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GRAY: A PROGRAM TO CALCULATE GRAY-BODY 

RADIATION HEAT-TRANSFER VIEW FACTORS FROM 

. BLACK-BODY VIEW FACTORS 

ABSTRACT 

Program GRAY is written to perform the matrix manipulations necessary to. 

convert black-body radiation heat-transfer view factors to gray-body view 

factors as required by thermal analyzer codes. The black-body view factors 

contain only geometric relationships. Program GRAY allows the effects of 

multiple gray-body reflections to be included. The resulting effective 

gray-body view factors can then be used with the corresponding fourth-power 

temperature differences to obtain the net radiative heat flux. 

The program is written to accept a matrix input or the card image output 

generated by the black-body view factor program CNVUFAC. The resulting card 

image output generated by GRAY is in a form usable by the TRUMP thermal 

analyzer. 
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INTRODUCTION 

To couple radiation heat-transfer phenomena into thermal analyzer 

computer programs (e.g., the LLL-code TRUMP1), it is usually necessary to 

express the radiation interchange in terms of fourth-power temperature 

differences. The net rate of heat exchange, Q .. , from surface i to surface 
1] 

j must be expressed in the form213 

Q. . = A. F • . CJ (T~ - T~) 
1] 1 1] 1 J 

(1) 

where A. is the area of surface i~ cr is the Stefan-Boltzmann eonslctnt: and 
1 

T i~ the ~P.mperaturc. The factor F .. is called the effective gray-body view 
1] 

factor (sometimes also called shape or configuration factor). This factor 

accounts for all the radiation from surface i to" surface j including that 

reflected from all surfaces in the enclosure. 

The determination of F .. requires a two-step procedure. First, the 
. 1] 

black-body view factor, Fij' must hP. determined. This factor depends only 

on geometry and is the fraction of the area of surface i that is seen by 

surface j. The effects of gray-body emi.ssivities and the resulting multiple 

reflections must be included. Generally, this requires some matrix 

manipu.lati.on. 

Program GRAY is written to perform these matrix manipulations. A related 
4 program, CNVUFAC, can be used to determine the necessary black-body v:i.ew 

factQrs. •rhe card image output :from CNWFAC is suitable for inpµt into GRAY. 

In turn, GRAY produces card image output usable in TRUMP. 1 
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SECTION 1 

PROGRAM DESCRIPTION 

Given .a gray radiation enclosure, program GRAY calculates the gray-body 

view factors from the following: 

1. The matrix of black-body view factors; 

2. The surface areas; and 

3. The surface emissivities. 

The program uses equations developed by Hottel and Sarofim. 3 

Following the notation in Ref. 3, Hottel defines the total gray-body 

interchange area, S.S., as 
l J 

S.S. = A.F .. =A. F .. =S.S. 
l J l lJ J Jl J l (2) 

It is more convenient to work with this area view-factor product than 

with the separate terms. Hottel's Eq. (3-31) gives S.S. as 
l J 

S.S. = 
l J 

A.e:. 
l l 

pi 

A .e:. 

( . W . /E . - O . . e: . ) 
J l J lJ J 

= _i__ip • ( • W . /E . - o .. e: : ) 
J l J l l] l 

(3a) 

(3b) 

where e: is the emissivity, p is the reflectivity, and o .. is the Kronecker 
lJ 

delta. Since i.t is assumed that no radiation is transmitted, 

p = 1 - e: (4) 

W is the total radiative flux leaving the surface or the radiosity. This 

includes the· flux that is emitted and thP. flux that is reflected. .w. is 
J l 

the total flux leaving surface i due only to emission from surface j. Ej is 

the hemispherical black-body emissive power of surface j; therefor~, 

E. = crT~ 
J J 

( 5) 
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The radiosity jWi is given by Hottel's Eq. (3-36) as 

A.e: . 
. W. =_J_J_E. 
J l pj J 

(6) 

In Eq. (6), Dis the determinant of the transfer matrix given in Hottel's 

radiative interchange F.q. (3-25): 

I 

-

~1 81 - ~) 8
1 

8
2 

8
1 

5
3 

8
1 

8
2 t2

5
2 :: ) 

8
2

8
3 

Transfer Matrix 
= D 

• 

wl 
Ale:l 

El P1 

A2e:2 
w2 --- E2 . 

P2 

A3e:3 
w3 --- E3 

~esponse 

Vector 

P3 

Excitation 
Vector 

D. . is the cofactor or s:i.gned minor of column i. anc1 row j of n. 
J.J 

i 

To enable the program to consider black surfaces (p. ~ 0), each row i 
l 

in Eq. (7) is multiplied by p .• 
. . l. 

The appropriate change in the definitions 

of .o. and Dare a~lowed for F.q. (6), which becomes 
J l 

.W. 
] 1 

( D!.) 
=Ae:E _ _!.l 

j j j D 

(7) 

(8) 

Even with this modification, additional care must be used to evaluate · 

black surfaces. If one of the two surfaces i and j considered is blar.k, it is 

noted that 

s.sj = s.s. 
l ] l 

and the appropriate Eq. (3a) or (3b) is used. If surface j is black, F.q. (3a) 
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is used, and if surface i is black, F.q. (3b) is used. If both surfaces i and 

j are black, Hottel's F.q. (3-53) is used: 

S.S. 
1 E = S.S. + sksi jwk J 1 J 1 E. 
J 

(9) 

where S.S. is the black-body total interchange area. 
J 1 

s.s. = A.F .. = A.F .. = S.S. 
1 J 1 1) J )1 J 1 

(10) 

To evaluate the view factors, F .. and F .. , F.q. (2) is used. 
I 1) )1 

The term (D .. /D) in F.q. (8) is determined from the inverse matrix 

using the invers~~n subrouti.ne MATINV. 5 It must be noted that the .inverse 

matrix is the transpose of the cofactor matrix divided by the determinant. 
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SF('TION 2 

PROGRAM USE 

2.1 OBTAINING THE PROGRAM 

In the ELF system, the executable code is stored as 

.980012:0BJECT:GRAY 

If the Fortran code is desired, it is stored as 

.980012:FORTRAN:FGRAY 

2.2. PROGRAM EXF.C".TJTION 

GRAY is executed from the teletype using one of· the three options shown 

in Fig. l. The name of the input file is requested if it is not included on 

the execution line. If there is no input file name given, GRAY assumes the 

name is GRYIN. 

The three output file names are constructed from the input file name by 

appending the first three characters to the front of OUT for the output file, 

and appending them to the front of BLKS and BLK6 for the two TRUMP1 card 

image input fi.leil. 

2.3 PROGRAM INPUT 

Figure 2 shows the program input format. Card l contains the problem 

title. Card i is the program control cc:u:d. card .3 defines the node numbers. 

Card 4 contains the surface emissivities. Cards, S(a) and S(b) allow ·a choice· 

of two input formats ·for the black-body view factor data. Card S(a) is used 

for a matrix input (KDATA c 0). Card S(b) is used for a tabular input 

(KDATA = 1) that is in the card image output format of program CNVUFAC. 

Card 1, Title Card, 8Al0 

Problem title. 
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lYPF J~PUT FILF ~AMF· 
FIHST 3 CHARACTF'HS AHF APPFNDF'D ·10 1)U1PU'! FILE '.\ll\:v!ES· 

OUTPUT F'ILF l\lANJE.S Mif:: 
OUTPUT= FnYIJUT 
1BU~P RLOCL{ 5= GRYBLL{5 
Tlilli'v!P 8LQCL{ 6= cmYBLL{6 

ALL DQ!\lF., 

GhAY I ·2 .:;>?. 

'lYPE' I NPUl F'T LE 1\JA"'IE ... 
FIHS'I 3 C:Hl\HOC:TF.J-•S AhE APPE:!\JDFD TO OUTPU'l rTl~r: '.\JAYffS. 
r-HY I~ 

OllTPlJT FILE l\JA"'!F'S t'.\i!f.:: 
OUTPUT= GRY'Jln 
TRlJ"IP RLOC'< 5= C:RYRLL{ 5 
l~U"'ID ~LOCL{ ~= C:RYBLL{6 

ALL Df1NF: 

0hAY ~HYIN I .2 ·22 

OUTPUT FILF \JA~ES AHE: 
OlJTPUl= l;HYillJ'l 
rnu"'IP RLoci< 5= c;RYBLl{ s 
lRU~P BLOCL{ 6= GHY8L~6 

ALL DONE 

FIG. 1. Teletype execution of GRAY. 
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FIG. 2. ?rograrn GRAY input format. 



Card 2, Program Control, 3Il0 

N = Number of nodes considered. The program is currently dimen­

·sioned for a maximum of 20. 

KDATA = Control for the format of the black-body view factor data input. 

KDATA = 0 if the black-body interchange areas, SSB, are input .in matrix 

form [card 5 (a8_. 

KDATA = 1 if these data are input in tabular form [card 5(bij as gen­

erated by CNVUFAC. 

NEXT - 0 if this is the last problem. 

NEXT = 1 if another problem follows. 

Card 3, Node Number Identification, 8!10 

NODE = Node identification number. It is also used as a flag to 

identify whether the node is an internal node (in the sense of 
1 the TRUMP code) or an external node to which a boundary 

condition is to be applied. NODE is zero or positive for an 

internal node (TRUMP input BLOCK 5). It is negative for an 

external node (TRUMP input BLOCK 6). 

Card 4, Node Emissivities, 8El0.3 

E = Node emissivity. E = 1.0 for a black-body node. E = 0.0 for a 
3 radiatively adiabatic node. This is a node at which the 

leaving flux equals the incident flux, an assumption often made 

for refractory walls. The temperature of a radiatively.. 

adiabatic node does not enter into the solution of the 

interchange problem so it does not have to be include~ in tht:! 

TRUMP input. 

Card 5, Black-Body Interchange Areas, 8El0.3 

SSB = Black-body interchange ~.rea (si sj in Hottel). This is the 

area view-factor product. Note that the matrix is symmetric: 

SSB(I,J) = SSB(J,I) ; (11) 

and that the area of node I~ A(I), is determined in the program 

by summing over all the interchange areas in row I: 
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N 
A(I) = L SSB(I,J). (12} 

J=l 

As a result of Eq. (12}, all the interchange areas for a complete 

enclosure must be defined. 

In the input matrix format (KDATA = 0), only the. lower triangular matrix 

is input (i.e., J ~I}. To ensure the symmetry of the matrix, Eq. (11) is 

used to determine the remainder of the matrix. 

In t~e tabular input format (KDATA = 1), the. input is in the output card 
4 image format of program CNWFAC. 'All the nodes appearing on card S(b) must 

be listed on the node number identification card 3 [external nodes need not be 

made negative in card S(b)]. Note that .the order of the two node numbers 

listed with an interchange area makes no difference. If any nonP.-tn-node 

interchanges are listed more than on~e, the interchange areas are averayeu. 

All interchanges that ar:e omitted are assumed to be ?:ero. 
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SECTION 3 

CYLINDER EXAMPLE 

The cylinder example is used to evaluate the gray-body interchange areas 

for the inside of the cylinder shown in Fig. 3. This figure is taken from 

Ref. 4 where the black-body interchange areas are determined using CNVUFAC. 

The card image output from CNVUFAC is used to form the input shown in Fig. 4. 

All surfaces have an emissivity of 0.3, except nodes 1 and 21 at the 

centers of the ends. (The node numbers are indicated as circled values in 

Fig. 3). These two center end nodes are holes or black surfaces to which 

boundary conditions are to be applied when solving the problem using TRUMP1 

(external nodes). Several interchange areas inputs are duplicated (since the 

order in which the nodes are listed makes no difference). However, this is 

acceptable since, as mentioned in Section 2, multiple inputs are averaged. 

Figure 5 shows the input data. The black-body interchange areas are 

shown in matrix form. Note that this is the format in which these data would 

have been input if the matrix input option had been selected. 

Figure 6 shows the matrix of gray-effective interchange areas and the 

matrix of view factors. Also shown are the node areas A(I), used as obtained 

by adding the values of SSB(I,J) over all elements J of row I. 

Figures 7 and 8 show the card files written for TRUMP BLOCK 5 and TRUMP 

BLOCK 6, respectively. The BLOCK 5 file contains all the interchanges between 

internal nodes. The BLOCK 6 file contains all the interchanges between 

int~rnnl and external nodes. Interchanges between external nodes are not 

included since they do- not enter into the TRUMP calculation. Note that if any 

radiatively adiabatic nodes would have been present (E = .0.0), the inter­

changes with these nodes also would not have appeared. 

Figures 9 and 10 show, respectively, the actual TRUMP BLOCK 5 and TRUMP 

BLOCK 6 files. These cards c~n be used directly in the TRUMP input if the 

nonPR are defined in TRUMP BLOCK 4 as zero volume surface nodes. Note that 

the areas are set to 1.0 since the interchange area in~t~ad of the vipw factor 

is used. 

11 
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('-) Finite 1:yllnder -

10cm 

-------- 13 

(t;>) Disk end 

FIG. 3. Cylinder example. 
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GRAY CYLINDER EXAMPLES CENTER OF ENOS ARE BLACK AND EXTERIOR NODES. 
7 I 0 

-I 2 11 12 13 -21 22 
I. 0 0.3 0.3 0.3 0.3 I. 0 0.3 

I 11 '+. 16'+E+OI 
I 12 2.178E+OI 
I 13 7.'+30E+OO 
2 11 I .556E+02 
2 12 '+ .'+'+9E+O I 
2 13 1.771E+OI 

21 13 '+.16'+E+OI 
21 12 2.178E+OI 
21 11 7.'+30E+OO 
22 13 I .556E+02 
22 12 '+. '~'+9E +O 1 
22 11 1.771E+OI 
11 11 2.398E+02 
11 12 I .281E+02 
11 13 '+.099E+OI 
12 11 I .281E+02 
12 12 2.398E+02 
12 13 I .281E+02 
13. 11 '+.099E+OI 
13 12 I .281E+02 
13 13 2.398E+02 

I 21 2.072E+OO 
1 22 5.620E+OO 
2 21 5.620E+OO 
2 22 I. 552E+O I 
0 0 .OE+OO 

FIG. 4. Input for cylinder example. 

+++++ GRAY BODY RADIATION HEAT TRANSFER SHAPE FACTOR PROGRAM +++++ 

GRAY CYLINDER EXAMPLES CENTER OF ENDS ARE BLACK ANO EXTERIOR NODES. 

N 
7 

NOOEC I l 
-I 

E c,I l 
1. nnoE+OO 

SSB< I ,Jl 
.OE+nn 
.OE+OO 

'+.16'+E+OI 
2. 178E +O I 
7.'+30E+OO 
2.072E+OO 
5.620E+OO 

KOATA NEXT 
0 

2 11 12 13 -21 22 

3.000E-01 3.000E-01 3.000E~o1 3.000E-01 1. OOOE+OO 3.000E-01 

.OE+OO 
l .556E+02 2.398E+02 
'+.'+'+9E+Ol 1 .2BIE+02 2.398E+02 
l.771E+Ol '+.099E+Ol l .281E+02 2.398E+02 
5.620E+OO 7.'+30E+OO 2.178E+OI '+.16'+E+Ol .OE+OO 
I .552E+Ol l .771E+OI '+.'+'+9E+OI I .556E+02 .OE+OO .OE+OO 

FIG. 5. Output from cylinder example: input data. 
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..... 
~ 

+++++ GRAY' BOD"f RADIATION HEAT TRANSFER SH'APE FACTOR PROGRAM +++++ 

GRAY CYLINDER ::XllMPD..EI CE-ITER OF ENDS AR[ BLACK ANO EXTERIOR NODES. 

+++++MATRIX o=- GRA~ TOTAL CNTERCHANSO: AREAS, SS<l.Jf=ACll•FCl,Jl=QCl,Jl/CSIGMA*CT'IJ••4-TtJJ••4ll=SSCJ,ll +++++ 
I c I I 12 13 21 22 

I 5.9f.,JE+i00 5.720E+OO 2.519E1t-Ol l.807E+OI l.185E+OI 6.363E+JO 5.381E+OO 
2 5.7EOE+OO 5.543E+OO 2.629E~Ol 1 .427E+OI 9.809E+OO 5.381E+OO 4.569E+OO 

II 2.519E+OI 2.529E+OI 5.5:5E~OI 3.742E+Ol 2.36SE+OI I. 185E+OI 9.809E+OO 
12 l.807E+Ol I0-+27E+OI 3.742E•fll 4.903E+OI 3.742E+OI l.807E+OI l.427E+OI 
13 1.185E+Dl -9.809E+OO 2.366E-Cll !.742E+Ol 5.515E+OI 2.519E+OI 2.629E+OI 
21 6.363E+JO 5.381E+OO I. 185E-OI I .807E+OI 2.519E•OI 5.960E+OO 5.720E+OO 
22 5.3BIE;JO ~.569E+OO 9.809E-OO I .i27E+DI 2.629E+OI 5.720E+OO 5.643E+OO 

+++++ HATRlX O~ GRAY SHAPE FACTORS, Ft! ,Jl=SSC I ,Jl/ACI I +++++ 
I" c 11 12 13 21 22 

I 7.58~E-02 7.283E-92 3.208E-Cl 2.301£-01 I .509E-OI 8. 102E-02 6.852E-02 
2 2.394E-02 2.362E-02 I. H'~E-lll 5,_974E-02 4.105E-02 2.252E-D2 I .912E-02 

II 3.991E-02 i.l64E-02 8.737E-02 5.928f.-02 3.748E-02 l.878E-C2 1.554E-02 
12 2. 87!:l£-02 2. 27 IE"-02 5. 954E-02 7 .. 800E-02 5. 954E-02 2. 875E-02 2. 271 E-02 
13 1.871£-02 L554E-02 3.748£-02 '5.928£-02 8.737£-02 3.991£-02 4.164£-02 
21 B.102E-C•2 f.B52E-02 1.509£-01 2.30\E-OI 3.208£-01 7.588E-02 7.283£-0°' 
22 2.252E-C2 I .S·12E-02 4.105E-'.02 5.9-:'4E-02 I. IOOE-01 2.394£-02 2.362£-02 

+++•• AREAS, A• l l •. FRIJo'1 TH<: SUM OF ss8c I ,JJ OVER J +++++ 
I 2 1 I 12 13 21 22 

7.85L.::+OI 2.389E··02 5.313E+:J2 6.EE5E+02 6.313E+02 7.854E+DI 2.389£+02 

FIG. 6. Output from cylinder example: matrix of gray effective interchange areas and matrix 

of view factors. 



...... 
V1 

+++++ GRAY BODY RADIATION HEAT TRANSFER SHAPE FACTOR PROGRAM +++++ 

GRAY CYLINDER EXAMFLEi CENTER OF ENDS ARE BLACK AND EXTERIOR NODES. 

+++++TRUMP BLOCK 5 CARDS Cl~TERNAL RADIATION CONNECTIONSl WRITTEN INTO FILE JGRBLK5 +++++ 

NOOI NOD2 
BLOCK 5 

: I 
;2 
·.2 
·,3 
l 3 
13 
22 
22 
=2 
=2 

0 

2 
2 

I I 
2 

11 
12 
2 

11 
12 
13 

DELI 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

.OE+OO 

DEL2 DLONG DRAD HINT RINT 

.OE+OO I .OOOE+OO I .OOOE+OO I .OOOE-24 2.629E+OI 

.OE+OO I .OOOE+OO I .OOOE+QO I .OOOE-24 I .427E+OI 

.OE+OO I .OOOE~OO I .OOOE+OO I .OOOE-24 3.742E+OI 

.OE+OO I .OOOE+OO I .OOOE+OO I .OOOE-2~ 9.B09E•OO 

.OE+OO I .OOOE+OO l.OOOE+OO I .OOOE-24 2.366E+OI 

. OE+OO I. OOOE+OO I. OOOE+OO I. OOOE-24 3. 742E+O I 

. OE +DO I . DODE +00 I . DODE +00 I . OOOE-24 4. 569E +00 

.OE+OO I .OOOE+OO I .OOOE~OO I .OOOE-24 9.B09E+OO 

.OE+OO I .OOOE+OO I .OOOE+OO I .OOOE-24 I .427E+OI 

. 'E+OO I .OOOE+OO I .OOOE+OO I .OOOE-24 2.629E+Ol 

FIG. 7. Output from cylinder example: card files written for TRUMP BLOCK 5. 



++++- GRAY BODY RADIATION HEAT TRANSFER 51-!APE FACTOR PROGRAM +++++ 

GRAY CY_INDER EX~MPLEi QENT,;:R OF El!IDS ARE BLACK AND EXTERIOR NODES. • 
+-+++ l:RUHP B_O:::IC 6 CARDS !EX-ERNAL RADIATION CONNECTIONS! WRITTEtt 'INT) FILE JGRBLK6 +++++ 

NODS fl.:ODSB DLONG DRAD HSU RE RSUP.E POWER 
BLO:K 6 

2 1 l.OOCE+DO I .OOOE+OO .OE+OO 5.720E+)0 .OE+OO 
2 21 I .OOCE+OO 1. OOOE+JO .OE+OO 5.3BIE+JO .OE+OO 

l 1 1 1. OOCE+OO l .OOOE+!JO .OE+OO 2.519E+l)l .OE+OO 
11 21 I .OOCE+OO t.OOOE+OO .OE+OO I. IB5E+Ot .OE+OO 
12 I I .OOCE+OO I .OOOE+OO .OE+OO l .B07E+OI .OE+OO 
12 21 1.00GE+OO 1 .OOOE+OO .OE+OO l .807E+OI .OE+OO 
l3 I l .00Cl£+00 1. DOOE+OO .OE+OO I. IB5E+D I .OE+OO 
;3 21 I. OOCE+OO t .OOOE+II!O .OE+OO 2.519E+lll .OE+OO 
22 1 I. OOCE+OO 1. DOOE+DO .OE+OO 5.3BIE+DO .OE+OO 
22 - ' C:• l.OO't:+OO I .OOOE+DO .OE+OO 5.720E+DO .OE+OO 

0 

FIG. 8. Output from cylinder >example: card files· written for TRUMP BLOCK 6. 



GRAY 
BLOCK 

2 
2 

11 
11 
12 
12 
13 
13 
22 
22 

0 

CYLINDER EXAMPLEi CENTER OF ENDS ARE BLACK AND EXTERIOR NODES. 
6 

I 
21 

I 
21 

I 
21 

I 
21 

I 
21 

\.OOOE+OO I .OOOE+OO 
I .OOOE+OO I .OOOE+OO 
I .OOOE+OO I .OOOE+OO 
I .OOOE+OO I .OOOE+OO 
I .OOOE+OO I .OOOE+OO 
1.000E+OO I .OOOE+OO 
I .OOOE+OO I .OOOE+OO 
I .OOOE+OO I .OOOE+OO 
I. OOOE+OO I. OOOE+OO 
I .OOOE+OO I .OOOE+OO 

.OE+OO 5.720E+OO 

.OE+OO 5.3BIE+OO 

.OE+OO 2.519E+OI 

.OE+OO I. \85E+OI 

.OE+OO I .807E+Oi 

.OE+OO I .807E+OI 

.OE+OO I. 185E+OI 

.OE+OO 2.519E+O\ 

.OE+OO 5.381E+OO 

.OE+OO 5.720E+OO 

FIG. 9. Cylinder example: TRUMP BLOCK 5 file. 
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GRAY CYLINDER EXAMPLEf CENTER OF ENDS ARE BLACK AND EXTERIOR NODES. 
BLOCK 5 

11 2 .OE+OO . OE+OO 1.000E+OO 1 .OOOE+OO 1.000E-2'+ 2.629E+Ol 
12 2 .OE+OO .OE+OO 1.000E+OO 1.000E+OO 1.000E-2'+ 1 .'+27E+Ol 
12 11 .OE+OO .OE+OO 1. OOOE+OO 1 .OOOE+OO 1.000E-2'+ 3.7'+2E+Ol 
13 2 .OE+OO .OE+OO 1.000E+OO 1 .OOOE+OO 1 . OOOE-2'+ 9.809E+OO 
13 11 ·. OE+OO .OE+OO 1.000E+OO 1 .OOOE+OO 1. OOOE-2'+ 2.366E+Ol 
13 12 .OE+OO .OE+OO 1 .. OOOE+OO 1 .OOOE+OO 1.000E-2'+ 3.7'+2E+Ol 
22 2 .OE+OO .OE+OO 1.000E+OO 1 .OOOE+OO 1. OOOE-2'+ '+.569E+OO 
22 11 .OE+OO .OE+OO 1. OOOE+OO 1 .OOOE+OO 1.000E-2'+ 9.809E+OO 
22 12 .OE+OO .OE+OO 1.000E+OO 1 .OOOE+OO 1 . OOOE-2'+ 1 .'+27E+Ol 
22 13 .OE+OO .OE+OO 1 . OOOE +00 1. OOOE+OO \ .OOOE-2'+ 2.629E+Ol 

0 

FIG. 10. Cylinder example: TRUMP BLOCK 6 file. 
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APPENDIX 

PROGRAM LISTING 

PROGRAM GRAY<TAPE2,TAPE3,TAPE4,TAPE5l 

C---THIS PROGRAM SOLVES FOR THE GRAY BODY RADIATION HEAT TRANSFER 
C INTERCHANGE AREA, SS, AND SHAPE FACTOR, F, MATRICJES GIVENf 
C I. THE BLACK BODY GEOMETRIC INTERCHANGE AREA MATRIX, SSB, 
C 2. NODE EMISSIVITIES, E. 
C SSB CAN BE EITHER INPUT AS A LOWER TRIANGULAR MATRIX OR AS A LIST. 
C THIS LIST FORMAT IS CONSISTANT WITH THE PUNCH OUTPUT FROM CNVUFAC 
C !THE HEADING CARDS MUST BE REMOVED>. 
C THESE GRAY BODY SHAPE FACTORS ARE SUITABLE FOR USE IN THE TRUMP 
C HEAT TRANSFER CODE. TRUMP BLOCKS 5 AND 6 !INTERNAL AND EXTERNAL 
C RADIATION CONNECTIONS> ARE BE GENERATED. 
C THE RADIATION HEAT FLUX IS GIVEN BYf 
C QCl,Jl=SSll,Jl*SIGMA*CTl!l**4-T!Jl**4l 
C SS< I . J l =A< I l *FI I . J l =SS I J. I l 
C NOTE THAT E=0.0 FOR RADIATIVELY ADIABATIC NODES. 
C REFERENCE* H.C. HOTTEL AND A.F. SAROFIM, RADIATIVE HEAT TRANSFER, 
C MCGRAW-HILL. 1967, PP 72-121. 
C R.L. WONG, LAWRENCE LIVERMORE LABORATORY, MAY 1976. 
c 
C---THE NAMES OF THE OUTPUT FILES ARE OBTAINED BY APPENDING THE 
C FIRST 3 CHARACTERS !OR ALL CHARACTERS IF 3 OR LESSl OF 
C THE INPUT FILE AS FOLLOWSf IF INPUT FILE IS XXXIN, 
C THE OUTPUT FILE IS XXXOUT, 
C THE TRUMP BLOCK 5 OUTPUT FILE IS XXXBLK5. 
C THE TRUMP BLOCK 6 OUTPUT FILE IS XXXBLK6, 
C THE DEFAULT FOR XXX IS GRY. 
c 
C---NOTE THAT DIMENSIONING IS CURRENTLY FOR 20 NODES. THE DIMENSIONS IN 
C SUBROUTINES MATINV AND ORDER MUST BE INCREASED IF THE DIMENSIONS IN 
C THE MAIN PROGRAM ARE INCREASED TO HANDLE MORE THAN 20 NODES. 

c 

COMMON HEAD!Sl ,AC201 ,EC20l .sssc20.201 .ssc20.201 ,FC20.201. 
I RHOC201 ,81201 ,WEC20,20l ,KE!201 ,NODEC20l ,KEXTC201 ,FNAMEC31 ,N 

DATA DEL1,DEL21?*0.0/,DLONG,DRAD/2*1 .01,HINT/l .OE-24/, 
1 HSURE,POWER/2*0.0/,NEND/O/,ITY/59/ · 

C---FORMAT STATEMENTS. 
I FORMAT! IHI l 
2 FORMATCBAIOI 
3 FORMAT!Sl 101 
4 FORMAT CSE l 0 . .S l 
5 FORMAT!27X,66H+++++ GRAY BODY RADIATION HEAT TRANSFER SHAPE FACTOR 

l PROGRAM +++++/IXI 
6 FORMATC/ISH +++++ INPUT +++++I 
7 FORMAT!l5X,IHN,4X,3X,5HKDATA,2X,3X,4HNEXTl 
8 FORMAT!/2X,7HNODE1Ill 

10 FORMAT!/3X,4HE!Ill 
11 FORMATl/lX.BHSSB!l,JlJ 
12FORMAT!/!13H +++++MATRIX OF GRAY TOTAL INTERCHANGE AREAS, SSC!.,Jl 

l=AC I l*FI l ,Jl=QC l ,Jl/!SIGMA*CTC I l**4-T!Jl**4l l=SSCJ, I l +++++l 
13 FORMAT!/62H +++++MATRIX OF GRAY SHAPE FACTORS, Fl I ,Jl=SS!l,Jl/ACI 

1) +++++) 
14 FORMAT!7X,10110l 
15 FORMAT I I l 0, I OE I 0. 31 ! I OX, I OE 10. 3 l l 
16 FORMATC/57H ++~++AREAS, All I, FROM THE SUM OF SSS! I ,Jl OVER J +++ 

1 ++) 
17 FORMATCIOX,lOEI0.3l 
18·FORMATC/78H +++++TRUMP BLOCK 5 CARDS !INTERNAL RADIATION CONNECT! 

IONS> WRITTEN INTO FILE ,Ai,6H +++++) 
19 FORMATC/78H +++++ TRUMP BLOCK 6 CARDS !EXTERNAL RADIATION CONNECT[ 
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c 

lONSl WRITTEN INTO FILE ,A7,6H +++++l 
20 FORMAT<llX,4HNODl,lX,4HNOD2, lOX,3X,4HDELl ,3X,3X,4HDEL2,3X,3X, 

·1 5HDLONG,2X,3X,4HDRAD,3X,3X,4HHINT,3X.3X,4HR!NTl 
21 FORMAT!/4HNODS,lX,5HNODSB,20X,3X,5HDLONG,2X,3X,4HDRAD,3X,3X, 

. l 5HHSURE.2X,3X,5HRSURE,2X,3X,5HPOWERl 
22 FORMAT<7HBLOCK 51 
23 FORMATl7HBLOCK 61 
24 FORMATl215,lOX,6El0.3l 
25 FORMATl215,20X,5EI0.3l 
26 FORMAT l 151 
30 FORMAT!/21HTYPE INPUT FILE NAME./ 

l 53HFIRST 3 CHARACTERS ARE APPENDED TO OUTPUT FILE NAMES. l 
32 FORMATl/22HOUTPUT FILE NAMES AREit8HOUTPUT= ,A6/ 

1 15HTRUMP BLOCK 5= ,A7115HTRUMP BLOCK 6= ,A7l 
33 FORMATll17HFLOE ERROR NUMBER,15,30H FOR OPEN INSTRUCTION OF FILE , 

I AlO l 

C---SET UP FILES. 
C READ lNPUf FILE NAME FROM fELETYPE. 

c 

CALL GOBli6038, llH,7008,KKKl 
!Fl!ER.EQ.Ol GO TO 50 
WR!TElifY,30l 

C FNAMEI=!NPUT FILE NAME. THE FIRST 3 CHARACTERS cOR ALL 
C CHARACTERS IF 3 OR LESS! ARE APPENDED TO THt BEGINNlNG OF ALL 
C OUTPUT FILES. THE DEFAULT FOR FNAMEI IS GRY!N. 

50 READ! ITY,2l FNAMEI 
c 
C CHECK OF FNAME! IS BLANK OR CONTAINS LESS THAN 3 CHARACTERS. 

c 

IFlFNAMEI .EQ. IH l FNAMEI=5HGRYIN 
15=0 
IBYTE=LBYT!FNAMEI ,48,6l ·' 
IFllBYTE.NE. !R ) GO ro 52 
IS=I2 
GO TO 53 

52 J8YTE=L~YI lf.~AMEI ,42,Bl 
IFllBYTE.NE. lR l GO TO 53 
IS•6 

53 DO 55 L::.1,3 
FNAME!Ll=FNAMEI 

55 CUN fl MUt'. 
CALL SBYllFNAMElll .IS,42,7ROUT 
CALL S8YTCFNAMEl2l .IS,42,7RBLK5 
CALL SBYTlFNAMEC3l, IS,42,7RBLK6 
WRITE(JTY,32> FNAH[ 

C OPEN INPUT FILt. 

c 
,c 

IE=-2 
CALL OPENFN!FNAMEI ,2,LGIN, IEJ 
IFllE.EQ.OJ GO TO 58 
l-IR I TE I I TY, 33 l IE. FNAMF I 
CALL EXIT 

OPEN AND CREATE OUTPUT FILES. 
58 DO 60 L=l.3 

IE=-5 
L0=50008 
NT=L+2 
CALL OPENFNCFNAMEILI ,NT.LG, !El 
!Fl IE.EQ.Ol GO TO 60 
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WR I TE < I TY, 331 IE, FNAME <LI 
CALL EXIT 

60 CONTINUE 
c 
C---INPUT. 
c 
t HEAD=HEADING INPUT CARD. 

c 

100 READ<2.21 HEAD 
WRITE< 3, 11 
WRITE 13 ,51 
WRlTEC3,21 HEAD 

C N=NUMBER OF SURFACES. 
C KDATA=O IF INTERCHANGE AREAS ARE INPUT AS A MATRIX, =I IF THEY ARE 
C INPUT AS A LIST <AS GENERATED BY CNVUFACI TO BE ORGANIZED BY THE 
C PROGRAM INTO A MATRIX. 
C NEXT=l IF ANOTHER DATA SET FOLLOWS, =O IF THIS IS LAST DATA SET. 

c 

READ<2,3l N,KDATA,NEXT 
WRITE< 3,61 
WRITE<3,7l 
WRITEC3,3l N,KDATA,NEXT 

C NODE=NODE IDENTIFICATION NUMBER. MAKE NODE<!> NEGATIVE IF IN TRUMP 
C BLOCK 6, NODE<! l IS AN EXTERIOR NODE. NODE Cl l=O IS ASSUMED TO BE 
C AN INTERIOR NODE. THIS SIGN CONVENTION ONLY.EFFECTS THE GENERATION 
C OF THE BLOCK 5 AND 6 CARDS. 

READ C 2, 31 C NODE C I I , I= I , N l 
WRITE<3.81 
WR I TE C 3, 3 l I NODE c I l . I= I . N l .J 

c 

DO 105 I= I, N 
KEXTC!l=O 
IFCNODECll .GE.OJ GO TO 105 
KEXT CI l =I 
NODEC!l=IABSCNODEClll 

105 CONTINUE 

( E=NODE EMISSIVITIES CSET E=0.0 FOR RADIATIVELY ADIABATIC NODES>. 

c 

READ C 2, 4 l CE C I l , I= I , N l 
WR I TE C 3, I 0 I 
WR I TE l 3, 4 J l El I J • I= I , N l 
WR I TE C 3, 1 1 l 
IFCKDATA.EQ.Ol GO TO 106 

C IF INTERCHANGE AREAS, SSB. ARE IN LIST FORM <AS GENERATED BY PROGRAM 
C CNVUFACl, CALL SUBROUTINE ORDER TO READ AND ORGANIZE IN MATRIX FORM. 

c 

CALL ORDER 
GO TO I 09 

C INPUT IF INTERCHANGE AREAS, SSB~ ARE IN MATRIX FORM. 
C SSB=A*FB=BLACK BODY GEOMETRIC TOTAL INTERCHANGE AREA. THE MATRIX 
C IS SYMMETRIC. ONLY THE LOWER TRIANGULAR MATRIX IS READ IN 
C CSSBCI ,Jl, J.LE. ll. THE REST IS GENERATED. THE SUM OF SSBCI ,JlO 
C OVER J IS USED TO DETERMINE THE AREA, All l. 

1 06 DO 1 07 I= I . N 
READ<2,4l CSSBCI ,Jl. J=!. ll 

107 CONTINUE 
1 09 DO I I 0 I= I , N 

WRITEC3,~l CSSBCI ,Jl, J=l ,ll 
DO 110 J= I. I 
SSBCJ, ll=SSBCl,Jl 
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110 CONTINUE 
c 
C CAL CUL A TE AREA, A !'I l , BY SUMMING SSB c I , J l OVER J. 

DO 115 I= l, N 
AC I l =O. 0 
DO 115 J= 1 ,N 
AC!l=AC!l+SSBCl,Jl 

115 CONTINUE 
c 
C---BE~IN CALCULATION. 

c 

DO 130 I= I, N 
RHO C I l = I . 0-E C I l 

C CHECK FOR BLACK BODY. 
KE I I l =O 
IF I RHO C I l . LT. 1 . OE-6 l KE I I l =I 

·c 
C GENERATE TRANSFER MATRIX !MULTIPLY HOTTEL AND SAROFIM EON. !3-25l BY 
C RHOC!l TO ALLOW FOR BLACK SURFACES> . 

. DO 120 J=I .N 

c 

SSC! ,Jl=SSB!I ,Jl*RHO!ll 
120 CONTINUE 

SS I I • I l =SS I I , I l -A I I l 
130 CONTINUE 

C INVERT TRANSFER .MATRIX. 
M=O 
CALL MATINV!SS,N,8,M,DETERMl 

c 
C GENERATE TOTAL INTERCHANGE AREA MATRIX, SS, !HOTTEL AND SAROF!M, 
C EON. 13-31 ,36,39,53> RECALLING EON. 13-25> WAS MULTIPLIED BY RHO!! l. 
c 
C. GENERATE W/E MATRIX, WE. 

c 

DO 140 I= I, N 
DO 140 J= I ,N 
WECI ,Jl=-AC!l•E!ll*SS!J,ll 

1110 COMT INUE 
DO 200 I= 1 ,N 

C GENERATE DIAGONAL ELEMENTS OF SS MATRIX. 

c 

!FIKE! I l .EQ.1 l GO TO 150 
SS ( I • I ) .. A ( I ) • E ( I ) I RHO ( I ) I (WE ( I • I ) -E ( I ) ) 
GO TO 160 

150 SUM,,,0.0 
DO 155 K=l,N 
IF!K.EO. ll GO TO 155 
suM~suM+SSBCK, ll*WE!I ,Kl 

155 CONTINUE: 
SS I I • I l =SSB I I • I l +SUM 

C GENERATE OFF-DIAGONAL ELEMENTS OF SS MATRIX. 
160 IF!I .E0.1 l GO TO 200 

J t.:: 1-1 
DO 200 J= I, I I 
IF I KE CI l . EO. I l GO TO 170 
SS I I, J l =AC I l *E (I l I RHO C'I l *WE I J, I l 
GO TO 190 

170 IF!KE!Jl .E0.1 l GO TO 180 
SS!I ,Jl=A!Jl*E!Jl/RHOCJl*WE!I ,Jl 
GO TO 190 
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1:80 SL'M=O. 0 
DC l 85 K = l , N . 
If. CK.EC. I l GO TO 185 
SUM=SUM+SSBCK,Jl•WECI ,Kl 

185 CONTINUE 
SSCI ,Jl=SS8<I ,vl+SUM 

190 SSCJ,Il=SSCl,Jl 
200 CONTINUE 

c 
C---OUTPUT. 
c 
C OUTPUT TOTAL INTERCHANGE AREA MATRIX, SS. 

c 

WR! TE C 3, I l 
WRITEC3,5l 
WRITE:3,2l HEAD 
WR !TE C 3. I 2 l 
WR I TE c 3. 14 l c NODE CJ l • J= l • N l 
D0300 I=l.N 
WRITEC3,15l NODEC!l,CSSCl,Jl, J=l.Nl 

300 CONTINUE 

C GENERATE AND OUTPUT SHAPE FACTOR MATRIX. F. 

c 

DO 310 l =I ,N 
DO 310 J=l ,N 
FCI,Jl=SSCI,Jl/AC!l 

310 CONTINUE 
WRITEC3,13l 
WR I TE C 3. 14 l C NODE CJ l . J= 1 • N l 
D03201=1,N 
WRITEC3,15l NODECil,CFCI,Jl, J=l.Nl 

320 CONTINUE 
WR I TE C 3. 16 l 
WR I TE C 3. 14 l C NODE CJ l . J= I • N l 
WR I TE C 3, 1 7 l c AC J l . J= I • N l 

C---WRITE FILE3 CONTAINING TRUMP BLOCKS 5 AND 6 CARDS. 
C AUTOMATICALLY PUNCHED. 

THEY ARE NOT 

c 
c 
c 

TRUMP BLOCK 5 CARDS 
HINT=l .OE-24l. 

!INTERNAL RADIATION CONNECTIONS WITH 

WRITE C 3. I l 
WRITEC3,5l 
WRITEC3,2l HEAD 
WRITEC3,l8l FNAMEC2J 
WRITEC3,20l 
WRITEC4,2l HEAD 
WRITEc3,22l 
WRITEC4,22l 
00 350 1=2.N 
I I= I- I 
DO 350 J= I • I l 
IFCCKEXTCll.EQ.:l.OR.CKEXTCJl.EQ.lll GO TO 350 
IFCSSCJ,Jl .LT.l.OE-20l GO TO 350 
WRITEC3,24l NODEC!l ,NODE!Jl ,DELI .DEL2.DLONG,DRAD,HINT,SS!I ,Jl 
WRITEC4,24l NODE CJ) ,NODElJJ ,UlLI .DEL2,0LONG.ORAD,HINT,SSCI .Jl 

c 

350 CONTINUE 
~RITE(3.26J NFNn 
WRITE<~.261 NEND 

C TRUMP BLOCK 6 CARDS CEXTERNAL RADIATION CONNECTIONS WITH HSURE=O.Ol. 

25 
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c: 
c 
c 
c 

360 

400 

WR I TE! 3, I l 
HRITEi3,5l 
WRITEC3,2l HEAD 
WRITEC3,l9l FNAMEC3l 
WR I TE c 3 , 21 l 
WRITEC5,2l HEAD 
WRITEC3,23l 
WRITEC5,23l 
DO 360 I= l , N 

. DO 360 J=l ,N 
IFCl.EQ.Jl GO TO 360 
IF c c KEXT c I l . EQ. I l . OR. c KEXT CJ l . EQ. 0 l l GO TO 360 
IFCSSCI ,Jl .LT. I .OE-20l GO TO 360 
WRITEC3,25l NODE Cl l ,NODECJJ ,DLON~.DRAD,HSURE,SSCI ,Jl ,POWER 
WRITEC5,25l NODE!! l ,NODE<Jl .DLONG,DRAD,HSURE,SSCI ,Jl ,POWER 
CONTINUE 
WRITEC3,26l NEND 
WRITEC5,25l NEND 
IFCNEXT.NC.Ol GO TO ion 
CALL EXIT 
FNO 
SUBROUTINE MATINVCA,N,8,M,DETERMl 
Fl NBSB MATINV 
MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS 

CDIMENSIONS FOR MATINV ARE IPIVOT<Nl ,ACN,.Nl .BIN, ll ,INDEXCN,2l ,PIVOTCNl. 
C N IS THE MAXIMUM VALUE FOR N DEGRE. 

c 

DIMENSION IP~VOTC20l, AC20,20l, 8120,ll. INDEXC20,2l. PIVOTC20l 
EQUIVALENCE CIROW,JROWl, llCOLUM,JCOLUMl, CAMAX. T, SWAPl 

C INITIALIZATION 
c 

c 

10 OETERM=l .D 
15 DO 20 J=l,N 
20 IPIVOT<Jl=O 
30 DQ 550 1=1 ,N 

C SEARCH FOR PIVOT ELEMENT 
c 

c 

40 AHAX=O.U 
4~ DO l 05 J= I , N 
50 IF C IPIVDTCJJ I l 60, IDS, oU 
60 DO ;oo K=l ,N 
70 IF CIPIVOTCKl-l'l 80, 100, 740 
80 IF CABSFIAMAXl-ABSF!ACJ,Kl l l 85, !CO, 100 
85 I ROW=.J 
90 I r:n1 UM=K 
95 AMAX-:::ACJ,Kl 

100 CONTINllF 
!05 CONTINUE 
1 ID !PIVOT! ICOLUMl=IPIVOTCICOLUMl+l 

C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL 
c 

130 IF CIROW-ICOLUMl 140, 260, 140 
140 DETERM=-OETERM 
150 DO 200 L=l,N 
160 SWAP-ACIROW,Ll 
170 ACIRDW.LJ=ACICOLUM,Ll 
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c 

200 ACICOLUM,Ll=SWAP 
205 lFCMl 260, 260, 210 
210 DO 250 L=l, M 
220 SWAP=B<IROW,Ll 
230 B<IROW,Ll=BC!COLUM,Ll 
250 Bl!COLUM,Ll=SWA~ 
260 JNDEXCl,1 l=IROW 
270 JNDEXCl,2l=ICOLUM 
310 PJVOTlll=ACICOLUM,JCOLUMI 
320 DETERM=DETERM•P!VOTC!l 

C DIVIDE PIVOT ROW BY-PIVOT ELEMENT 
c 

c 

330 AllCOLUM,JCOLUMl=l.O 
340 DO 350 L=l,N 
350 ACICOLUM,Ll=AllCOLUM,Ll/PIVOTCll 
355 JFCMl 380, 380, 360 
360 DO 370 L=l,M 
370 B<ICOLUM,Ll=BCICOLUM,Ll/PJVOTlll 

C REDUCE NON-PIVOT ROWS 
c 

c 

380 DO 550 Ll=I ,N 
390 JFlLl-ICOLUMI 400, 550, 400 
400 T=AlLl,ICOLUMl 
420 Alli, ICOLUHl=0.0 
430 DO 450 L=l,N 
450 Alli .Ll=A!LI .Ll-AllCOLUH,Ll*T 
455 IFCHl 550, 55Q, 460 
460 DO 500 L=I ,H 
500 Blll ,Ll=BlLl,Ll~BllCOLUH,~l*T. 
550 CONTINUE 

C INTERCHANGE COLUMNS 
c 

c 

600 DO 710 I=I ,N 
610 L=N+l-1 
620 IF llNDEXlL,1 l-INDEXCL,21 l 630, 710. 630 
630 JROW=INDEXlL,l I 
640 JCOLUM~INDEXlL,21 
650 DO 705 K=I ,N 
660 SWAP=AlK,JROWl 
670 \CK,JROWl=AlK,JCOLUHI 
700 AlK,JCOLUHl=SWAP 
705 CONTINUE 
·11u CUNI INU~ 
740 RETURN 

END 
SUBROUTINE ORDER 

C---THIS SUBROUTINE READS THE TOTAL INTERCHANGE AREAS AS A LIST lAS 
C GENERATED BY CNVUFACI AND GENERATES THE LOWER TRIANGULAR MATRIX. 
C EL:MINATE ALL HEADING CARDS AND END WITH A BLANK CARD.O 
C NOTE THAT INTERCHANGE AREAS NOT PR[SE~IT ARE ASSUMED TO BE ZERO. 
C DUPLICATE INTERCHANGE AREA DATA ARE AVERAGED. 
c 
C---NOTE THAT DIMENSIONING IS CURRENTLY FOR 20 NODES. DIMENSJONS IN 
C SUBROUTINE MATINV HUST BE INCREASED IF DIMENSIONS IN MAIN 
C PROGRAM ARE INCREASED TO HANDLE HORE THAN 20 NODES. 

COMMON HEADlBI ,Al201 ,EC201 ,SSBl20.201 ,SS!20,201 ,F!20,20l. 
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c 

I RH0<20l .B<20l ,WE<20,20l,KEC20l ,NODE<20J ,KEXTC20l ,FNAMEC3l ,N 
DIMENSION KTR<20,20l 

C---FORMAT STATEMENTS. 

c 

I FORMATC2110,EI0.3l 
2 FORMATC56H A DUPLICATE NODE IDENTIFICATION HAS BEEN FOUND FOR NODE 
. I , I I 0 J ' 
3 FORMATC/85H A NODE NUMBER OM THE FOLLOWING CARD WAS NOT LISTED ON 

!THE NOOE IDENTIFICATION CARDS.12110,EI0.3> 

c-~-INITIALIZE. AND CHECK FOR DUPLICATE NODE NUMBER IDENTIFICATION. 

c 

DO 100 l=l,N 
DO I 00 J= I, I 
IF<I.EQ.Jl GO TO 90 
IF<NODE<JJ .NE.NODE< Ill GO TO 90 
WRITEC3,2J NOOE<! J 
CALL EXIT 

90 SSB <I , J J '=0. 0 
KTRCl,JJ-O 

100 CONTINUE 

c---INPUT AND FORH Lowen TRIANGULAR 668 MATRIX. 
C NODE!. NODE2=NODE NUMBERS CNOTE THAT THE ORDER OF THESE 2 NODES 
C MAKES NO DIFFERENCE!. 
C SSBB=A*FB=BLACK BODY TOTAL INTERCHANGE AREA. 

105 READ<2.1 J NODE! ,NODE2.SSBB 
NODEl=IABSCNODEI l 
N00~2:1ABSCNOOE2l 
IFC !NOOEl.NE.OJ .OR. <NOOE2.NE.Ol .OR. <SSBB.NE.O.OJ l GO TO 108 
DO I 07 I= I ,N 
00107J=l.I 
IFCKTRC l ,JJ .LT. I l KTRC I .Jl=I 
SSB<l,Jl=SSBC I ,Jl/FLOATCKTRCl,Jl J 

107 CONTINUE 
RETURN 

100 iCliK .. Q 
JCHK=O 
DO 150 IJ:-:1 ,N 
IFCNODEl .NE.NODE( !Jl l uu ro 110 
11 =I J 
I CHK·· 1 

I 10 IFCNODE2.NE.N00~(!ji) GO 10 120 
JJ'-"\J 
JCHK=I 

120 IF<<ICHK.EQ.1 l .AND. <JCHK.EQ.ll l GO TO 130 
IFCIJ.LT.Nl GO TO 150 
WRITE<3,2l NO~El .NOOE2.S~RD 
CALL EXIT 

130 I =I I 
J=JJ 
JFCI .GE.JI GO TO 140 
I=JJ 
J"'I I 

140 SSB<I ,Jl=SSBCI ,Jl+SSBB 
KTRCl,Jl=KTR<l,JJ+I 
GO TO I 05 

150 CONTINUE 
GO TO I 05 
[NU 

• .................... FILE OPEN SUBROUTINE ............. 1117175 ... . 
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* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

SUBROUTINE OPENFNCFN,NT,LG, IE.MWXl 

24 SEP 74 VERSION D. LAI 

INPUT FN i NAME OF FILE TO BE OPENED OR CREATED 
NT i TAPE NUMBER TO BE ASSIGNED TO FILE 

= 0 i NO TAPE NUMBER TO BE ASSIGNED 
LG LENGTH OF FILE IF CRtATED 
IE OPTIONS AVAILABLE -

=l -I i OPEN AND MAKE READ-WRITE 
-2 t OPEN ONLY 
-3 OPEN OR CREATE READ-WRITE 
-4 CREATE ONLY 
-5 i CREATE OR DESTROY AND CREATE 

OUTPUT LG i LENGTH OF FILE OPENED 
IE i ERROR INDICATOR -

= 0 i SUCCESSFUL EXECUTION 
l 0 i FLOE ERROR NUMBER FOR OPEN INSTRUCTION 

MWX i MINUS WORD OR IOC WORD RETURNED IF 
VARIABLE WAS INCLUDED IN ARGUMENT LIST 

* .................................................................. . 
DATA IT/59/ 

I FORMATC*FILE ALREADY EXISTS*! 
2 FORMATC*CANNOT CREATE FILE *AID* t ERROR 0*12l 
3 FORMATC*CANNOT WRITE FILE *A!Ol 
4 FORMATC•CANNOT OPEN FILE *A!Ol 

CALL ARGCNARGl $ MODE~O 
IFCFN.EQ.55555555555555555555B.OR.FN.EQ.OlGO TO 13 
IFCNT.LE.OlGO TO 5 $ REWIND NT$ CALL ASSIGNCNT,FNl 

5 IFCNARG.GT.3lMODE=-IE $ IFCMODE.LT. I !MODE=! 
LN=O $ IFCNARG.GT.2lLN=LG 
IFCLN.LE.OlLN=2560 $ LNX=LN $ IFCMODE.LT.4112,7 

6 MODE=6 
7 LN=LNX $ CALL DEVlCEC6HCREATE,FN,LN,NE,MWl' 
8 I F C NE - I l I 5 . 9 , I 0 
9 IFCMODE.NE.4lGO TO 10 $ IFCNE.EQ. llWRITE<lT, I l 

IFCNE.GT.llWRITECIT,2lFN,NE $GO TO 16 
10 IFCNE.EQ.l .AND.MODE.EQ.5lGO TO II $ WRITE<IT,2lFN,NE $GO TO 16 
II CALL DEVICEC4HOPEN,FN,Ll $CALL DEVICE<7rlDESTROY.FNl $GO TO 6 
i2 CALL DEVICE(4HOPEN.FN,LN,NE,MWl $ IFCNE.EQ.OlGO TO 15 

IFCNE.EQ.2.AND.MODE.EQ.2lGO TO 15 $ IFCNE.NE.2lGO 10 13 
CALL DEVICEC6HCLOSEW,FNl $ CALL DEVICEC4HOPEN,FN,LN,NE,MWl 
IFCNE.EQ.OlGO TO 15 $ WRITECIT,3lFN $GO TO 16 

13 IFCMODE.EQ.3lGO TO 14 $ WRITECIT,4lFN $GO TO 16 
14 MODE=5 $ GO TO 7 
15 NE'.=O 
16 IFCNARG.GT.2lLG=LN $ IFCNARG.GT.3l IE=NE $ IFCNARG.GT.4lMWX=MW 

RETURN $ END 

'lll: 1980/1 
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