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.... 

USER'S MANUAL FOR CNWFAC, THE GENERAL DYNAMICS 

HEAT-TRANSFER RADIATION VIEW FACTOR PROGRAM 

ABSTRACT 

CNVUFAC, the General Dynamics heat-transfer radiation view factor 

program, has been adapted for use on the -LLL CDC 7600 computer system. The 

· input and output have been modified, and a node incrementing logic was 

included to make the code compatible with the TRUMP thermal analyzer and 

related codes. 

The program performs the multiple integration necessary to evaluate ~he 

geometric black-body radiation node to node view factors. Card image output 

that contains·node number and.view factor ·information is generated for input 

into the related program GRAY. Program GRAY is then used to include the 

effects of gray-body emissivities and multiple·reflections, generating the 

effective gray-body view factors usable in TRUMP. 

CNVUFAC uses an elemental area· summation scheme to evaluate the multiple 

integrals. The program permits shadowing and self-shadowing. The basic 

configuration shapes that can be considered are cylinders, cones, spheres·, 

ellipsoids, flat plates, disks, toroids, and polynomials of revolution. 

Portions of these shapes can also be considered. 

INTRODUCTION 

LLL needed a general program to calculate heat-transfer radiation view 

factors and shape factors (also called configuration factors) ~or use in the 

TRUMP1 thermal analyzer and with related codes.*' 2 ' 3 The need was 

actually for two programs: One to generate the black-body configuration 

factors that involve the evaluation of the geometric multiple integrals4 ' 5 

and a second to include the multiple-reflection gray-body, effects. 3- 5 

* A. E. Edwards has written a more limited radiation view factor code at LLL. 
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Several of the former type of programs were written by programmers in. the 

aerospace industry. J. c. Oglebay, from NASA-Lewis, 6 recommended the program 

CNVUFAC, written by General Dynamics, 7 as being the simplest to use and 

adequate for most applications. A copy of the code was subsequently obtained 

from him. 

Oglebay made several changes to the original code. The most important 

was to change from a formatted input to a name list input and to allow for a 

calculation simplification when symmetry permits. The latter change is useful 

in axisymmetric calculations and saves considerable computer time. 

In adapting this code to LLL, it was decided to change back to the 

formatted input more commonly used here. To make Lhe program more useful for 

calculating the node-to-node shape factors required by TRUMP, the logic for an 

automatic node incrementing option was also instituted. 

Section 1 describes the use of the program. Section 2 contains sample 

problems. Because the original report7 is out of print, the program 

description has been extracted and included in Appendix A. The list of 

program symbols has been extracted and updated, and it is included in Appendix B. 

Appendix C contains the program listing. 

1. PROGR~M TTl=lF. 

1.1 OBTAINING THE PROGRAM 

CNVUFAC is obtaining from the ELF system at LLL using the following 

directory: 

.980012:0BJECT:CNVUFAC 

If the Fortran version is desired, it is stored as 

.980012:FORTRAN:FNVUFAC 

1.2 Pl«JGRAM W{ECUTION 

The program is executed from the teletype using one of the three options 

shown in Fig. 1. If the name of the input f:i,le is not included on the execute 

line, the program will request it. If no names is entered, the program will 

assume the input file is named VUFIN. 
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CNVUFAC I I J.t 

1YPE l!\JPlJ'I FJLF f\lAl>Jr:. 
FJF!ST 3 CHAHACTFRS AhE APPE'.\JIJl::U 'JO ou:PU'l FILE :'VA"lES· 

VUF IN 

OUTPUT FILE !\JA'1FS ARE: 
OUTPU'I = VUFOUT 
VIE~ FACTOR CARDS= VUFCARD 

ALL DONE 

0.'JVlJFAC VUFT'.\J I I l ·I 

OUTPUT FILE ~AMFS ARE: 
nu·1 PUT= VUFOUl 
VIE~ FACTOR CARDS= VUFCARD 

ALL DONF 

CN VUFAC I I 1 • I 

'JYPr I'JPU'f FILE :\JAME .• 
FI HST 3 CHAHACTEHS Al·:E APPFNDED TO OU1FU'I FILE l\J.~'1FS. 

OU1 PU1 FIL F. N.C\·"'l ES .Ai~ E: 
OUTPUT= VUFOUT 
VII::~ FAC10R CARDS= VUFCARLl 

ALL DONE 

FIG. 1. Teletype execution line options. 

Two output files are generated. One contains the problem output and the 

other contains the card images with the node and view factor information for 

use in program GRAY for the gray body calculations. The card images are not 

automatically punched, and the file is only generated when the node 

incrementing option (described in Section 1.6) is used. 

The output files are named by appending the first three letters of the 

input file name in front of OUT for the output file and in front of CARD for 

the card image file. Thus, if the input file VUFIN, the output file is named 

VUFOUT, and the card image file is named VUFCARD. 

1.3 PROGRAM INPUT FORMAT 

The input format is shown in Fig. 2. Card 1 is the title card, and Card 2 

is the program control card. L is the number of sections, and Cards 3 through 
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I I 2 ~ 3 14 ! 5 ~ 6 ! 7 819 ti 0 11 12~0 l .S 5 1.~ 17 18 !19 !20 ~1 :n 23 24 25 26 27 :H 29 :io 31 32 33 34 JS 36 37 38 39 40 41 42 43 44 4S 46 47 48 d9 50 SI 52 5·3 54 55 56 57 SS 59 60 61 62 63 64 65 66167 68 69 70 71 72 73 74 75 76 7i 78 79 80 

GPO 987-291 Ll..·3807 REY.11168 

FIG. 2. CNVUFAC input format. 



6 are repeated as a group for each of the L sections. Cards 3, 4a, and 4b 

contain the section geometric information. Card 4a is used if the section is 

not a polynomial of revolution (ICD = 8), and card 4b is used if it is. Card 5 

contains information relating the orientation and the position of the section 

configuration coordinate system to the base coordinate system. Card 6 is used 

only if the matrix incrementing option is used. 

The input variables are described as follows: 

1. Title Card, 8Al0 

Problem name, cols. 1-80. 

2. Program Control Card, 10!5 

!FLAG Problem control. !FLAG = 0 if this the last problem set, = 1 

if another problem set follows. 

L 

NSYM 

The number of sections considered (maximum of 10). 

The number of symmetric view factors from one segment of the 

emitter to the entire receiver (where a segment may be one row 

or one column). (See Section 1.4 for a description of this 

option.) NSYM = 1 for no symmetry. 

NMI The number of matrix incrementations, i.e., the number of times 

NOD El 

NODE2 

IIRD(l) 

IICD (1) 

IIRD (2) 

IICD (2) 

the matrix incrementations listed in card 6 is to be made. 

(See Section 1.5 for a description of this option.) NMI = 0 

for no matrix incrementing. 

The number of the first node in Section 1 in the node 

incrementing option. (See Section 1.6 for a description of 

this option.) NODE! = O for no node inctementing. The 

following five parameters are used only with the node 

incrementing option. 

The number of the first node in Section 2. 

The number of rows to be incremented in Section 1 from IIRB(l) 

to IIRE(l). The last increment is adjusted to agree with 

!IRE (1). 

The number of columns incremented in section 1 from IICB(l) to 

IICE(l). The last increment is adjusted to agree with IICE(l). 

Similar to IIRD (1) applying to Section 2. 

Similar to IICD(l) applying to Section 2. 
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3. Section Identification Card, 10!5 

ICD Configuration Indicator 

1 - cylinder 

2 - cone 

3 - sphere 

4 - ellipsoid 

5 - flat plate 

6 - disk 

7 - toroid 

8 - polynomial of revolution 

MA(rows) The nlll'ilber ot tlat l:'ldlt:! ell!:mi!nb around a cylinder, r:oni;l, 

sphere, disk, or polynomial of revolution configuration. The 

number of divisions around the toroid configuration. The 

number of divisions lengthwise on the flat plate configuration, 

and the number of x-axis divisions along the ellipsoid 

configuration. (See Figs. A-3 through A-10.) 

IIRB The number of the first row to be considered on each 

configuration. 

!IRE The number of the last row to be considered on each 

configuration. 

NA(Cols.) The number of divisions lengthwise on a cylinder, cone, or 

polynomial of a revolution configut:C:ltlon. The number of 

di vinions wiathwis~ nn t:hP. flat plate configuration. The 

number of divisions radially on the disk configuration. The 

number of divisions down the sphere configuration, and the 

nwnbe!" of divisions around the ellipsoid or toroid 

configuration. (See Figs. A-3 through A-10.) 

IICB The number of the first column to be considered on each 

conf.i.gur a ti on. 

IICE '!'he number ur Lhe last column to be cumd.i.l'itred on """"''=h 

configuration. 

KEM Emitter indicator. KEM = 1 if the section is an emitter, = 0 

if it io not. 

KSH Shadower indicator. KSH = 1 if the section is a shadower, = 0 

if it is not. Note that shadowing calculations require 

considerable computer time. Sometimes computer time can be 
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saved by using view factor algebra4,5 to evaluate shadowing 

effects. See Section 1.3 for an example. 

KRE Receiver indicator. KRE = 1 if the section is a receiver, = O 

if it is not. 

4. Section Geometry Card, 7El0.3 

The following section geometry parameters are shown in Figs. A-3 through 

A-10. 

R 

·SR 

AL 

SMOLLA 

B 

w 
AO, Al, 

A2, A3, 

A4, AS, 

The radius of the cylinder, cone, sphere, and disk 

configurations. The major radius of the toroid (measured from 

the z-axis to the center of a cross section whose plane 

. contains the z-axis). 

The minor radius of the toroid. 

The length along the configuration coordinate system x-axis of 

the cylinder, cone, flat plate, or polynomial of revolution 

configuration. 

The semi-axis of the ellipsoid configuration along the x-axis. 

The semi-axis (radius) of the ellipsoid configuration 

perpendicular to the x-axis. 

The width of the flat plate configuration along the y-axis. 

Constants used to describe the polynomial of revolution 

configuration. 

5. Section Configuration Coordinate Orientation and Position Card, 7El0.3 

SWITCH An indicator telling which side of a configuration is being 

considered. The normal side (input 1.0) is the outside except 

in the case of the flat plate and disk configurations where the 

normal side is the side of the z-axis. Input -1.0 if the 

reverse side is being considered. 

PIT Pitch angle in degrees of a configuration x-axis in the base 

coordinate system. PIT is the angle between the configuration 

system x-axis and the x-y plane of the base coordinate system. 

(-90° ~IT~90°) 

YAW Yaw angle in degrees of a configuration x-axis· in the base 

coordinate system. YAW is the angle between the projection of 
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the configuration coordinate system x-axis on the base 

coordinate x-y plane and the base coordinate system x-axis. 

Measuring from the base positive x-axis toward the negative 

y-axis. (0°~AW~360°) 

ROL Roll angle in degrees measured in a plane normal to the 

configuration x-axis, from the base coordinate system x-y plane 

to the configuration coordinate system positive y-axis. ROL is 

measured positively around the configuration x-axis in a 

clockwise direction as viewed from the configuration coordinate 

system origin and looking toward the positive x contiguration 

axis. (0°~ROL~360°) 

XO The x coordinate of a configuration coordinate system origin in 

the base coordinate system. 

YO ' The y coordinate of a configuration coordinate system origin in 

the base coordinate system. 

zo The z coordinate of a configuration coordinate system origin in 

the base coordinate system. 

6. Section Matrix Incrementation Card, 6El0.3 

DPI The increment to pitch in degrees in the base coordinate system. 

DY.l\ Tho indtei'l\Qflt to yaw in ~li'Jre~~ In t-ln~ hnHH 1:1xu:1Hnhte system. 

DRil The increment in roll in degrees in the base coordinate system. 

oxo The increment to the base x coordinate. 

nm Tiu-• i 1·11-:r·~m~nt to the base y coordinatei 

DZO The increment to the base z coordinate. 

1.4 SYMMETRIC VIEW FACTOR OPTION, NSYM 

This option was added by Oglebay6 and saves considerable computer time 

when synunetry allows it to be used. It is especially useful in axisynunetric 

problems, and permits the easy calculation of view factors for a section of 

itself. 

The option can be used if, due to symmetry, the.view factor is identical 

to any emitter segment (where a segment may be a row or a column) to the 

entire receiver. For this case, this emitter segment to receiver view factor 

is the same as that for the entire emitter to the entire receiver. Only this 

one emitter segment need be input. 
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Note that when using NSYM, the values output are for the entire emitter. 

The emitter segment area is multiplied by NSYM to obtain the total emitter 

area. The receiver to total emitter view factor is then determined by the 

reciprocity relationship4,S 

(where A and Fare, respectively, the area and view factor). 

The cylinder example in Section 2.1 demonstrates the use of this option. 

1.5 MATRIX INCREMENTING OPTION, NMI 

In calculating view factors, the variable NMI can be very helpful. If 

the positions and/or orientations are not regularly spaced or if each case is 

uniquely different, NMI is set equal to zero and each case is calculated 

separately. However, if the positions and/or orientations are regularly 

spaced or oriented, NMI is greater than zero. The program will then increment 

the transformations regularly as directed by the transformation incrementation 

data. NMI times and print the configuration factor for each increment on card 6. 

After the last increment, all positions are reset to their original position 

before going to the next case. The opposed disk example in Section 2.2 

illustrates the use of this option. 

1.6 NODE INCREMENTING OPTION, NODE!. 

This option was added to allow for the easy calculation of the node to 

node view factors required for use in the TRUMP1 thermal analysis code. The 

option can only be used for radiation interch~nge between sections 1 and 2. 

Either one may be the emitter or the receiver. Additional sections may act as 

shadower~. 

Sections 1 and 2 are divided into nodes, possibly in agreement with the 

surface node zoning made by the FED2 program. Each node may contain several 

elemental integration areas. The logic allows automatic do-loop incrementing 

over the entire range of rows and columns in sections 1 and 2. The program 

treats each section 1 node to section 2 node interchange as a separate problem. 
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The number of rows in each node is input as IIRD(l) and IIRD(2) for 

sections 1 and 2, respectively. The incrementing is made from the beginning 

rows, IIRB(l) and IIRB(2), to the ending rows, IIRE(l) and IIRE(2) •. Likewise, 

the number of columns is input as IICD(l) and IICD(2), and incrementing is made 

from IICB(l) and IICB(2) to IICE(l) and IICE(2). If the number of rows or 

column specified in IIRD and IICD is not consistent with the ending row or 

column numbers, !IRE and !ICE~ the adjustments are made in the sizes of the 

last increments. See the cylinder example in Section 2.2 for an example of 

the use of this option. 

The use of the node option automatically generates the card image file. 

This file conta:i.n.c; the two node numbers and tl'le ra~iative int~rdJCmyl:! a11:!c:1 

ss1_2 (the product of area and view factor, ss1_2 = A1F1_2 = A2F2_1) for each 

node to node interchange calculated.5 The format is suitable for input into 

program GRAY.3 

2. EXAMPLES 

2.1 VIEW FACTORS WITHIN A CYLINDER 

In this axisynunetric problem, it is desired to evaluate the geometric 

configuration factors inside of the finite cylinder 30-cm-high by 10-cm-radius 

cylinder shown in Fiq. 3. The cylindrical surface is divided into three equal 

10-cm-long nodes. The two ends are each divided into a 5-cm-radius node and a 

5-cm by 10-cm-radius annular node. The node QUmbering is indicated by the 

circled values in Fig. 3(a). 

Figure 3(a) shows the base coordinates, x, Y, z. The coordinates for the 

cylinderical surface (refer to Fig. A-3) are chosen to correspond with those of 

the base system. The coordinates ror each uf thl:! two uisk ends (Fig. A 0) arc 

shown in Fig. 3(b). One end is positioned (0,0,0) and the other l~ dl 

(30,0,0). The pitch, yaw, and roll angles for the disk ends are, 

respectively, -90°, 0,0. 

The input, output, and caru image file are shown; respectively, in 

Figs. 4, 5, and 6. There are four problems. The first qne evaluates the 

disk-to-cylinder view factors. The second and third problems evaluate the 

10 
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(a) Finite cylinder 

(b) Disk end 

10cm 
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FIG. 3. Cylinder example. 
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CNvurAC CYLINDER EXAMPLE• DISK TO CYLINDER 
I 2 50 0 I I I I 't 50 50 
6 50 I I 9 I 9 I 0 0 

10.0 
I . 0 -90. 0 - 0. 0 0. 0 0. 0 0. 0 0. C 

I 50 I 50 150 150 0 0 
I 0. 0 30. 0 

-1.0 0.0 0.0 0.0 0.0 o.o o.o 
CNVUrAC CYLINDER EXAMPLE! CYLINDER TO CYLINDER 

I 2 50 0 I I I I I 50 50 50 
I 50 I I 150 I 150 I 0 0 

I 0. 0 30. 0 
-I .0 0.0 0.0 0.0 0.0 0.0 0.0 

I 50 I 50 150 150 0 0 
I 0. 0 30. 0 

-1.0 0.0 0.0 0.0 o.o o.o o.o 
CNVUrAc CYLINDER EXAMPLE• CYLINDER TD CYLINDER SEEING ITSELr 

I 2 50 0 I I I I I 50 't9 50 
I 50 I I 150 I 150 I 0 0 

:o.o - 30.0 
-: .o 0.0 0.0 0.0 0.0 0.0 0.0 

I 50 2 50 150 150 0 
I 0. 0 30. 0 

-I .0 0.0 0.0 0.0 0.0 0.0 0.0 
CNVUrAC CYLINDER EXAMPLE! DISK TO DISK 

0 2 50 0 I 21 I 't 50 't 
6 50 I I 9 I 9 I 0 0 

! 0. 0 
1.0 -90.0 0.0 o.o 0.0 o.o 0.0 

6 50 I 50 9 9 0 0 
iO.O 

-1.0 -90.0 o.o 0.0 30 .o 0.0 0.0 

FIG. 4. Cylinder example: input. 

0 

cylinder-to-cylinder view factors. (It is shown below that only the third one 

is needed.) The. fourth problem evaluates the view factors between the two 

disk ends. 

The disk ends are divided into 50 rows and 8 columns (Fig. A-3) so that 

each node has 25 rows and 8 columns. The cylindrical ends are divided into 50 

rows and 150 columns (Fig. A-8) so that each node has 50 rows and 50 coluinns. 

Since the problem is axisymmetric, the symmetric option is used. In all 

four problems, symmetry with respect to one of the SO emitter rows is used so 

that NSYM = 50, and only one row is input. Since section 1 is always chosen 

as the emitter, IIRB(l) = IIRE(l) = IIRD (1) = 1. 

~ven ehough there are two ends, only one end-tu-cylinder 8et uf vlew 

factors must be evaluated since these from the other end to the cylinder are 

the same. For input into GRAY, the cards can be duplicated and the node 

numbers changed. 

In the second problem, cylinder-to-cylinder view factors are evaluated by 

inputting two identical cylinders. However, CNVUFAC will not calculate the 

view factors of elements of themselves. The program will therefore skip over 

the calculation for the view factor of nodes of themselves. 
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PAGE 2 

RADIATION CONFIGURATION FACTORS 

CNVUFAC CYL I NOEil EXAMPLE: 0 I SK TO CYL I NOER 

!FLAG• I L• 2 NSYM= 50 NMI = 0 NOOE1= 
NOOE1• NODE2= 11 1IRO!1 >= 1 I ICO! 1 l= 4 I IR0!2l• 50 I IC0!2l= eo 
SECTION 1 

50 ROWS FIRST ROW LAST ROW 1 
8 COLUMNS FIRST COLUMN LAST COLUMN 8 

KEM=1 KSH=O KRE=O 
DISK RADIUS= 1. OOOOE+01 

SECTION 2 
50 ROWS FIRST ROW LAST ROW 50 

150 COLUMNS FIRST COLUMN LAST COLUMN 150 
KEM=O KSH=O KRE=1 
CYLINDER RADIUS= 1. OOOOE+01 LENGTH= 3.0000E+01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .0 .o .O· .0 .o 1 1 1 4 
2 -1 .0 .o .o .0 .o .o 1 50 1 50 

EMITTER AREA = 7.8540E+01 EMITTER TO P.ECIEVER VIEW FACTOR= 5.3022E·01 EMITTER NOOE NO. . 1 
RECEIVER AREA= r..21J32E+02 RECEIVER TO EMITTER VIEW FACTOR• 6.6276E·02 RECEIVER NOOE NO.• 11 
INTERCHANGE AREA= 4. 1643E+01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .0 .0 .o .o .0 1 1 1 4 
2 -1 .o .o .o .0 .0 .o 1 50 51 100 

EMITTER AREA 7.8540E+01 EMITTER TO RECIEVER VIEW FACTOR= 2. 7736E-01 EMITTER NOOE NO. . 1 
RECEIVER AREA= 6.2832E+02 RECEIVER TO EMITTER VIEW FACTOR= 3.4670E-02 RECEIVER NODE NO.= 12 
INTERCHANGE AREA= 2.1784(+01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .o .o .o .0 .0 1 1 1 4 
2 -1 .0 .0 .o .o .o .o 1 50 101 150 

EMITTER AREA 7.8540E+01 EMITTER TO RECIEVER VIEW FACTOR= 9.4605E·02 EMITTER NOOE NO. c 1 
RECEIVER AREA= 6.2832E+02 RECEIVER TO EMl'iTER VIEW FACTOR= 1. 1826E-02 RECEIVER NOOE NO.• 13 
INTERCHANGE AREA= 7.4303E+OO 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .o .0 .0 .o .o 1 1 e 8 
2 -1 .o .o .0 .0 .. o .o 1 50 1 50 

EMITTER AREA 2.3562E+OC'.'! EMITTER TO RECIEVER VIEW FACTOR= 6.6034E-01 EMITTER NOOE NO. = 2 
RECEIVER AREA= 6.?.8:12E+02 RECEIVER TO EMITTER VIEW FACTOR• 2.4763E·01 RECEIVER NODE NO.= 11 
INTERCHANGE AREA= 1. 5559E+02 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. Fll'IST C. LAST C. 
1 1 -90.0000 .o .o .o .0 .o 1 1 e 8 
2 -1 .o .o .0 .0 .o .o 1 eo 51 100 

EMITTER AREA = 2.3562E+02 EMITTER TO RECIEVER VIEW FACTOR= 1. 8883E-01 EMITTER NOOE NO. = 2 
RECEIVER AREA= 6.2832E•02 RECEIVER TO EMITTER VIEW FACTOR= 7.0812E-02 RECEIVER NOOE NO.• 12 
I NTERCHANGE AREP. = 4.4492E+01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .0 .0 :8 :8 .n 1 1 e 8 
2 ·I ·" .u ;o .0 1 50 101 150 

EMITTER AREA = 2.3562E+02 EMITTER TO RECIEVER VIE\I FACTOR= 7.5166E-02 EMITTER NOOE NO. c 2 

FIG. 5. Cylinder example: output. 
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I 
CNVUFAC CYLINDER EXAMPLE: CYLINDER TO CYLINDER 

!FLAG= I L= 2 NSYM= 50 NM!= 0 NODE I= 11 
NODE!= II NODEZ= II !IRDCI)- I I !CD I I l = 50 IIRDC2l= 50 IICDC2)= 50 

SECTION I 
50 RO~IS 

150 COLUMNS 
KEM= I KSH =0··. 
CYLINDER 

SECTION. 2 
60 ROWS 

150 COl.UMNS 
l(EM•0 KSH=O 
CYLINDER 

FIRST ROW 
FIRST COLUMN 

.KRE=0 
RAD!US= l.000~E+01 

F I ROT ROI,) ·I 
FIRST COLUMN I 

KRE=l 
RADIUS= l.0000E+Ol 

LAST RmJ I 
LAST COLUMN 150 

LENGTH= 3.0000E+01 

!_Q$T J;1n1,1 c::;A 
LAST COLUMN I50 

LtNGTH= 3.0000E+01 

A CALCULATION WAS SK I PPED SINCE AN EMITTER AND R RECEIVER WERE TOUCH ING. 

SECTION SUI7CH PIT YAW ROL ~~o YO z:o 
I -I .0 .o .o .0 .0 
2 -I .0 .0 .0 .0 .0 

EMITTER AREA = 6. 2832E+02 EMITTER TO REC I EVER V!El·.I FP.CTOR= 2.03i3IE-Ol 
RECEIVER AREA= 6.2832E+02 RECEIVER TO EMITTER V!<:W FR'.: TOR= 2.0381E-01 
llHERCHAM~E AREA- I. ~::l\:Jb"-+\:J;< 

FIRST R. LAST R. FIRST C. 
.0 I I 1 
.0 i 58 51 
EMITER NODE NO. = II 
RECEIVER NODE NO.= 12 

.SECTION S~Jl TCH PIT YAW ROL XO YO 2'.0 FIP.ST R. L~ST R. FIRST C. 
I -I .l'.l .0 .0 .l'.l .0 .0 I I I 
2 -I .B .0 .0 .0 .0 .0 I 50 101 

EMITTER AREA = 6.2832E+02 EMITTER TO REC IE'IER v:Ew FACTOR= 6.5244E-02 EMITTC:R NODE NO. = 11 
RECEIVER AREA= 6.2832E+02 RECEIVER TO· EMITTER V'.C:W FP.CTOR= 6. 5244E-e.z RECEIVER NODE NO.= 13 

·INTERCHANGE AREA= 4.0994E,.Ol 

SECTION SWITCH PIT YAW ROL ><CJ YO zo FIRST R. LAST R. FIRST C. 
I -I .0 .0 .0 .0 .0 .0 I I 51 
2 -I .0 .0 .e .0 .0 .Rl I 50 1 

EMITTER AREA = 6.2832E+02 EMITTER TO RECIEVER VIEW FACTOR= 2.038IE-01 EMITTER NODE NO. = 12 
RECEIVER AREA= 6.2832E+02 RECEIVER TO EMITTER VIEW FACTOR= 2. 038 IE-i'.l l RECEIVC::R NODE NO.= II 
. I NTERCHRNGE AREA= l.2806E+02 

A CALCULRT ION WAS SKIPPED SINCE RN EMITTER AND A RECEIVER WERE TOUCHING. 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. 
I -I .0 .0 .0 .0 .0 .0 I I 51 
2 -I .0 .0 .. 0 .0 .0 .0 1 50 101 

EMITTER AREA = 6.2832E+02 EMITTER TO REC I EVER VIEW FACTOR= 2.0381E-01 EMITTER NODE NO. = 12 
RECEIVER AREA• 6.2832E+02 RECEIVER TO EMITTER VIEW FACTOR= 2.0381E-01 RECEIVER NODE NO.= 13 
INTERCHANGE AREl't• I .28ME,.02 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. 
I -I .0 .0 .0 .0 .0 .0 I I 101 
2 -I .0 ·.0 .0 .0 .0 .0 I 50 I 

EMITTER AREA = 6.2832E+02 EMITTER TO REC I EVER VIEW FACTOR• 6.5244E-02 EMITTER NODE NO. = 13 
RECEIVER AREA= 6.2832E+02 RECEIVER TO EMITTER V!EW FACTOR• 6.5244E-02 RECEWER NODE NO.• II 
INTERCHAN.GE AREA• 4. 0994E+0 I 

SECTION SWITCH PIT YAW ROL xn YO zo FIRST R. LAST ~. F'll:iST C. 
1 -1 .0 .0 .0 ·" .0 • 0. I I 101 

RECEIVER AREA= 6.2832E+02 RECEIVER TO EMITTER VIEW FACTOR• 2.8187E-02 RECEIVER NODE NO.• 
INTERCHHNl,t HREH= I. l7 I IE+0 I 

13 

FIG. 5. (con't.) Cylinder example: output. 
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LAST C. 
50 

180 

LAST C. 
50 

I50 

LAST C. 
180 
50 

LAST C. 
100 
150 

LAST C. 
150 
50 

LHST L. 
150 



I 
CNVUFAC CYLINDER EXAMPLE! CYLINDER TC CYLINDER SEEING ITSELF 

!FLAG= I L= 2 NS'.'M= 50 NHI= 0 NODE!= I I 
NODE!= I I NODE2= I I I !RD! 1 l = I I ICDI 11 = '50 I IRDl21 = 49 I ICDl21 • 50 

S~CT!ON I 
50 ROWS 

1'50 COLUMNS 
KEH=! KSH=O 
CYLINDER 

SECT ION 2 
50 ROWS 

1'50 COLUMNS 
KEM=O KSH=J 
CYLINDER 

FIRST ROW 
FIRST COLUMN 

~RE=O 

RADIUS= I .OOOOE•OI 

"FIRST ROW 2 
FIRST COLUMN I 

KRE=l 
RADIUS= I .OOOOE•OI 

LAST ROW I 
LAST COLUMN 1'50 

LENGTH= 3.0000E+OI 

LAST ROW '50 
LAST COLUMN 1'50 

LENGTH= 3.0000E+OI 

SECTION SWITCH PIT YAW ROL XO YO ZO 
1 -1 .o .o .o .o .o 
2 -1 .o .o .o .o .o 

EMITTER AREA = 6.2832E+02 EMITTER 10 RECIEVER VIEW FACTOR= 3.8166E-Ol 
RECEIVER AREA= 6. 1'57'5E+02 RECEIVER TO EMITTER VIEW FACTOR= 3.8945E-OI 
INTERCHANGE AREA= 2.3980E+02 

SECT I ON SWITCH PIT YAW ROL XO YO ZO 
1 -1 .o .o .o .o .o 
2 -1 .o .o .o .o .o 

EMITTER AREA = 6.2832E•02 EMITTER TO R~CIEVER VIEW FACTOR= 2.038IE-OI 
RECEIVER AREA= 6. 157'5E+02 RECEIVER TO tMITTER VIEW FACTOR= 2.0797E-OI 
INTERCHANGE AREA= I .2806E+02 

SECTION SWITCH PIT YAW ROL XO YO ZO 
1 -1 .o .o .o .o .o 
2 -1 .a .o .o .o .o 

EMITTER AREA= 6.2832E+02 EMITTER TO RECIEVER VIEW FACTOR= 6.'5244E-02 
RECEIVER AREA= 6. 1'57'5E+02 RECEIVER TO EMITTER VIEW FACTOR= 6.6'575E-02 
INTERCHANGE AREA= 4.0994E•OI 

SECTION SWITCH PIT YAW ROL XO YO zo· 
1 ··I .o .o .o .o .o 
2 --1 .o .o .o .o .o 

EMITTER AREA = 6.2832E+02 EMITTER TO RECIEVER VIEW FACTOR= 2.0381E-OI 
RECEIVER AREA= 6. 1575[+02 RECEIVER TO EMITTER VIEW FACTOR= 2.0797E-OI 
INTERCHANGE AREA= I .2806E+02 

SECT!ON ·SWITCH PIT YAW ROL XO "fO ZO 
1 ··I .o .o .o .o .o 
2 -1 .o .o .o .o .o 

EMITtE~ AREA= U.2B32E+02 EMITT~R TO RECICVCn VIEW FACTOR= ~.8166E-OI 
RECEIVER AREA= G. 157'5E+02 RECEIVER TO EMITTER VIEW FACTOR= 3.894'5E-OI 
INTERCHANGE AREA= 2.3980E•02 

SECTION SWITCH PIT YAW ROL XO YO ZO 
I -I .0 .0 .0 .0 .0 
2 -I .0 .0 .0 .0 .0 

EMITTER AREA = 6.2832E+02 EMITTER TO RECIEVER VIEW FACTOR= 2.0381E-01 
RECEIVER AREA= o. 1'575~+02 RECEl~ER TO EMITTCR VIEW FACTOR= 2.0797£-01 
INTERCHANGE AREA= I .2806E+02 

FIRST R. LAST R. 
. 0 I I 
. o 2 50 
EMITTER NODE NO. = 
RECEIVER NODE NO.= 

FIRST C. 

11 
II 

I 
I 

FIRST R. LAST R. · FIRST C. 
. 0 I I I 
. 0 2 50 51 
EMITTER NODE NO. = II 
RECEIVER NODE NO.= 12 

FIRST R. LAST R. 
. 0 I I 
. 0 2 50 
EMITTER NODE NO. = 
RECEIVER NODE ND.• 

FIRST R. LAST R. 
. 0 I I 
. 0 ?. 50 
EMITTER NODE NO. = 
RECEIVER NODE NO.= 

FIRST R. LAST R. 
. 0 I I 
. 0 2 50 
EMITTER NODE NO. = 
RECEIVER NODE ND.= 

FIRST R. 
. 0 I 
.o 2 

LAST H. 
I 

50 
EMITTER NODE NO 
RECEIVER NODE NO.= 

FIRST C. 

11 
13 

I . 

I 0 I 

FIRST C. 
'51 

12 
11 

I 

FIRST C. 
'51 
51 

12 
12 

FIRST C. 
'51 

12 
13 

I 01 

FIG. 5. (con' t.) Cylinder example: output. 
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LAST C . 
50 
'50 

LAST C . 
'50 

100 

LAST C. 
'50 

1'50 

LAST C. 
100 
50 

LAST C. 
100 
100 

LAST C. 
100 
1'50 



I 
CNVUFAC CYLINDER EXAMPLEI DISK TO DISK 

1rLAC• 0 
NODE!= 

L~ ! N!>YH• 
NODE2• 21 

50 NMI= 0 
I IRD< 11= I 

NOOE I= 
I ICDCI I• 

SECTION I 
50 ROWS 

8 COLUMNS 
KEM=! KSH•O 
DISK 

FIRST ROW 
FIRST COLUMN 

KRE=O 

LAST ROW 
LAST COLUMN 

I 
8 

RADIUS• l.OOOOE+OI 

SECTION. 2 
50 ROWS 

8 COLUMNS 
KEM=O KSH=O 
DISK 

FIRST ROW 
FIRST COLUMN 

KRE=l 

LAST ROW 
LAST COLUMN 

so 
8 

RADIUS= l.OOOOE+OI 

SECTION SWITCH PIT YAW HOL 
I I -90. 0000 . 0 . 0 
2 -I -90.0000 .0 .0 

EMITTEH AHEA = 7.9540E+OI EMITTER TO RECIEVER 
RECEIVER AREA= 7.8540E+OI RECEIVER TO EMITTER 
INTERCHANGE AREA= 2.0716[+00 

SECTION SWITCH PIT YAW ROL 
I I -90. 0000 . 0 . 0 
2 - I -90. 0000 . 0 . 0 

EMITTER AREA e 7.8540E+OI EMITTER TO RECIEVER 
RECEIVER AREA= 2.3562[+02 RECEIVER TO EMITTER 
INTFRrHANr.f '•P.tA• 6.Cl~~[•OO 

SECTION SWITCH PIT YAW ROL 
I I -90.0000 .U ,0 
i I -90. OOOU . 0 . 0 

EMITTER AREA = 2.3562E+02 EMITTER TO RECIEVER 
RECEIVER AREA= 7.8540£+01 RECEIVER TO EMITTER 
INTERCHANGE AREA= ~ ~!~~··gg 

SECTION SWITCH PIT YAW ROL 
I I -90. DODD . 0 . 0 
2 -I -90.0000 .0 .0 

EMITTER AREA = 2.3562E+02 EMITTER. TO RECIEVER 
RECE I VEF· AREA= 2. 3562E +02 RECEIVER TO EMITTER 
INTERCHANGE AREA= I .5525E+OI 

XO YO 
. 0 

30.0000 
VIEW FACTOR= 
VIEW FACTOR= 

XO YO 
.0 

30.0000 
VIEW FACTOR= 
VlEH FACTOR" 

xo YO 
.0 

30.0000 
VIEW FACTOR= 
VIEW FACTOR= 

XO YO 
.o 

30.0000 
VIEW FACTOR= 
VIEW FACTOR= 

I IRD12l• 50 I ICD<2l• 

zo 
.o 
.0 

2.6376E-02 
2.6376E-02 

zo 
. 0 
.o 

7. 1555E-02 
? ~9!5i!li:-O:il 

zo 
. 0 
. 0 

2.3852£!02 
7, 1555E-n? 

zo 
.0 
.o 

6.5890E-02 
6.5890E-02 

FIRST R. LAST R. 
. 0 I I 
.0 I 50 
EMITTER NOOE NO. = 
RECEIVER NODE NO.• 

FIRST R. LAST R. 
. 0 I I 
. 0 I 50 
EMITTER NOOE NO. • 
OECE I VCR l<IODE NU. e 

FIRST R. LAS! R. 
. 0 I I 
.o 1 sn 
EMITTER NODE NO. = 
R£r.• I VE:R "onr tll) • 

FIRST R. LAST R. 
. 0 I I 
.0 I 50 
EMITTER NOOE NO. = 
RECEIVER NOOE NO.= 

FIG. 5. (con' t. ) Cylinder example: output. 
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FIRST C. LAST C. 
I 4 
I 4 

I 
21 

FIRST C. LAST C. 
I 4 
5 8 

I 
22 

F' IRSi r.. L6ST c. 
5 B 
I .. 

2 
II 

FIRS! c. LAST C. 
5 8 
5 8 

2 
22 



SECTION SWITCH PIT YAW ROL XO YO zo 
I - I .o .o .o .0 .o 
2 -·1 .0 .0 .o .o .0 

~HITTER AREA = 6.2832E•02 EH I TTER TO RECIEVER VIEW I' ACTOR• 6.52'+'4E-02 
RECEIVER AREA• 6.1575E+02 RECEIVER TO EHi TTER VIEW I' ACTOR• 6.6575E-02 
INTERCHANGE AREA• '+.099'4E+OI 

SECTION SWITCH PIT YAW ROL XO YO zo 
I - I .0 .o .o .o .o 
2 -·I .o .o .0 .o .0 

EHtTTER AREA • 6.2832E+02 EHi TTER TO RECIEVER VIEW I" ACTOR• 2.0381E-OI 
RECEIVER AREA• 6.1575E•02 RECEIVER TO EHi TTER VIEW I' ACTOR• 2.0797E-OI 
I NTER_CHANGE AREA• I .2806E+02 

SECTION SI~ ITCH PIT YAW ROL )(0 YO zo 
I -I .0 . 0 .0 .o .o 
2 -I .o . 0 .o .0 .0 

EMITTER AREA= 6.2832E•02 EHi TTER TO.RECIEVER VIEW I' ACTOR• 3.8166E-OI 
RECEIVER AREA= 6.1575E+02 RECEIVER TO EHi TTER VIEW I' ACTOR= 3.89'45E-OI 
INTERCHANGE AREA= 2.3980E+02 

2 -I .O .O .O .O .0 
EMITTER AREA • 6.?.832E•02 EMITTER TO RECIEVER VIEW F"ACTOR• 2.0381E-OI 
RECEIVER AREA• 6.2832E+02 RECEIVER TO EMITTER VIEW rACTOR• 2.0391E-OI 
INTERCHANGE AREA• I .2906E+02 

A CALCULA710N WAS SKIPPED SINCE AN EMITTER ~ND A RECEIVER WERE TOUCHING. 

rlRST R. LAST R. 
. 0 I I 
. 0 2 50 
EMITTER NODE NO. . 
RECEIVER NODE NO.• 

F"IRST R. LAST R. 
.o I I 
.o 2 so 
EMITTER NODE NO. . 
RECEIVER NODE NO.• 

F"IRST R. LAST R. 
. o I I 
.0 2 50 
EMITTER NODE NO. . 
RECEIVER NODE NO.• 

. 0 50 
EMITTER NODE NO. • 
RECEIVER NOOE NO.• 

FIG. 5 (con' t.) Cylinder example: output. 
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r!RST C. 
I 01 

I 
13 
II 

F"IRST C. 
101 
51 

13 
12 

F"IRST C . 

13 
13 

13 
12 

IOI 
101 

51 

LAST C. 
150 
50 

LAST C. 
. 150 

100 

LAST C. 
1.,0 
150 

100 



I 
C~VUFAC CYLINDER EXAMPLEI DISK TO CYLINDER 

E~ITT[R RF~FIVER INT. AREA 
I !I 4. 164E•OI 
! 12 2. 178E•Oi 
I 13 7.430E•OO 
2 II I .556E•02 
2 12 4.449E•OI 
2 13 I .771E•OI 

CNVUFAC CYLINDER EXAMPLEI CYLINDER TO CYLINDER 
EMITTER RECEIVER INT. AREA 

11 12 I .281E•02 
II I 3 4 . 099E • 0 I 
12 II I .281E•02 
12 13 I .281E•02 
13 11 4.099E•OI 
13 12 I .281E•02 

CNVUFAC CYLINDER EXAMPLE! CYLINDlR TO CYLINDER SEEING ITSELF 
EMITTER RECEIVER INT AREA 

I I II 2.398E+02 
11 12 I .281E•02 
I I I 3 4 . 099E + 0 I 
12 11 I .281E•02 
12 I? ?.~qRF+O~ 
12 131.281[•02 
13 I I 4.099E•OI 
13 le I .i:!BIE'.•O~ 
13 13 2.398l•U2 

CNVUFAC CYLINJER EXAMPLE! DISK TO DISK 
EMITTER R~CEIVER INT. AREA 

I 21 2.072E•OO 
I 22 5.620E•OO 
2 21 5.620E•OO 
2 22 I . 552[ • 0 I 
0 0 .OF.•00 

FIG. 6. Cylinder examplP-! card image output. 

This difficulty is resolved in the third problem. Here, two identical 

cylinders are again input. However, the row in the receiver cylinder that 

corresponds to the one row input from the emitt.P.r cylinder ic eliminated. 

Specifically, since the symmetry option requires that only row 1 need be input 

trom the emitter cylinder (section 1), row 1 is eliminated from the receiver 

cylinder (section 2). Note that the receiver cylinder only uses rows 2 

through SO. The errors using this procedure can be minimized by sufficiently 

fine zoning. 

For this particular problem, the procedure introduces no errors into any 

of the cylinder-to-cylinder emitters to receiver view factors since t.he 

eliminated receiver row cannot see the one emitter row used. Th~re at~ 2~ 

errors in the receiver-to-emitter view factors. Since the interchange areas 

are calculated from the emitter area and the emitter-to-receiver view factors, 

these values (which are the used in the card image file) also contain no 

additional errors. 

In the output file (Figs. 7, 8, and 9) the program first prints the row 

and the column values for the entire sections. As each node-to-node 
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interchange is calculated, the program prints the row and column numbers for 

the particular nodes considered. Values of area, view factor, interchange 

area, and node numbers are also printed for the particular interchange. 

The image file (Fig. 6) contains values of node number and interchange 

area. After the label cards are eliminated, the format is suitable for input 

into program GRAY. 

This example required 0.78 minute to execute. For the 2.1 x 106 

elements calculated, the element calculated, the element calculation rate on 

the CDC7600 was 2.7 x 106 elements per minute. 

Choosing this simple geometry, the view factors can be checked with exact 

solutions. 618 These comparisons are shown in Table 1. Generally, the errors 

are less than 1 percent. Neglecting the errors due to eliminating the 

receiver row, the only interchange having a larger error is that between nodes 

11 and 2. Note that these two nodes are adjacent to one another. 

This brings up an important point. Generally, the closer the two 

surfaces are to one another, the more inaccurate is the elemental integration 

technique used. The next example evaluates the error in the calculation of 

two identical opposed disks as the spacing is changed. 

I 0 
CNVUFAC PARALLEL DISK ERROR TEST. HIO•O. 1-2.0 

0 2 50 19 
6 50 I : 8 8 0 0 

0.5 
I. 0 -90.0 0.0 c.o 0.0 0.0 0.0 
o.o 0.0 0.0 o.o 0.0 0.0 

6 50 I 50 8 8 0 0 
0.5 

- I. 0 -90.0 0.0 c.o 0. I 0.0 0.0 
0.0 0.0 0.0 C. I o.o 0.0 

FIG. 7. Opposed disks example: input. 

2.2 ERROR IN TWO OPPOSED DISKS 

This example illugtrates the u~e of the matrix incrementing option and 

evaluates the error as a function of disk spacing. The two identical opposed 

disks are parallel and are both centered on the X axis. The orientation is 

the same as that for the two ends in the previous cylinder example.· The row 

and column divisions are also identical. The disk diameter is set at 1.0. 
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RADIATION CONFIGURATION FACTORS 

CNVUFAC PARALLEL DISK ERROR TEST, H/D=0.l-2.0 

!FLAG= 0 L= 2 NSYM= 50 

SECTION I 
50 ROWS 
B COLUMNS 

KEM=! KSH=0 
DIQI< 

SECTION 2 
50 ROWS 

8 COLUMNS 
KEM=0 KSH=0 
DISK 

SECTION 1 

FTl?<;T ~ow 
FIRST COLUMN 

KRE=0 
RHUllJ!,• 5.l:ll:ll:ll:IE-01 

FIRST ROW 
FIRST COLUMN 

KRE= I 
. RADIUS= 5.0000E-01 

NM!= 19 NODE!= -0 

LnGT ROW 
LAST COLUMN 

LAST ROW 
LAST COLUMN 

I 
8 

50 
8 

DP!• .El DYA• . 0 DRL= . 0 DXO= .0 DYO= .0 DZO= .0 

liliC:TIOM ~ 
DP!= .0 DYA= .0 DRL= .0 DXO• . 1000 DYO= .0 DZO= .0 

SECTION SWITCH PIT YAW ROL XO YO ZO 
I I -90.0000 .0 .0 .0 -~ 
2 -1 -9El. 0000 . 0 . 0 . 1000 . 0 

EMITTER AREA • 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• 8.2775E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• 8.2775E-01 
INTERCHANGE AREA• 6.5012E-01 

SECT I ON SWITCH PIT YAW ROL XO YO ZO 
1 I -90.0000 .0 .0 .0 .0 
2 - I -90. 0000 . 0 . 0 . 200El . 0 

~MITTER AREA·· 7.8540E-01 EMITTER TO RECIEVER VIEW.FACTOR• 6.7641E-01 
RECEIVER ARE~· 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR= 6.7641E-01 
INTERCHANGE AREA• 5.3125E-01 

SECTION SWITCH PIT YAW ROL XO YO ZO 
1 I -90.0000 .0 .1:1 .0 -~ 
2 I -90. 0€100 .1:1 . 0 . 3000 . 0 

EMITTER AREA• 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR= 5.5650E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR= 5.5650E-01 
INTERCHANGE AREA• ·4. 37e?E-0 l 

~1::1.. i !UN SWITCH PIT YAW ROL XO YO ZO 
I 1 -90.0000 .0 .0 .0 .0 
2 -1 -90 .1:11:11'.10 . 0 . 0 . 4000 . . 0 

EMITTER AREA = 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR= 4 .. 6046E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• 4.6046E-01 
INTERCHANGE ARFA• ' 616~~-©1 

SECTION 51 .• .11 l'CH PIT YAW ROI,. XO Yf) ZO 
1 I -~~-~~~~ .0 .o .0 .1:1 
2 -1 -90; 0E!El0 . 0 . 0 . . 5000 . 0 

EMITTER AREA = 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR= 3.8349E-01 
RECEIVER AREA= 7.8540E-01 RECEIVER TO i;r-}ITTER VIEW FACTOR• 3.8349E-01 
INTERCHANGE AREA= "3.0119E-01 

FIRST R. 
.0 1 
.0 I 

FIRST R·. 
.0 1 
.0 I 

FIRST R. 
.0 I 
.0 I 

FIRST R. 
.0 I 
.0 I 

Flr.!GT R, 
.0 i 
.0. I 

LAST R. 
I 

50 

LAST R. 
1 

50 

LAST R. 
I 

50 

LAST R. 
1 

50 

LAST R. 
I 

50 

FIG. 8. Opposed disks example: output. 
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FIRST C. 
I 
1 

FIRST C. 
1 
1 

FIRST C. 
I 
1 

FIRST C. 
1 
1 

FTR!'li r.. 
1 
I 

LAST C. 
8 
8 

LAST C. 
8 
8 

LnST C. 
0 
8 

LAST C. 
8 
8 

I A<;T (. 
8 
8 



SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. F.IRST C. LAST C. 
I I -90.0000 .0 .0 .0 .0 .0 l I l 8 
2 -I -90.0000 .0 .0 .6000 .0 .0 I 50 I 8 

EMITTER AREl'l ·, 7. 8540E -0 I EMITTER TO RECIEVER VJEW FACTOR• 3.2170E-01 
RECEIVER AREA= 7.8540E-01 RECEIVER 
INTERCHANGE AREA= 2.5266E-01 

TO EMITTER VIEW FACTOR= 3. 2 I 71:H:.-01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
I I -90.0000 .0 .0 .0 .0 .0 l l l 8 
2 -I -90.0000 .0 .0 .7000 .0 .0 I 50 I 8 

EMITTER AREA • 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• 2.7192E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• 2.7192E-01 
INTERCHANGE.AREA= 2. 1357E-01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
I I -90.0000 .0 .0 .0 .0 .0 I I I 8 
2 . -1 -9El.0000 .0 .0 .8000 .0 .0 I 50 I 8 

EMITTER AREA = 7.8540E-01 EM! TTER TO RECIEVER VIEW FACTOR• 2.3163E-01 
RECEIVER.AREA= 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• 2.3163E-01 
INTERCHANGE AREA• 1.8192E-01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .0 .0 .0 .0 .0 I l l 8 
2 -1 -90.0000 .0 .0 .9000 .0 .0 t 50 1 8 

EMITTER AREA = 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• l. 9883E-01 
RECEIVER AREA• 7.8540E-01 RF,CEIVER TO EMITTER VIEW FACTOR• l. 9883E-0 l 
INTERCHANGE AREA• t.5616E-01 

SECTION SWITCH PIT YAW ROL XO :'(() zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .0 .0 .0 .0 .0 l I I 8 
2 -1 -90.0000 .0 .0 1.0000 .0 .0 I 50 I 8 

EMITTER AREA • 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• 1. 7194E-0 I 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• 1. 7194E-01 
INTERCHANGE AREA• I. 3504E-01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 1 -90.0000 .0 .0 .0 .0 .0 I I I 8 
2 -1 -90.0000 .0 .0 1.1000 .0 .0 I 50 I 8 

EMITTER AREA = 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• t.4975E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• l. 4975E-01 
INTERCHANGE AREA• 1. 1762E-01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 I -90.0000 .0 .0 .0 .0 .0 1 I 1 8 
2 -1 -9!1. 0000 .0 .0 1.2000 .0 .0 I 50 1 8 

EMITTER AREA • 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• l .3131E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• 1. 313 IE-01 
INTERCHANGE AREA• 1. 0313E-01 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
1 I -110.0000 .A .0 .~ .0 .0 ·I I l 8 
2 -I -90.0000 .0 .0 1.3000 .e .0 I 50 I A 

EMITTER AREA = 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR• l.1586E-01 
RECEIVER AREA• 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR• l.1586E-01 
INTERCHANGE AREA• 9.0998E-02 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FIRST C. LAST C. 
I I -90.0000 .0 .0 .0 .0 .0 I t I 8 
2 -I . -90.0000 .0 .0 1.4000 .0 .0 l 50 l 8 

FIG. 8. (con't.) Opposed di$ks example: output. 
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EH I TTER AREA . 7.8540E-Ol EH I TTER TO RECIEVER VIEW FACTOR= i.IJ284E-OI 
RECEIVER ARH= 7.8540E-Ol RECEIVER TO EH I TTER VIEW FACTOR= l.~2B4E-Ol 

INTERCHANGE AREA= 8.0772E-02 

SECTION' SW I 'CH Pl T YAW 'WL XO YO zo FIRST R. LAST R. FIRST C. "AST c. 
I -90.0000 .o .o .0 .o .0 I I I 8 
2 -90.0000 .0 .0 I. 5000 ,. 0 .o I 50 I 8 

EH I TTER AREA = 7.8540E-OI EHi TTER TO RECIEVER v :Ew FACTOR= 9. 'I 789E -02 
RECEIVER AREA= 7.8540E-01 RECEIVER TO Et' I TTER VIEW FACTOR= 9 .'I 789E-02 
INTERCHANGE AREA= 7.2091E-02 

SECTION SWlTCH Pl~ YAW ROL XO YO zo FIRST R. LAST R. FIRST c. LAST C. 
I I -90.0000 .0 .o .0 .0 .o I I I 8 
2 - I -90.0000 .o .0 I .6000 . 0 .0 I 50 I 8 

EMITTER AREA = 7.8540E-OI EHl.TTER TC PECIEYER VIEW FACTOil= 8.2347E-02 
RECEIVER AREA= 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR= 8 .,2347E-C2 
INTF.RCHANGE AREA= 6.4675E-02 

SECTION SW I TCH Pl T YAW ROL XO YO zo Fl RS T R. LAST R. FIRST c. LAST C. 
I I -90.GOOO .o .0 .o .0 .0 I I I 8 
2 - I -90.0000 .o .o I. 7000 .o .o I 50 I 8 

EHi TTER AREA = 7.8540E-Ol EHi TTER TO RECIEVER VIEW FACTOR= 7.4229E-02 
RECEIVER AREA= 7.85<;0E-OI RECEIVER TO EMITTER VIEW FACTOR= 7.4229E-02 
INTERCHANGE AREA= 5.8300E-02 

SECTION SWITCH Pl T YAW ROL XO YO w FIRST R. LAST R. FIH~T c. LAST C. 
I -90.0000 .o .o .0 .o .o I I I 8 

2 - I -90.0000 .0 .0 I .8000 .0 .0 I 50 I 8 
EH I TTER AREA = 7.8540E-01 EMITTER TO RECIEVER VIEW FACTOR= ~i ~~: :~=g~ RECEIVER AREA= 7.8540E-01 RECEIVER TO EH I TTER VIEW FACTOR= 
INTERCHANGE AREA= ~.?7A7F-C~ 

SECTION SWITCH PIT YAW ROC. XO YO zo FIRST R. LA$ T A. FIRST r. LAST C. 
I I -9o.onnn .o .o .c .0 .o I I I 8 
? - I ·ll0.0000 .0 .0 I .o,JUUU .0 .o I 50 I 8 

EHi TTER ARO = 7.8540E-01 EH I TTER TO RECIEVER VIEW FACTOR= 6 .. 1107E-G2 
RECEIVER AREA= 7.8540E-01 RECEIVER TO EHi TTER VIEW FACTOR= 6. I 107E-02 
INTERCHANGE AREA= 4.7994E-02 

SECTION SWITCH PIT YAW ROL XO YO zo FIRST R. LAST R. FI RS T C. LAST C. 
I I -90.0000 .o .o .o .o .o I I 8 
2 - I -90.0000 .0 .0 2.0000 .o .o 50 I 8 

EMITTER AREA = 7.8540E-OI EH; TTER TO RECIEVER VIEW FACTOR= 5.5773E-02 
RECEIVER ARcA= 7.8540E-01 RECEIVER TO EMITTER VIEW FACTOR= 5.5773E-02 
INTERCHANGE AREA= 4.3804E-02 

FIG. 8. (con't.) Opposed disks example:, output. 
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FIG. 9. Error in calculation of two identical opposed disks. 

Figures 7 and 8 show the input and output files, respectively. Settlng 

NM! = 19 and DX0(2) = 0.1 automatically increments the spacing from 0.1 to 2.0 

in increments of 0.1. The calculation required 0.037 minute or 1.7 x 106 

elemcnto per minute. 

Figure 9 shows the percent error in the calculation when compared to the 

exact value. The error is climbing rapidly as the spacing becomes less than 

H/D = 0.2, but even at H/D = 0.1, the error i~ only 1.07 percent. 

2.3 DISK TO SLIT SHADOWED BY CYLINDER 

To illustrate the use of the shadowing option, this example shows a 

calculation used on an LLL laser isotope separation experiment. The geometry 

is shown in Fig. 10. It was desired to calculate the view factor from the 

disk to the rectangula~ slit. The view factor is shadowed by the cylinder. 
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TABLE 1. Cylinder Example: Comparison with Exact Solutions. 

View factor 

From To Error 

node node CNYUFAC Exact percentage 

11 1 6.6278 x 10-2 6.6391 x 10-2 - 0.170 

12 1 3.4670 x 10-2 3.4579 x io-2 0.263 

13 1 1.1826 x 10-2 1.1805 x 10-2 0.178 

11 2 2.4763 x 10-1 2.4263 x lo-1 2.061 

12 2 7 .0812 x 10-2 7.0617 x 10-2 0.27f\ 

13 2 2.8187 x 10-2 2. R14"l x l,0-2 0.14!) 

11 11 3.8166 x 10-1 3.8197 x lo-1 0.081 

11 12 2.0381 x 10-1 2.0382 x 10-1 - 0.005 

11 13 6.5244. x 10-2 . 6. 5247 x lo-2 - 0.005 

11 11 3.8945 x io-1 3.8197 x io-1 1. 958a 

11 12 2.0797 x 10-1 2.0382 x lo-1 2.036a 

11 13 6.6575 x io-2 6.5247 x 10-2 2.035a 

21 1 2.6376 x 10-2 2.6334 x 10-2 0.159 

22 1 2.3852 x 10-2 2.3820 x lo-2 0.134 

21 2 7.1555 x 10-2 7.1460 x 10-2 0.133 

22 2 b.5890 x 10-2 6. 5813 x lo-2 0.117 

.:lThese values are receive,; to emi ttP.r. view factors include '1 2% receive.1: a.i:~a 

error due to eliminating one recei.vPr rnw. SQQ text. 

In Fig. 10, the base coordinates are labeled as X, Y, z. The disk 

(section 1) coordinates, x1 , y1 , z1 , are subjected to a yaw and roll of 

-90° and 90°, respectively. The cylinder (section 2) coordinates, x
2

, 

Y2, z2 , are subjected to an X displacement of 2.08 cm. The rQctangular 

slit (section 3) coor:dinates, x3 , y3 , i 3 , al:!il ~ubjeatct! 'o a r>itch and d 

roll of -90° and 90°~ respectively. In addition, these coordinates have Y 

·and Z displacements of 2.06 and 0.2 cm, respectively. 

Figure 11 shows the input and output. The calculation time was 1. 08 

minutes. ·Counting only the elements in the emitter and the receiver, the 

calculation rate is only 222 elements per minute. This is about four orders 

of magnitude slower than the previous two examples due to the shadowing in the 

calculation. 
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15 cm 

Y, x1 

FIG. 10. Disk to slit shadowed by cylinder. 
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SPP2 ELE:CTROD~ ·o SL! T ViEW ~ACT( R SHADOWED BY BOAT 
0 3 
6 20 20 9 9 0 

I. 43 
I. 0 0.0 -90.0 9U.O 0.0 

I 20 I 20 30 30 I 
0. 794 12.92 
: . D 0.0 0.0 0.0 2.0B 

5 2 I 2 30 30 0 0 
0.4 

I. 0 -90.0 0.0 9C.O 0.0 

(a) Input 

RADIATION CONFIGURATION FACTORS 

SPP2 ELEC!RODE TO SLIT VIEW FACTOR SHADOWED BY BOAT 

IFLAG= 0 

SECT:ON I 
20 ROHS 

9 COLUMNS 
KEH=I KSH=O 
DISK 

SECTION 2 
20 RO~S 
30 COLUMNS 

KEH=O KSH=I 
CYLINDER 

SECTIO'I 3 
2 ROHS 

30 COLUMNS 
KEH=O KSH=C 
FLAT PLATE 

SECT ION S~l lCH 
I I 
2 I 

NSYH= 

FIRST ROH 
FIRST COLUMN 

KRE•O 
RADIUS= I .4300E•OO 

•IRST ROH 
Fl RS T COLUMN 

KRE=O 
RADIUS= 7.9~00E-Ol 

Fl RST ROW 
FIRST COLUMN 

KRE= I 
LENGTH= 4.0000E-01 

Pl T YAW 
.0 -90.0000 
.o .o 

NHI= -0 NOOE!• -0 

LAST ROW 
LAST COLUMN 

20 
9 

LAST ROW 20 
LAST COLUMN 30 

LENGTH= I .?.920E•OI 

LAST ROW 2 
LAST COLUMN 30 

WIDTH= I .5000E•OI 

ROL XO 
90.0000 .o 

.0 2.0800 

YO zo 
. 0 
.o 

0 

0.0 
0 

0.0 

15.0 
2.06 

FIRST 
.o 
.o 

3 I -90.0000 .0 90.0000 .0 2.0600 .2000 
EMITTER ARE:A = 6.4242E•OO EHl-TER TO RECIEVER VIEW rACTOR= 2.778BE-02 
RECEIVER AREA= 6.0000E•OO RECEIVER TO EH I TTER VIEW FACTOR= 2.9754£-02 
INTERCHANGE AREA• I .7852E-01 

(b) Output 

0.0 

0.0 

0.2 

R. LAST R. FIRST C. 
I 20 I 
I 20 I 
I 2 I 

FIG. 11. Examples of disk to slit shadowed by cylinder. 
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APPENDIX A 

PROGRAM DESCRIPTION 

The material on pages 31 through 51 is from an original report "Radiation 

Configuration Factors," authored by General Dynamics Corporation and is used 

with permission of General Dynamics. General Dynamics makes no warranty or 

representation, expressed or implied, with respect to the accuracy, 

completeness, or usefulness of the information contained herein; or that the 

use of information disclosed herein may not infringe privately owned rights; 

or assumes any responsibility for liability or damage which may result from 

the use of any information disclosed herein. 
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A.l DESCRIPTION OF THE PROBLEM 

A.1.1 Heat Exchange Between Two Area Elements. It may be shown that the heat 

exchanged between two elemental areas, as shown in Figure A-1, is expressed by, 

cosB 1 cosB 2 dA <J 4 4) 
= 2 1 dA2 if· (T 1 - T 2 • 

s 

Since the emissive powers of the elemental areas. are ebl = crT14 and 

eb
2

, = <JT
2 
4, it is possible to develop a "view factor" of element 1 for 

element 2 which is dependent only on the geometry of the situation. Thus, 

dFl-2 = 

Figure A-1. Geometry of Heat Exchange Between Elemental Areas 

Equation (1) may now be written as 

(This equation is valid only for blackbodies.) 

(1) 

(2) 

(3) 

A.1.2 Heat Exchange Between Finite Areas. Heat exchange between bodies whose 

surface dimensiom::i are not small when compared to the distance between them 
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may be computed by division of the surfaces involved into many elemental areas 

(which meet the smallness criterion) and summation (integration) of Equation 

(1) for all of the elemental areas of surface E with respect to all of the 

elements of surface R (from Figure A-2). The same concept of view factor may 

be utilized to produce Equations (4) and (5). 

F e-r = 1 l: l: 
A A A e e r 

cos8
1 

cosB 2 
2 dAr dAe 

'ITS 

= F A O(T 4 - T 
4

) e-r e e r 

Here we will call F a "configuration" or "shape" factor. 
e-r 

Figure A-2. Basic Geometry for Configuration Factor Analysis 

(4) 

(5) 

It is to be noted that the preceding equations apply only to the situation of 

blackbodies, where multiple reflections do not occur, and to isotropic 

emitters, where the co$ine law prevails. 

The value of a shape factor is now readily seen. Once the shape factor is 

calculated by integration of Equation (4), heat exchange between isothermal 

bodies may be computed by evaluating Equation (5) without repeated 

integration, as long as the geometry of the situation does not change. 
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A.2 PROGRAM CONCEPT. The computer program documented here solves Equation (4) 

for a wide variety of basic shapes. The shapes chosen are: cylinder, cone, 

sphere, ellipsoid, flat rectangular plane, circular disk, toroid, and 

polynomial of revolution. The geometries of each of these shapes are shown in 

Figure A-3 through A-10. 

The surfaces of the configurations are divided into "rows and columns"1 that 

is, the surface is mapped by an arbitrary arrangement of planes intersecting 

the surface and producing elements of the surface, designated by row and 

column numbers. Elemental area derivation for each type of configuration is 

discussed in Subsection A.3. Computationally, each element henceforth will be 

treated as a plane located in the right-handed, orthogonal reference system of 

that section by the coordinates of its center and the direction cosines of its 

normal. An elemental area and a test radius are also stored for each element 

in each configuration section. Program input is designed to permit 

consideration of all or part of each of the above configurations by 

"inputting" the limits of row number and column number for consideration in 

each section. Any of the sections called for by program input may be 

designated as receiver (KRE), emitter (KEM), or shadower (KSH). Also, several 

sections may be designated as emitters and several as receivers. Sections may 

be designated as shadowers only1 or, either receiving or emitting sections may 

be designated as shadowers of themselves. 

By matrix transform algebra, all section information is moved from each 

section system to a base system, so that all sections have a common frame of 

reference. Thi::3 is necessary since each section is permitted to have any 

attitude (pitch, yaw, roll) and location in relation to the base system. 

Matrix transformation, matrix incrementation, and point translation are 

discussed in Subsection A.4. 

With all information regarding each element of each subiiection now in a conunon 

system, the process of numerical integration is begun. All sections are 

examined in ascending numerical order until one designated "emitter" is 

encountered. The first element of the region of interest, as indicated· by 

"column beginning" and "row beginning", is then selected. Again, all sections 

are examined jn ascending order until one designated "receiver" is 



encountered; and, the first element of the region of interest is selected in a 

like manner. ·With two elements now so designated, the cosines of the ~ngles 

between the two perpendiculars and a line connecting their centers are 

examined for sign. If either cosine is negative, the two elements cannot 

"see" each other and the next element of the receiver is examined. If, 

however, both signs are positive, the elements may "see" each other if the 

line-of-sight is not interrupted. To determine this, the sections are again 

examined in ascending numerical order until one designated "shadower" is 

encountered. Then, all.elements of this section and of subsequent sections so 

designated are examined for shadowing until a shadowing element is found, or 

until all possible shadowing elements have been eliminated. The technique for 

the shadowing calculation is discussed in Subsection A.5. If shadowing does 

not occur, the program computes 

cos e cos e 
e r 

~SFX = ~~---~~~ 
(l~r I )2 

A (ME) 
(ie,je) 

A (MR) 
(ir ,jr) 

Th t e . (ME) d e erl'IL9 e and er are the 81 and 82 terl'IL9 from Fig. A-2; A(ie,je) an 

A~~~jr) are the dAe and dAr for the particular rows, columns, and 

sections involved; and l~rl is the s term in Fig. A-2, or the ocalar lengl.h 

(6) 

ur the veceor Joining the centers of the two elemental areas. ~FX is added 

to a rl,lnning sum of these values (called SFX), and Lhe calculations proceed, 

evalu.iting all rec.::eiver elements which "see" each emitter el.P.ment for 

ohadowil'lt.J uulll all sections are complete. The configuration factor of the 

emitter for the receiver is computed by dividing the total SFX by TI and the 

area of the emitter. The configuration factor of the receiver for the emitter 

is computed by dividing the total SFX by TI and the area of the receiver. 

The use of the words emitter and receiver in this report are for mnemonic 

Vdlue only. In reality, both objects radiate energy and receive enerqy 

according to their temperatures, and the balance is determined by the sign of 

the expression (T 4 - T 4) in Equation (5). 
e r 

A.3 ELEMENTAL AREA DERIVATION. In this subsection the mapping of each of the 

configuration surfaces is discussed. The mapping and designation of areas, by 

row and column number, is as shown in Figure A-3 through A-10. The number of 

surface divisions and surface region of interest are chosen by the program user. 
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Figure A-3. Geometry of the Cylinder Configuration 
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The direction cosines, spatial position, test radius, and area are computed 

for each surface element on each section as functions of the indices I and J, 

which designate row and column numbers. The derivation and computation of 

these quantities can best be seen by reference to the corresponding diag~am 

and flow chart. 

Information regarding a particular section is contained on two specification 

cards. The first of these cards contains the section number, a code number (1 

through 8) defining the shape, two numbers designating the number of rows and 

columns into which the section is to be divided, four numbers designating the 

region of interest by row numbers (beginning and ending) anc;i column numhers 

(beginning and ending), anu lJy three switches (KEM, KSH, KRE) which are set as 

either l or 0, depending on whether or not the section in question is an 

emitter, shadower, or receiver. The second card relates to a particular type 

of section and is discussed below under each section type description. 

A.3.1 Cylinder Configuration. The cylinder configuration is shown in 

Figure A-3. Rows run along the cylinder lengthwise and are designated Rl, R2, 

etc. Columns run around the cylinder and are designated Cl, C2, C3, etc. The 

numbering for rows begins at the positive z-axis and increases in a clockwise 

sense for an observer standing at the origin and looking along the negative 

x-axis of the cylinder reference system. Column numbers i:;t-.art at the origin 

anu lncrease with the positive X-axis. The second of the two specification 

cards for the cylinder contains two numbers: R, the radius of the cylinder; 

and L m AL, the length Of the cylinder. 

A.3.2 Cone Configuration. The cone configuration is shown in Figure A-4. 

Rows run lengthwise along the cone from the apex to the base and are 

designated Rl, R2, etc., starting at the positive z-axis and increasing in a 

clockwise sense for an observer at the origin looking along the negative 

X-axis of the cone reference system. Columns run around the cone and are 

designated Cl, C2, etc. Numbering begins at the apex and proceeds along the 

X-axis as shown in Figure A-4. As with the cylinder, the second of the two 

specification cards for the cone contains two numbers: R, the radius of the 

cone; and L = AL, the length of the cone. 
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A.3.3 Sphere Configuration. One quarter of the sphere configuration is shown 

in Figure A-5. The sphere is mapped by semicircular arrows which run half-way 

around the circumference of thP. sphere, from the positive to the negative 

z-axis, crossing the equator (X-Y plane) perpendicularly. Numbering starts at 

the positive X-axis and increases in a clockwise manner for an observer at the 

origin looking along the positive Z-axis of the sphere reference system. 

Columns are full circles running around the outside of the sphere parallel to 

the equator; numbering starts at the point where the sphere intersects the 

positive Z-axis and increases along the Z-axis in a negative direction. The 

second of the two specification cards for the sphere contains one number: R, 

the radius of the sphere. 

A.3.4 Ellipsoid Configuration. This configuration is shown in Figure A-6. 

Rows and columns arP. numbered as described in the f19UrP. nntes. The cccond of 

the two specification cards for the ellipsoid r.nntain~ two numbers: a = SMOLLA, 

the semi-axis lying along the configuration X-axis; and B, the semi-axis which 

is rotated about the configuration X-axis. 

A.3.5 Flat Plate Configuration. The flat plate configuration is shown in 

Figure A-7. The flat surface is divided into rectangular elements with the 

rows running parallel to the Y-axis, starting at the origin c;ind incren:,;inlJ 

with the positive X. Columns run parallel to the X-axis, increasing in the 

direction of positive Y. The second of the two specification cards for the 

flat plate contains two numbers: L = AT., the length of the plate along t.he 

configuration X-axis; and w, the width of the plate along the configuration 

Y-axis. 

A.3.6 Disk Configuration. The disk configuration is shown in Figure A-8. 

Rows ar~ taken as pie-cuts of the disk and numbering starts at the x-z plane 

and runs, in ascending order, counterclockwise (in the direction of~ in the 

figure). Columns start. '.\t the origin as conc~ntric circles with the origin as 

center and run outward to the edge of the disk. The second specification card 

for the disk contains one number: R, the radius of the disk. 

A.3.7 Toroid Configuration. This configuration is shown in Figure A-9. 

Columns run around the toroid as shown in the figure and are numbered, starting 
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Figure A-6. Geometry of the Ellipsoid Configuration 
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Figure A-7. Geometry of the Flat Plate Configuration 

41 

x 



y 

Rows are measured from the 
X-Z plane in the direction of¢ 

z 

J -
2

l JJ-l)_. ,,.-- 2r·R•J 

'' ,, AM·AN 

J-1~ 
TR 

2 2 
2 (11" 0

R·J ) ( R ) 
TR !!!!: AM·AN + 2AN. 

21T·R2(J -~) 
A= AN2·AM 

Figure A-8. Geometry of the Disk Configuration 

42 



z 

1/12 

TR2 =("~~Ry+ (•(R+SR~~os (1/11) )
2 

A• 47r2·SR(R+SR·COS (1/12)] 

AN•AM /X-Y PLANE 

---------------11.-z 
View AA 

Figure A-9. Geometry of the Toroid Configuration 



at the x-z plane and increasing counterclockwise (in the direction of $ in the 

figure). Rows are taken as increments of arc on the surface of the columns 

and are numbered from the X-Y p~ane in the direction of increasing $. The 

second specification card for the toroid contains two numbers: r = SR, the 

minor radius of the toroid, and R, the major radius of the toroid. 

A.3.8 Polynomial-of-Revolution Configuration. This configuration is shown in 

Figure A-10. Columns run around the polynomial of revolution, and numbering 

starts at the Y-Z plane and increases along the positive X-axis. Rows run 

lengthwise and are numbered from the X-Y plane in the direction of $ in 

Figure 1\-10. The second specification card for this conrlyuration contains 

seven numbers: l, the "x" limit of the polynomial, L = AL, and A = AO 
0 

through AS = AS the coefficients of the powers of "x" of a polynomial of 

the form Y i = LA.x • 
• 1 
l=O 

A.4 MATRIX TRANSFORMATION AND INCREMENTATION 

A.4.1 Transformation and Translation. As described in Subsection A.3, each 

section is defined originally by direction cosines, spatial position, and test 

radius in its own configuration reference system. However, for computation it 

is necessary to have all section information in an arbitrary but conunon base 

reference system. To move section information to this base system, 

ortho-normal transformation matrices are used. These are arrays of numbers of 

dimension J x J, composed of tht= J:i.u~ullun t.:ui:dnes ot each ot the 

configuration axes (X , y , z ) in the base system. To illustrate the c c c 
transformation matrix, a "rotation box" is shown below: 

x y z () 

c c c c 

xb mll ml2 ml3 x 
co 

Yb m21 m22 m23 Yeo 

zb m31 m32 m33 z 
co 

G> 
~ ybo zbo b 
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Figure A-10. Geometry of the Polynomial of Revolution Configuration 
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The nine numbers inside the double lines of the box are the elements of the 

matrix, M. The two subscripts denote row and column, in that order. Thus 

(m
12

) is the element in row 1, column 2 of the matrix. The numbers in 

column 1 are the direction cosines of the configuration X-axis in the base 

system, the numbers in column 2 are the direction cosines of the configuration 

Y-axis in the base system, and those in column 3 are for the z-axis. The 

rows, in turn, are the direction cosines of the base axes in the configuration 

system. Since the numbers are direction cosines, each row or column is of 

unit length. Since for Cartesian systems the axes are at right angles to each 

other, the inner product (dot product) of one row and any other row is zero; 

the same is true for the dot product of columns. Since the systems with which 

we deal are right-handed ("X" crosses with "Y" to form "Z", "Y" with "Z" to 

form "X", etc.), the elements of "Z" may be computed from the elements of "X" 

and nyn by the determinants 

ml2 ml3 m11 m
13 mll ml2 

m31 = m32 = ' and m
33 

= 
m22 m23 m31 m33 m21 m22 

In a like manner, the elements of "X" may be determined from nyn and "Z", 

so on. 

The six other numbers (outside the double linesl in the box ar.P. the vector 

translation of the origins from one system to the other. The column under 

0 is the origin of the configuration system in the base system: the row 
c 

opposite ,eb is the base origin in the configuration system. To find the 

location of a point expressed in the configuration system by xc, ye, and 

z in the base system, one computes: c 

and likewise for zb. 
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This operation is expressed in matrix notation as follows: 

= M + 

The inverse transformation goes: 

= + 

For ortho-normal matrices the transpose is the·inverse matrix. 

As a means of relating the various configur~tions to a base system, we have 

chosen to think of each of the configurations as a vehicle and then relate it 

to an arbitrary base set of axes by the concepts of pitch, yaw, and roll. The 

Xe-axis is chosen as the vehicle centerline with the arrow pointing forward, 

and the Y -axis may be thought of as a left wing. In this case the Zc-axis 
c . -

points up. Positive pitch is "nose-up", positive yaw is "nose-right", and 

positive roll is "left wing up". To position any configuration correctly in 

relation to a base system, the order: yaw, pitch, and roll must be observed. 

The angle between the X -axis and the base X-Y plane is the pitch angle: the c 
angle between the projection of the X -axis on the base X-Y plane and the 

c 
base Xb-axes is the yaw angle: roll is measured in a plane normal to the 

Xe-axis and is the angle between the trace of the normal plane on the X-Y 

plane and the Y -axis. When these definitions of yaw, pitch, and roll are c 
used, the following general matrix can be constructed 

cos r sin y -sin y sin r cos p cos y 
-sin p cos y sin r -sin p cos y 

M p sin cos y cos r -cos y sin r = y +sin p sin y sin r +sin p sin y 

sin p cos p sin r cos p ~Sr 
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This matrix results from the multiplication of. the three simple matrices 

Yaw 

y + 

y 

sin y 

cos p 

0 

Pitch 

p 0 -sin 

0 1 0 

p 0 +cos 

Roll 

0 

cos r 

sin r 

Since the vector normals to each elemental area of each configuration are free 

vectors, only the matrix transformation need be applied to them~ so 

= M 

However, for the point "centers" of the elemental areas, both matrix 

transformation and translation are required: 

= M 

x 
c 

z 
c 

+ 

x co 

y 
co 

z co 

At the beginning of a proqram tun. after the elemental information is compnten 

in the various configuration systems, the transformation and translation 

matrices are developed. At this time all pertinent elemental information is 

moved from the various configuration systemc:i to the cOI1U11on base system, and 

the data is stored back in the same cells from which they were taken. For 

this reason, in the driver flow Chatt, where this logic is shown, thP. 

designations for values in both the configuration system and the base system 

are identical. 

A.4·. 2 Matrix Transformation -- Incrementation. Figure A-1_1 is a schem<;ltiC 

diagram depicting the way in whiah the transformation matrix, TM, is 

incremented for each section of a body. Before each matrix increment is 

computed, the matrix transform, BMT, is computed, to transform the original 
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Figure A-11. Transformation Incrementation Schematic 

configuration data to the base coordinate system but increased by an 

incremented amount each time. This matrix transform, EMT, is combined with 

the inverse of the previous such matrix transform, AMT. The result is the 

matrix transform, 'IM, from the previous orientation to the incremented 

orientation. This matrix transform will then increment the data properly for 

a particular section. The same mathematics is also used when, instead of 

incrementations for pitch, yaw, and roll, new values of pitch, yaw, and roll 

are given for the same configuration, thus avoiding the recomputation of the 

elemental information. 

A.5 INTERSECTI()N OF _ _LINE AND PLANE FOR SHADOWING CALCULATIONS. Shadowing is 

determined by the following logical procedures. The line of interest is 

defined by the spatial positions of emitting and receiving elements. The 
. + 

direction numbers of this line are obtained by differencing the vectors C 
+ r 

and Ce. These are the vectors from the origin to the receiver and from the 

origin to the emitter, respectively. The difference forms the vector :r, 
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which establishes the direction of the line. The vector C establishes the e 
spatial position of the line, since its end point (the center of the emitting 

element) is on the line. The equation of the line may now be written as: 

+ 
x - ce(l) -

+ 
er(l) 

+ 
y - c e(2) _ 

+ 
er (i) 

+ 
z - c 

e(3) 
+ 
er(J) 

The plane of interest is determined by the shadowing element under 

consideration. It may be written as, 

+ (MS) 
:k (. • ) lS 1)3 

• (x,y ,z) = D, . 

the normal form of the equation, where 

D 
+ (MS) = A • 

(iS,JS) 
• 

the normal distance from the element to the origin of the base system. 

Simultaneous solution of the equations for line and plane produces the 

expressions for XP, YP, and ZP. The point of intersection is now compared 

with the test radius (T ) to find whether it is within or without this r 
circle. Tests are then performed to ascertain if the point of intersection 

lies spatially between the emitting and receiving elements. If these 

conditions are met, shadowing occurs and the receiver elements are incremented 

without the addition of a 6SFX to the sum~ if not, shadowing elements are 

incremented until all have been examined. In the event none shadows, 65FX is 

added to the sum (SFX). 

The accuracies of shadowing calculations are again determined by the smallness 

criterion, with accuracy directly proportional to the number of shadowP.r 

elemental areas. As can be seen in the diagrams of the configurations, the 

test radius is the distance trom the center of the configuration to the 

farthest corner of a surface element. Hence, the area of influence of a 

shadower element is larger than the area of the surface element which it 

represents. This prevents holes from existing in a shadower. It also creates 

an edge effect for the shadower. For example, the outer edge of a shadower 

disk will really be a series of small areas shading an area beyond the edge of 

the disk. 
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This boundary inaccuracy is lessened for the closed, three-dimensional 

surfaces discussed, since at the boundary of a closed solid the view of a 

sµrface element is foreshortened. It is suggested that the user proceed with 

caution in shadowing calculations, choosing fairly square shadowing elements 

and large elemental areas at first, until experience determines an optimum 

size for balancing computer costs with run accuracy. 

A.6 SWITCH ~ CONFIGURATION NORMAL VECTOR REVERSAL. Because the program user 

may at times require configuration factors for the reverse side of the 

surfaces shown (in Figures A-3 through A-10), a switch (SWITCH) is used in 

connection with the matrix transform logic. Where SWITCH is designated on the 

appropriate transformation input card, as (-1.0), the sense of the normal 

vector as shown in Figures A-3 through A-10 is reversed. When the SWITCH 

position is left blank, SWITCH is automatically set to +1.0 and the program 

treats the vector N as it is shown in the figures. 
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LIST or SYMBOLS USED IN PROGRAM CNVUrAC 

A. GENERAL TERMS 

CONrIGURATION-THE PARTICULAR SHAPE PICTURED ON THE CONrlGURATION ORAWINGS. 
SECTION-THE GENERALIZED TERM roR CONrIGURATIONS. A BODY MAY BE COMPOSED 

or MORE SECTIONS THAN CONrIGURATIONS, SINCE TWO OR MORE or THE 
CONrlGURATIONS MAY BE THE SAME TYPE. 

BODY -THE BODY IS COMPOSED or SECTIONS. 
EMITTER-A SECTION ON THE BODY THAT IS RADIATING A NET AMOUNT or ENERGY 

TO THE RECEIVER: 
RECEIVER-A SECTION ON THE BODY THAT JS RECEIVING A NET AMOUNT or ENERGY 

rROM THE EMITTER. 
SHADOWER-A SECTION or A BODY THAT MAY STOP PART OR ALL or THE rLOW or 

RADIANT ENERGY BETWEEN EMITTERS ANO RECEIVERS. A SHADOWER MAY BE 
AN EMITTER OR A RECEIVER OR ONLY A SHADOWER. 

rLAT PLATE ELEMENT OR ELEMENT-A PLANE AREA WHOSE AREA EQUALS THE AREA or 
ONE or THE LITTLE ELEMENTAL DIVISIONS PICTURED ON THE CONrlGURA­
TION DRAWINGS ANO WHOSE NORMAL IS THE SAME AS THE NORMAL TO SAID 
DIVISION AT ITS CENTER. 

NOOE -rlNITE 01rrERENCE SURrACE AREA !IN TRUMP THERMAL ANALYZER ZONING> 
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IN SECTION I OR 2. A NOOE CAN BE COMPOSED OF I OR HORE FLAT 
PLATE ELEMENTS. AUTOMATIC NOOE INCREMENTING IN SECTIONS I AND 2 
'1s PROVIDED FOR. 

TEST RADIUS-TH£ APPROXIMATE DISTANCE FROH THE CENTER OF THE FURTHEST 
CORNER Of ONE OF THE LITTLE ELEMENTAL DIVISIONS PICTURED ON THE 
CONFIGURATION DRAWINGS. 

B. PROGRAM QUANTITIES 

A -THE AREA OF A FLAT PLATE ELEMENT IN SQUARE FEET. 
A0,Al,A2,A3,A~.A5-CONSTANTS USED TO DESCRIBE THE POLYNOMIAL OF REVOLUTION 

CONFIGURATION. 
AL -THE LENGTH IN FEET ALONG THE CONFIGURATION COORDINATE SYSTEM X 

AXIS OF THE CYLINDER, CONE. FLAT PLATE, OR POLYNOMIAL OF REVOLU­
TION CONFIGURATION. 

ALAHI -TH£ X DIRECTION COSINE OF A NORMAL TO A FLAT PLATE ELEMENT MITH 
RESPECT TO EITHER THE CONFIGURATION COORDINATE SYSTEM OR THE BASE 
COORDINATE SYSTEM. 

ALAH2'-THE Y DIRECTION COSINE OF A NORMAL TO A FLAT PLATE ELEMENT MITH 
RESPECT TO EITHER THE CON>IGURATION COORDINATE SYSTEM OR THE BASE 
COORDINATE SYSTEM. 

ALAH3 -THE Z DIRECTION COSINE OF ~ NORMAL TO A FLAT PLATE ELEMENT lllTH 
RESPECT TC EITHER THE CONFIGURATION COROINATE SYSTEM OF THEE .SE 
COOROINAfE SYSTEM. 

AH 

AN 

-THE NUMBER OF FLAT PLATE ELEMENTS ARO•.IND A CYL I NClER I cotic. '.;F'HERE. 
DISK, OA POLYNOMIAL OF REVOLUTION CONFIGURATION. THE NUMBER OF 
DIVISIONS AROUND A SECTION OF THE TOROID CONFIGURATION. THE NUMBER 
OF X AXIS DIVISIONS ALONG THE ELLIPSOID CONFIGURATION. THE NUMBER 
or DIVISIONS LENGTHWISE ON THE FLAT PLATE CONf'IGURATION. 

-THE NUl18ER OF DIVISIONS LENGTHWISE ON A CYLINDER, CONE, OR POLY-
NOMIAL OF REVOLUTION CONFIGURATION. THE NUMBER OF DIVISIONS WIDTH­
WISE ON THE FLAT PLATE CONFIGURATION. THE NUMBER OF DIVISIONS 
RADIALLY ON THE DISK CONFIGURATION. THE NUMBER OF DIVISIONS 
AROUND THE ELLIPSOID OR TOROID CONFIGURATION. 

AREA -THE AREA OF A FLAT PLATE IN SQUARE FEET. 
AREAE -THr. AREA or THE !>HITTER IN SQUARE r[~T. 
AREAEf-NSYM•AREAE TOTAL EMITTER AREA WHEN SY~1HETRY OPTION IS USED. 
AREAR -THE AREA OF THE RECEIVER IN SQUARE FEET. 
B -SEHi-AXiS OF THE ELLIPSOID CONFIGURATION IN FEET WHICH IS NOT 

ALONG THE CONFIGURATION X AXIS. 
BHT -THE TRANSFORM MATRIX USED TO TRANSFORM THE GEOMETRY IN A CONFIG-

URATION COORDINATE SYSTEM TO THE BASE COORDINATE SYSTEM. 
COHl,COH2,COH3,COH~-COHHON CELLS. 
COSCON-COSINE OF THE SEHi-APEX ANGLE OF THE CONE CONFIGURATION. 
COSE -COSINE OF THE ANGLE BETWEEN THE NORMAL TO A FLAT PLATE ELEMENT ON 

THE EMITTER ANO THE VECTOR FROH THE CENTER OF THAT ELEMENT TO THE 
CENTER OF AN ELEMENT ON THE RECE·I VER. 

COSP -COSIPHll OR COSIPITl. 
COSPSl-COSIPSll FOR TOROID ANO POLYNOMIAL OF REVOLUTION CONFIGURATIONS. 
COSR -THE COSINE OF THE ANGLE BETWEEN THE NORMAL TO A RECEIVER ELEMENT 

eosu 
COSY 
COY 
nPI 
ORL 
DSFll 

ANO THE LI NE SE GHENT JO IN I NG THE CENTERS OF THAT RECEIVER ELl>Hnn 
,t,HO AN f.111Tlf.H f'l 1',41".NT. AL,0 COGlflOLI. 

-COSIUI FOR THE ELLIPSOID. 
-COS I YAM I 
-COMMON Cf.LL • 
-THE INCREMENT TO PITCH IN OE3REES iN IHl BASE COORDINATE SYSTEM. 
-THE INCREMENT TO ROLL IN DEGREES IN THE BASE COOROINATE SYSTl>H, 
-TH[ INCREl'IENl 10 SFX. THIS CELL IS ACTUALLY USED TO STORE THE LOW 

ORDER VALVE Of SFX. 
t>llO -Tl-IE i Nl':Hf Ht NT Tl'.! Tl.I&: a.a.st x coono I NA lC or ALL ~'LA j t'LAI i:. t::LEHENTS 
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IN A CONrlGURATION. 
DYO -THE INCREMENT· TO THE BASE y COORDINATE or ALL rLAT PLATE ELEMENTS 

IN A CONrlGURATION. 
OYA 
DZD 

-THE INCREMENT TO YAW IN DEGREES IN THE BASE COORDINATE SYSTEM. 
-THE INCREMENT TO THE BASE z COORDINATE or ALL rLAT PLATE ELEMENTS 

IN A CONrlGURATION .. 
n -1. 
rJ -J. 
I -DESIGNATES THE. ROW. 
ICI -COLUMN NUMBER rROM SECTION I INCREMENTED IN NODE DO LOOP. 
IC2 -COLUMN NUMBER rROM SECTION 2 INCREMENTED IN NODE DO LOOP. 
ICB -THE NUMBER or THE rlRST COLUMN TO BE CONSIDERED ON A CONrlGURATION. 
ICBE -ICB roR THE EMITTER. 
ICBR -ICB roR THE RECEIVER. 
ICBS -ICB roR THE' SHADOWER. 
ICBSAV-SAVED VALUE or I ICB IN NODE INCREMENTING. 
ICD -AN INDICATOR DESIGNATING THE CONrlGURATION TO BE CONSIDERED. 

I-CYLINDER, 2-CONE, 3-SPHERE, ~-ELLIPSOID, 5-rLAT PLATE, 6-DISK, 
7-TOROID. B-POLYNOMIAL or REVOLUTION. 

ICE -THE NUMBER or THE LAST COLUMN TO BE CONSIDERED ON A CONrlGURATION. 
ICEE -ICE roR THE EMITTER. 
ICER -ICE roR ~HE RECEIVER. 
ICES -ICE roR THE SHADOWER. 
ICESAV-SAVED VALUE or llCE IN NODE INCREMENTING. 
IDC -CONrlGURATION DATA INDICATOR. a-ORIGINAL CONrlGURATION DATA, 

1-MOOlrlED CONrlGURATION DATA. 
1rLAG -A rLAG TO DETERMINE 1r A ANOTHER PROBLEM roLLOWS. 0-NO PROBLEM 

rOLLOWS, I-ANOTHER PROBLEM roLLOWS. 
-DESIGNATES THE ROW ON THE EMITTER. IE 

llCB 
I ICBI 
1 ICB2 
1 ICD 
I ICDI 
I ICD2 
I ICE 
I ICEI 
I ICE2 
I IRB 
1 IRBI 
1 IRB2 
I IRD 
llRDI 
I IRD2 
I IRE 
1 IREI 
1 IRE2 
INDEX 

-THE NUMBER or THE rlRST COLUMN TO BE CONSIDERED ON A CONrlGURATION. 
-BEGINNING COLUMN NUMBER rROM SECTION I IN NOOE DO LOOP. 
-BEGINNING COLUMN NUMBER rROM SECTION 2 IN NODE DO LOOP. 
-THE NUMBER or COLUMNS TO BE INCREMENTED IN NODE DO LOOP. 
-llCD roR SECTION I. . 
-llCD roR SECTION 2. 
-THE NUMBER or THE LAST COMUMN TO BE CONSIDERED ON A CONrlGURATION. 
-ENDING COLUMN NUMBER rROM SECTION I IN NOOE DO LOOP. 
-ENDING COLUMN NUMBER. rROM SECTION 2 IN NOOE DO LOOP. 
-THE NUMBER or THE. r1RST ROW TO BE CONSIDERED ON A CONrlGURATION. 
-BEGINNING ROW NUMBER rROM SECTION I IN NODE DO LOOP. 
-BEGINNING ROW NUMBER rROM SECTION 2 IN NODE DO LOOP. 0 
-THE NUMBER or ROWS TO BE INCREMENTED IN NODE DO LOOP. 
-llRD roR SECTION I. 
-llRD roR SECTION 2. 
-THE NUMBER or THE LAST ROW TO BE CONSIDERED ON A CONrlGURATION. 
-ENDING ROW NUMBER rROM SECTION I IN NODE DO LOOP. 
-ENDING ROW NUMBER rROM SECTION 2 IN NODE DO LOOP. 
-NM!IS-l>+N•<l-IRBJ+J-ICB+I INDEX IS THE VALUE or THE INDEX REG-

ISTER USED TO DESIGNATE THE CELL LOCATION or CERTAIN 3-DIMENSIONED 
QUANTITIES. IT REPLACES THE 3 INDEXES I, J, AND IS. 

INDEXE-INDEX roR THE EMITTER. 
INDEXR-INDEX roR THE RECEIVER. 
INDEXS-INDEX roR THE SHADOWER. 
INODI -NODE NUMBER roR SECTION I. 
INOD2 -NODE NUMBER roR SECTION 2. 
IR -DESIGNATES THE ROW ON THE RECEIVER. 
IRI -ROW NUMBER rROM SECTION I INCREMENTED IN NODE DO LOOP. 
IR2 -ROW NUMBER rROM SECTION 2 INCREMENTED IN NODE DO LOOP. 
IRB -THE NUMBER or THE r1RST ROW TO BE CONSIDERED ON A CONrlGURATION. 
IRBE -IRB roR THE EMITTER. 
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IRBR -IRB FOR THE RECEIVER. 
IRBS -IRB FOR me SHADOWER. 
IRBSAV-SAVEO VALUE Of I IRB IN NODE INCREMENTING. 
IRE -THE NUMBER Of THE LAST ROW TO BE CONSIDERED ON A CONFIGURATION. 
IREE -IRE FOR THE EMITTER. 
IRER -IRE FOR THE RECEIVER. 
IRES -IRE FOR THE SHADOWER. 
IRESAV-SAVED VALUE or I IRE IN NOOE INCREMENTING. 
IS -DESIGNATES THE ROW ON THE SHADOWER. DESIGNATES THE SECTION NUMBER. 
ISS -DESIGNATES THE SECTION NUMBER Of A SECTION IUSED TO CHECK CONSIS-

J 
JE 
JR 
JS 
KEH 

TANCY BETWEEN GROUPS or DATA CARDS ANO TO DETECT TWO CARDS FOR THE 
SAME SECTION. 

-DESIGNATES THE COLUMN. 
-DESIGNATES THE COLUMN ON THE EMITTER. 
-DESIGNATES THE COLUMN ON THE RECEIVER. 
-DESIGNATES THE COLUMN ON THE SHADOWER. 
-EMITTER INDICATOR. 0-SECTION IS NOT AN EMITTER, I-SECTION 

IS AN EMITTER. 
KPNT -PRINT CONTROL FOR SECTION INFORMATION PRINTOUT. 
KRE -RECEIVER INDICATOR. a-SECTION IS NOT A RECEIVER, I-SECTION 

IS A RECEIVER. 
KSH -SHADOWER INDICATOR. a-SECTION IS NOT A SHADOWER, 1-Sli:CTION 

KSHf 
L 
H 
~E 
MR 
HS 
N 
NH 

Ii A SHADOWER. 
-THE TOTAL NUMBER or SHADOWER SECTIONS. 
-THE NUMBER or SECTIONS. 
-THE NUMBER Of ROWS CONSIOli:Rli:C Oil A SECTION. 
-DESIGNATES THE EMITTER SECTION NUMBER. 
-DESIGNATES THE RECEIVER SECTION NUMBER. 
-DESIGN..,TES THF: SHAM!o!li:R ili:CTION UUMBl!:f'. 
-TH£ NUMBER or COLUMNS CONSIDERED ON A SECTION. 
-THE NUMBER or FLAT PLATES CONSIDERED ON ALL SECTIONS WHOSE SECTION 

NUMBER IS LOWER THAN OR EQUAL TO THE PRESENTLY CONSIDERED SECTION. 
NMZERO-NMCOl•a 
NMI -THE NUMBER or MATRIX INCREMENTATIONS. 
NHIX -COUNTS THE NUMBER or MATRIX INCREMENTATIONS. 
NOOE -NOOE NUMBER FOR SECTION I OR 2. 
NOOEI -STARTING NOOE NUMBER IN SECTION I. 
NOOE2 -STARTING NODE NUMBER IN SECTION 2. 
NOOEE -EMITTER NOOE NUMBER. 
NOOER -RECEIVER NOOE NUMBER. 
NSYM -THE NUMBER or SYMMETRIC VIEW FACTORS FROM ONE SEGMENT or THE 

EMITTER TO THE ENTIRE RECEIVER !WHERE A SEGMENT MAY BE ONE ROW 
OR COLUMN>. 

OVM -2.•Pl/AM THE ANGULAR WIDTH or ROWS FOR.ALL CONFIGURATIONS EXCEPT 

PHI 
Pl 
PIT 

PIX 
PR 
P61 
R 

THE SPHERE. THE ANGULAR WIDTH or COLUMNS or A SPHERE. 
-DEFINED ON THE CONFIGURATION GEOMETRY DRAWINGS. 
- 3 . I 't I 59265 
~PITCH ANGLE IN DEGREES or A CONFIGURATION x AXIS IN THE BASE 

COORDINATE SYSTEM. PIT IS THE ANQl.E l!ETHffN TH~ i:o~1r1cunATIOl4 
COORO I llA TC ::l'':!Tl!:l'I :. A ... I!> ANO THE X-Y PLANE or THE BASE COORDINATE 
SYSTEM. 

-PITCH IN RADIANS. 
-PRECEE:DINO VALUE OF R IN THE POI YNnHIAL or REVOLUTION CONF luUHATION. 
-oErlNl!:D ON !HE CONFIGURATION GEOMETRY DRAWINGS. 
~THE RAOIU~ or THE Pnl,YNOMIAb or nc:VOLUTION AJ:fUUI THE )( AXIS FOR A 

PARTICULAR VALUE or x. THE RADIUS or THE TOROID MfA<;IJREO FROM TllC 
7 A lC 15 TO TME Cc:tHr:R or A CRU!>!:i SECT I ON HHfl<;f E'!. A Mt COllT A 111::1 THI!: 
z-.~x1c;. 

RAD -IBa.IPI 
RLX -ROLL IN RADIANS. 

58 



ROL -ROLL ANGLE. THE ANGLE, MEASURED IN A PLANE NORMAL TO THE CONrlGUR­
ATION X AXIS, rROM THE BASE COORDINATE SYSTEM X-Y PLAN.E TO THE 
CONrlGURATION COORDINATE SYSTEM +Y AXIS. ROLL IS MEASURED POSA-

. TIVELY AROUND THE CONrlGURATION X AXIS IN A CLOCKWISE DIRECTION AS 
VIEWED FROM THE CONFIGURATION COORDINATE SYSTEM ORIGIN AND LOOKING 

.TOMARO THE +X CONFIGURATION AXIS. 
S -DISTANCE FROM EMl'TTING TO RECEIVING ELEMENT. 
SFER -SHAPE OR CONFIGURATION FACTOR FOR EMITTER OF RECEIVER. 
SFRE -SHAPE OR CONFIGURATION FACTOR FOR RECEIVER or EMITTER. 
SFX -PART or SrER ANO SFRE. . 
SIDE -THE LENGTH or THE SIDE or THE CONE CONFIGURATION. 
SINCON-THE SINE or THE HALr-ANGLE or THE CONE CONrlGURATION. 
SINP -SINIPHll OR SINIPITl. 
SINPSI -SINIPSI l 
SINR -SINlROLl 
SINU -SIN!Ul IN THE ELLIPSOID CONrlGURATION. 
SINY -SINIYAMl. 
SIY -COMMON CELL; 
SMOLLA-THE SEMI-AXIS or THE ELLIPSOID CONrlGURATION IN rEET ALONG THE 

CONFIGURATION X AXIS. 
SR -THE RADIUS or A CROSS SECTION OF THE TOROID WHOSE PLANE CONTAINS 

THE Z AXIS. 
SS -AREAET•SFER•AREAR•SrRE RADIATION INTERCHANGE AREA. 
SUMA -THE AREA IN SQUARE rEET or THE PART or A CONrlGURATION THAT A 

PARTICULAR RUN IS CONCERNED MITH. 
SWITCH-AN INDICATOR TELLING WHICH SIDE OF A CONFIGURATION ME ARE CONSI­

DERING. THE NORMAL SIDE IS THE OUTSIDE. EXCEPT IN THE CASE or THE 
rLAT PLATE AND DISK CONrlGURATIONS WHERE THE NORMAL SIDE IS THE 
SIDE or THE +Z AXIS. SWITCH NEED NOT BE SET FOR THOSE SECTIONS 
WHICH ARE ONL y SHAOOWERS. .·I . FOR THE NORMAL s I DE • - I . roR THE 
REVERSE SIDE. 

TANPSl-TANIPSll. 
TESTR2-TEST RADIUS SQUARED or A FLAT PLATE ELEMENT ON A SHADOWER. 
TITLE -PROBLEM TITLE CARO. 
TM -THE TRANSrORM MATRIX USED TO TRANSFORM THE GEOMETRY IN A CONrlG-

URATION COORDINATE SYSTEM TO THE BASE COORDINATE SYSTEM OR TO 
ROTATE THE CONrlGURATION GEOMETRY IN THE BASE COORDINATE SYSTEM. 

TMS -THE ARRAY or STORED PAST VALUES or ROTATION MATRICES TRANSrORMING 
rROM EACH CONrlGURATION COORDINATE SYSTEM TO THE BASE COORDINATE 
SYSTEM. 

TR2 -TEST RADIUS SQUARED OF A rLAT PLATE ELEMENT ON A SHADOWER. 
VALAM -THE UNIT VECTOR NORMAL TO A FLAT PLATE ELEMENT. ITS DIRECTION IS 

DETERMINED BY SWITCH. 
VC -THE VECTOR POINTING rROM THE CONrlGURATION COORDINATE SYSTEM 

ORIGIN TO THE CENTER OF A rLAT PLATE ELEMENT. 
VCOM -COMMON VECTOR. 
VER -THE VECTOR POINTING rROM THE CENTER or AN EMITTER rLAT PLATE 

ELEMENT TO THE CENTER or A RECEIVER rLAT PLATE ELEMENT. 
VLEI -THE UNIT VECTOR NORMAL TO AN EMITTER ELEMENT. ITS DIRECTION IS 

DETERMINED BY SMITCH.O 
VLRI -THE UNIT VECTOR NORMAL TO A RECEIVER ELEMENT. ITS DIRECTION IS 

DETERMINED BY SWITCH . 
. w -WIDTH or THE rLAT PLATE. 
X -THE X COORDINATE. 
XO -THE x COORDINATE or A CONFIGURATION COORDINATE SYSTEM ORIGIN IN 

THE BAS[ COORDINATE SYSTEM. 
XC -THE x COORDINATE or THE CENTER OF A rLAT PLATE ELEMENT IN EITHER 

THE CONrlGURATION COORDINATE SYSTEM OR THE BASE COORDINATE SYSTEM 
MEASURED IN rEET. 

XP -THE x COORDINATE or THE POINT COMMON TO VER ANO THE PLANE or A 
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y 
YO 

YAW 

yp 

zo 
zc 

ZP 

SHADOWER ELEMENT. 
-THE Y COORDINATE. 
-THE Y COORDINATE OF A CONFIGURATION COORDINATE SYSTEM ORIGIN JN 

THE BASE COORDINATE SYSTEM. 
-YAW ANGLE IN DEGREES OF A CONFIGURATION X AXIS JN THE BASE 

COORDINATE SYSTEM. YAW IS THE ANGLE BETWEEN TH£ PROJECTION OF THE 
CONFIGURATION COORDINATE SYSTEM X AXIS ON THE BASE COORDINATE 
SYSTEM X-Y PLANE ANO THE BASE COORDINATE SYSTEM X AXIS, MEASURING 
FROM THE BASE X AXIS TOWARD THE -Y BASE AXIS. 

-YAW JN RADIANS. 
-THE Y COORDINATE OF THE CENTER OF A FLAT PLATE ELEMENT JN EITHER 

THE CONFIGURATION COORDINATE SYSTEM OR THE BASE COORDINATE SYSTEM 
MEASURED JN FEET. 

-THE Y COORDINATE OF THE POINT COMMON TO VER ANO THE PLANE OF A 
SHADOWER ELEt1£NT. 

-THE z· COORDINATE OF A CONFIGURATION COORDINATE SYSTEM ORIGIN IN 
THE BASE COORDINATE SYSTEM. 

-THE Z COORDINATE OF THE CENTER OF A FLAT PLATE ELEMENT IN EITHER 
THE CONFIGURATION COORDINATE SYSTEM OR lHE BASE COORDINATE SYSTEM 
MEASURED IN FEET. 

-THE Z COORDINATE OF THE POINT COMMON TO VER ANO THE PLANE OF A 
SHADOWER ELEMENT. 

60 



APPENDIX C 

PRCGRAM LISTING 

61 



< . \. 

THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



PROGRAM CNVUFACITAPE5,TAPE6,TAPE71 
c 
C GENERAL DYNAMICS PROGRAM OBTAINED FROH JON C. OGLEBAY, NASA LEWIS 
C RESEARCH CENTER, CLEVELAND,' OHIO, FEBRUARY 1976. 
C ORIGINAL PROGRAM HODIFIEO BY OGLEBAY FOR NAHE LIST INPUT. 
c 
C OR I GI NAL 

0

REPORTI. R. S. DRUHHER AND W. T. BRECKENR I OGE, JR. , 
C 4RADIATION CONFIGURATION FACTORS PROGRAH4, REPT. NO. ERR-AN-22~. 
C SPACE SCIENCE LABORATORY, GENERAL OYNAHICStASTRONAUTICS, 
.C FEBRUARY 1963. 
c 
C HODIFIED FOR LLL CDC7600 PUTT COMPILER BY R.L. WONG, HAY 1976. 
C HOOIFICATIONS INCLUDE CHANGING OGLEBAY·S NAHE LIST INPUT TO 
C FORMATED INPUT ANO INCLUDING LOGIC FOR A NODE INCREMENTING 
C OPTION. 
c 
C THE NAHES OF THE OUTPUT FILES ARE OBTAINED BY APPENDING THE 
C FIRST 3 CHARACTERS <OR ALL CHARACTERS IF 3 OR LESS! OF 
C THE INPUT FILE AS FOLLOWS! IF INPUT FILE IS XXXIN, 
C THE OUTPUT FILE IS XXXOUT, 
C THE VIEW FACTOR PUNCH FILE IS XXXCARD <GENERATED WHEN NODE 
C INCREMENTING OPTION. IS USED BUT NOT AUTOMATICALLY PUNCHED!. 
C THE DEFAULT FOR XXX IS VUF. 
c c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C RADIATION CONFIGURATION FACTORS 
c 
C NO HORE THAN JO SECTIONS HAY BE USED. 
C THE TOTAL NUHBER OF ELEMENTAL AREAS OR FLAT PLATES ON ALL SECTIONS 
C HUST NOT EXCEED 2BOO. 
C AN INDEX CANNOT HAVE A VALUE GREATER THAN 3276B. 
c c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C NHZERO HUST PRECEEO NH IN COHHON. IT IS ESSENTIALLY NHIOI IN THE 
C CALCULATION. 
C NOTE THAT A COHHON ZEROING DO LOOP HAS BEEN REMOVED. IT IS NOT 
C REQUIRED SINCE THE CDC7600 ZEROS ALL ARRAYS.· IT MAY HAVE TO BE 
C INCLUDED AGAIN FOR OTHER COMPUTERS. 
c 

c 

COMHON Al29001,AO<I01,AlI101,A2<101,A3(101,A~I10 I ,A51101,ALI101 ,AL 
JAMI <2BOOI ,ALAM2<2BOOI ,ALAH3<2BOOl,AHT13,31 ,B<IOI ,BHTl3,31 ,CPI <IOI, 
2DRL< 101,DXO< 101,0YAI 101,0YO< 101,0ZO< 101, ICD< 101, I ICBI 101, I ICE< IOI, 
31 I RB ( I 0 I • I I RE ( I 0 I • I SS ( I 0 I • I SS I ( I 0 I • I SS2 ( I 0 I • KEM ( I 0 I • KRE ( I 0 I • KSH ( I 0 
~I ,MA< JOI ,NA! 101,NMZERO,NH<101,PIT< 101,R< 101,ROL< 101,SHOLLA< IOI ,SR< 
5101 ,SUHA<IOI ,SWITCH< IOI ,TM<3,31 ,TMS<3.3,IOI ,TR2<2BOOI ,VALAM<31,VC< 
631 , VCOM < 31 , VER< 31 , VES < 31 , VES I I 31 , VLEI < 31 , VLR I < 31 , VLSI ( 31 , VRS < 31 , VR 
7SI 131,W(101 ,xc <2BOOI ,XO< I 0 I. YAW( JOI. YC<2BOOI. YO< 101 .ZC<2BOOI .ZO< I 0 
Bl,TITLE<BI ,FNAME121 ,LGl21 ,JJRD<21 .I ICD<21 ,IRBSAVllOl,IRESAV<IOI, 
91CBSAV<l01 ,ICESAVllOI ,NODE<21 

DATA NZERO/Ot,ZER0/0.0/ 

C SET UP FILES. 
c 
C READ INPUT FILE NAME FROM TELETYPE. 
c 

ITYa59 
CALL GOB<1503B,IER,700B,KKKI 
IF< IER.EO.JI GO TO 10 
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HR I TE II TY, I BO I l 
c 
C FNAMEl•INPUT FILE NAME. THE FIRST 3 CHARACTERS !OH ALL 
C CHARACTERS IF 3 OR LESS! ARE APPENDED TO THE BEGINNING OF ALL 
C OUTPUT FILES. THE DEFAULT FOR FNAMEI IS VUFIN. 
c 
10 REAO!ITY,IBOOl FNAMEI 
c 
C CHECK OF FNAMEI IS BLANK OR CONTAINS LESS THAN 3 CHARACTERS. 
c 

IFIFNAMEI .EC. IH l FNAMEl=5HVUFIN 
1 ISaQ 
IBYTE•LBYT!FNAMEI .~B.61 
IF!IBYTE.NE. IR I GO TO 12 
1 IS=l2 
GO lO 13 

12 IBYTEaLBYTIFNAMEI .~2.61 
IF<IBYTE.NS. IR l GO TO 13 
I IS=6 

13 00 15 Lal ,3 
FNAME IL l •FNAME I 

15 CONTINUE 

c 

CALL SBYT!;NAMEI I I ,llS.~2.7ROUT 
CALL 5BfTtFNAHEt2J ,llS.~2.1RCAHU 
'HR ITE I ITY, I B02 l FNAME 

r; nPF.:N INPUT I' IL<. . 
c 

c 

IEE•-2 
CALL OPENFNIFNAMEI ,5,LGIN,IEE> 
IF!IEE.E0.01 GO TO 16 
HR I TE I I TY, I B03 > I EE, FNAME I 
CALL EXIT 

C OPEN ANO CREATE OUIPUf' f ILES. 
c 
16 00 17 LL=I ,2 

IEEc~5 

LG<I >=50000B 
LG<2>•10000B 
NTaLL+5 
CALL OPENFNIFNAMEILLl,NT,LGtLLI .IEE! 
IF! IEE.EC.QI GO TO 17 
WRITE I ITY,IB03l IEE,FNAMEILLl 
CALL EXIT 

17 CONTINUE 
c 

c 

PI =3. I~ 159265 
HR I TE I 6, 1520 I 
RA[la'57.211677115 

C INPUT 
c 
C TITLE=HEAOING CARO, BEGIN NEH PROBLEM. 
??. RFAn r~. IR~Ol TITLE 
c 
C lrLA0-0 IF THIS IS LA9T PROBLEM, •I I~ ANOTHER PROBLEM FULLOWS. 
C L•NUM&(R OP' Sl!.C t I UNS 1.:UN~ I Ul:.Hl:.U I MAX I MUM= I U l . 
C NSYM=EMITTER AREA MULTIPLIER WHEN GEOMETRY PERMITS ASSUMPTION OF 
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C SYHHETRIC EMITTER SEGMENT TO RECEIVER VIEW FACTORS. ONLY ONE 
C SYHHETRIC EMITTER SEGMENT NEED BE INPUT SAVING COMPUTER TJHE. THE 
C TOTAL EMITTER TO RECIEVER VIEW FACTOR JS EQUAL TO THAT F"ROH THE 
C EMITTER SEGMENT TO THE RECEIVER. THE TOTAL EMITTER AREA JS 
C OBTAINED BY MULTIPLYING BY NSYH AND THE RECEIVER TO EMITTER VIEW 
C FACTOR AND THE INTERCHANGE AREA ARE FOR THE TOTAL EMITTER. IF 
C THERE JS NO SYMMETRY, NSYH•I. 
C NMl•NUHBER OF MATRIX INCREMENTATIONS IN MATRIX INCREMENTING 
C OPTION. NHl•O FOR NO MATRIX INCREMENTING OPTION. 
C NODEl•BEGJNNING NODE NUMBER FOR SECTION I WHEN THE NODE 
C INCREMENTING OPTION IS USED. THIS OPTION PERMITS AUTOMATIC 
C NODE INCREMENTING FOR SECTIONS I AND 2. 'NODEl•O FOR NO NODE 
C INCREMENTING OPTION. THE FOLLOWING INPUT ARE FOR THE NODE 
C INCREMENTING OPTION AND ARE IGNORED WHEN THE OPTION JS NOT USED. 
C THIS OPTION AUTOMATICALLY GENERATES A PUNCH FILE OF NODE NUMBERS 
C AND INTERCHANGE AREAS. 
C NODE2•BEGINNING NODE NUMBER FOR SECTION 2. 
C JIRD=NUMBER OF ELEMENT ROWS PER NODE IN SECTIONS I AND 2. 
C JICD•NUMBER OF ELEMENT COLUMNS PER NODE IN SECTIONS I AND 2. 

c 

READ !5,IB211 IF"LAG,L,NSYM,NMI ,NODE! ,NODE2,C llRD! ISi, I ICD!ISI, 
1 IS=I ,21 

C THE FOLLOWING CARDS HUST BE INPUT FOR EACH SECTION. 
c 

DO 27 IS•l ,L 
c 
C ICD•CONF"IGURATION INDICATOR. !=CYLINDER, 2•CONE, 3=SPHERE, 
C ~·ELLIPSOID, S•F"LAT PLATE, 6•DISK, 7•TOROID, B=POLYNOMIAL OF 
C REVOLUTION. 
C MA=NUMBER OF ELEMENT ROWS. 
C llRB=F"IRST ROW NUMBER CONSIDERED FOR THE SECTION. 
C JIRE=LAST ROW NUMBER CONSIDERED FOR THE SECTION. 
C NA•NUMBER OF ELEMENT COLUMNS. 
C llCB•F"IRST COLUMN NUMBER CONSIDERED FOR THE SECTION. 
C JICE•LAST COLUMN NUMBER CONSIDERED FOR THE SECTION. 
C KEM=I IF" AN EMITTER, •O IF NOT AN EMITTER. 
C KSH•I IF" A SHADOWER, •0 IF NOT A SHADOWER. 
C KRE=I IF A RECEIVER, =O IF NOT A RECEIVER. 

c 

READ I 5, I B2 I I I CD I IS I , MA I IS I , I I RB I IS I • I I RE I JS I • NA I IS I • I I CB I IS I , 
I I ICE! ISi ,KEM! ISi ,KSHI ISi ,KRE! ISi 

C .EITHER OF THE NEXT 2 CARDS IS READ DEPENDING IF" ICD=B OR NOT. 
c 

IF"!ICD!ISI .EO.BI GO TO 25 
c 
C R•RADIUS OF CYLINDER, CONE, .SPHERE, DISK, OR MAJOR RADIUS OF 
C TORI OD. 
C SR•MINOR RADIUS OF TOROID. 
C AL•LENGTH ALONG X-AXIS OF CYLINDER, CONE, FLAT PLATE. 
C SMOLLA•SEMl-AXIS ALONG X-AXIS OF ELLIPSOID. 
C B•SEMl-AXIS !RADIUSI PERPENDICULAR TO X-AXIS OF ELLIPSOID. 
C W•WJDTH ALONG Y-AXIS OF FLAT PLATE. 

c 

READ C5, IB221 RI ISi ,SRI ISi ,AL! ISi ,SMOLLA! ISi ,Bl ISi ,WC ISi 
GO 10 26 

c AL~LENGTH ALONG X-AXIS or· POLYNOMIAL OF REVOLUTION. 
C AO.Al ,A2,A3,A~.A5=CONSTANTS FOR POLYNOMIAL OF REVOLUTION. 
25 READ !5, IB221 ALI ISi ,AOC ISi ,Al I ISi ,A2! ISi ,A3! ISi .A~! ISi ,AS! ISi 
c 
C SWITCH= I .0 TO CONSIDER NORMAL SIDE OF CONFIGURATION SURFACE, 
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C •-I .0 TO CONSIDER REVERSE SIDE. 
C PIT•CONFIGURATION PITCH ANGLE.· 
C YAW•CONFIGURATION YAW ANGLE. 
C ROL•CONFIGURATldN ROLL ANGLE. 
C XO•X-COORDINATE OF CONFIGURATION. 
C YO•Y-COORDINATE OF CONFIGURATION. 
C ZO•Z-COORDINATE OF CONFIGURATION. 
26 READ 15, 18221 SWITCH! ISl ,PIT! ISl ,YAWi ISl ,ROLi ISl ,XO! ISl ,YO! IS>, 

IZOI IS> 
c 
c c . THE FOLLOWING CARD IS READ IN ONLY IF THE MATRIX INCREMENTING 

OPTION IS USED, INMl.GT.01. 
c 

IFINMl.LE.Ol GO TO 27 
C DPl•PIT INCREMENT. 
C DYA•YAW INCREMENT. 
C ORL•ROL INCREMENT. 
C. OXO•XO INCREMENT. 
C OYO•YO INCREMENT. 
C OZO•ZO INCREMENT.· 

READ 15.18221 CPI I ISi ,OYA! ISi ,ORLI ISi ,DXOI ISi ,OYOI ISi .DZOI ISi 
~7 CDtlT I NUC: 
c 

WRITE 16, 180~1 TITLE 
WRITE 16, 15301 IFLAG,L,NSYM,NMI ,NODEI 
IF.INOOEI .GT. q I WR! TE 16, 1531 l NODE I ,NODE2, I 1 IRDI !Sl, I ICOI IS>, 

21S•l ,21 
DO 30 IS•! ,2 
IFlllRDllSI .LE.!llREllS1-llR811Sl+lll GO TO 29 
WRITE 16, 16B51 IS. IS. IS 
CALL EXIT 

29 IF I II CD I IS l . LE. I II CE I IS l - II CB Cl S l +I ll GD TO 30 
WRITE 16, 16B61 IS, IS. IS 
CALL EXIT 

30 CONTINUE 

c 

FNMl•NMI 
NMIX•O 
KPNT•O 

C ENTER CALCULATION, BEGIN MATRIX INCREMENTING LOOP 
c 
C SET UP NODE INCREMENT I NG DO LOOPS FOR SECTIONS I AND 2 
c 
31 DO 32 IS•I ,IO 

IRBSAVI ISl•l IRBI IS> 
IRESAVllSl•llRE!ISl 
ICBSAVllSl•llCBllSl 
ICESAVI ISl•l ICEI ISi 

3~ CONTI NU[ 
IFINODEI .EQ.Ol GO TO ~O 
WRITE 17,IB20l TITLE 
WR I TE I 7 , I 8061 
llR91•11R9tll 
I lRf'l2"! !R!;ll(?l 
INC•! I IRE! I l-1 IRBI I l+I ll I IRDI I l 
11RE1 .. 11 RB I I l+ 1 IRD I I l • I I NC· I l 
INC•l j it'll!: 1e1~11Fll:l1e1+IJ11 lRUl.i!J 
llRE2•11RBl21+11RDl21•11NC-ll 
I I ROI a( IROI 11 
I IRD2•1 IRDl21 
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35 

36 

37 

3B 

c 

I I CB I • I I CB< I > 
I ICB2•1 ICB!21 
INC•< I ICE< I >-1 ICB< I >•I >t 1 ICD< I> 
I I CE I • I I CB< I > + I I CO< I > • < I NC- I I 
INC•< I ICE <21 -I ICB<21+I>t1 ICD<2> 
llCE2•11CB<2>+1 ICD<2>•<1NC-I> 
I I CO I • I I CO< I I 
I ICD2•1 ICD<2> 
INDDl•-1' 
IN002•-I 
DO 1'+26 IRl•llRBI ,llREI, llRDI 
I IRB< I l•IRI 
I IRE< I l•IRl•l IRO< I 1-1 
oo· 1'+2'+ ICl•llCBl.llCEl.llCDI 
1 ICB< I >•ICI 
11 CE< I >•IC I+ 11 CD< I > - I 
INOOl•INODl+I 
NOOE<l>•NOOEl+INODI 
DO 1'+22 IR2•11RB2.llRE2.llRD2 
11 RB<2> • IR2 
I IRE<2>•1R2+11RD<2>-1 
DO 1'+20 IC2•11CB2.llCE2.llCD2 
I ICB<2>•1C2 
I ICE<2>•1C2+11CD<21-I 
IN002•1N002+1 
NOOE<2l•NOOE2+1N002 

C COMPUTE CONFIGURATION INFORMATION 
c 
ltO INOEX•O 

KSHF•O 
DO 5'+0 IS• I , L 
KSHF•KSHF+KSH!ISI 
IF !KPNT.EQ.O> WRITE <6,1580> IS.MA<IS> .IRBSAV<IS>.IRESAV<IS>. 

<!NA< ISi, ICBSAV< ISi, ICESAV <IS> ,KEM< I SI ,KSH< IS> ,KRE <IS> 
IRB•l IRB< ISi 
IRE•! IRE< ISi 
ICB•l ICB< IS> 
ICE•! ICE< IS> 
M•IRE-IRB+I 
N•ICE-ICB+I 
IF <M-MA!IS>I 60,60,50 

50 WRITE <6, 15901 IS 
CALL EXIT 

60 IF <N-NA<ISll B0,80,70 
70 WRITE <6.1600> IS 

CALL EXIT 
80 NM<IS>•NM!IS-l>+N•M 

IF !NM!IS>.LE.2BOO> GO TO 90 
WR I TE < 6. 171 0 I IS. NM< IS> 
CALL EXIT 

90 SUMA!IS>•O. 
K•ICD< IS> 
AM•MA< IS> 
AN•NA! ISi 
GO TO <I00,120,l'+0,210,300,320,3'+0,ltOO> .K 

c 
C CYLINDER CONFIGURATION< I> 
c 
100 IF <KPNT.EQ.O> WRITE <6.1610> R!ISI ,AL<IS> 
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OVM•2. •PI I AM 
AREA•OVM•RllSJIAN•ALllSJ 
TESTR2•110VM•RllSJJ••2+1ALllSJ/ANJ••2J/4. 
DO 110 l•IRB, IRE 
PHl•OVM•<FLOAT<IJ-.5> 
SINP•SINIPHI J 
COSP•COS !PH I J 
DO I 10 J•ICB,ICE 
INDEX• INDEX• I 
ALAM! I INDEXJ•O. 
ALAM2l INDEXJ•SINP 
ALAM31 INDEXl•COSP 
XCllNOEXl•ALllSl/AN•IFLOATIJJ-.5J 
YCllNDEXl•RllSl•SINP 
ZCllNDEXl•RI IS>•COSP 
TR2< INDEXl•TESTR2 

I 10 AllNDEXJ•AREA 
SUMAllSl•FLOATIN•MJ•AREA 
GO TO 500 

c 
C CONE CONF I GURA I' 10Nl2J 
c 
120 IF IKPNT.EQ.OJ WRITE 16, 16201 RI IS> ,ALI ISJ 

SIDE•SORTIRllSJ••2+ALllSJ••2J 
COSCON•AL<ISllSIDE 
SINCON•-RllSl/SIDE 
OVM•2. •PI I AM 
COM2•RllSl/AN•OVM12. 
COM3•SIOE/AN•RllSl/AN•OVM 
COM~=<SIDE/AN/2.1••2 
DO 130 l=IRB,IRE 
PHl•OVM•<FLOATlll-.5> 
SINP•SINIPHll 
COSP•COS I PH l J 
DO 130 J=ICB,ICE 
INDEX•INDEX•I 
ALAMI llNOEX>•SINCON 
ALAM21 INOEX>•COSCON•SINP 
ALAM31 INDEXl=COSCON•COSP 
FJ•FLOATIJl 
XCllNDEXl•ALllSJ/AN•<FJ-.5> 
YCllNDEX>•XC<INDEXl/AL<ISJ•RllSl•S!NP 
ZCI INDEXJ=XC< INDEXJ/ALI ISJ•RI !SJ •cosP 
TR21 INOEXl•COM4+1COM2•FJJ••2 
AllNDEXl=COM3•1FJ-.5l 

130 SUMAllSl=SUMA<ISl+AI INDEX! 
CO TO !iOO 

c 
C SPHERE CONFIGURATIONl3l 
c 
140 Ir IKPNT.EO.Ol WRITE C6, 16301 Hll~J 

OVM=P I/ AN 
COMl•IOVH•P.<1511112 
COM2•2. •PI I AM 
DO 200 J•ICB,ICE 
FJ=FLOAT<JJ 
IF IKSHI ISJ J 150, 190, 150 

150 IF l J- I Fl x (AN)/ 2 J I eo. I BO. I 70 
160 PSl•OVM•FJ 

GO TO 180 
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170 PSl•OVM•<rJ-1.> 
190 TESTR2•<COMl•ICOM2•R<IS>•SIN1PSl11••211~. 
190 PSl•OVM•CrJ-.5> 

SINPSl•SINIPSI> 
AREA•OVM•COM2•R<IS>••2•SINPSI 
SUMA<ISJ•SUMAllS>•rLOATIMl•AREA 
00 200 l•IRB,IRE 
INOEX•NMCIS-ll+N•<l-IRB>+J-ICB+I 
PHl•COM2•<rLOAT<l>-0.5> 
ALAMl<INOEX>•SINPSl•COSIPHI> 
ALAM2<1NOEX>•SINPSl•SINIPHI > 
ALAM3CINOEX>•COS<PSI> 
XC<INOEX>•R<IS>•ALAMlllNOEX> 
YCllNOEX>•RllS>•ALAM2CINOEX> 
ZC<INOEX>•R!ISJ•ALAM311NOEX> 
TR2<1NOEX>•TESTR2 

200 AllNOEX>•AREA 
GO TO 500 

c 
C ELLIPSOID CONrlGURATIONl~l 
c 
210 Ir <KPNT.EQ.OJ WRITE 16,16~01 SMOLLA< IS> ,S!ISJ 

COMl•~.•PllAM•SMOLLA!ISJIAN•B!ISJ 

COM2•2.•Pl/AN 
00 290 l•IRB,IRE 
COY•rLOAT<2•1-IJ/AM-I. 
SIY•SQRTCI .-COY••2J 
TANU•SMOLLA<ISJIS!ISJ•SIYICOY 
COSU•I .ISQRT!TANU••2+1. J 
Ir <COY> 220,230,230 

220 COSU•-COSU 
230 SINU•COSU•TANU 

AREA•COMl•SIYtSINU 
rl•rLOAT!IJ 
Ir <KSH<ISlJ 2~0.290,2~0 

2~0 1r c1-1r1xcAM>121 250,250,260 
250 X•SMOLLA<ISJ/AM•rl•2. 

GO TO 270 
260 X•2.•SMOLLA11Sl/AM•Crl-1. J 
270 Y=BllSJ•SQRT!CXISMOLLA<ISll•C2.-IX/SMOLLA! ISlllJ 

TESTR2•1!Y•COM2t2. 1••2+1SMOLLACISJtAMISINUl••2l 
290 X•2.•SMOLLAllSl/AM•Crl-.5J 

Y•BCISl•SQRTCIXISMOLLAI ISl J•C2.-IX/SMOLLA<IS>lll 
00 290 J•ICB,ICE 
INOEX•INOEX+I 
PHl•COM2•<rLOATiJJ-.5l 
SINP•SIN!PHll 
COSP•COSIPHIJ 
ALAMl<INOEX>•COSU 
ALAM2CINOEX>•SINU•SINP 
ALAM311NOEX>•SINU•COSP 
XCllNOEXl•X 
YC<INOEXl•Y•SINP 
ZCllNOEXl•Y•COSP 
TR21INOEXJ•TESTR2 
ACINOEXl•AREA 

290 SUMAllSl•SUMAllSl+AllNOEXJ 
GO TO 500 

c 
c rLAT PLATE CONrlGURATION15J 
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c 
C THE VECTOR REPRESENTING THE FLAT PLATE CONFIGURATION POINTS JN THE 
C +Z DIRECTION, UNLESS SWITCH•~!. 
c 
300 IF <KPNT.EQ.O> ~RITE <6,1650> AL<JS> ,W< JS> 

TESTR2•l<AL<IS>IAHl••2+<W<IS>IAN>••2>1~. 
AREAaALllS>IAH•W<IS>IAN 
DO 310 1°1R8, IRE 
00 310 JalCS,ICE 
JNOEX•INOEX+J 
ALAM!< INDEX>•O. 
ALAM2<1NDEX>•O. 
ALAM31 INOEX>at. 
XCIJNOEX>•ALllS>IAH•<FLOAT< l>-.5> 
YC<INOEX>•W<ISllAN•<FLOATIJl-.5> 
ZCllNOEX>•O. 
TR2<1NDEX>•TESTR2 

310 A<INOEX> 0 AREA 

c 
SUHAllS>°FLOAT!N•H>•AREA 
GO TO 500 

C DISK CONFJGURATJON<6> 
c 
C THE VECTOR REPRESENTING THE DISK CONFIGURATION POINTS JN THE +Z 
C DIRECTION, UNLESS SWITCH=- I. 
c 
320 IF IKPNT.EQ.Q> WRITt 16,1660> RIIS> 

COH2o!RllS>l2.IAN>••2 
COH3•2.•PllAH•R<JS>IAN 
DO 330 JaJRS,JRE 
PHla2.•PJ/AM•!FLOAT<J>-.5> 
SINPaSJNIPHI> 
COSPaCOSIPHI > 
00 330 J 0 JCB.JCE 
INDEX= INDEX+ I 
ALAHI l INOEX>•O. 
ALAM2l INDEX> 0 0. 
ALAH3< INDEX>at. 
FJ•FLOATIJ> 
COHJ•RllS>IAN•CFJ-.5> 
XCllNOEX>•COHJ•COSP 
YCllNOEX>•COHt•SJNP 
ZCI INOEX>•O. 
Al JNDEXlaCOHl•COH3 
SUMAIJS>oSUMAIJSl+A<INDEX> 

330 TR21JNDEXl•IPllAH•RcJSJIAN•FJ>••2+COM2 
GO TO 500 

c 
C TOROID CONFIGURATION<7> 
c.; 
3~0 IF IKPNT.EQ.0> WRITE <6,1670> SR<IS> ,RIIS> 

COHJa~.•PJ••2•SR<IS>IANIAH 
COH2•(PJIAM•SRll5l>••2 
DO 390 JalC9,fCt 
PHJa2. •Pl l~N•IFI OATl.ll-.!5> 
SJNP•SIN<PHJ > 
COSP•COS<PHJl 
00 390 JaJRS,JRE 
INDEX•NM<JS-ll+N•< 1-JRBl+J-ICB+I 
FI •FLOAT< I > 
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PS I •2. •P 11 Al1• l F" I - . 5 l 
COSPSl•COSlPSll 
ALA111llNOEXl•COSPSl•COSP 
ALAM2llNOEX>•COSPSl•SINP 
ALAl13llNDEX>•SINlPSI> 
XCtlNDEX>•COSP•lRllSl+SRtlS>•COSPSll 
YCllNOEX>•SINP•tRllS>+SRllS>•COSPSI > 
ZCllNOEX>•SR< ISl•ALA113l INDEX> 

. Al I NOEX > •C011 I • l R l IS> +SR l 15 > •COSPS I l 
SUl1AllS>aSUl1Al IS>+AllNOEX> 
IF" lKSHllS>> 350,390,350 

350 IF" l 1-IF"IXlAl1l/2l 370,370,360 
360 PS1•2.•Pl/Al1•F"I 

GO TO 390 
370 PS1•2.•Pl/Al1•tF"l-1. > 
390 TR2llNOEX>aC0112+lPllAN•tRllS>+SRl IS>•COSPSI >>••2 
390 CONTINUE 

GO TO 500 
c 
C POLYNOMIAL OF" REVOLUTION CONF"IGURATl0Nt9l 
c 
'tOO IF" lKPNT .EQ.Ol WRITE l6, 1690> All IS> ,AOl IS> .All IS> ,A2l IS>, 

IA3l IS> ,A'tl ISl ,A5t IS> 
OVl1=2. •PI/ Al1 
X•ALllS>tAN•F"LOATllC9~1> 
PR=AO l IS> +All IS> •X+A2l IS> •X .. 2+A3 l IS> •x• •3+A't < ISl •X .. 't+A5l I Sl •X• •5 
DO 't90 .J•IC9, ICE 
F" .J•F"LOA Tl .J l 
XaALl ISl/AN•F".J 
Rt IS>=AOl ISl+AI l IS>•X+A2l IS> •X .. 2+A3l ISi •x••3+A'tl IS> •X .. 't+A5l IS>•X 

I• •5 
IF" lRllS>-PR> 't20,'tl0,'t20 

't I 0 S I NPS I a I . 
COSPSl=O. 
GO TO 't50 

't20 TANPSlaALllSl/AN/lPR-RllS> > 
COSPSl=l./SQRTll.+TANPSl••2> 
IF" lTANPSI> 't30,'t't0,'t't0 

't30 COSPSl=-COSPSI 
't'tO SINPSlaTANPSl•COSPSI 
't50 COl11•l0V11•PR>••2 

COl12=<0Vl1•Rt1S>l••2 
COl13=lALllS>IAN>••2+lRllS>-PR>••2 
IF" lRllS>-PR> 't60,'t70,'t70 

't60 TESTR2=lCOl11+COl13l/'t. 
GO TO 't90 

't70 TESTR2=lCOM2+COl13>1't. 
't90 PR•Rl IS> 

XaALllSl/AN•lF".J-.5> 
Rt IS>=AOl ISl+AI l IS>•X+A2l IS>•X .. 2+A3l IS·>•X .. 3+A'tl IS>•X .. 't+A5l IS> •X 

1••s 
AREAaOV11•RtlS>•SQRTtCOl13> 
SUl1Al 1Sl•SUl1Al IS>+AREA•F"LOATllRE-IRB+ll 
DO 't90 l•IR9,IRE 
INOEX=NHllS-1 l+N•ll-IR9>+.J-IC9+1 
PHl=OVH•lF"LOATl l>-.5> 
SINP•SINlPHI > 
COSP=COS l PH I > 
ALAl11llNOEX>=COSPSI 
ALAl12llNOEX>=SINPSl•COSP 
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ALAM3<1NDEXJ•SINPSl•SIN~ 
XC! INDEXJcX 
YC!INDEXJ•R!ISJ•COSP 
ZC<INDEXl•R<ISJ•SINP 
TR2<1NDEXJ•TESTR2 

490 A<INDEXJ•AREA 
500 IF !IRE-IFIX!AMJJ 520,520,510 
510 WRITE !6,16901 15 

CALL EXIT 
520 I F ! I CE - IF IX ! AN I I 54 0 , 54 0 , 530 
530 WRITE !6,17001 IS 

CALL EXIT 
540 CONTINUE 

IF !NM!LJ-28001 560,560,550 
550 WRITE !6,17101 L,NM!Ll 

CAL.L EXIT 
560 IOCcO 

IF !NMI .EO.O.OR.KPNT.GT.01 GO TO 570 
WRITE ! 6, 1720 I ! 15 ,CPI! ISi ,OYA! IS I ,DRL! ISi .DXO! ISi .OYO! IS I, 

IOZO<ISJ, IS=l,Ll 
570 DO 610 IS=I ,L 

IF !SWITCH!ISJJ 590,590,5~U 
580 SWITCH!ISJ=-1. 

GO TO 1500 
!190 !WI T CH ( IS I • I . 
600 ISS<ISJ•O 
610 CONTINUE 
c 
C SET UP MATRIX TRANSFORMS 
c 

INDEX=O 
DO 700 IS~I .L 
PI X=PI T ! I SJ !RAO 
YAX=YAW! ISJIRAO 
RLX=ROL < IS I I RAD 
SINP=SIN!PIXJ 
COSP=COS!PIXJ 
SINY=SIN!YAXl 
COSY=COS!YAXJ 
SINR=SIN!RLXl 
COSR=COS!RLXl 
IF ! IOCJ 620,640,620 

620 DO 630 l•I ,3 
DO 630 J•I ,3 

630 AMT!l,Jl•TMS!l,J, ISi 
640 TMS!I ,I ,ISl=COSP•COSY 

TMS!I ,2,ISJ•COSR•SINY-SINP•COSY•SINR 
TMS!l.3,JSl•-SINR·SINY-SINP•COSY•COSR 
TMS<2,I ,ISJ=-COSP•SINV 
TMS<2.2, ISl=COSY•COSR+SINP•SINY•SINR 
TMS<2.3.ISJ•-COSY•SINR+SINP•SINY•COSR 
TM5(3.I. ISJ~~INP 
TMS<3,2,1Sl•COSP•SINR 
TMS<3.3, ISJ=COSP•COSR 
IF < IOCJ 670,650,670 

nfin co 660 JcJ .~ 
DO 660 J•l .3 

660 TM!I ,Jl•TM5!1 ,J,ISJ 
GO TO 690 

670 00 680 l•I .3 
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680 

c 
c 
c 
c 
690 

700 
c 
c 
c 

710 
720 
730 

7~0 

DO 680 J• I ,3 
BHTC I ,Jl•THSC I ,J, ISl 
CALL HTR CBHTCl,ll,AHTCl,ll,THCJ,Jll 

TRANSFORH ALL CONFIGURATION INFORHATION TO THE BASE COORDINATE 
SYSTEH 

I RB• I I RB C IS I 
IRE•llRE<ISJ 
I CBo I I CB c IS l 
I CE• 11 CE C IS I 
DO 700 l•IRB,IRE 
DO 700 J•ICB, ICE 
INDEX•INDEX+I 
VALAHCI l•ALAHI CINDEXl 
VALAHC2l•ALAH2CINDEXJ 
VALAHC3l•ALAH3CINDEXl 
CALL HVH CTHCI ,I I ,VALAHCll,VALAHCI l I 
VALAHCI l•VALAHCI J•SWITCHCISJ 
VALAHC2l•VALAHC2l•SWITCHCl5l 
VALAHC3l•VALAHC3l•SWITCHCl5l 
ALAHICINDEXl•VALAHCll 
ALAH2CINDEXl•VALAHC2l 
ALAH3CINDEXJ•VALAHC3l 
VCC I l•XCC INDEXl 
VC C2l •YC C INDEX l 
VC c 31 •ZC C INDEXl 
CALL HVH CTHCI ,Jl ,VCCll ,VCC Ill 
XCCINDEXl•VCCll+XOCISl 
YCCINDEXl•VCC2l+YOCl5l 
ZC<INDEXl•VCC3J+ZOCl5l 
CONTINUE 

COHPUTE CONFIGURATION FACTOR 

AREAE•O. 
AREAR•O. 
SFX•O. 
DSFX•O. 
DO 1390 HE•l,L 
IF CKRECHEll 710,720,710 
AREAR=AREAR+SUHACHEl 
IF IKEHCHEll 730,1390,730 
AREAE•AREAE+SUHACHEl 

. IRBE=l IRB<HEl 
IREE•llRECHEl 
ICBE•llCBCHEJ 
ICEE•llCEIHEJ 
INDEXE•NHIHE-ll 
DO 13BO IE•IRBE,IREE 
DO 1370 JE•ICBE, ICEE 
INDEXE•INDEXE+I 
DO 1360 HR•l,L 
IF IKRECHRll 7~0.1360,7~0 
IRBR•llRBCHRl 
I RER• I I RE CHRl 
ICBR•llCB<HRJ 
ICER•llCE<HRl 
I NDEXR•NH I HR- I l 
DO 1350 IR•IRBR,IRER 
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DO 13'+0 JR•ICBR,ICER 
INDEXR•INDEXR•I 
VER<I l•XC<INDEXJll-XC<INDEXEI 
VER<21•YC<INDEXRl-YC<INDEXEI 
VER<31•ZC<INDEXRl-ZC<INDEXEI 
IF <ABSIVER<lll+ABS<VER<211+ABS<VER13111 750,750,760 

750 WRITE <6,17301 
GO TO 1'+00 

760 VLEI <llmALAMl<INDEXEI 
VLEI <21mALAM2<1NDEXEI 
VLEI 131-ALAM3<1NOEXEI 
VLRI <ll•ALAMl<INDEXRI 
VLRI <21•ALAM2<1NDEXRI 
VLRI <31•ALAM3<1NDEXRI 
VCOM<ll•O. 
VCOM<2l•O. 
VCOM<3l•O. 
AMVER•SQRT<VER<ll••2+VER<2l••2+VER<3l••2l 
IF <VER<ll .NE.O. I VCOMI I l•VER<ll/AMVER 
IF <VER<2l.NE.O. I VCOM<2l•VER<2l/AMVER 
IF <VER<3l .NE.O.l VCOM<3l=VER<31/AMVER 
COSE•VCOM<ll•VLEl<ll+VCOMl21•VLE1<21+VCOM<31•VLE1<31 
IF ltU~ll 13~0.13'+0,770 

770 COSR•-VCOM<ll•VLRI lll-VCOM121~VLRl121-VCOM<31°VLRI 131 
IF <COSRI 13'+0,13'+0,780 

7BO IF IKiHFl 79n, 1330.790 
790 DO 1320 MS•I ,L 

IF <<KSHIMSlll 800,1320,BOO 
C . ADJACENT ELEMENT SHADOWING LOGIC 
BOO A5•<0. l 

IF <l~Sl-IMRll BIO,B20,BIO 
BIO IF <<MSl-IMEll BBO,B20,BBO 
~2n IF lllCO<MSll-<5ll B30,1320,B60 
B30 IF <<ICOiM~IJ-<2)) 840,B'+U,1:1~0 
B'fO AS•-<I. J 
950 IF < ISWITCH<HSll l 980,1320,1320 
B60 IF l<ICO<MSIJ-161 I B70, 1320,B70 
870 AS•ll.J 
BBQ IRBS•lllRBIMSJ I 

IRES•<llRECMSlJ 
ICBS•<llCB<MSll 
ICES•<llCE<MSll 
INOEXS=<NM<MS-11 I 

C PI CK AN ELEMENT ON THE SHADOWER 
DO 1310 IS•IRB5, IRES 
DO 1300 JS•ICBS,ICES 
INOEXS=c INDEXSJ+<ll 
IF < < INDEXSl-1 INDEXRJ l B90, l.300,890 

1:1!:10 II' < < rnDC><~> < 1~1g'x'11 11i:in. 1~nn.!'IOO 
900 IF I <AS> l 910, I l!:IU,!:l'+U 
C CYLINDER AND CONE 
910 If c <MSl-IMEll 930,920,930 
iilO IF r c IS l - I IE l l I (SQ, 131 U, I 190 
030 IF < 1151-r IRI I I 190. J3i0, I l90 
C .. tOROJO AND ~ULYNU"IAL 
s~o IF I <MSJ-<MEJJ 960,950,960 
~~o 1No~x-11NuL•L1 

GO TO 9'10 
960 INOEX•<INDEXRJ 
970 IF <<JSl-CICESJl !:11:10,990,990 
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•\ 

9BO 
990 
1000 
1010 
1020 
1030 
10'+0 
1050 
1060 
1070 
IOBO 
1090· 
1100 

1110 
1120 
1130 
11'+0 

1150 

1160 

1170 

I IBO 
c 
c 
c 
c 
c 
c 
c 
1190 
1200 
1210 
1220 

IF CCINDEXSl+CI 1-CINDEXll 1020,I 150,1020 
IF Cc ICDCMSI 1-CBl I 1000.1020.1000 
IF C c ICES l - c I CBS I+ C I l - C NA CMS I ,I I I 020, I 0 I 0, I 020 
IF ( ( INDEXSl-C ICESl•C 11-c INDEXI I 1020, 1150, 1020 
IF C CJSJ-1 ICBSI I 10'+0, 10'+0, 1030 
IF c c I NDEXS I - c I 1- c INDEX I l I 070, 1150, I 070 
IF C C I CDC MS I I - CB I l I 050, I 070, I 050 
IF c c ICES l - c I CBS I• C 11- C NA CMS I I I I 070, I 060, I 070 
IF c c I NDEXS I+ c ICES I - C I I - C INDEX l I I 070, I 150, I 070 
IF C C IS l - C I RES I I I OBO, I 090, I 090 
IF CC INDEXSl•C ICESl-C ICBSl+l I 1-( INOEXI I I I I0, 1150.'l I IO 
IF c C I R!:S l - c I RBS I+ c I 1- C MAC MS I I I I I I 0, I I 00, I I I 0 
IF c c I NDEXS I+ C c I I - C' I RES I I • C C ICES I - c I CBS I • c I I I - c I NOEX l I I I I 0, I I 50, I 

1110 
IF C C IS I - C I RBS l l I 130, I I 30, I 120 
IF cc INDEXSl-C ICESl•C ICBSl-C I l-C INDEXl I 1190, 1150, 1190 
IF Cc IRESl-C IRBSl+C I l-CMAcMSl I l 1190, I l'+0.1190 
IF C C I NDEXS I+ C C I RES 1- C I I I• C l ICES I - C I CBS I+ C I I I - C INDEX I l I 190, I 150, I 

1190 
VLSI Cll•CALAMI CINDEXSll 
VLSI C2l•CALAM2CINDEXSll 
VLSI C31•CALAM3CINDEXSll 
IF C CMSl-CMEl l 1170, I 160, 1170 
VRSC I laCXCC INDEXSI 1-cxcc INDEXRI I 
VRSC21•CYCCINDEXSll-CYCI INDEXRI I 
VRS<31•1ZC<INDEXSll-CZCC INDEXRll 
VRSICll•O. 
VRSI <21•0. 
VRS IC 31 •0. 
AMVRS•SQRTCVRSCI 1••2+VRSl21••2+VRSl31••21 
IF IVRSCll .NE.O. I VRSI II l•VRSI 11/AMVRS 
IF IVRSC21 .NE.O. I VRSI l2l•VRSl21/AMVRS 
IF lVRSl31 .NE.O. I VRSll3laVRSl3l/AMVRS 
COSS•-VRSICI l•VLSICI 1-VRSI C21•VLSIC2l-VRSI C3l•VLSI C3l 
COSC• <COSE I 
GO TO I !BO 
VES<I l•CXCCINDEXSI 1-cxcc INDEXEI I 
VES<21•CYCC INDEXSI 1-CYCC INDEXEI I 
VESC31•CZCC INDEXSI 1-czcc INDEXEI I 
VESICll•O. 
VESI C21aO. 
VESIC3l•O. 
AMVES•SQRTCVESCI 1••2+VES<21••2+VES!3l••21 
IF CVES<ll .NE.O. I VESI CllaVESC ll!AMVES 
IF <VES<21 .NE.O. I VESIC2l•VES<211AMVES 
IF <VESC3l.NE.O. I VESIC31aVES<31/AMVES 
COSS•-VESICI 1•VLSI lll-VES1<2l•VLSI 121-VESI C31•VLSI 131 
case. l COSR I 
IF l <COSCl•lCOSSll I 190, I 190, 1300 

IF l lVERlllll 1250,1200, 1250 
IF lVER<21 I 1230, 1210.1230 

END OF ADJACENT ELEMENT SHADOWING 
LOGIC 

DETERMINE THE POINT OF INTERSECTION 
BETWEEN THE RAY AND l'HE PLANE OF THE 
SHADOWING ELEMENT 

IF lALAM3llNDEXSll 1220, 1300, 1220 
XP•XC < I NDEXE I 
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YP•YC< INDEXEI 
ZP•<ALAMl<INDEX51•<XC<INOEX51-XC<INDEXEll+ALAM2<1NDEXSl•(YC<INDEXS 

I 1-YC<INDEXEll+ALAM3<1NDEX51•ZC<INDEX511/ALAM3<1NDEX51 
GO TO 1270 

1230 COMl•VER<31/VER<21 
COM2•ALAM2<1NDEX51+ALAM3<1NDEX51•COMI 
If' <COM21 12'i0,1300,12'i0 

12'i0 XP•XC<INOEXEI 
YPmlALAMlllNDEX51•1XCllNOEX51-XC< INOEXEI l+ALAM2<1NOEX5>•YC< INOEX51 

l+ALAM311NOEX51•<COMl•YCllNOEXEl+ZC<INDEX5l-ZC<INOEXEI lllCOM2 
ZP•ZCllNDEXEl+COMl•<YP-YC<INOEXEI l 
GO TO 1270 

1250 COMlaVER121/VER<ll 
COM2aVER!31/VER!I I 
COM3•ALAMl!INOEX51+COMl•ALAM211NDEX5>+COM2•ALAM3!INDEX5l 
If' I COM31 1260, 1300, 1260 

1260 XP~IALAMl!INDEX51•XC! INDEX51+ALAM211NDEX51•!COMl•XC<IN0EXEl-YC<IND 
IEXEl+YCllNDEX5ll+ALAM3! INDEX5J•(C0M2·XC< INDEXEl-ZC< INOEXEl•ZC<INDE 
2X5 l I I / COM3 

YP•COMl•<XP-XC<INDEXEll+YCllNDEXEI 
ZP=COM2•<XP-XC<INDEXEll+ZC<INDEXEI 

1270 COH'i=l~t>-XC< ll~Dl:llSI J••i•rYP-Yr.1 INOEX5l l .. 2+!ZP-ZCI INOEX51 l .. 2 
If' !CO~'i-TR211NDEX511 1280,1280, 1300 

1280 VCOM!ll=XP-XC!INOEXEI 
VCOM121=YP-YC!INDEXEI 
VCOM13l•ZP-ZCllNDEXEI 
VERCOM•VERlll•VCOMlll+VER!21•VCOM!21+VER!31•VCOMl31 
If' !VERCOMI 1300,1300,1290 

1290 AMVCOM=5QRTIVCOMlll••2+VCOM!21••2+VCOMl31••21 
AMVER=SQRTIVERllJ••2+VER<2J••2+VER131••21 
If' !AMVCOM-AMVERI 13'i0,1300,1300 

1300 CONTINUE 
1310 CONTINUE: 
1320 CONTINUE 
1330 DSF'X=C05E•C05R/!VER!ll•VER11l+VER!21•VER121+VER!31•VER1311•A< INDEX 

IEl•A!INDEXRI 
5f'X•Sf'X+OSF'X 

13'i0 CONTINUE 
1350 CONTINUE 
1360 CONTINUE 
1370 CONTINUE 
1380 CONTINUE 
I 390 CONT I NllE 

SFER=Sf'XIAREAE/PI 
AREAET•AREAE•f'LOATINSYMI 
ss·=Sf'ER• AREAET 
SFREaSSIAREAR 
IOG-1 
IFINUUtt.~~.01 00 TO 1JQ~ 
NODEE=NODE I 11 
NODERaNOOE121 
ff'IKEM!IJ .GT.01 GO TO 138i 
NOOEE=N00E12l 
~IOCERcNnnr ( I ) 

1392 WRITE 17,18071 NOD£E,NOOlH.~S 
I :3~:? WR I TE ( G, I 750 I I IS, 5W ITCH ( IS I , PIT ( 15 I , YAW ( 15 I , ROLi 15 I , XO I IS I , 

I VO (I~ J • LO' I! I • I mo ( Ii I ' I 111r r I c; l . 11 CEI ( I~ J • i IC[ ( 19 I • Is~ I • I. I 
lf!NODEI .GT.QI GO TO 1396 . . 
WRITE 16,17511 AREAET,Sf'ER 
WRITE <5, 17521 AREAR,Sf'RE 
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GO TO 1397 
1396 WRITE 16, 17531 AREAET.SFER,NOOEE 

WRITE 16, 175'+1 AREAR,SFRE.NOOER 
1397 WRITE 16, 17551 SS 
1'+00 CONTINUE 

c 
c 
c 
c 

1'+20 

1'+21 
1'+22 

1'+2'+ 

1'+26 
1'+30 

1'+32 
1'+50 
c 
c 
c 
1'+80 

KPNT"'I 

ENO NOOE INCREMENTING 00 LOOPS. ADJUST LAST INCREMENT T.O BE 
CONSISTANT WITH L.\ST ROW OR COLUMN NUMBER. 

IF!NOOEI .EO.Ol GO TO 1'+50 
IF! IC2.LT.llCE2J GO TO 1'+20 
IENO•ICESAV!2l-llCE!2l 
IF! IENO.EO.OJ GO TO 1'+20 
I ICB!2l•I JCE<2l+I 
I ICE<2l•ICESAV12l 
GO TO 39 
CONTINUE 
IF<IR2.LT. llRE2l GO TO 1'+22 
IENO•IRESAV<2l-I IRE<2l 
IF<IENO.EQ.OJ GO TO 1'+21 
I I RB< 2 J • I I RE.( 2 l + I 
I IRE<2l•IRESAV!2l 
GO TO 37 
JN002•-I 
CONTINUE 
IF<ICI .LT. llCEI l GO TO 1'+2'+ 
I ENO a I CESAV I I l - I I CE I I l 
IF!IENO.EO.OJ GO TO 1'+2'+ 
llCB!I JallCE!ll+I 
I ICE! ll•ICESAV!I I 
GO TO 36 
CONTINUE 
IFl:Rt .LT. llREI l GO TO 1'+26 
IENO•IRESAV! ll-1 IRE!I l 
IF<IENO.EQ.OJ GO TO 1'+26 
I I RB I I I • I I RE I I l + I 
I I RE I I l • I RE SA V I I l 
GO TO 35 
CONTINUE 
00 1'+32 IS•I .2 
I I RB I IS l • I RBSA V I I S l 
I ICB!ISl•ICBSAV!ISl 
CONT I NUE 
IF !NMIX-NMI l l'+B0.1510,1510 

INCREMENT TRANSFORMATIONS ANO INITIALIZE CONFIGURATION CATA 

00 1'+90 I Sat ,L 
IRB•I IRB! ISi 
IRE•I IRE! ISi 
ICB•l ICB! ISi 
ICE•I ICE! ISi 
00 1'+90 l•IRB, IRE 
00 1'+90 J•ICB,ICE 
INOEX•NH! 15-IJ+! ICE-ICB+I J•!l-IRBl+J-ICB+I 
ALAMI! INOEXJ•SWITCH<ISJ•ALAMI !INOEXl 
ALAH2< INOEX>•SWITCH11SJ•ALAM2!1NDEXl 
ALAM3!1NDEXl•SWITCH!ISJ•ALAM3! INDEX! 
XC!INDEXl•XC<INDEXl-XO!ISl 
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YC<INDEXl•YC<INDEXl-YO<ISI 
ZC<INDEXl•ZC<INDEXl-ZOllSI 

1'+90 CONTINUE 
NHIX•NHIX+l 
DO ISOO IS•l,L 
PIT< ISl•PIT< ISl+DPI t ISi 
YAWtlSl•YAWtlSl+DYA<ISI 
ROLCISl•ROLCISl+DRLCISI 
XOCISl•XOCISl+DXOCISI 
YOCISl•YOCISl+DYOCISI 
ZO<ISl•ZO! ISl+DZOC ISi 

ISOO CONTINUE 

c 
c 
c 
ISIO 

!SIS 

c 
IS20 
IS30 

IS31 

ISBO 

IS90 
1600 
1610 
1620 
1630 
16'+0 
1650 
1660 
1670 
16BO 

ltl!!:l 
16M 
1690 
1700 
1710 

1720 

1730 

t7SO 

GO TO 31 

END PROBLEM AND RETURN FOR NEW PROBLEM 

DO I SIS IS• I , L 
PITCIS>•PITCISl-FNHl•DPICIS> 
ROLCISl=ROLCISl-FNHl•DRLC ISi 
YAWCISl•YAWCISl-FNHl•DYAI ISi 
xoc ISi •XO (I SI -FN. II •Dxoc I SI 
voe ISl•YOCISl-FNHl•DYOCISI 
LUI ISi•ZO< 13>-rrml •Dzoc ISi 
CONTINUE 
un I Tt c Ii , p!}n 1 

1r1 JFLAG.NE.01 GO TO e? 
WRITE C7,JB071 NZERO,NZER0,2£RO 
CALL EXIT 

FORHAT CIHI ,lt0X,31HRADIATION CONFIGURATION FACTORS//JXI 
FORMAT C//7H IFLAG•,12,SX,2HL=,12,SX,SHNSYH=,IS,SX,ltHNHI=, 13, 

ISX ,6HNODE I•, ISi 
FORHAT C7H NODE!•, IS,SX,6HNODE2•,IS,SX,BHI IRDCI l=,IS,SX, 

I BH I I CO C I I a , 15, !5'.X, BH I I RO C 21 • , 15, !IX, BH I I CO C 21 • , 151 
FORHAT C/IX,7HSECTION,l2117,5H ROWS,6X,l2H FIHST ROW, 16,3X, 

lllH LAST ROW,16117,BH COLUHNS,ISH FIRST COLUMN, 16. 
21\tH LAST COLUMN, 16/SH KEH=ll,7H KSH~ll,7H KRE=ll I 

FORHAT CltSH THERE ARE TOO HANY ROWS SPECIFIED ON SECTION,12> 
FORHAT C'+BH THERE ARE TOO HANY COLUMNS SPECIFIED ON SECTION,121 
FORMAT 12\tH CYLINDER RADIUS=IPEll .lt,lltH LENGTH=Ell .ltl 
FORMAT C 21tH CONE RAO I US= I PE I I . It, l'+H LENGTH=E I I . If I 
FORHAT C21tH SPHERE RADIUS=IPEI I .ltl 
FORHAT C21tH ELLlPSOIO A=IPEtt.lt,lltH B=Etl.ltl 
FORHAT C21tH FLAT PLATE LENGTH=IPEll .It, lltH WIOTH=Etl .ltl 
FORHAT C21tH DISK RADIUS•IPEI I .'+I 
FORHAT C21tH TOROID SMALL RAOIUS=IPEI I .lt,l'+H LARGE RADIUS=El I.It> 
FORMAT C21tH POLYNOMIAL LENGTH=IPEI I .lt/ltH AO=Ell .'+,SH Al=EI I. 

llt,SH A2=EI I .It.SH A3=El I .lt,5H Alt=EI I .It.SH A!!=El I .ltl 
F0Rt1AT C6ti llRDt,11,J6H.l f.lU'.'.f:F:os CllRE!.ll,7Hl-llRBC,ll,ltHl+lll 
roRHAT <BH I ICUC ,I I. ld~l CXCCC05 CllOEC 111,7Hl-i IC91 ,JI .~Hl+I I I 
FORHAT C26H IRE EXCEEDS AH ON SECTION, 131 
FORHAT C26H ICE EXCEEDS AN ON SECTION,131 
FORHAT !69H THERE ARE MORE THAN 2800 FLAT PLATES CONSIDERED ON All 

I THE Sf.CT IONS .. 2SH THIS OCCURRED ON SECTION, 1!5.9H WITH NH=ISI 
fORHAT t/JX,7MiECTION. 12/~H 0Pl=FS.4.5H OYA~FB.lt,&H DRL•FB.lt, 

16H DXO=FB.lt,6H DYO=FB.lt,6H DZO•FB.ltl 
FOl'lMAT 1n3H A CALCUL.l>TllJN W45 5KIPPECl iJNi;f; AN EM!TTE:R AND A REC~ 

2iv£R ~£R£ TOUCHINU. l 
FORMAT C/llSH SECTION SWITCH PIT YAW ROL XO 

I YO ZO FIRST R. LAST R. F'IRST C. LAST C,/ 
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" 

2115,0PF9.0,2X,6FIO.'+,l7,3110J J 
1751 FORMAT <15H EMITTER AREA •,El I .'+,35H EMITTER TO RECIEVER VIEW FA 

ICTOR•,EI I .'tJ . 
1752 FORMAT 115H RECEIVER AREA~.EI I .'+,35H RECEIVER TO EMITTER VIEW FA 

ICTOR•,EI I .'+I 
1753 FORMAT 115H EMl-TER AREA •,El I .'+,35H EMITTER TO RECIEVER VIEW FA 

ICTOR•,EI I .'+,21H EMITTER NOOE NO. •,15J 
175'+ FORMAT 115H RECEIVER AREA•,Ell .'+,35H RECEIVER TO EMITTER VIEW FA 

1755 
1760 
IBOO 
IBOI 

ICTOR•.EI I .'+,21H RECEIVER NOOE NO.a, 15> 
FORMAT (I BH INTERCHANGE \AREA a, EI I .. '+ J 
FORMAT I IHI J . 
FORMAT IAIOJ 
FORMAT <t21HTYPE INPUT FILE NAME.I 

153HFIRST 3 CHARACTERS ARE APPENDED TO OUTPUT FILE NAMES. l 
IB02 FORMAT 1122HOUTPUT FILE NAMES AREltBHOUTPUT• ,A6t 

119HVIEW FACTOR CARDS• ,A7J 
IB03 FORMAT 1117HFLOE ERROR NUMBER, 15,JOH FOR OPEN INSTRUCTION OF FILE 

I ,AIOI 
ISO'+ FORMAT 
IB06 FORMAT 
IB07 FORMAT 
IB20 FORMAT 
IB21 FORMAT 
IB22 FORMAT 

1 IX,BAIOI 
13X,7HEMITTER,2X,BHRECEIVER, IX.9HINT. 
12110,EIO.JJ 
IBAIOJ 
116151 
18EI0.3J 

AREAJ 

c 

10 
20 

30 

c 
c 

I 0 
20 

ENO 
SUBROUTINE MVM IA,V,PJ 

THIS SUBROUTINE COMPUTES THE PRODUCT W OF A MATRIX A ANO A VECTOR V 
DIMENSION Al3,3J, VIJJ, Wl3J .·Pill 
00 20 Jc I. 3 
U•O. 
00 10 K=l .3 
U•U+AIJ,KJ•VIKJ 
WIJJ•U 
00 30 J= I .3 
P<JJ•WIJJ 
RETURN 
ENO 
SUBROUTINE MTR <A,B,CJ 

THIS SUBROUTINE COMPUTES THE MATRIX PRODUCT C OF A MATRIX A. 
ANO THE TRANSPOSE OF B A TIBJ=C 

DIMENSION AIJ,JJ, BIJ,JJ, C<3,3J 
00 20 J• I .3 
00 20 Kai .3 
X•O. 
00 10 L=l ,3 
X•X+AIJ,LJ•B<K,Ll 
CIJ,KJ•X 
RETURN 
ENO 

• ................ · .... FI LE OPEN S' IBROUT I NE .... ; ........ 11 17 t 75 .. ~ . 
SUBROUTINE OPENFN<FN,NT,LG,IE,MWXJ 

2'+ SEP 7'+ VERSION 0. LAI 

INPUT FN I NAME OF FILE TO BE OPENED OR CREATED 
NT I TAPE NUMBER TO BE ASSIGNED TO FILE 

a 0 I NO TAPE NUMBER TO BE ASSIGNED 
LG I LENGTH OF FILE IF CREATED 
IE I OPTIONS AVAILABLE -

=I -I I OPEN ANO MAKE READ-WRITE 
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