S.PMOJ~-OS ~ .MI)OM-O~ 2 . ~ i i v i ~ - a 3  2.69201~-03 2.~moo-(u 
6 . ~ 1 9 0 - 0 3  5.9wai-93 s.6tocm-03 3 . ? i w - 0 3  2 . m v m - 0 5  Z.MKQZD-O~ 2.~~97110-os 

4.43JTID-03 4.246SQD-03 4.i?#O30-03 3.113010-03 2.S4pmO-03 2.51617b-03 2.4irbbW-OS 

2.710910-03 2.63Wm-03 2.577930-03 2.52b'I(D-O3 2.4WW-03 2.b273W-03 2.3&20&-03 
2.599650-05 2.S3938D.03 2.4&%0-03 2.4181lBo-03 2.333210-03 2.264560-05 2.212020-M 
2.495opo-03 2,4S25pD-03 2.414730-05 2.uOz30-OS 2.2516%-03 2.137WD-03 2.0794Q-03 
2.441640-03 2.41064D-03 2.MOO2D-03 Z.J0260)-03 2.102&#-03 2.Ui5550-03 2.0155~-03 
2.35051D-tX 2.321900-03 2.29424D-03 2.22ASlO-03 2.116970-03 2.015710-05 1.95b220-03 
2.usopD-03 2.2poI~D-03 2.26&%0-03 2.21a30-03 2.lUYI7D-Of 2.051960.03 1.9ooMD-03 
2.--65 2 . 2 5 9 ~ ~ ~ - 0 3  2.zowa-03 2.190~60-m 2.i5mo0-03 2 . m ~ ~ - 0 3  ~ . O Z S I ~ D - O ~  

2.5- -03 2.~~540 - 03 2.u7ua-o~ 2 . 4 s w M u  2. e t  M -05 2 .415270-03 2 .S~ZSCD -03 

2.46SZLo-03 2.664520-05 2-5431?B-03 2.522a*03 2.4M)ID-03 2.4UIlOD-OS 2.3342@-03 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

9.8342IB-03 
9.35362D -03 
8. B 2 m - 0 3  
6.92?350- 03 
4 . 7 1 m - 0 3  
2.911660-03 
2.)g2560-03 
2.705160-03 
2.648410-03 
2 SS221O-OS 
2.43366D -03 
2.3352tD-03 
z.is~5rn-03 
2.024840-05 
t .PJ%SD-03 
1.8%TtD-03 
1.925910-03 
1.951660-03 
2.237350-03 
2. WLB -03 
0.0 

9 .w370-05 
6.a077GO-03 

4. 176950-95 
3. SO857D-OJ 
2 II FcdSSD ~ 03 
2 .M)136D-O5 
2.698150-03 
2.622740- 03 

2. CW930-03 

2.381470-03 
2.275290-03 
2.op9450.tl3 

1 .Ro7850-03 
1.8646LD-03 
1 .bMS30-03 

1.M1600-03 
2.13nu)-o3 
2.0919706-03 
0.0 

L . S ~ ~ I ~ - O J  

1 . P ~ Z S D - O J  

0.0 

1. SdS55D - 03 
1. W 3 2 0  - 03 

1 .asmo-os 

i.8ozaso-a3 
t.tL32440-03 

1 .ns990.03 
1.70514D*03 
? .MO§O(I-03 
1.61B3SO-03 
1.576450-03 
9 ~ S3154D .I13 
1.483160-05 
1.435210-05 
1.412090-03 
1.4766pfo-O3 
1.594350-03 

1.72Yrn-03 
1.862120-03 
2.021130-03 
0.l49570 -03 
Z.ZZ0950-03  

7.267b6D - 03 

2.3T7p4D-03 

2.4281FD-03 
2.3'19860-03 
2.33 1 360 ~ 03 

2.1Mrn-03 
P.Osd)70-03 
1.965250-03 
1.1ut)s(Io-o3 
1 . +1974D~ 03 
1 .6SOllb.D3 
1.519340-03 
1.4330706-03 
1.391420-03 
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1.rnYbtr-83 

1 . M W " O 3  
1.62oT40-r?s 
2 . 0 8 m  -03 
l.%%W-Q3 

0.0 

0.C 
0.0 

0.0 

1.5343sQ-0% 
1.61 9220 - 03 
1.6?9?&=03 
1 .W?rn"03 
1 .%749D-OS 

0.0 

0.0 

0.0 

0.0 

1.%797U-Q3 
1.561 000-03 

1.33542O-OS 
1.4?W50-03 

2.1 101 40 - 03 
5.631fim .01 
1.1212m-0: 
1.524270-177 

0.0 
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TOTAL rUSS OF ALL IUTERIALS * 7.161550+05 

TOTAL UEUTRCIl MEAT GEM, RATE = 3.4 

TCTAL UJ4Y.A HEAT GEY. RATE = 2.&(.(26D+O3 
TOTAL YEUTRCOI AND HEAT GEM. RATE 6.353160+03 
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1 1  
2 2  
5 3  
4 4  
5 5  
6 6  
7 7  
8 8  
Q 9  
10 10 
11 11 
12 12 
13 1s 
11 14 
15 15 
16 16 
17 17 
18 18 
19 19 
azo 
21 21 
n n  
232s 
24 24 
2325 
26 26 

Z7 27 
a28 
2 9 2 9  
S O S O  
31 31 
32 52 
33 ss 
U Y  
s5 35 
3636 
37 37 
M O  
s e w  
40 40 
41 41 
42 b2 
43 43 
u u  
45 45 
46b6 
47 47 
Ldu 
49 49 
50 50 
51 51 
52 52 
53 53 

38.27 
59.40 
60.53 
61.67 
62.80 
65 .a0 
65 .M 
67.80 
69.80 
71.BO 
72.60 
74.31 
72.31 
74.81 
75.31 
n.41 
75.71 
76.11 
76.51 
76.61 
76.91 
77.31 
n.61 
77.71 
77.Bl 
7u.11 
7E.51 
n - b l  
m.81 
n.91 
79.31 
29.61 
W.7Q 
m.ao 
80.10 
w.50 

m.m 
a1 .a 
11 .bo 

P.20 
82.50 
82.70 
a3.m 
a3.m 
rJS.70 
B4.a 
U.50 

m.i?o 
bS.50 
65.70 
46.20 

8i.m 

ty.m 

01 
01 
01 
Of 
01 
01 
01 
01 
01 
01 
01 

01 
01 
01 
81 
01 
01 
01 
01 
01 
or 
01 
01 
Of 
01 
01 

325 326 5271 
364 365 S M I  

403 LBL 4051 

b12 U 3  4441 

481 482 4831 

520 521 5221 
559 560 5611 
598 sw mol 
6J7 6M 6391 
676 677 6781 
715 716 7171 

793 ?% tps l  

632 63s a b 1  
87l 872 8731 
910 911 9121 
946 PLY 9481 

98s 986 9871 
1024 102'5 10261 
1063 1w 10651 
1102 1103 11041 
1141 1142 11431 
1160 1181 11821 
1219 1220 12211 
1x0 1259 12601 

n 4  755 n61 

328 3291 
367 S 6 3 I  
406 4071 
645 4c61 

484 4851 

523 5241 
562 5631 
601 6021 
610 6411 
679 6801 
718 7191 
757 7581 
7% 7971 
635 8361 
874 8731 
913 9141 
949 9501 
988 m1 
1027 1028t 
1066 10671 
1105 11061 
1144 11451 
1183 11841 
1222 12231 
1261 12621 

330 331 
369 370 
Lea 409 
b47 4111 
486 407 
2 5  526 
sa $65 

603 604 
642 64s 
681 682 

m 721 
759 760 
2 4 8 1 9 9  
637 858 
876 8TT 
915 916 
951 952 
9w w1 
1029 1030 
106d lo69 
1197 1108 
1146 1147 
1185 1186 
122.4 1225 
1263 1264 

332 
371 
410 
649 
4M 
527 
566 
603 
644 
685 
722 
761 
000 
639 
$70 
91 7 
953 
992 

1031 
1070 
1109 
1148 
1 187 
1226 
1265 

U S  
372 
41 1 
450 
489 
528 
S67 
606 
645 
684 
n3 

801 
840 
879 
918 
954 
993 

1032 

1071 
1110 
114V 
1188 
1227 
1266 

162 

334 
373 
412 
451 
490 
529 
568 
607 
646 

bets 
R4 
763 
852 
B11 
880 
919 
955 
994 
1033 
1 on 
1111 
1150 
1189 
1220 
1267 

335 
374 
413 
452 
491 
530 
569 
608 

647 
bM 
721 
164 
803 
842 
Ml 
920 
956 
995 

1073 
1112 
1151 
1190 
1229 
12M 

1a34 

336 

375 
411 
1 5 3  

492 

531 
5 70 
6w 
618 
607 
726 
765 
804 

813 
&12 
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