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INTRODUCTION 

The NASTRAN Thermal Analyzer w i l l  include the capabi l i ty  t o  
perform complete thermal analyses on s t ructures .  One of the in- 
puts t o  NASTRAN required t o  simulate radiat ive heat  t ransfer  
between surfaces w i l l  be the view fac tors  (a l so  cal led shape 
factors ,  form factors ,  configuration factors)  between those sur- 
faces. The purpose of the VIEW program is t o  compute these view 
factors  and produce appropriate RADMTX and RADLST output t o  be 
used a s  NASTRAN Bulk Data. 

VIEW assumes t h a t  the view factors  between surfaces i s  a 
function only of t h e i r  geometries and r e l a t ive  locations i n  
space. .The e f fec t s  of emissivity, absorptivity,  transmissivity, 
and multiple re f lec t ions  are not taken in to  account, though 
provision has been made i n  the program design fo r  t h e i r  incor- 
poration i n  a future version. 

The view fac tor  from surface S l  t o  S2 ( these surfaces of 
area Sl and 5 2 ,  respectively) may be found by considering the 
or ientat ion of two i n f i n i t e s i m a l  surfaces dS1 and dS2, located 
respectively on S1 and S2 (see figure 1) . 

The derivation of the view factor  formula for  computing 
*dSl-+dS2 ( the  view factor  between dSl and dS2) can be found i n  
reference 1 as: 
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I n t e g r a t i n g  over both su r faces  the view factor f r o m  S1 t o  S2 
becomes 

Program VIEW can compute v i e w  factors by i n t e g r a t i n g  this 
equat ion using e i t h e r  f i n i t e  d i f f e r e n c e  o r  contour i n t e g r a t i o n  
{ re fe rence  1). The former method r e q u i r e s  less computer t i m e ,  
whi le  the l a t t e r  g ives  m o r e  a ccu ra t e  s o l u t i o n s  i n  c e r t a i n  cases, 
The u s e r  i s  allowed t h r e e  op t ions  i n  s e l e c t i n g  t h e  method t o  be 
used: 

1. He may r eques t  f i n i t e  d i f f e r e n c e  i n t e g r a t i o n  only,  

2 ,  H e  may r e q u e s t  contour i n t e g r a t i o n  only,  

3 .  H e  may a l l o w  the program t o  make i t s  own s e l e c t i o n  on 
the b a s i s  of a use r  s p e c i f i e d  area- to-dis tance r a t i o .  

The t h i r d  opt ion  i s  the m o s t  common user  s e l e c t i o n .  

I N P U T  DESCRIPTION 

The major i ty  of the i n p u t  t o  the program c o n s i s t s  of a 
d e s c r i p t i o n  of  t h e  su r face  shapes and their  l o c a t i o n s  i n  space. 
The VIEW program allows the use r  a choice of t w o  d i s t i n c t  i npu t  
formats.  F i r s t ,  one may desc r ibe  the sur face  shape and l o c a t i o n s  
using NASTRAN formatted i n p u t  ( t ha t  is, using GRID cards ,  CORD 
cards ,  CHBDY cards ,  etc. , see f i g u r e s  2 and 4) . Second, he may 
desc r ibe  the problem using the s a m e  i npu t  format requi red  by the 
RAVFAC program (see f i g u r e  3 ) .  Third,  h e  may elect  t o  combine 
the t w o  types of i npu t  da ta .  
run a t  once, as shown i n  f i g u r e  4. 

I n  add i t ion ,  s eve ra l  cases may be 

The c o n t r o l  ca rds  r e q u i r e d  are very simple. T h e  f i rs t  con- 
t r o l  card of every case is  a t i t l e  card. This c o n s i s t s  of any 
e igh ty  characters and i s  p r i n t e d  o u t  as the output  heading. 

The second c o n t r o l  card is  the VIEW case c o n t r o l  card, w h i c h  
i s  n o t  t o  be confused w i t h  NASTRAN case c o n t r o l  cards. On th i s  
c a r d  the user specifies such i t e m s  as  t h e  method of i n t e g r a t i o n  
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t o  be used, the input data device t o  be used (cards or tape) I the  
output data device(s) I and other program variables,  These a re  
a l l  described i n  greater  d e t a i l  i n  the  program documentation, 

The t h i r d  control card i d e n t i f i e s  the  type of data which is  
t o  follow. I f  NASTRAN data i s  being used a s  input, the user 
punches "NASTRAN DATA" i n  columns one through twelve. I f  it is  
RAVFAC data, he  punches "RAVFAC DATA" in  columns one through 
eleven. 

This card i s  followed by e i the r  the NASTRAN or  RAVFAC b u l k  
data deck, which i n  turn is  followed by a control card specifying 
the end of the case ( the  user punches "ENDCASE" i n  columns one 
through seven). I f  no other cases a re  t o  follow, the next con- 
t r o l  card signals the end of the run and has "ENDRUN" punched i n  
columns one through s ix .  

If another case i s  t o  follow, the control card following 
trENDCASE" would be a new t i t l e  card. The input format would then 
repeat i t s e l f  a s  described. See figures 2, 3 and 4. 

W e  now come t o  the hea r t  of the input: those cards which 
describe the surfaces and t h e i r  posit ions i n  space. The RAVFAC 
input  format w i l l  be ignored i n  t h i s  paper but  can be found i n  
reference 1. However, it i s  worth noting t h a t  the surface shapes 
which may be described by RAVFAC input are: 

a. rectangular 

b. d i s k  ( r ing  and/or section) 

c. trapezoidal 

d. cyl indrical  ( r ing  and/or section) 

e. conical ( r ing  and/or section) 

f .  spherical  ( r ing  and/or section) 

g. c i rcu lar  parabolic ( r ing  and/or section) 

NASTRAN input allows fo r  the description of the following surface 
shapes: 

a ,  so l id  d isk  (POINT element) 

b, rectangle (LINE element) 

c ,  cone o r  cylinder (REV element) 
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d. t r iangle  (AREA3 element) 

e. quadrilateral  (AREA4 element) 

A t  t h i s  point it i s  necessary to  define the following 

"elements" - The u n i t s  i n  which a s t r u c t u r e  i s  modeled 

terminology: 

(called f i n i t e  elements in  NASTRAN) 

"sub-elements" - The units into which an element may be 
divided (used only, i n  VIEW). 

Therefore, the surface shapes previously defined w i l l  hence- 
forth be referred t o  as element shapes, or j u s t  elements. 

Basically, the NASTRAN user models (appr0ximates)his struc- 
ture by reconstructing it i n  space using NASTRAN elements. 
For an analysis involving radiation the user i s  allowed the use 
of the elements described previously. 

The N A S T W  input acceptable to  the VIEW program is  there- 
fore: * 

a. CHBDY cards - which describe the element shape 

b. PHBDY cards - which describe properties of the elements 

c. GRID, CORD, and GRDSET cards - which describe the loca- 

d. 

t ion i n  space of the elements 

ENDDATA card - defines the end of the surface descrip- 
t ion cards. Any other type of card (with one exception 
t o  be explained l a t e r )  is  ignored by the program, and a 
message i s  printed s ta t ing how many cards were ignored. 

The exception j u s t  mentioned is  a card designed specifically 
for the VIEW program called, appropriately, a VIEW card. On  t h i s  
card the user specifies whether an element can be shaded by 
another element and whether it can shade some other element. 
This is  not required input (as the program can determine such 
relationships automatically), b u t  i t s  use can save computer t i m e .  
Also on the VIEW card the user may specify tha t  an element is  t o  
be divided into nxn sub-elements. The default i s  1x1, meaning 

*No double f i e l d  input allowed. 
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f a c t o r s  are 
view f a c t o r s  
sub-elements 1s u 
should be used whenever two elements shar 
are known t o  have a non-zero v i e w  f a c t o r  between t h e m ,  

CONFAC 
* CASE F1 - (7x7) 

lPLAl0 - 8COPLA -27337 
lPLAl0 - l P L A l l  -21136 
lPLAl0 - 1PLA9 .06201 
1PLA12 .-t 8COPLA .11370 
1PLA12 -t 1PLA9-9R ,07183 
1PLA12 4 l P L A l l  .04187 
lPLAll lPLAl0 .30435 
1PLA9-9R -3 1PLA12 -067 33 

Once a run has  been made a l l  the NASTRAN Bulk D a t a  cards  
may be recovered f r o m  t h e  VIEW inpu t  deck. These cards ,  a long 
with t h e  RADLST and RADMTX c s j u s t  produc be used 
as inpu t  t o  NASTRAN t o  p rov i  a d i a t i v e  co a t i o n  f o r  
a h e a t  t ransfer  a n a l y s i s .  

VIEW 
(10x10) 

(588 SUB-ELEMENTS) 

.27556 

.21339 

.06157 

.11278 
-07 227 
.04051 
.30815 
-06773 

COMPARISON OF VIEW TO CONF'AC I1 

These r e s u l t s  s a t i s f a c t o r i l y  demonstrate the a b i l i t y  of the VIEW 
program t o  account f o r  shading r e l a t i o n s h i p s  i n  view f a c t o r  
c a l c u l a t i o n .  

PROGRAMMING REMARKS 

As a f i n a l  note ,  it should be mentioned that the VIEW pro- 
gram has  been designed t o  be as much l i k e  NASTRAN as poss ib l e ,  i n  
t ha t  it (1) has a restart c a p a b i l i t y ,  (2)  i s  organized i n  over- 
l a y s  t o  minimize the core required t o  load the program, and 
(3) dynamically a l l o c a t e s  co re  space so tha t  the user may run any 



s i z e  problem he desires, i f  he reques ts  a s u f f i c i e n t  amount of 
core space. A major d i f f e rence  which remains i s  that the VIEW 
program i s  w r i t t e n  i n  For t ran  I V  and assembly language f o r  IBM 
360 
CDC 

1. 

2. 

computers, and conversion would be necessary f o r - i t s  use on 
o r  Univac machines. 
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Figure 1 . Orientation of Two Arbitrary Surfaces S1 and 52 
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/END DATA -SIGNALS END OF RUN 

NASTRAN CARDS 

CARD IDENTIFYING TYPE 
-OF DATA WHICH FOLLOWS 

-CASE CONTROL CARD 12 -TITLE CARD 

Figure 2. Typical Run, 1 Case, NASTRAN Input Only.  

TITLE i 
Figure 3 .  Run One Case Using NASTRAN 

and RAVFAC Input Combined. 

TITLE 

I END CASE 

TITLE 

Figure 4.  Run 2 Cases, both NASTRAN Input. 
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Figure 5.  Case F1 


