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FOREWORD

This document presents a portion of the work accom-
plished under two separate contracts: Contract NAS8-20230,
Modification 2, DCN 17-75-20109, and Contract NAS8-30154.

The work was performed by the Thermal Environment
Section of Lockheed's Huntsville Research & Engineering
Center for the Aero-Astrodynamics Laboratory of Marshall
Space Flight Center, National Aeronautics and Space Admin-

istration.
The principal NASA Technical Supervisor for these

contracts was Mr. Robert F. Elkin of the MSFC Aero-

Astrodynamics Laboratory.
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SUMMARY

A new technique for calculating diffuse radiation view factors was devel-
oped using contour integrals. This technique along with the finite difference
(double summation) was incorporated into a Radiation View Factor Digital
Computer Program (RAVFAC).

Two techniques for calculating radiation view factors were included in
RAVFAC because the contour integral offers greater accuracy and the finite
difference offers faster run times., A combination of the two provides accu-

rate results and keeps the run time within reason.

A technique was also developed and incorporated into RAVFAC to account
for the effects of shading by other surfaces. The calculation of shading effects
is lengthy and requires a significant amount of computer time. A computer rou-
tine was developed that reduces the run time by eliminating surfaces that cannot

cause shading on the areas for which the view factors are being calculated.

This technical report contains:

e Documentation of techniques and equations used to calculate the
view factors and to account for the shading effects

e A description of how RAVFAC works

e A detailed input guide and definition of all input parameters,
including a sample problem

@ A description of the program output
e A comparison of the contour integral and finite difference techniques
e A comparison of RAVFAC with other similar programs

e Suggestions for expanding the capabilities of RAVFAC.
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This report fully documents the RAVFAC computer program. It con-
tains information for those who want to know how the program works, what
equations were used and how to use the program. The report is organized
in such a way that the reader can refer only to those sections of interest.

For example a complete input guide is contained in Section 7.3.

vi
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NOMENCLATURE
area
first coefficient of conic surface equation

magnitude of approximate rectangular element in the
B direction

above magnitude used in the contour integration limits
in the P direction; also second coefficient of conic

surface equation

coefficient used in contour integration defined by
Eq. (5.31)

coefficient used in contour integration defined by
Eq. (5.32)

coefficient used in contour integration defined by
Eq. (5.33)

coefficient used in contour integration defined by
Eq. (5.34)

coefficient used in contour integration defined by
Eq. (5.35)

coefficient used in contour integration defined by
Eq. (5.29)

coefficient used in contour integration defined by
Eq. (5.30)

matrix components defined by the matrix Eq. (5.36)
and also used in the contour integration

third coefficient of conic surface equation

centroid of area

xi




LMSC/HREC D148620

1
<y vector coefficients used in vector operation for
shading check and defined by the set of Eq. (3.13)
C
3
D denominator of contour integrals and defined by Eq. (5.28)
3
DI
Di
D ’ evaluation of above denominator around the four sides
111 of the approximate rectangular element and defined by
Egs. (5.38)
Prv |
d distance between the origin of the test cylinder system
and the origin of a sphere that encloses a whole ''shade"
surface, in the Xt - Yt plane, defined by Eq. (4.86)
dx
dy %, y and z differentials used in contour integration
dz
du differential used in general type of integration given
by Eq. (5.39)
dF differential view factor {rom a differential area "dA "
dA "‘dA- PR, M Loy . ty a 'e
™ to a differential area 'dA
m
¥ view factor from a differential area '"dA ' to a finite
d-A. - A ¥ ST -3 1 r 'ﬁ
g m elemental area "A
m
FdA A view factor from a differential area "dA,ﬂ” to a finite
£ noda: area "Aj"
FA} A view factor from a small finite elemental area ”AAQ"
A to a finite nodal area ”AJ.“
f variable used in defining surface integral evaluating
view factors from an infinitesimal area to a finite
area, given by Eq. (5.17)
G magnitude of approximate rectangular element in the
Y direction
g above magnitude used in the contour integration as

limits in the Y direction
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element counter used in defining the center of area
(c.a.) of an elemental area according to the type of
surface

refers to a surface
unit vectors in the X, Y and Z directions, respectively

refers to a node

node counter used in defining the c.a. of an elemental
area according to the type of surface

lower limit of integration in general type of contour
integration

upper limit of integration in general type of contour
integration

number of elements in which a node is divided in the
B direction

number of elements in which a node is divided in the
Y direction

number of nodes in which a surface is divided in the
B direction

number of nodes in which a surface is divided in the
Y direction

unit normal of an element located at its c.a,

refers to the prime node (i.e., the node for which
the view factor is being calculated)

unit vector nominal to the surface at a point P and
defined by Eq. (2.37)

vector from the origin of the surface coordinate system
to any arbitrary point on a surface

vector from the origin of the surface coordinate system

to the center of the sphere that encloses the whole
surface

xiii
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vector from the origin of the surface coordinate
system to the center of the sphere that encloses
a node
.th
vector from the center of the j=  node to the center

of the nth node

denotes components depending on the subscripts of the

vectors f’, P , ?].5 and ﬁ defined above; also an
m’ ~ b jZn

arbitrary constant used in the general type of contour

integrals

an arbitrary constant used in the general type of
contour integrals

radiative heat transfer rate between nodes 'n'' and 'j"
vector position from the origin of the surface coordinate

system to the possible point of intersection on a surface,
in the shading check

vector coefficients used in the vector operation for
shading check and defined by Eqs. (3.12)

vector from the origin of the central coordinate system
to the origin of surface coordinate system

vector components of the vector r
by x, v and z, respectively

sub ipt
.y when subscripted

magnitude of the radius of a sphere that encloses a
whole body. When subscripted with numbers it denotes
distance between the c.a. of a trapezoidal surface to
the four corner points

magnitude of the radius of the c.a. of an element in the
X-Y plane of the surface coordinate system

in conic surfaces it is the radii of the start and end of an
element in the X-Y plane of surface coordinate system

Xiv
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magnitude of the radius of sphere that encloses a whole
node. Also the vector components when double sub-
scripted with letters X, y and 2z, respectively, of a
vector of magnitude "rn" and in the direction of vector

P
between the c.a. of trapezoidal node to the four corner
points

20 When subscripted with numbers it denotes distance

vector from the origin of the surface coordinates system
to the c.a. of an element

vector from the c.a. of the lth element to the c.a. of the

mth element

surface equationin Cartesian coordinates given by Eq. (2.33)

temperature of node
transformation matrix from '"i'" system to the '"c'" system

quadratic equation that represents numerator of the
general type of contour integrals and given by Eq.(5.13)

unit vector from the c.a. of jth node to the c.a. of the

nth node

vector components of the above vector ﬁjZn; independent

variable of integration of general type of contour integrals
denotes Cartesian coordinate axis

denotes distance measured in the x direction of any given
system

X component of distance from the c.a. of a trapezoidal
surface to the four corner points according to the double
subscript

X component of distance from the c.a. of a trapezoidal
node to the four corner points according to the double
subscript

denotes Cartesian coordinate axis

denotes distance measured in the y direction of any
given system
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Y component of distance from the c.a. of a trapezoidal
surface to the four corner points according to the
double subscript

Y component of distance from the c.a. of a trapezoidal
node to the four corner points according to the double
subscript

denotes Cartesian coordinate axis

denotes distance measured in the z direction of any
given system

scalar quantity used to describe a type of surface

beta coordinate of a point in the surface coordinate
system

maximum beta dimension of a surface
minimum beta dimension of a surface

gamma coordinate of a point in the surface coordinate
system

maximum gamma dimension of a surface
minimum gamma dimension of a surface
finite differential area

finite increment in the beta direction
finite increment in the gamma direction

scalar quantity in the vector Eq. (3.3) that determines
points of intersection on a surface

variable used in the shading check defined by Eq. (3.9)
variable used in the shading check defined by Eq. (3.10)
angle between the unit normal of a differential area and

the vector joining the two differential areas for which the
view factor has been defined

xvi
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represent directional cosines of a transformation
matrix

variable used in the shading check defined by Eq. (3.11)
Stephen Boltzmann constant

Eulerian angle: angle formed by rotating the central
coordinate system into the surface coordinate system

around the Z axis in the clockwise direction

angle in the X-Y plane of a conic surface measured
from the +Y axis in the clockwise direction

Eulerian angle: angle formed by rotating the central
coordinate system into the surface coordinate system
around the Y axis in the clockwise direction
Eulerian angle: angle formed by rotating the central

coordinate system into the surface coordinate system
around the X axis in the counterclockwise direction

denotes subscripts for intermediate coordinate systems
obtained by rotations

denotes four corner points of a trapezoidal surface, node
or element

denotes subscript for body surface
denotes central coordinate system
denotes surface coordinate system

denotes either a jth surface or a jth node reference
to its surface coordinate system

xvii




o]
—
-

max

min

)4

Operations
8/6 x '

3
J
$

v
||
I

14

o

LMSC/HREC D149620

denotes flth element reference to its surface coordinate
system

X th . .
denotes m  element reference to its surface
coordinate system

. tl
denotes either an n h surface or an nth node referenced to
its surface coordinate system

maximum value
minimum value

denotes test cylinder coordinate system
denotes components in Cartesian coordinate system

denotes beta direction

denotes gammea direction

partial derivative

gradient

sumimation

integration

contour integration

absolute value

maximum value of arguments inside brackets
vector

matrix

minimum value of an argument
maximum value of an argument

denotes two extreme points of sphere that enclose
a whole surface

xviii
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Section 1

INTRODUCTION

Lockheed's Huntsville Research & Engineering Center, as a subtask
under Modification 2 of Contract NAS8-20230, and on a task under Contract
NAS8-30154, conducted studies to develop techniques for determining the

diffuse radiation view factors including the effects of shading.

During these studies, a finite difference (or double summation) technique
and a contour integral technique were developed, each of which offers advan-
tages and disadvantages. Selecting the better of the two techniques is dependent
on the problem. A Radiation View Factor (RAVFAC) computer program, in
which both of these techniques were used, was developed and written for use
with the Univac 1108 computer. The program is easy to use and offers a
variety of surface shapes. The program also accounts for surface shading

effects on the view factors.,

This report presents the equations and techniques used in the RAVFAC
program, and details of how the program can be used to obtain meaningful
solutions to radiation problems. View factor calculations, shading techniques
and the preshadé routine that is used to increase the efficiency of the program
are presented and discussed. How the program works, how to set up an input
data deck, and the program output are described. Also included as Appendixes
are a sample problem, comparisons of the finite difference and contour integral
techniques, and a comparison of RAVFAC and other view factor programs. The
objective of this report is to provide the user with an easy input guide, docu-

mentation of the equations used, and information of interest to a programmer,

The size of this report may discourage the potential user of RAVFAC
from becoming familiar with the capabilities and use of the computer program.
The report does contain information not normally found in a user's manual;

however, it is organized in such a way that the user can refer only to those

1-1
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sections of interest. Some of the major interest areas are:

e e 3

e Development of programimed equations (Sections 1

through 5}
@ How the program works (Section 6.1}
@ Definition of input parameters (Section 6.2)
e Input guide (Section 7.3)
@ Sample problem (Appendix A}

e Comparison of RAVFAC results (Appendixes B
and C)

Supplementary information can be found in other sections, as noted in the

report, or from the Contents. -
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Section 2
DESCRIPTION OF SURFACE TYPES

2.1 TYPES OF SURFACES

The RAVFAC program can be used to calculate diffuse radiation view

factors, including the effects of shading, for the following types of surfaces:

e Rectangular plates
oCirculaAr plates

e Trapezoidal plates

e Cylinders

® Cone or cone frustums
® Spheres

e Circular paraboloids

These surface types are shown in F1g 1 in which the five quantities «, Bmin’

B , . and Y define the dimensions of the surface relative to its
max’ ‘min max

surface coordinate system (SCS). As shown in Fig. 1, each surface type is

rigorously positioned with respect to its SCS. Depending on the type of sur-

face, they may represent either distances (in arbitrary dimensions), or

angles in degrees. In the case of distances, all dimensions must be in the

same units.

Each surface is divided into smaller areas (nodes), and the nodes are
divided into even smaller areas (elements) as shown in Fig. 2. A subsequent
discussion will explain how the view factors are calculated between elements
and then summed for each node (i.e., the program output is view factors be-
tween nodes). The surface is dividea iqto NVB nodes in the P direction
times NVG nodes in the ¥ direction in equal increments of B and VY, respec-

tively. Every node is subdivided further into NB elements in the B direction
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Surface Type + | Rectangle

o Su;rfage (,Zoordinate System
X,Y,Z)

0 Spmin< Bma.x

0°<y . <y < + 360°
, min max —
Y o
yma.xé ymin + 360
x/
Y/
Surface Type + 3 Trapezoid .
’ ‘ max
Z 4
min
—n
i
_—— max
B min b4
o max ) 8 min ,
/f anx ) Y -1 ‘ X
a. b.
<
a Ossmin<ﬁmax P min<P max
[} o (o] o
- < <
90" < Y in < )'m”‘ <4 90 490 )‘min rm‘x <+ 270

Fig. 1 = Input Surface Types (Sheet 1)




Surface Type + 4 Cylinder
ZI

S

min

Vd

rmax

R
max
’
min/0 ¥

x/

Surface Type + 5 Cone

Z
' 7
ymin
max ymax
B min
| Y
O(vertex)
X/
Surface Type + 6 Sphere
. Y’
o L
center)
max
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0<q

Bmin< Bmax

o \ o
0" < ymin < ymax <+ 360
)
ymax S ymin + 360
0<

< amin <B max

y + 360°

;_o°<7.<r <+ 360°
min max
min

ymax <

0< ¢

180°

OSBmin< Bm.'slx

o o
0" < Ymin © rmax <+ 360

14 <?

o
max ~ min + 360

Fig. 1 = Input Surface Types (Sheet 2)

2-3




LMSC/HREC D148620

Surface Type + 7 Circular Paraboloid

zl
0<
,/’—" 0sBm1n<Bmax
T 0°<?” . <v¥ <+ 360°
min max
B max (focus) y <Y . +360°
max — min
[ Bmin o
N Y’
0 (vertex)
xl

Fig. 1 = Input Surface Types (Sheet 3)
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B min

272nd Element
(48 elem./node)

NVB =4 NB =6
NVG =3 NG=38

Fig. 2 - Example of Node and Element Distribution
and Numbering System
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times NG elements in the VY direction. The nodal increments are therefore

given in the B and Y directions

B -B_.
_ max min
AR, = NVE | (2.1)
ymax- ymin
A}?n = NVE (2.2)

and the elemental increments are given in the B and Y directions, respectively,

by

| AB
ABI = NB (2.3)
A'Yn

The value of the surface area A of the element £ and its centroid X

Zg depend on the type of surface as follows: o
1, Rectangular Pléée
Ay = 4B, AT, ‘ 4 (2.5)
x, = (V) + (k- 5) AV -[Ng“ - hy]A)’E
Y£=:(BQ"+(RB—%)ABH—[NE+I-hB]ABf » 2.6)
z, = «

2-6
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2. Circular Plate

A, = vy,8B,47, (2.7)

- 1 NG+1
, = ) +(ky-2-)AYn-[ . -hy]AY

¥
It

f

<
|

(2.8)

—

g = (BT k- AR -[N‘?,_“ - hﬁ]ABE

A = QO . ) b
£

3. Trapezoidal Plate

) sin(AYl) Aﬁl Bl (2.9)
y AaAvy, JAN 4 ’
-t y + -t
cos()‘i ) > cos(l T) .

C oy 1 NG+1
Y, = (v) +(ky--2-)A)'n-[ 2 -hy]A)}

A

where

(2.‘10)

- 1 NB+1

n

5 AB aY, AY,
—2—B£+§B—£ tan)’£+—-2——- +tan}'£—-—2——

1Y
wf—

foo

(2.11)

)§‘<
{

w
ofw
™

o
+
%:l

2-7
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4. Cylinder
A, = rﬁAﬁﬂA}’z (2.12)
where
r, = o (2.13)
5. Cone or Cone Frustum
.A)(2 = A)’l rﬂABE sec(a) (2.14)
where
r, = tan(o) BE (2.15)
6. Sphere
ABIZ
A.2 = ZQAYI r, sin\—s— (2.16)
where
r, = asux(ﬁﬂ) (2.17)
7. Circular Paraboloid
, r, AB, 3/2 AB, \3/2
Aﬁ:gAyﬂ(B)lz B£+-—~—2—-+a - BQ‘T+°’ (2.18)
2
where
B 1/2
r, = Z(GBJZ) (2.19)
The centroid of the elements of the cylinder, cone or cone frustum, sphere
and circular paraboloid can be all given by the same relations:
Xﬁ =1, sin()fﬂ)
YJZ = rf cos(}/ﬂ) (2.20)
z) = By

2-8
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except for the sphere in which case z, becomes

z, = acos(BI) (2.21)

In Eqgs. (2.20) and (2.21) Bg and ¥,, are defined by Eqs. (2.10).

In Egs. (2.6), 2.8), (2.10) and (2.11) the coefficients k and h are

defined as

ky = 1,...,NVG
‘hy = 1,...,NG
k(3 = 1,...,NVB
hB = 1,...,NB

2.2 COORDINATE SYSTEMS

Complex vehicles and vehicle clusters are resolved into a series of
surfaces consisting of available surface types. Three different coordinate

systems are used by the program which are:

e Surface Coordinate System (SCS)
e Central Coordinate System (CCS)

e Intermediate Coordinate System (ICS).

Each surface is defined in its SCS as discussed in Section 2.1 which is fixed.
The CCS is conveniently located by the user and all SCS are referenced to the
CCS. In some cases it is easier to reference a group of surfaces to an ICS and
then reference the ICS to the CCS which requires only one additional data card.
Another use of the ICS is when a group of surfaces are to be moved from one
location to another. The entire group can be moved by redefining the loca-

tion of the ICS,

Relationships of the different coordinate systems can best be illustrated

by Fig. 3. In this example the problem view factors are to be calculated with

2-9
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Module | (surfaces 3, 4, and 5) located at ports 1 and 3. The CCS was
arbitrarily located at the front end of the main body (surface 1), Surface 2,
which will be located in the same position in both problems, is referenced
directly to the CCS. BSurface 5, which will be located in a different position,
is referenced to an ICS which is in turn referenced to the CCS. When Module 1
is moved to port 3 the ICS‘ is relocated with respect to the CCS. This will

make Module 1 (i.e., surfaces 3, 4, and 5) to be located at port 3.
The relation between the surface coordinate and the central coordinate

systems is given by the following transformation matrix and translational

vector defined as

[Tizc:] = Ay By (2.22)

b - —
c2i = R T tR, Y ¥R, K (2.23)
where .
,\Xi = cos¢ cosy
)\,Yi = -sind cosy | (2 24)
J\zi = siny <
By = sing cosw - cos¢ siny sinw
‘uyi = cos¢ cosw+ sing siny sinw > (2.25)
M. = cosy sinw J
. 3
v = -sin¢ sinw - cos$ sind cosw
vyi = -cos® sinw + siny sing cosw > (2.26)
v, = gosq) cosw

and where in’ R ., R ¢, Yand w are givenin Fig. 4.

yi

2-11




LMSC/HREC D148620

KC3 YC, ZC - Central Coordinate System (CCS)

XE’ "‘1”3, 23 - Surface Coordinate System (SCS)
X'c, Y;:, Z;: - CCS translated to the SCS to show

the rotational angles

Order of Rotations: ¢ then ¥ then w.

Fig. 4 - Relative Position of Surface Coordinate System with Respect to
Central Coordinate System

e
!
ot

3
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A similar transformation matrix and translational vector, as defined
above, exists between the surface and the intermediate coordinate system.
The matrix multiplication of the transformation matrices and the vector
addition of the translational vectors yields the direct transformation and
translation between the surface and central coordinate system for those

surfaces which were referenced to the intermediate coordinate system.

The orientation of each surface coordinate system is specified by
three angles — ¢,y, and w. These angles define three coordinate rotations
that -rotate the central coordinates (XC, Yc' Zc) into the surface coordinates
(X3, Y3, Z3). 37 Y3, Z3
and must be carried out in the strict order ¢, then {, and w, as follows:

The rotations are in the direction XC, YC, ZC~>X

¢ rotation: Rotate Y toward X about Zc obtaining Xl’ Yy, Zl system
2 YZ’ Z2 system

3 Y3, Z3 system.

) rotation: Rotate Xl toward Zl about Y1 obtaining X

w rotation: Rotate YZ toward Z., about X2 obtaining X

2

Similar orientations apply between the surface and the intermediate and

central coordinate system.
2.3 FLAT SURFACES

The three flat surfaces, rectangular plate, circular plate and trape-

zoidal plate are described by a unit vector normal to the surface in the

f dinat t
surface coordinate system and by the Bmin’ Bmax’ and Ymin' Ymax
limitations described in Fig. 1.
The normal to the surface is given by
- = {— -
n, = +k = +:i X j. (2.27)
i - i =i i ‘

as shown in Fig. 5.




LMSC/HREC D148620

VE;.ZHE—‘- -T;l i.e., when Surface Type = -2

Fig. 5 - Unit Normal — Flat Surface

n,=n 1.e.
i £ 1

Conic Surface = -5 A Zi

‘i.e., if Conic Surface = +5

Fig. 6 - Unit Normal — Conic Surface

&~
t
ot

>
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The unit normal is positive when the plate is input as a positive surface,
that is, when the upper surface of the plate is taken into consideration. The
unit normal is negative when the lower surface of the plate is taken into con-

sideration.

b
A point, P, on the surface given in the surface coordinate system, is trans-

formed to the central coordinate system by the following relation

X R .

R c xi
P = y + Ryi (2.28)

z R .

c zi

2.4 CONIC SURFACES

The conic surfaces are given by the four remaining surfaces, the cylin-
der, the cone or cone frustum, the sphere and the circular paraboloid. Any

point, —15, in the surface coordinate system is described by the vector equation

P = x, i, + v; s + z, ki (2.29)
where , ) 1/2
r, = (Xi + yi) (2.30)
X, = r, sin([)or (2.31)
Y, = oy cos¢O (2.32)

as shown in Fig. 6.
A point constrained to lie on the surface will satisfy the relation

Si (Xi’ Yi’zi) = 0 (2.33)
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All conic surlaces can be expressed mathematically by

1/2

riaia%bzi+czi) =0 (2.34)

values of ”ZiH for the cylinder, cone or cone frustum and circular paraboloid

are given by

Bminiziiﬂmax (2.35)
and for the sphere are given by
o Gaﬁégj}ﬁﬁﬁ} = 3 la Cos(ﬁmax) (2.36)

The constants a, b and ¢ take on the following values depending on the

type of surface:

Cylinder {b

i

Cone or Cone Frustum (b = 0

Sphere {b =0

¢ = =1

a =0
Civeular Paraboloid {b = 4¢

c =0
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A unit vector normal to the surface at a point, P, is defined by

VS.
- i d - 9 - d =\
n = s (ax. Silitey S teg S ki) - s (2.37)
‘ 1‘ i i i
where 1/2
2 2 2
vs;| = °5; Y i Y (2.38)
i] 7 j\9x, 9y, 0 z :
i i i
which for the conic equation reduces to
‘ N b+2cz,
. - - il
sindg 3y +eosdy di - |7 [N
— i
n.o= (2.39)
' | V54|

where Jb+2Cz 2
Y i
lVSi[ - (——-—-—Zri ) +1 (2.40)

The unit normal is positive when the conic is input as a positive surface, that
is, when the outer surface of the conic is taken into consideration. The unit
normal is negative (toward the body axis) when the inner surface of the conic

is taken into consideration.

Similar to the flat surfaces, a point, _15, can be given in the central

coordinate system as

X x. R .

d & 1 X1
P=ly_| = [T.lzc:l .|t RYi (2.41)

z Z . R .

C 1 21
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2.5 METHOD OF INTEGRATION

The method of integration of each node, the smaller divisions of a
surface, depends on the numerical technique used for calculating the view

factors (Section 5},

If the finite difference is used, the integration of each node is accom-

plished as follows:

The node is divided into an arbitrary number of elemental areas,

& The centroid of the elemental area in the surface coordinate
system is determined (Section 2.1).

e The surface normal at this point, assuming the absolute value of
the elemental area to be concentrated at the center of area, is
evaluated (Section 2.4},

& The view factor between the elemental areas are evaluated, account-
ing for dny shading effects.

& The elemental view factors are summed over the two nodes in ques-
tion for which the view factors are being calculated.

If the contour integration is used, the process of integration is as follows:

s The node is divided into an arbitrary number of elemental areas.

& The centroid of the elemental area in the surface coordinate
system is determined.

&

The surface normal at this point is evaluated and considered to be
the positive Z axis of an element coordinate system, where the X
and Y axes are constructed arbitrarily according to the type of
surface, so that they satisfy a "right-hand system" rule.

@ The elemental area is approximated by a rectangular element per-
pendicular tc the Z axis of the element and with its sides parallel
to the X and Y element axes, respectively, and in the plane of the
origin. The magnitude of the rectangular element will depend on

the type of surface,

& A confour integration is performed over the elements of one node
while a summation of elements is performed over the area of the
other node in guestion.
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In both cases the integration of the conic surfaces takes place along the
Z..1 direction between the limits of Bg and BJZ +A B! and around the body between
the limit angles Yy and Y, +A'}/£ in arbitrary sizes. In the case of a rectangular
flat plate, integration takes place in rectangular strips, while in the case of a
circular plate, integration takes place in circular strips and for a trapezoidal
plate, the integration is performed by summing trapezoidal elements. The
integration is performed between the limits of (31 and BE + ABB’ and Y, and
'yg +A 72'

The magnitude of the sides of the approximate rectangular element are

given according to the type of surface as:

e Rectangular plate

G = A'yﬂ

B = ABI
@ Circular plate

G = B,AY,

B = ABI

e Trapezoidal plate

AY, AY,
G = Bf tan(‘}’g +-—2——~> - tan(’}/ﬂ - ——2'—>
B = ABG
@ Cylinder
A'Yﬂ
G = ZCX mn(—z—)
= ABI

@ Cone or cone frustum

A"/g
G = 2[32 tan(a) Sln(-*—z—*)
= AB,

2-19
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e Sphere
G = 2o Sin(ﬁl) sin(——z——)
A
i . (A8
B = 2a sm( 5 )

@ Circular Paraboloid

A’yﬁ
4 VO( Bﬂ Sin(—zw)

G =
/2 1/2
B *Z}—rﬂ [40(2+r§'] - T, [4o¢2+r§]
* 2 2 1 1
, 5 \1/2 J\1/2]
+ ‘40" |In r£+(4a +r£) - In r, +(4a +r£)
2 2 1 1
where -~ ‘
AR 1/2
r = 14aif -1
'Ql 2 2
[ A, 11/2
rzz = l4a B£+——-—2

G and B are the magnitudes in the X and Y directions, respectively.

The arbitrary integration step size is left to the discretion of the user,
The smaller the elemental areas, the more accurate the integration process

and the longer the computer run time.
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Section 3

SHADING

To calculate the view factor between a pair of given elements, whether
the elemental areas present themselves to each other, or whether any other
portion of the body or any other surface intersects the line of view between

their corresponding centers of area must be determined.

Shading between a pair of elemental areas can occur in two ways:

The elemental areas do not present themselves to each other

The elemental areas present themselves to each other but one or
more surfaces obstruct the vector joining their centers of area.

Shading between the first areas is easily checked, since both the normals
to the elemental areas and the vectors from the origin of the surface coordi-
nate system to the centroid of the elemental areas have been calculated. These
vectors can be easily translated and rotated to the central coordinate system.

A dot product is sufficient to determine if two elemental areas present them-

selves to each other as shown in Fig. 7. The elemental areas present them-

selves to each other, if and only if,

( [TiZC] y + RcZi} B {[TjZC} *m * Rch}) " <0 (3.1)
<{[T12Cl ) * RcZi‘g B {{TjZC] "m * Rczj ;). "m 20 (3.2)

That is, two conditions must be met if the two elements m and { present
themselves to each other.

=2

The first condition is that the angle between the

normal vector of the mth element and the vector joining the centroids of the
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ltn Element

rnth Element

s o o mli e ——

\
<
|
<

Fig. 7 - Surface Shading — Dot Product
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ﬁth and mth elements is between 490 and -90 deg. The second condition is

that the angle between the normal vector of the ,(Zth element and the vector
joining the centroids of the Eth and mth elements is either between +90 and
+180 deg or between -90 and -180deg. If either of these two conditions is not

met, the elements cannot ''see' each other.

If the above tests show that the elements do not ""see' each other, no
further test is necessary and the view factors can be calculated accordingly
(i.e., if the elements do not see each other the elemental view factor is set
equal to zero). If these tests show that the elements could possibly see each
other, additional checks must be made to determine if the elements are shaded
by another surface. The test for an intervening surface is somewhat more
complex than the above analysis; however, it is still a straightforward vector

operation. The method is explained below.

In Fig. 8 an JZth elemental area in the n surface coordinate system (SCS)
and an mt elemental area in the j SCS is set up by surface integration rou-

tines. A check must be made to determine whether the line of view between
the ﬂth and mth element is shaded by some surface, i. From Fig. 8 it can be

-

seen that the vector, R, is given by

- _ -— - __5 o '
Ro= [Tczi] Rch + [TjZC}rrn tor g Reay (3.3)
where
Tme ~ l an} Tt Rezn [szC_ "m ” Rezj (3.4)
AL . 7]
X1 yi z1
[TCZi] R uyi‘ M2 (3.5)
Vx1 ' Vyi zi
- -
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ik Element \\'_—/

min

] h Surface

=

\\ Xi
ith Surface

nth Surface

Fig. 8 - Surface Shading — Vector Operation Diagram
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the vectors LI and RcZi can be written as
L r i ry Je + r, kC (3.6)
-3 -— — —
. = R .i +R_.j +R .k (3.7)
c2i xi ¢ yi-c zi ¢

and where 6 is a scale factor, which is the variable to be determined. The
transformation matrices lT } and IT. ] and translational vectors R and
. nzc jéc c2n
Rch are defined as in Section 2.

It can then be said that if there exists a real value of 6 which will pro-
duce a point in the ith (SCS) which satisfies the boundaries of surface i then
the line of view between the elemental areas is shaded by the surface. If no

real value exists, then the elemental areas are not shaded by the ith surface.

By vector manipulation, the following vector equation in the unknown 6

is obtained:

R = [Rl+6c1}1_;+[R2+6c2]Ti+{R3+6c3 "12i (3.8)
if we define |
8 ERXJ. - in + ij xj +LLXJ. yj + ij Zj (3.9)
NS Ry Ry A X TR Yt R 2 (3.10)
pEsz -Rzi+)\zj+uzj Yj+sz zj (3.11)

then the constants Rl’ R2, 30 €11 €ps €5 caN be represented as
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R, = }\Xi§+7tyi'q +7&zip
Ry = by STy 0 FE P (3.12)
R3 = Vg t+ Vyi ntv,.p

c, = A .r_+A.r +A . r

1 %l "x yi Ty zi "z

¢, = u'xi r -i-[..Ly.1 ry -HJ.Zi rz‘ (3.13)
C, = V..r_+V ,r_ +V_ .r

3 xi "x yi "y zi "z

The solution of the vector equation for the unknown 6§ is elementary when the

intersecting surface is a flat plate.

If the vector is to intersect a flat surface, then the following equation

must be satisfied

from which é can be solved as

(@ - Ry)
6 = —.-.-——-—--.—C (315)
3

With this value of 6 the i and j components of R can be evaluated and tested
to deterrmine if they lie within the boundaries of the plate, i.e., for a rectangular

plate

YminERl +6 Cl E')/rnax

Pmin SRy tocy; 2B .

——d
must be satisfied in order for the surface to intersect vector R and cause shading

on the element of the surface being tested.

3-6



LMSC/HREC D148620

If the intersecting surface is a conic, the solution of the vector equation
for the unknown & is obtained by substituting the i, j and k components of R

into the general conic equation

5 2)1/2

ri = <Xi +yi

2 1/2
= (a+bzi+czi> {(3.16)

This substitution will yield a quadratic equation in 6 and the solution is given

by
. 2
6 :-(ZRlcl+?R2c2-ZcR3c3-bc3)_-!_-_{(ZRIcl+ZRZCZ-2cR3c3-bC3)
2. 2 2 2 2 }11/2
-4(c1+c2-cc3) R1+Rz-a-(b+cR3)R3 ‘
2, 2 2 :
-.'-2((:1+c2—cc3) (3.17)

If the values of 6§ are real and between zero and one (0 < 6 < 1) there is
a possibility that there are two points of intersection. If the roots are real
and equal and between the values of zero and one (0 < 6 < 1) there is a possi-
bility of one point of intersection. 1If the roots are either real and negative or

greater than one, or imaginary, or if the denominator
+tc,-cc; =0 (3.18)

no intersection is possible. If the intersection is possible, then the i, j and
k components of R are evaluated with the & values obtained and are tested to

see whether they lie within the boundaries of the conic surface.

The shading checks discussed in this section are made between elements,
for which the view factor is being calculated, to determine if the two elements
can see each other. If they are shaded, their contribution to view factor be-
tween the two nodes on which they are located is zero. These checks require
much computer time, especially where there are many elements. In the pro-
gram input, there are two shading flags for each surface. Each flag applies

to each node and element on that surface. These flags are
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KSH — can the surface cause shading on any other surface?

KSBH — can the surface be shaded by any other surface?

These flags, as discussed subsequently in Section 6, can be used to exclude a
surface from all checks to determine if the surface can cause shading, or to
exclude a surface from the checks to determine if it is shaded, or both. When
the user is sure that a surface cannot cause shading or be shaded, these flags

should be input accordingly to reduce the required run time.
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Section 4

PRESHADE

As discussed in Section 3, input flags are used to indicate if a given
surface should be checked for possible shading or if the surface can cause
shading between other surfaces. Proper use of these flags can reduce the
required computer time when several surfaces can be flagged as a '"cannot be
shaded" or ""cannot cause shading'" surface., The user will find that most of the
actual problems, however, are such that surfaces cannot be classified in
either of the two categories mentioned above. Also, unless the user is care-

ful, errors can result when a surface is incorrectly flagged.

Use of the shading flags has one disadvantage in fhat they apply to all
surfaces (i.e., if a surface is flagged as a ''no shade' surface then the surface
does not cause shading on any other surface in the problem). Usually the user
can flag a surface except for one or two surfaces which can cause shading or
be shaded by the surface in question. Therefore, the user must decide if he

knows enough about the problem to use the shading flags effectively.

Subroutine PRESHD was developed for RAVFAC to reduce the problem of
obtaining valid view factors, using only a minimum amount of computer time.
The use of this subroutine does not require extra effort by the user. The use
of the shading flags is still available and should always be used for those sur-

faces which meet the requirements.

Before preshade is discussed, a review of the shading checks that were
discussed in Section 3 would be helpful. As the view factor between elements
is being calculated, a group of checks are made to determine if any other
surface intersects a line joining the centér_ of areas of the two elements. The

first check is to determine if the elements could ''see'" each other if no other

5N
H
V—
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surface caused shading. Next the shading flags are checked to determine if
shading checks should be made. Shading checks are made between the two
elements to determine if any of the surfaces cause shading. If no surface
causes shading, the view factor between elements is calculated. If shading
is detected, the view factor between elements is set equal to zero. These

shading checks must be made many times as shown below:

. (No. of Elements)z

No. of checks >

x (No. of Surfaces).

The function of preshade is to eliminate from the shading checks all sur- ‘
faces that cannot cause shading on any portion of the two nodes for which the
view factor is being calculated. Several advantages to this approach which

result in a reduction of computer time, are:

@ Since preshade is used on a node-to-node basis it need not consider
the problem as a whole, as does the user when he selects the shading
flags.

e Those surfaces that preshade determines to be outside the shading
region of the two nodes in question need not be checked to determine
if they can cause shading between the elements on those nodes.

® Use of preshade reduces the burden on the user to try to determine
those surfaces he should flag as '""cannot shade' or '"cannot be shaded."
Although preshade will set the proper flags, computer time is needed
to make the necessary checks, Therefore, the use of shading flags
should not be abandoned since they result in the largest reduction of
computer time.

In the following discussion of preshade the reader should keep in mind
that if:
e shading is not considered, or
e preshade is to be by passed, or

@ the node, for which the view factor is being calculated,
is flagged as ''cannot be shaded," or

e if the surface to be checked for -causing shading is flagged
as a ''cannot cause shading' surface

then the preshade checks are not made.
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The preshade routine consists of constructing a sphere around each of
the two nodes lor which the view factor is being calculated. The radii of the
sphercs enclose cach node. A vector, ﬁn’ is constructed between the origin
of the surface coordinate system and the center of each sphere. A test
cylinder is then constructed, with a radius equal to the larger' radii of the two
spheres, and its axial coordinate along the vector I_j’nj joining the centers of
the spheres. The length of the test cylinder has a magnitude equal to the vector
I—Z’Anj plus the magnitude radii of the spheres. This test cylinder has its coordi-
nate system defined such that the origin is at the n node end of the test cylinder.
The n node end of the test cylinder is set, at its origin, perpendicular to the
axial direction (in the Xt - Yt.plane). - The j node end of the test cylinder lies
perpendicular to the axial coordinate at the end of the length of the cylinder.
The test cylinder is shown in Fig. 9. Next, a series of spheres is constructed
around the surfaces that have been flagged as '"can shade,' with a radius that
encloses the whole surface. The spheres of the surfaces are transformed to
the cylinder coordinate system and are tested to determine whether or not they
intersect any part of the test cylinder (as shown in Fig. 9). Inthe example
shown in Fig. 9, preshade would eliminate surface i2 from all shading ckecks

between the elements on nodes n and j.

The radius of the test cylinder and the radii of the spheres depend on the
types of surfaces that they enclose. The radii of the spheres that enclose the

nodes are given according to the type of surface:

1. Rectangular Plate

1/2

2 2

) (Aﬁi *A"’i> il
r,oo= 5 (4.1)

2. Circular Plate

ABi Ayi )
l‘n = Bl +T sin —~‘2— A'}/l E 180 deg

4.2
r.o =Bt A'yi > 180 deg
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3. Trapezoidal Plate

r, o= nna,x“rn , rnz n4H (4.3)
where
2 1/2
r. o= {(Xn - P, ) + (yn -p, )ZJ
k IV Tk x k y
for k = 1,2,3 and 4. \
and where AY.
X, =y tan(’}’. - ——2-—1-)
1,2 1,2
A'}’i
< =y tan(')/'. + ) 4.4
R34 3,4 2 > (-4
y =B, 2%
nl;4 1 2
AB. )
i
y =B. +
n2’3 i 2
' 1('3 AB? A71> by,
x i
' 2
p = 2(3. +A—-——Bi (4.6)
ny 312 7i 86.1
4. Cylinder

NG 1/2
) +8B2Y T =2 AY, <180 deg

La
=}
I
PR —

po——

oo

Q

n

pod e

o]
/_\

(4.7)
1/2
r. = Za) + AR, } -~ 2 A'yi > 180 deg
5. Cone or Cone Frustum
| _ ABi 2 1/2
B. B. AB, B. -
r o= ; 12 -21B. - 21> + 2) (4.8)
o cos (a)|cos“(a) 1 cos(a
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6. Sphere
(r AB.\12 INAVE
r = i 20 sin(f—z—i) + 2a sin( 21 +2. A‘yif_ 180 deg
| (4.9)
r, = «a A')/i > 180 deg
7. Circular Paraboloid
2
- 2 + 4 ﬂ%_l. + .A___Bi 2
"n = \Pn Bi-27) *\Bi-—=z) - 2P,
z Tz
gl 1,72
v ABi ABi ' Aﬁ'1
il LR A (i , , Vel PR
, " ABil/Z ap, 1/2
By tda||Bit——| -{Bi-—3] -
L : -
where . , 1/2
N AB, 1/2 AB. 1/2
(20 +8,) |AB] + 4o (B- + 1) -(B- - ——1)
N 1 i 2 i 2 (4.11)
P = 1/2 1/2 '
) BBy 88;\? LB g5\
4a(ﬁi+ 2)+(ﬁi+ 2) -40(((31— 2)+(Bi———-—2>
Vector ls,n, from the origin of the surface coordinate system to the
center of the node, is defined by
P =P, ii+pn ji+pnk‘1 (4.12)
x y-

where the vector components , P_ , and are given according to the
P P, n P, g g

type of surface: * y z

4-6



1. Rectangular Plate

2. Circular Plate

I

1

]

It

3. Trapezoidal Plate

an = 'Yi
pny - Bi
pnz = o
ABy AY '
(Bi+—2—) cos(——i—- sin('yi)
0
ABi A'Yi
(Bi + —2——> cos( > )cos(')/i)
0
o
L2
AB. Ay
13 i
) _
Y EL
= 3\28 BB,
= a
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A'}/i < 180 deg

A'yi > 180 deg

A_’)’i < 180 deg

A'yi > 180 deg

i
———) + tan(’yi -

}
|

(4.

.13)

.14)

.15)

16)

A7)

.18)

.19)

.20)

.21)



4. Cylinder

1t

5. Cone or Cone Frustum

i)
I

j =0

z COs

6. Sphere

nx_(ﬁ+

pn - (61+m
0

DN e

B. ) (A Y
tan(a) cos >

J oo
tan(a) cos >

a sin(B.l) sin('yi)

LMSC/HREC D148620

Ay, <180 deg

Ay, > 180 deg

A'yi < 180 deg

A'yi > 180 deg

) sin(y;) Ay,
A'yi
) cos(Y,) Ayi
Ay,

Ay, < 180 deg

A’}/i > 180 deg

< 180 deg

> 180 deg

<180 deg)

> 180 deg‘

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)
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pn = o sin(Bi)cos('yi) A'}/i_<_ 180 deg
y (4.29)
Po, 0 Ay, > 180 deg
Pn =« Cos(Bi) A'}/if_ 180 deg}
z (4.30)
Pnz = 0 A'}/i> 180 deg
7. Circular Paraboloid
' a8 1/2 Ay, -
P, = 2 (Bi + 5—|o cos( > sin('}/i) A'}/if_ 180 deg
* (4.31)
an =0 A')’i>180 deg
Agi 1/2 A')/i '
prl = 2 (ﬁ,i + > )oz cos( > )cos(‘yi) A’}/iﬁ 180 deg
Y (4.32)
P, = 0 A'yi> 180 deg
y
1/2 1/2 2 1/2
2 " ABi / ABi /
(2a +B.) [AB. + 40 |\B: + -\B: -
B i i i 2 i 2 (4.33)
Pn 7 172 /2 '

2

P2 | el < )

Radius ry of the sphere that incloses the whole surface is also given accord-

ing to the type of surface:

1. Rectangular Plate

5 1/2;

™y 7 [(Bmax - Bmin) + Wmax B Ymin)z} 2 (4.34)

4-9
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2. Circular Plate

Y -Y .
B . max min ) <
v 7 Bmax sm( 2 ) ‘Ymax Ymin— 180 deg
‘ (4.35)
o Bma.x ymax B Ymin > 180 deg
3. Trapezoidal Plate
r, = max{jr, , r, , r, , T (4.36)
b |70y "oy "oy b4“

where

2 5 1/2
by T [ka " P, ' by " pby ] (4:37)

and

*b, T b tan(¥ ;)
; 1
sz - sz tan('}/rnin)

X = Yy, tan(y )
b3 b3 max

(4.38)

y, tan(y )
b4 b4 max

(4.39)
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1 ﬁ . "B 3
) - _3_( ma.x2 mlnz) tan(‘ymin) +tan('}/max)} (4.40)

4. Cylinder
‘ ; yma.x j ymin 2 2 1/2
_ l Za sin 2 * 1Pmax _ABmin
ry = > v -'ymin5180 deg

max
1/2

(4.41)

{ 2 2
112 + iR -B.__.
([ a] [ max man %
b 5 'ymax-ymin>180deg

5. Cone or Cone Frustum

INVE:
r o= {Bmax + B1’1’11n [Bmax + BII‘ll.!.’l 2 Bmin]_!_[ﬁmin] } (4.42)
b N ) |

2 cosz(a) 2 cosz(a) cos(a) cos(a

6. Sphere

2 1/2
B -8B Y Y.
{[20 sin( maxz mln)] + [Za sin( w)f}

Fp ™ 2 ymax_ YminiISOdeg

(4.43)

fp=« Ymax™ Ymin~ 180deg

7. Circular Paraboloid

lﬁmin (4 + Bmih)]l/z [Bmax -P minj

p = [pbz Py~ : 2}1/2

2 1/2 1/2
{ {pmaxnﬁm‘in] + 40([(ana,x) / B (Bminf) /

1/2
+ 5m.n (4a + Bmin) (4.44)

1
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/ 2 1/2
2 1/2 1/2] }
_ (4o 4B oy YPrnin) g(ﬁmax—gmin) + 4ot [(Bmax) ~(Brmin) 4.45)
b, T 2 |4 (4 )|/? (ot + RE -
z | ¥ Bmax max '[Bmin % +Bmin
Vector —ﬁb’ from the origin of the surface coordinate system to the center
of the sphere of the surface, is defined by
PbE Py ii +py ji + py, ki (4.46)
x y z
Where the vector components P, » Py and .pb are given according to the
type of surface: - X z
1. Rectangular Plate
Y_ . 1Y
P, = rn11r12 max (4.47)
X
Bmin TR _
b, = rruvn2 max (4.48)
y
Py, = o (4.49)
z
2. Circular Plate
Y A Yoin TV
_ max _‘min) . min ‘max _
pbX = Bmax cos( 5 >s1n( > ) ymax Y n_<_18Odeg
(4.50)
pbx =0 Ymax "7V in>180deg
Y =Y i Yin TV
_ max_‘min min  ‘max
pby = Bmax 0< 2 ) os( 5 ) Yimax ™ YminS 180 deg
(4.51)
P, =0 Ymax - Ymin >180deg
y
Py = « - (4.52)
Z
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3. Trapezoidal Plate

Bons Brin
. 1 max "min
Ppb =3 2 2 ta'n('ymin) + ta'n('yma,x) (4.53)
* Pmax ~Pmin /
3 3
B B
p _ 2 max min (4.54)
bY 3 2 2
Bmax ~Pmin
z
4. Cylinder
Y ol G Y s 1Y
, _ max 'min) . min ‘max-
pbX = o cos( > ) 51n< 5 ) '}/max-'yminf_ISO deg
. (4.56)
pbx = 0 | 'ymax-'ymin> 180 deg
Y -Y_ . Y . +7
_ max '~min min ‘max .
PbY = o cos( 5 ) cos( ' > ) ymax—’yminilso deg
(4.57)
PbY =0 Ynax ™ Vmin” 180 deg
B_. +B .
pb - rnln2 max (4.58)
z
5. Cone or Cone Frustum
Y i Y. s TV
~ max ‘min} min ‘max
PbX = Bmax tan(o) cos( > ) 51n< > ) Ymax-yminiugo deg
B (4.59)
Pp =0 Y o ein > 180 deg
Y l S Y. tY
~ max ‘min min. ‘max
Pb = Bmax tan (o) cos( > )cog( > ) ymax-yminilgo deg
y (4.60)
p by = 'ymax— 'ymin>18o deg
A
P, = min 2;rﬂa,x (4.61)
Z 2 cos (o)
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6. Sphere
B, 1P \ Y . 1Y
~ . {"min "max\ . [‘min ‘max
P, = & s1n( > ) s1n( > ) Ymax - ‘}/minEISO deg
X (4.62)
pbx =0 Ymax ™ Vmin> 180des J
B_ . 1B Y ... tY
pb =« sin( min 5 max) co ( mln2 max) ymax - Yminilgo deg
y } (4.63)
pby "0 Ymax ~Vmin” 180 deg
P = cos(ﬁmin wma") -y_. <180de
bz -« 2 Ymax ~Vmin= g
(4.64)
= - >
pbZ 0 yznax ymin 180 deg
7. Circular Paraboloid
B 1/2 Ymax” ymin) . ymin+ymax)
Py 2 (a Bmax) COS( 2 sin 2 Ymax ™ Tmin<180deg
x 4 (4.65)
pbx =0 Ynax “Yonin > 180 deg
-y —
B 1/2 Ymax ~ Ymin Ymin* Ymax
pb =2 (aBmax) cos( 2 )COS< 2 Ymax -’ymins—lgo deg
y (4.66)
pby =0 Ymax “Ymin > 180 deg
(4 +B o +B ) ) )aa [, 2 )1/2]21
p. = & E)min Brax) |Pmax “Bin) T4 Brmax ~Brin (4.67)
b~ ' 1/2 1/2 '
z 2 z {40{ Bmax (1 +Bmax)] - [Bmin (4o +Bmin)] }

The vector to the center nodes is transformed to the central coordinate

system by the following relation




LMSC/HREC D148620

— - — - S
Pnx, pnx. Rx
J ] ]
Py, | 7 [TiZc:] Poy, |+ [ Ry (4.68)
] ] y
P P R
nz nz. z
L I L.
Cc 1

The vector joining the two center nodes in the central coordinate system is

then given by the difference between the two

pJn pnxn pnxJ
P._ =] p. = |p -Ip (4.69)
2n n n ny.
J Jy Ya YJ
LPJ h, Py z, Lpnxj
—c -~ ~c ~c

— o — . —

. i
u_] n_ pj nx/ j2n
. 3 ! —
U, =] u. = p. P, ' (4.70)
j2n n n 2n
J y J y/ J
u, p. b,
72 ] _ J,"z/ j2nl_
c

where
1/2
Y B 2 2 2
| Piza| - [(pjn}) *(pjny> i (PjnZ)J @7

Since the above unit vector represents the axial direction of the test cylinder,
the transformation matrices between the test cylinder coordinatz system and

the central coordinate system is given by the following direction cosines.

¢ .
The direction cosines were derived from trigonometric relations obtained
from Fig. 10.
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( 2 )1/2.
A = -u,
xt jn
X

A ¢ 5 -uou ——(l—u..2 1/2 (4.72)
y jn, ) y o,
A, sewu o+ [Leud |2

zt jn_jn, jn
I'th =0

2 1/2
M = -u + {1l -u’ \) (4.73)
yt jn, jn
R v
Bot = jin_ """ Yyn
y X
Vet = —uJ.n (4.74)
x

14 = -1

t n

y J y

vV, = -u.

zt in,

All the above direction cosines are valid if uj N ;5 1.

If Uy = 1 then the direction cosines are given by

n
X
2 1/2
Kt“un—i—(l-u.n\)
X J y jn,
2 \1/2
A =-u, {1 -u, (4.75)
yt jng ja, |
zt =0
uxt =0
B, =0
vt (4.76)
Hoe = 1 u, >0
jo =
ot = -1 u, <0
jn
z
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. \1/2
vV, = -u <+ fl -u, ) u, >0
xt Jnx ( jn, jn,
> 1/2
vV, = u -—-(I-u ) u, <0
xt jn jn, jn,
(4.77)
L, \L/2
vV, = -u -:—(l-u ) u, >0
yt in in, jn, =
2 1/2
Vt:un+<1—un) u. <0
y J y jn, Jn,
Vi = 0

Vector _ﬁ)b’ defined previously in this section, is transformed to the central

system by the following transformation

Py Py, Ry
. X b e 1
Py =| p, = [TEZQ] Py, | Ry (4.78)
y y i
Ph Py R,
Zlc — Zdi L e

The radius of the first node (nth node) is transformed also into a vector in the
central coordinate system that runs along the axis of the test cylinder by the

following operation

I‘n in
x IRy
ro =T, uj n (4.79)
v ba
T u.
n, . jn,

A vector from the originof the test cylinder cpordinate system to the center
of the sphere constructed around a '"can shade' surface is given, in the central

coordinate system, by
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x P ) T
o] bX nxn nx
Y = pb - p - T (4.80)
(8] y nyn ny
zZ b P r
°le bz nzp e Bzl
c
The two extremes of the sphere in the axial direction of the test cylinder
system can be given by
4
*o *o b
x .
, _ .
Yo = Yo + 3N (4.81)
, y
%o %o b
c c z
c
and
" ¥
*o *o b
X
Yo = v | - | Ty (4.82)
y
z" z r
o} o b
c c z
c
where
ry uj 0
x x
ry = Ty uj N . (4.83)
y y
Ty uj 0
z z
S, —C e -t C

Since the extreme points are given in the central coordinate system, a trans-
formation from the central coordinate system t-o the test cylinder coordinate

system must be performed in order to test for the intersection of the sphere

with the test cylinder. The axial components of the two extreme points on

the sphere are given, in the test cylinder coordinate system, by
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"t - s ’ ’ ;

2y Vet %o + Vyt Yo + Vzt z (4.84)
A 7" ’” ’”

2 = VX0 + Vyt Yo + Vot %o (4.85)

The axial components of the extreme points afe tested to see whether they lie
in the positive axial direction of the test cylinder between the origin and the
end of the test cylinder. If either of them do lie in the positive axial direction,
and the sum of the radius of the test cylinder and the radius of the sphere
around the surface that can shade is greater than the distance between the
origins of the test cylinder and the sphere in the plane perpendicular to the
axial direction (Fig. 11), then the surface is éaid to have a possibility of
causing shading between the pair of nodes for which the view factor is being

evaluated.

From Fig. 11, the distance between the origins of the test cylinder and

the sphere in the plane perpendicular to the axial direction is given by

d = (x +yf)1/2 (4.86)

where
X, = Axt X + 7\Yt Yo + Azt z (4.87)
Vo = PpgXo THp Vo T, 2, (4.88)

In Fig. 11, the relation between the sum of the radii of the test cylinder,

£ and the sphere, Ty
cylinder and the sphere, is as follows:

and the distance, d, between the origin of the test

< d circles are outside and have no point in common

=
-+
=
o
¥

d circles are outside and have one point in common

rotr > d circles are either partially or totally inside.
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Sphere Cross Section

b

Test Cylinder
Cross Section

A\
X

Fig. 11 - Preshade Test Cylinder -and Sphere (Cross
Section Parallel to the X‘t’Yt Plane)
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The preshade subroutine was added to the RAVFAC program as an option,
which should be bypassed when the number of surfaces and nodes is small or
when shading does not occur. The subroutine should be used when the number
of surfaces and nodes increases and shading occurs frequently, since the use
of this subroutine will save computer run time in proportion to the magnitude

of the problem.
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Section 5
VIEW FACTOR CALCULATION

The diffuse radiation view factor (also referred to as the angle factor,
shape factor, form factor, geometric factor or configuration factor)can be
defined by considering two gray* surfaces, ofr areas of An and Aj’ separated
by a nonabsorbing, nonscattering medium. The net interchange of thermal

radiant energy between the two surfaces at temperature Tn and Tj is

- 4 4 .
qn:j = An Fo —-»A.O(Tn_Tj) (5.1)
a )
The view factor F is defined as the fraction of radiant energy leaving

A —~A.
n J

surface Aj’ in all directions, that strikes surface An"

The view factor between two surfaces is considered to be a function of
geometry only. When the effects of emissivity, absorptivity, fransmissivity
and multi'ple reflections are taken into consideration, the view factor F is
usually written as & and is beyond the scope of this effort. If these effects are
considered, however, the view factor as discussed in this section will be re-

quired and plans are being made to include these effects into RAVFAC (Section 9),

5.1 GENERAL VIEW FACTOR EQUATION .

To evaluate the view factor, consider the radiant energy exchange be-

tween two small gray surface elements, dA, and dAm, which are located on

£
An and Aj’ respectively, as shown in Fig. 12.

The subscripts n, j, £ and m were chosen because they are the sub-
scripts used in RAVFAC. The node (viewing)in question is n, and the node being

viewed is j. The incremental area on node n is f and the incremental area

A gray surface is defined as a surface for which the monochromatic emittance
is constant with respect to wavelength and considered to be nondirectional or
diffuse in character.

5.1
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dA,(? -
Fig. 12 - View Factor Notation
Z.
J
v 1 :
LC Surface j
. Coordinate
Central Coordinate System
Syst - Y
ystem - / j
c2j
X, fm
' J
R
RcZn . Z
n
Surface n N
Coordinate m
System T =7
mi fm

Fig. 13 - Finite Difference Notations
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on node j is m. The view factor dF between dAl and dArn is derived in

f-m
most heat transfer text books (such as Ref. 1) and assumes that Lambert's

cosine distribution has the form of

cos(Bﬂ) cos(Gm)
FdA - dA = > dArn' ' (5.2)
4 m Tr
fm

d

The view factor between Am and Aj can be determined by integrating Eq. (5.2)

over both surfaces and can be written as

! cos(GE') cos(em)
FAn_A. w / f , ; dA, dA (5.3)
) A A T Tom
no)
The reciprocity theorem states that
AnFa A = B Fp (5.4)
n j n

A closed form solution to Eq. (5.3) is impossible except for a few simple
shapes uniquely oriented. When surface shading must be considered, the num-
ber of obtainable solutions is further reduced. Several analytical techniques
have been developed for evaluating Eq. (5.3), such as the unit sphere, contour
integral and finite difference. After these techniques were reviewed and the
effects of surface shading considered, the conclusion was reached that the finite
difference technique requires less computer time and that the contour integral
technique produces a more accurate solution. Therefore, both of these tech-
niques were included in RAVFAC. The choice of the technique is left to the
user or he can let the program select the most efficient one, as discussed in

Section 6.

The development of solutions to Eq. (5.3) using the finite difference and
the contour integral techniques are discussed in the remainder of this section.

Both techniques utilize the incremental area approach in which each surface
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area (node) is subdivided into incremental areas (elements). View factors are
calculated between elements which are summed over the entire area to yield
the view factor between nodes. The shading effects are taken into account by
checking to determine if the element centers can "'see' each other. If they can,
the incremental view factor is calculated. If the element centers cannot '"'see'!
each other, the entire element is considered to be shaded and the incremental
view factor is zero. The techniques used to determine whether or not an ele-

ment is shaded were discussed in Section 3.

5.2 FINITE DIFFERENCE TECHNIQUE

The finite difference technique, also referred to as the double summa -
tion, consists of approximating Eq. (5.3) by the following finite difference

equation:

o _ cos(GI) cos(em)
Faa TR DL D A, (5.5)
n j np A T,

The use of Eq. (5.5) assumes that the incremental elements (£ and m) are

small enough so that the view factor can be considered as a constant over the
areas of AI and Am. An additional requirement of Eq. (5.5) is that the dis-
tance between the two elements being considered be large as compared to the

incremental areas and that:

A
5 < 0.0l (5.6)
(* )
and

A
m—ﬂ-z < 0.01 (5.7)
(r, )°

Im
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The solution to Eq. (5.5) can be simplified by using vectors. One must also
keep in mind that each surface has its own coordinate system (n or j) which
is related to a central coordinate system (c). Equation (5.5) can be readily

evaluated with the aid of Fig. 13,

Using Fig. 13, the cosine terms can be written as:

cos(6,) = - N‘_: “m¢ (5.8)
B
cos(6 ) = —I\Irn—;—r—r—r—l——ﬂ (5.9)
'rmﬂl
since
lﬁzl = lT\]‘m| -1 (5.10)

Equation (5.5) can be written to include the coordinate transformations

and the cosine terms as:

Fp oA ® A Z Z oz N rmll([Tjic} fon” o) AL A, (5.11)
n ] n An Aj 7 ’rmfl
where
_;ml N {szc] -;m - [THZC] ?,z -R,. 1 Rc25 (5.12)
and _ /2
lrmgl = {(Xn-xj)z + (Yn"' YJ-)Z + (Zn— Zj)z (5.13)
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—

— —d
The transformation matrices [T], the unit normal N, and the vectors L rj,
ﬁ o ﬁ . and the incremental area terms A, and A are defined in Section 2.
céen c2j £ m

5.3 CONTOUR INTEGRAL TECHNIQUE

The contour integral technique employs Stokes' theorem to reduce the
double area integrals of Eq. (5.3) to contour or line integrals. This technique

is discussed by Sparrow in Ref. 2 for the case of unshaded surfaces.

For two flat surfaces, regardless of relative position (translation and
rotation), the first integration can be performed analytically and the second
can be approximated by a numerical summation. This technique produces
view factors which are more accurate than those produced by the finite differ-
ence technique; and as the distance between the surfaces becomes smaller the
accuracy increases (i.e., the restrictions of Eqs. (5.6) and (5.7) do not apply).
The contour integral technique, however, requires more computer time than

does the finite difference technique.

Contour integrals can be written for calculating the view factor between
two surfaces without dividing the surfaces into incremental areas. This is not
practical when shading is considered, however, because there is no easy way
to describe the contour around the shaded portion of the surface. Therefore,
the surfaces are divided into incremental areas in the same manner as they
were for the finite difference technique. Each incremental area is approxi-
mated by a rectangular element with équivalent area and unit normal vector.
During this study, contour equations were developed for surface types other
than for a flat plate, but it was beyond the present scope of work to include

these equations in RAVFAC.

Development of the contour integral technique is based on Eq. (5.2)

written for a differential area dAjz and a finite area Am

5-6
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cos(BI) cos(Gm)
A Im
m
where
2 2 2 2
T © (Xm-xl) +(Ym-yl) +(zm-z£) (5.15)
X1 ¥ s 2 denotes position of surface dAB
X LY % denotes position on surface dA
m’’‘m’ “m S m
Equation (5.14) can be expanded and rewritten as
FdA _A :/ {Am(xﬂ-xm)f-l-um(yl-ym)f+l/m(zi—zm)f}dAm (5.16)
) m
A
m
where
_ . 4
f = [Aﬁ(xm-xl) + uﬁ(ym—yf) + VE(Zm_ZI)] =TT, {(5.17)
7\1, “g’ VE denotes directional cosines of the normal of surface dAf

A LH_,V denotes directional cosines of the normal of surface dA
m’' T m m

The area integral Eq. (5.16) can be reduced to a contour integral by applying

Sotkes theorem, yielding:

P - (zm-zf)dym-(ym-yﬂ)dzm
dA - A 7 2
{ m 27 r
[el Im
m
+ (Xm_xﬁ) dz - (2, -2 dxy
o ~ 2
2Tt
c Im
m
(y -y, dx_ -(x_-x,)dy
+ Vl f m £ m 5 m ) m (5.18)
27 r
c m
m

5-7
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Each surface is defined in its own coordinate system, referred to as the
surface coordinate system, to simplify the input requirements for RAVFAC.
All of the individual coordinate systems must be referenced to a common
coordinate system, referred to as the central coordinate system. RAVFAC
allows the use of a third coordinate system, referred to as the intermediate
coordinate system, to provide additional flexibility. The transformation from
the intermediate to the central is not discussed in this section because it is
handled in the same manner as the transformation from the individual to the
central coordinate system.

As already mentioned, each incremental area (A, or Am) is approxi-

£
mated by an equivalent rectangular element. A surface is approximated by a
number of rectangular elemental areas. FEach element has a coordinate sys-
tem with its origin at the centroid of the element. The positive z axis is

along the unit normal of the element as shown in Fig. 14.

To integrate Eq. (5.18) around the defined rectangular elements, the

following transformations must be performed:

2 2
v - u
g = [TnZC] ] (5.19)
VE C Vl n
X b X. R
m m ] Xj
Yen = [TmZC] Ve + [TJ.ZC:] v | + Ryj (5.20)
z z Z. R
m m ] z
c m ] 1=
X, Xﬂ RX
n
v, = [Tnzc:]v Y, + Ryn (5.21)
%y 2y R,
C n n
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S
(\\\/ Element m

Surface j \ N
| | |

X.
]

Fig. 14 - General Rectangular Element Area Coordinate System

Z atI: x =-g/2,dx_ =0
m m
at Il y - -b/2, dy_ =0

at IIl: x__=+g/2, dx =0

m
A at IV: Ym:+b/2,dym:O
(-g/2, -b/2) (-g/2, +b/2)
f A
11 '
v m
III

(+g/2, - b/2) T (+g/2, +b/2)
7 /

Fig. 15 - Contour Integration Around Rectangular Element
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Where the transformation matrices [TnZC] and [TjZCJ are given in Section 2

and where the matrix [Tm?c} is given by

hx y’x Vx
[TmZJ = [szc] [Tmzj:] = AY By % (5.22)
AZ p’Z VX .
where 3
A= A A U A Y Az
x k] *m i Ym j m
“x B Ax. IJ’x * “’x. “‘y + Vx. uz q (5.23)
J m J 'm J m
Ux - >\x vx -H'Lx. v + Vx l)z
] m J Y J m )
3
A= A A +u A + v )\Z
y Yj Xm Yj' Ym Yj m
L= A M + M +v U \ (5.24)
y Yj m Yj Ym j L
v o= A v v tVoV
y Yj m Yj Ym Yj m )
N
A= A A +U4 A +v A
Z j X zJ Vm Zj z
M, = )\Z ux +uz uy + v uz \ (5.25)
j m j ‘m j Tm
v = A V. +p_ v tV Vv
Z z, X Z. Y z, Z
j m j ‘m j m
P
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The differentialable variables are also transformed by the following solution

x X X, R
m m j xj
d Ym | f° d _[TmZC:l Ym * ETjZC] Y + Ryj
z Z Z. R
m m jl. z.
C m J ) c
which simplifies to
d X : d X |
dy, | = [TmZC] dy , (5.26)
d
d z. . z -

since the transformations and translations are invariants with respect to the
operator '"d." Substituting the transformations (Eqgs. (5.19) through (5.26)) in
Eq. (5.18) and noting that for a flat surface in the Xm -Ym plane

z = 0=>»dz = 0
m m

Eq.(5.18) reduces to

F = Cm Ym * o dx__ + “me *m* “mo d (5.27)
dA,-A 21 D m 27 D Ym '
C C
m m
where

_ 2,2 .

D =x_ +y_ _+2C_x +2C y +C (5.28)

m °‘m X'm - y‘m

c, = Axcl+Ayc2+Azc3 (5.29)

c, = “xC1+”yCz+“zC3 (5.30)
- 2, .2, 2

C = Cl+C5+C] (5.31)

5-11
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Clm = }\X(vﬂ p.y “H,u,) +?\y (?tf B, -VyHK )+ AZ (L b -2, uy) (5.32)
Cﬁo = }\X(V2 C2 - Uy C3) +}\y A, C3 - Y Cl) +)\z (g <y -y CZ) (5.33)
CmIE ux(vz Ay ) Az) +uy(>\£hz -V Ax) +H, (Ky }\x -y )\y) (5.34)
Crno = px(vﬂcz - Ky C3) +[J,y(?\£C3 - Vicl) ti, (K C1 -2y CZ) (5.35)
and where
Cl xj 'r_ij— X, RXn
C,|= [szc:l Y + Ryj - [:Tnzcj Yy - Ryn (5.36)
C,y sz R, z, R,
L Jde n n—_.
Let the dimensions of the rectangular element be '"g'" units in the Xm direction

and "b!" units in the Ym direction (Fig. 15), where '""g'" and "b'" will depend on

the type of surface.

Application of the contour integral Eq. (4.27) to the rectangle, as

shown in Fig. 15, yields the following integral equation in the counterclock-

wise direction.

+

1 . -b/2 ay_
2r (_ 2 sz + Cmo DI
+b/2
X re/2 4,
m
(‘ 2 %m * szo) f o,
-g/2
. +b/2 dy__
(2 Cmﬁ + Cmo DIII
“b/2
-g/2 dx
be e m (5.37)
2 im fo D '
v
g/2




LMSC/HREC D148620

where

o
it
<

2
g __
+2nym+C+ 1 ng

BN

bZ
x +2C x +C+—-C b
x'm y

o

Dy

fl

4
2 : (5.38)

: g _
+2C y +C+E+cC ¢

2 b%
x +2C_ x +C+—+C b
m x " m 4 y

5

D

gN

III Y

DIV

The four integrals on the right hand of Eq. (5.37) are of the general type

fz du 2
Nl where U = u~ +2pu +gq (5.39)

£

21,22 lower and upper limits
arbitrary constants.
P, q Y

The integral (Eq. (5.39)) has three solutions depending on the value of p2 -q

_ £, +p £, +p
1 tan 1 -———%—— -tan-l ——l———-— pz-q<0

Uq_‘pz‘ UQ‘PZ ‘ V-q‘PZ

-1 -1 ' 2 ~
£2+p '£l+p P —q—O (540)
‘, 2 N
1 L +p-Np -9 L, +p- p®-q 2
In - in p -q>0

2\Jp2—q flz+p+\’p2-q £1+p+Vp2—q

With the solution of integral (Eq. 5.39 ) known, FdA _A Ccan then be eval-~

vated by Eq. (5.37). £ m
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Summing all the view factors from dAl to Am over Aj will yield the

view factor between dA! and A'j’ that is

dA,-A, " E : Fia -A (5.41)
h] 2 "m

The view factor from a surface An to a surface A. is given in terms of the

view factor from an elemental surface dAl to a surface Aj as

1 f
Fo, A °© K;deA _AjdAI (5.42)

The integration over the surface An in Eq. (5.42) can then be approximated

as a summation, since a closed form solution is usually not possible, as

~ _12:
Fao -a = & Faa,-a B4 (5.43)
n 7§ nAAE L 7
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Section 6

DESCRIPTION OF COMPUTER PROGRAM AND INPUT PARAMETERS

6.1 DESCRIPTION OF THE RAVFAC COMPUTER PROGRAM

The RAdiation View FACtor (RAVFAC) program is written in Fortran V
language for the Univac 1108 computer. RAVFAC can be used on any large

(64K core) computer with a few modifications, which would be limited to

* -
replacing or eliminating the SLEUTH routines used to calculate the elasped

run time, and the routine (NTRAN) which is used to read the view factors

from the restart tape.

At present RAVFAC has the capability to:

e Calculate the diffuse radiation view factors using:

Finite difference technique
Contour integral technique

Combination of the above techniques.

® Calculate the effects of surface shading.

& Normalize the radiation view factors so that

DVF_ =1
D VF_<1

@ Analyze any of seven surface types:

® ® ¢ © © @

Rectangular Plate
Circular Plate
Trapezoid
Cylinder

Cone

Sphere
Paraboloid,

LN - . . .
At present the time routines are not available under Exec VIII.
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e Use up to 150 different surfaces on each case.

e Divide the surfaces into nodes for which view factors are given.
(Each case can consist of up to 150 nodes. )

e Use up to 2500 elements for each case to improve accuracy of view
factor calculation and shading effects.

e Reduce the computer time required for calculating the effects of
shading by using a ""preshade routine.'

e Select surfaces which are to be included in the shading effects by
using "shading flags."

e Restart after computer failure or termination as a result of maximum
run time or machine failure.

e Check out options including:
e Shading override.

e One element per node.

Use of three coordinate systems,

When the program logic and coding for RAVFAC were being developed,
several other capabilities were taken into consideration. Although these
capabilities have not been included, some of the basic work was performed
so that they can be included without major changes to RAVFAC. These addi-
tional capabilities are discussed in Section 9. The following paragraphs

briefly describe how RAVFAC processes a case,

RAVFAC consists of a main program, four Fortran subroutines and
several SLEUTH and system routines. The main program, called "RAVFAC,"
maintains control of the problem as it is being processed. All input/output
is processed by the main program, as are the view factor calculations. When
RAVFAC is executed all constants are initialized. The TITLE card is read in
and checked to determine if the run has been completed. The CASE control
card is read in and the option flags are set, Next the first set of surface data
is read in and stored in arrays for later use. If any portion of the checkout
option is requested, the surface data are modified accordingly. The trans-
formation matrices are calculated and stored, assuming a surface-to-central
transformation. The surface data are printed in the output. The next set of

surface data is read in and the above procedure is repeated until the end-of-
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surface data card is encountered. If any surface was referenced to an inter-
mediate coordinate system (ICS) the first ICS data card is read in. All sur-
faces are checked to determine if the ICS was referenced. If the ICS was
referenced, the transformation matrix is modified to account for the extra
transformation. The next ICS data card is read in and thé above procedure
is repeated until the end of the ICS data cards is encountered. After all the
surface and ICS data have been read in, RAVFAC calls subroutine SURF.

The function of SURF is to calculate necessary data for the nodes and
elements. All the surfaces are processed in a single call to SURF. Each
surface is processed as follows: the surface is divided into nodes and the
position vector, area and coefficients are determined. Each node is then
divided into elements. The position and unit normal vectors and areas are
calculated. If the contour integral technique was requested or if the program
is to select the method, additional contour parameters are calculated. These
data, whicﬁ will be used later, are stored. After the last surface has been

processed, control is returned to RAVFAC,

RAVFAC checks to determine if its storage capacity has been exceeded
and terminates if it has. If an output tape was requested, most of the data
discussed above is written on tape. A summary of all the surface data is
printed along with the computer time required thus far (IELT=1). As noted

previously, the elapsed time is not presently available under Exec VIII.

The next major operation is to calculate the view factors. These cal-
culations take place inside four nested '""do-loops." The first loop is set up
for the base node and another loop for the other node: the view factor will be
between the two. Several checks are made to ensure that the two nodes can
"see'' each other if no other surfaces cause shading. If they cannot see each
other, the VF's are set equal to zero and the next pair of nodes is checked
for shading. The storage location of the data stored by subroutine SURF is
determined, as well as the limits of the next two do-loops., If reguired, sub-
routine PRESHD is called.
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The function of PRESHD is to eliminate the surfaces that cannot cause
shading between the two nodes under consideration. A test cylinder is
constructed between the two nodes that are being considered. Each surface
is then checked to determine if any portion lies inside the test cylinder. If
the surface does not lie within the test cylinder, at least in part, the surface
is flagged as a '"'no shade' surface. PRESHD is called each time the view
factor is calculated between nodes that were flagged (via input) as '"can be
shaded'" surfaces. After all surfaces have been checked, control is returned
to RAVFAC,

Next RAVFAC sets up the two innermost do-loops. There is one loop
for the elements on each of the two nodes. The angles are claculated between
the vector connecting the element centers and their unit normals. Checks
are made to determine if the elements can see each other if they are not
shaded by other surfaces. If they cannot see each other, the dVF is set equal
to zero and the next element is considered. If they can see each other, sub-
routine SHADE is called, if shading between the two nodes under consideration

is to be considered.

The function of subroutine SHADE is to determine if the two elements can
see each other. FEach surface which was flagged by PRESHD, as a ''can
shade' (or by the user if PRESHD was bypassed) is checked to determine if
it intersects a line joining the centers of the two elements. When an inter -
section is found, the elements are flagged as being shaded. If no intersection
is detected, the elements are not shaded. These checks require substantial
computer time because they are lengthy and are made for each surface on an
element-to-element basis. Time can be saved if the surfaces that cause
shading on the most elements are input first. After all surfaces have been

checked, or an intersection is detected, control is returned to RAVFAC,

If the elements cannot see each other, the dVF is set equal to zero. If
they can see each other, the view factor technique requested is selected to
calculate the dVF between the two elements under consideration. When the

contour integral is used, subroutine TEGRAL is called to perform the
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numerical integration of four terms of the contour equation. After dVF is
calculated, it is added to the view factor between the element on the base
node and the other node under consideration (dVFS). This ends the inner-
most do-loop. The dVF'S is then added to the view factor between the two
nodes under consideration (VFS). If the time to print each 5% of the view
factors is requested, a check is made to determine if it is time to print.
This ends the second and third innermost do-loops. The view factors for
the base node are written on a data storage drum and, if required, on the
restart tape for later use. This ends the outermost loop and all the view

factors have been calculated.

The large view factor array is zeroed out and the view factors are read
into the array from the data storage drum. The time required to calculate
all the view factors is printed as IELT=2. The view factor array is printed
in the output. The time required to calculate and print the view factors is
printed as IELT=3,

If normalized view factors are requested, they are calcul‘ated and
printed in the output. The elapsed time from the start of the view factor
calculations is printed as IELT=4. The view factor sum for each node is
calculated and printed in the output along with the elapsed time as IELT =5,
Control is returned to the start of RAVFAC to read in the second case.

A restart case starts the same as a non-restart case until the case
control card has been processed. Control is then transferred to the restart
section. Surface data and control flags are read from the restart tape, then
the view factors are read from the restart tape. Subroutine NTRAN is used
to read the restart tape. After the last view factor is read and stored on
drum, the do-loop indices for the nodes are calculated and control is trans-
ferred to the view factor calculation section. The remainder of the restart

case is the same as a non-restart case,.
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6.2 DESCRIPTION OF INPUT PARAMETERS

The objective of this section is to provide the unfamiliar reader with a
complete description of what each input variable for the LMSC Radiation
View Factor Computer Program (RAVFAC) represents. Once the reader is
familiar with these input variables the Input Guide in Section 7 can be used

to set up an input data deck.
The input data for RAVFAC consist of five general card types which are:

e Title Card

e Case Control Card

e Surface Data Cards

e Intermediate Coordinate System Card
e End Card.

The general formats of these cards are shown in Fig. 16. The decimal point
precedes the X's in Fig. 16 whenever a non-integer format is used. The
exact format for each card is presented in Section 7. The variable names
are given as they appear in the input guide and as used elsewhere in this

report if applicable.

Title Card Any comment on this card will be printed at the beginning
of the problem output for identification purposes.

Case Control Card This card contains nine variables which control
the manner the program will process the problem.
Variables which are zero can be omitted.

NSTART - Restart control flag

Some of the problems which can be processed by RAVFAC
will take several hours of computer time. During this
length of time there is always the possibility of the computer
rebelling or the operator tripping on the stop button, and
the ""remote' possibility of the user under-estimating the
run time and exceeding the maximum run time. In either

- of these cases the run is terminated and unless the NSTART
and NT options are used all is lost. When a termination
occurs during the view factor calculations®, the run can be

*Almost all the computer time is taken to calculate view factors.
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continued at a later date using the restart option. The
restart flag instructs the program either to read surface
data from input cards and start the view factor calculations
(normal case), or to read surface data and previously
calculated view factors from an input tape (restart case).
The input tape consists of the output tape (NT) which was
made and saved on the terminated run. The program will
determine where termination occurred and continue from
that point. When a "'restart only' is being run, the Title,
Case Control and End Cards are required. The NPRT and
NT options are not available on a restart case, and the
remaining control flags are read from tape.

NSTART > 0: Normal case.

NSTART|< 0: Restart case. After the Case Control
card is read, the program will read
the terminated problem data from tape
INSTART!. This tape must be assigned
before the program is executed.

NT - Output tape for restart

The NT option is used to generate the restart input tape.
During a normal run, data will be written on tape NT as it
is calculated. If a comiputer failure occurs or the operator
terminates the run, tape NT can be used to restart the
problem where termination occurred. If the run will take
longer than 15 minutes the NT option should be used.

NT
NT

VoA

0: Restart output tape is not written.
0:

Restart data is written on tape NT. If the
problem is terminated during the view factor
calculations, tape NT can be used to restart
and continue the problem at a later date.

When NT is greater than zero, the following guidelines
must be followed if a usable tape is to be available for a
restart:

e The proper tape unit must be assigned before RAVFAC
is executed

® A SAVE label must be included with the run (check
local procedure)

e The operator can be instructed not to save the tape
if the job gets a normal exit

e Use only those tape units (numbers) available on
local system

6-8




LMSC/HREC D148620

NVEFCAL - View factor calculation technique option

The user has three options in selecting the two techniques
available with RAVFAC for calculating view factors. Each
option has its own advantages and disadvantages as pointed

out below.

NVFCAL = 1:

NVFCAL =2;

NVFCAL = 3:

Program selects the finite difference
technique. This technique requires
less computer time but becomes in-
accurate when:

>

rz > L (refer to Section 5.2),

Program selects the contour integral
technique. This technique is more accu-
rate than the finite difference and is not
restricted by the distance between the
elements. However, the technique re-
quires more computer time in that addi-
tional parameters are required and the
basic view factor solution also requires
more computer time than does the finite
difference technique.

Program selects most efficient technique.
When this option is used the program
makes the following check

Ay

2
m/i

Is

> RMAX{
T

If the above is true, the program selects
the contour integral technique. If the check
is false, the program selects the finite
difference technique. This option requires
more computer time for the same prob-
lem than the NVFCAL = 1 option and less
computer time than the NVFCAL =2

option. However, since it is not necessary
to use a large number of elements on sur-
faces which are close together (to avoid
the restrictions of the finite difference
technique), fewer elements can be used.
This can result in less computer time than
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the NVFCAL = 1 option to obtain the
same accuracy. One should also keep in
mind that the number of elements also
influence the effects of shading.

NORM - View factor normalization option

Techniques used to calculate view factors will result in
inaccuracies. In some cases the finite difference technique
will produce a total view factor for a node (i.e., the sum of
all the view factors for that node) which is greater than one.
In other cases the user may have a closed system in which
the total view factor for a node is equal to one. This option
allows the user to adjust, or normalize, the calculated
view factors. "When the view factors are normalized all
view factors greater than one are set equal to one. Each
non-zero view factor for a given node will be adjusted
according to the option selected. The zero view factors
are not adjusted. A table of non-normalized view factors
will be printed out for each option. If NORM > 0, a table
of normalized view factors will also be printed.

NORM < 0: Normal run, view factors are not normal-
ized. '

NORM = 1: View factors for a node are normalized if
the view factor sum for that node is greater
than one.

NORM > 2: View factors for each node are normalized
- so that the view factor sum is equal to one.

RMAX - Maximum area-to-distance ratio

This parameter gives the user some control of the accuracy
of the view factors to be calculated (used with NVFCAL = 3
only). The program selects the contour integral technique
when

A

2
m/i

> RMAX
r

which will provide better accuracy. A value of 0.01 will
provide as accurate results as is usually required. A
value over 0.1 will probably produce view factors which
are too large. If a value of RMAX is not given or if it is
zero oy negative, the program will set RMAX equal to 0.1.
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NPRT - Immediate output control

During a normal run all view factors are calculated before
they are printed out. For problems consisting of a large
number of elements which can shade and be shaded, this
can take hours. The objective of NPRT is to give the user
some idea of the required run time if the run is not comple -
ted.

NPRT < 0: No immediate printout.

NPRT > 0: The time required to compute each 5% of
the view factors will be printed on the out-
put listing.

NPRT = 2: Each view factor will be printed on the out-
put listing as it is calculated. Use of this
option will increase the required run time
and an excessive amount of output will occur
(approximately (N2/2 lines),

NFE - Element override option

An input error is costly in a dollar sense as well as the time
delay in obtaining a long computer run. A short checkout

run should be made first to assure that all surfaces have been
input correctly. All problems can be processed in a rela-
tively short time if all nodes have only one element. Results
of a one-element-per-node will reflect most input errors.

NFE < 0: Normal run, number of elements taken from
surface data cards.

NFE > 0: Program sets NB=NG=1 for all nodes; i.e.,
one element per node.

NFS - Shading override option

The shading override can also be used to reduce the run time
required to check out a data deck or an actual case when
shading will not be considered.

NFS < 0: Normal run. Shading flags are set by surface
data input.

NFS > 0 and £ 2: Program sets KSH=KBSH=0; all
shading is neglected.
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NFS = 2: Subroutine PRESHD is bypassed along with
the calculation of variables required only by
PRESHD. Shading flags are taken from sur-
face data input and processed accordingly.
Use of this option will increase the run time
of a normal case except on rare cases.

NTVF -~ View factor output tape

The view factors can be output on a magnetic tape which can
be saved for later use. Unlike the restart tape only the view
factors, areas and associated node numbers are written on

the tape.

NTVF = 0: A view factor tape will not be made.
NTVF > 0: View factors are written on tape NTVF,

Surface Data Cards These cards are used to describe the surfaces and
to divide them into the proper number of nodes and
elements. The description of each surface consists
of three data cards. The first card of a dummy sur-
face (ISP=-1) is used to terminate the reading of the
surface data. (Do not input the second or third card
of the dummy surface.)

‘ Card No. 1
ISF - First node number on the surface

Each surface can be divided into several nodes. ISF is the
number assigned to the first node of the surface in all out-
put. It will normally be the number that will be assigned
to the node in a latter thermal analyzer run. If there is
more than one node on the surface, they will be numbered
consecutively from ISF; the numbering goes from § in to
Bmax for each y going from 9. to Y max (Fig.?}.
Nodes may be assigned the same number.

NSF < 0: Surface description is completed.
NSF = 0 (or blank): Identification number will be one
plus the identification number of the

last node on the preceding surface,

NSF > 0: Identification number of the first node on
the surfacgat,
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KSH, KSBH - Shading flags

The KSH and KSBH are flags to indicate whether the surface
can cause shading on any other surface (KSH)or if the surface
can be shaded by any other surface (KSBH). The use of these
flags can reduce the required computer time by eliminating
flagged nodes from the shading checks.

KSH(KSBH) = 0: The surface cannot cause shading (be shaded)
KSH(KSBH) > 0: The surface can cause shading (be shaded).
COMM - Surface identification
Any comment can be made on this section of the card to
identify the surface. These comments will be listed along

with the surface input data. It is also useful in identifying
the surface data cards.

Card No.2
ILK - Surface type

Seven types of surface can be input:

ILK =+ Rectangle

ILK =+ 2: Disc

ILK =+ 3: Trapezoid

ILK =+ 4: Cylinder

ILK =+ 5: Cone

ILK =+ 6: Sphere

ILK =+ 7: Circular paraboloid

Figure 1 shows the basic input for each of the seven types.
For the flat surfaces (+ 1, + 2, + 3) the positive value indi-
cates the top or + Z side of the surface is the active side,
while the negative value indicates the bottom or - 7 side.
For the surfaces of revolution (+ 4, + 5, + 6, + 7) the posi-
tive value indicates the outside of the surface is active while
the negative value indicates the inside.

NVB, NVG - Number of nodes per surface

Each surface can be divided into nodes as shown in Fig. 2.

The surface is divided into NVB nodes in the B direction times
NVG nodes in the ¢ direction in equal increments of B and

¥, respectively. The total number of nodes on all surfaces
may not exceed 150,
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ZNVB *NVG < 150

(=AW A N~ L AW

The view factor between each two nodes is calculated and
printed (if non zero) in the cutput listing,

NG - Number of elements per node

Every node on a surface can, and usually should be, further
divided into elements, The view factors between nodes are
actually the summation of the view factors between elements.
Also the shading is accounted for by checking to see if the
element centers can '"see'' each other. If they cannot, the
entire element is considersd to be shaded. The accuracy of
the view factors are therefore controlied by the size of the
elements. NB is the number of elements in the f direction
and NG is the number of elements in the ¥ direction in
equal increments of P and ¥ respectively.

NB*NG = number of elements per node.
The total number of all elements may not exceed 2500,

D NVB*NVGANBANG < 2500

all surfaces

A, BMIN, BMAX, GMIN, GMAX - Surface dimensions

The five quantities A (a), BMIN (B .}, BMAX (Binax)s

GMIN (¥ nin) and GMAX (¥ nax) define the dlmensmns of
the suxﬁace relative to its surface coordinate system (X',

Y', 2'} as shown in Fig. 1. Depending on the type of surface,
they may represent either distances (any units of distance)
or angles in degrees,

ILK =+ 1 {Rectangles} Rectangles are, by definition,
pafa”el ‘to the X' Y'-plane with the side parallel to the
¥' and ¥' axes. & is the distance of the rectangle above
(or below) the X' Y -plane. PBiq;, and Byay ave the di-
mensions in the Y' direction and ¥ ;. and ¥, ., the
dimensions in the X' direction. All five may be either
positive or negative; the only restrictions are that Bmin
must be less than B, and vy ;, less than y . . This
means alaebramai}.y less — for GA:ift’ﬁple, (ﬁmm =+2,
Braax =+5), @mm = -10, Bmax = +3}, Pmin = -10, Bmax
= -4} are all valid inputs; (8,5, = -4, Bmax = -10) and
Brrin =+3, Bmax = -10} are not. This basic restriction
applies to all surface types.

o

3
-
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ILK =+ 2 (Discs): Discs are defined parallel to the
X'Y'-plane with the center on the Z ax1s @ is the dis -

tance of the disc above (or below) the X'y -plane, B ;.
and B, ., are the inner radius and outer radius, respec-
tively, (O < 5m1n < 6max} Y min and ¥ max are the
angles that the radii defining the wedge required make
w1th the Y' axis, measured about the Z' axis from the
+Y' axis toward the +X' axis. Restrictions are -360° <

Ymin < Ymax = +360° and Ymax - Ymin < 360°.

ILK =+ 3 (Trapezoids): Trapezoids are, by defm1t1on,
parallel to the x'y' -plane with the apex on the Z' axis
and the bases parallel to the X’ axis. «is the distance
of the trapezoid above (or below) the X'Y'-plane. B, ;n
and Bmax are the distances of the two bases along the
Y' axis with the restriction that either 0 < Brin < Bmax
or Bmin < Bmax < 0 (Bmin or Pmax = 0 produces a
triangle). Ymin and Vmax are the angles made by the
two sides w1th the Y' axis, measured about the Z' axis
from the +Y' axis toward the +X' axis; restrictions are
either -90° < Ymin < Ymax < +90° (with 0 < Bmin <
Bmax) or +900 < Ymin < Y max < 42700 (Wlth ﬁmln <
Pmax <

ILK =+ 4 (Cylinder): Right circular cylinders are
defined with the cylinder axis coincident with the Z axis.
o is the cylinder radius (a > 0). PBmin and Bmax are
the limits of the cylinder above (or below) the X'Y'-plane
(Bmin < Bmax). ¥min and ¥max are the same as for the
disc.

ILK =+ 5 (Cone): R1gh’c circular cones are defined with
the apex at the origin of the X'Y'Z' coordinates and the
cone axis along the +Z' axis. @is the cone half-angle
(0 < & < 900). Bynin and Bma.& are the limits of the
cone above (not below) the X'Y'-plane measured parallel

to the Z' axis (0 < Brnin < Pmax). ¥min and ymax
are the same as for the disc.

ILK =+ 6 (Sphere): Spheres are defined with the center
of the sphere at the origin of the X'Y'Z' coordinates.

a is the sphere radius (@ > 0). PBmin 3nd PBmax are
measured down from the +Z' axis (0 < Bmin < Bpax <
180O Ymin and Ymax are angles measured from the
+Y' axis toward the +X' axis (-360° < ¥Ymin < ¥Ymax <
3609). If you compare the sphere with a globe of the
earth, the X'Y'-plane is the equatorial plane, +2Z' is the
direction of the North Pole, Bmin and Bmax are lines of
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co-latitude (90° minus North latitude), and ¥y i, and
Ymax are meridians of West longitude.

ILK =+ 7 (Circular paraboloid): Circular parabolmds
are defmed w1th the vertex (not the focus) at the origin
of the X'Y'Z' coordinates and the axis of the paraboloid
along the +Z' axis. @« is the distance from the vertex
to the focus (a > 0). Bmin and Bmax are the dlstances
above the X'Y'-plane, measured parallel to the Z' axis,

of the part of the paraboloid required (0 < Bpin < Bmax)-
Ymin and ¥Ymax are the same as for the disc.

Card No.3

NCS - Intermediate coordinate system number

RX,

In some cases, surface input data can be simplified by loca-
ting groups of related surfaces relative to an intermediate
coordinate system (ICS) instead of the central coordinate
system (CCS), and then locating the ICS relative to the CCS.
The ICS is also useful when the problem must be run several
times with the position of a group of surfaces being changed.
When the position of a group of surfaces is to be changed,
they should be input referenced to one or more ICS's. The
entire group can be repositioned by changing the location of
the ICS with respect to the CCS. If any surface contains a
positive NCS number, the program will require the ICS data
discussed later (negative or blank NCS's are ignored). There
is no limit to the number of different NCS's (ICS's) or the
number of surfaces that can be referenced to the same NCS
number.

NCS < 0 (or blank): Position data on this card refers
to the CCS.

NCS > 0: Position data on this card refers to ICS number
NCS. The relationship between the 1CS and
CCS will be input later.

RY, RZ - Distance between coordinate systems

Each surface is located by 1nputt1ng the d1stance of the origin
of the surface coordinate system (X'Y'Z'") from the origin of
the CCS (X, Y, Z), if NCS is positive the CCS referred to here
is actually the ICS, along the three ICS axes. RX (Rx) is the
distance along the X axis, RY (Ry) along the Y axis and

RZ (R,) along the Z axis; as shown in Fig. 17a. Units must
be the same as those used in defining the surfaces linear
dimensions.
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Coordinate System

. X, Y, Z - Central (Intermediate)
7 X', ¥', z' - Surface

Z'
Ry \ .
) )
ﬁ X' ¥
R —
z
Y
X . L tion: R
(a)  Location: R,, Ry, R,

¢: Rotate about Z; Y —» X
Y. Rotate about Yl; X1 ~= 7
w: Rotate about X'; Y, —= Z.2

1
Zl
Z,
Yl
X'
()
e - ¥
P ¢_/
o)
Yy
SRS

(b} Orientation: ¢, ¥,

Fig. 17 - Orientation of Surface Coordinate System to Central
Coordinate System
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PHI, PSI, OMEGA - Coordinate system orientation angles

The orientation of each surface with respect to the CCS (or
ICS) is specified by the three angles PHI (¢ ), PSI ({), and
OMEGA () which are input in degrees. These angles define
three coordinate rotations that rotate the central coordinates
(X, Y, Z) into the surface coordinates (X', Y',Z'), as shown
in Fig. 17b. If NCS is positive, these angles rotate the
intermediate coordinates (X, Y, Z) into the surface coordi-
nates (X', Y',Z2'). The rotations are in the direction X, Y, Z
—_— X', Y', Z' (not X', Y¥', Z2' == X, Y, Z) and
must be carried out in the strict order of ¢, then i, then w.

PHI The yaw angle (¢) is the angle from the X
axis to the projection of the X' axis on the
"X - Y plane measured positive in the clock-
wise direction when viewed from the +2
axis.

PSI The pitch angle (Y) is the angle from the
projection of the X' axis on the X - Y plane
to the X' axis measured positive in the clock-
wise direction when viewed from the projec-
tion of the +Y' axis on the X - Y plane.

OMEGA The roll angle (W) is the angle from the pro-
jection of the Y' axis on the X - Y plane to
the Y' axis measured positive in counter-
clockwise direction when viewed from the
projection of the X' axis on the X - Y plane.

Card No. 4

Each surface is described by inputting a set (Cards 1, 2 and 3) of
surface data cards. A maximum of 150 surfaces (producing a maxi-
mum of 150 nodes) can be input. The surface description data are
terminated by a card containing a negative number in column 5 (i.e.,
a dummy surface with a negative ISF number).

Intermediate Coordinate System Card

The use of the intermediate coordinate system was discussed along with
the NCS number. RAVFAC assumes that if a positive NCS number was
given for a surface the data given on Card No. 3 related the surface
coordinate system (SCS) to the intermediate coordinate system (ICS). A
ICS card is input for each different NCS number included in the surface
data cards to relate the ICS to the central coordinate system (CCS). If
a ICS card is not given for a NCS number then the program will assume
that the transformation data given in the surface data is that required to
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reference the SCS to the CCS. After the last ICS card insert a
card (-1 in columns 9 and 10) to terminate the ICS data.

As stated previously the variables on the third surface data card
relates the SCS to either the ICS or the CCS. The variables on the ICS
card are the same as the third surface data card except they relate the
ICS to the CCS. That is the RX, RY, and RZ are the distances from
the origin of the CCS to the origin of the ICS along the three CCS
axes. The ¢, ¥ and w angles define the three coordinate rotations
that relate the CCS into the ICS.

If any surface refers to an ICS, at least the termination (-1) card
must be present. If no surfaces refer to an ICS, the presence of any
ICS cards or of the ICS termination card will cause an error stop.

END Card

Several cases can be analyzed on the same computer run by stacking
cases one behind the other. However, if one case causes a program or
computer error the remaining cases will not be processed. After the
last (or only) case, insert a card containing END in columns 1, 2 and
3. This card will insure that all data tapes are rewound and give a
normal run termination.
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Section 7

INPUT GUIDE

This section contains a summary of the required input parameters and
the format of the data cards of the RAVFAC program. When the input param-
eters are fully understood, the summary can be used as an input guide without
reference to other sections of this report. Kach parameter is discussed in
detail in Section 6, to which the reader is referred for further information

concerning input parameters. Figure 16 may also be used as an input guide.

The input data for RAVFAC is, with the exception of the Case Control
Card, the same as the view factor input data for the Lockheed Heat Rate Com-
puter program (Ref. 3), although the variable names may be different in some
cases. This format was chosen because it is straightforward and a number of
large models have already been composed in this format. Some of the options
available for the Heat Rate program have not been included in RAVFAC, but
the view factor results from RAVFAC can be used as input to the Heat Rate
program to calculate radiation resistor constants and orbital heat rates. The
Heat Rate program uses the finite difference technique (the contour integral
technique is not available) to calculate view factors and does not have the time-
saving preshade option. Plans have been made to include the radiation resistor
constant calculations in RAVFAC and to output onto magnetic tape the data re-

quired by the Heat Rate program to calculate the orbital heat rates.

The user is cautioned against inputting any parameters or comments in
the portion of data cards which appear to be skipped. The reason is that as
RAVFAC is expanded these columns will be used to read additional data. If
data of the wrong formats are detected, a program error will result. The

exception to this is the additional data on the Heat Rate program data cards,

RAVFAC was written for use on the Univac 1108 computer, although it

could be modified for use on any computer having a 64K core memory. The
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most current production version of RAVFAC will be available for use at the
NASA/MSFC Computation Laboratory. Use of the program requires computer

control cards and input data cards.
7.1 UNIVAC 1108 COMPUTER CONTROIL CARDS

A typical set of control cards required for each run is described below.
In these descriptions, NNNNN is the reel number of the program tape and X
is the tape unit on which the program tape is mounted. "Assignments' on the
other ASG cards refer to the magnetic tape unit assignments for output from

or input to RAVFAC.

RAVFAC Program Control Cards

1 (Card Column)
VRUN, T -« -~ =~
VASG, TM X, T
VASG, T B, T
VREWIND X
VCOPIN Xe, TPF$.
VFREE X

vVXQT

RAVFAC data deck - case 1
RAVFAC data deck - case 2

END
VREWIND Be.
V FIN

7.2 GENERAL FORMAT

The formats of the data cards that must be followed are of four basic
types: (1) the I5 (integers); (2) the E10.5 (floating point); (3) the F5.3 (floating

point without exponent); and the A6 alphameric field. The I5 consists of a
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5-column field, without a decimal, and may be positive or negative (if no
sign is given, the number is assumed positive). The last digit of the number
must end in the last column of the field. The E10.5 consists of a 10-column

field as shown below

12345678910
+XXXXXX+XX

If the number is positive, the sign need not be punched in the first
column of the field. Field columns 8, 9 and 10 contain the exponent. A (+)
in column 8 will cause the dec;imal, which is assumed to be between columns
2 and 3 as indicated by the .5 of E10.5, to be shifted XX places to the right
and a (-) will cause it to be shifted to the left. If a decimal is punched, it
will override the assumed position. The F5.3 consists of a 5-column field

as shown below,

12345
+ XXXX

If the number is positive, the sign need not be punched in column 1. The
decimal is assumed to be between columns 2 and 3 as indicated by the .3 of
F5.3. If a decimal is punched, it will override the assumed position. The
A6 consist of a 6-column field which can contain any standard alphameric

(A-7Z, 0-9, +, 1, etc.) data.

7.3 DATA INPUT GUIDE

FIELD PROGRAM
Location Variable Explanation

Title Card - Format 13A6, A2

Columns 1-80 Title Any comment can be made on this
card to identify the case.
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FIELD PROGRAM

Location Variable Explanation
Case Control Card - Format 415, 10x, £10.5, 20x, 415
Columns 1-5 NSTART Restart control flag.

> 0 Normal case requiring surface
data cards.

< (0 restart case using data tape
INSTART].

Columns 6-10 NT Output tape which can be used for a
restart case in case of termination.

< 0 restart tape will not be made.

> 0 restart data written on tape NT
which must be assigned in the com-
puter control cards.

Columns 11-~15 NVFACL View factor calculation technique
option.
1 Finite difference technique.
2 Contour integral technique.
3 Program selects technique
to use based on

i

(I

-é'z > RMAX - Contour Integral
T

£ < RMAX - Finite Difference.
I

Columns 16-20 NORM View factor normalization option.

< 0 view factors are not normalized.

= 1 view factors are normalized if
3.VE > 1
n
> 2 view factors are normalized so

that
2LVF =1

Columns 31-40 RMAX Maximum area-to-distance ratio. If
a value is not given RMAX=0.1 will be

used.




FIELD

Location

Columns 61-65

Columns 66-70

Columns 71-75

Columns 76-80
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PROGRAM
Variable Explanation

NPRT Immediate output flag.
< 0 no immediate output.
> 0"( time required to calculate each
5% of the view factors is printed.
= 2 each view factor is printed as it
is calculated.

NFE Element override option.
< 0 no override. Number of elements
taken from surface data cards.
> 0 one element per node.

NSF - Shading override option.

' < 0 shading will be considered using
shading flags on surface data cards.
>0 and #2 all shading is neglected.
= 2 shading will be considered using
shading flags on surface data cards,
but PRESHD is bypassed.

NTVF - View factor tape optidn.

< 0 no view factor tape written.

> 0 view factors are written on tape
NTVF,

Surface Data Cards — 3 cards per surface

&
The description of each surface consists of a set of three (3) cards. The

complete set is input for each surface followed by a set for the next surface.

After the last surface is input, a termination card (card Nb.4) is required.

The maximum number of nodes is 150 and the maximum number of elements

is 2500.

Card No.l - Format I5,2I1,43X,5A6

Columns 1-5

ISF First node number on the surface.
>0 first node number.
< 0 termination card (see card No. 4)

= 0 first node number will be one plus
the last node number of the pre-
ceding surface

“This option is not presently available under Exec VIII,
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FIELD PROGRAM
Liocation Variable Explanation
Column 6 KSH Can shade flag.
= 0 surface cannot cause shading.
>0 surface can cause shading.
Column 7 KS5BH Can be shaded flag.
= 0 surface cannot be shaded.
>0 surface can be shaded.
Columns 51-80 COMM Any comment can be made in these

Card No.2 - Format 5X%, 515,5E10.5

Columns 6-10 ILK
Columns 11-15 NVB
Columns 16-20 NVG
Columns 21-25 NB
Columns 26-30 NG
Columns 31-40 A
Columns 41-50 BMIN
Columns 51-60 BMAX

"Refer to Fig. 1.

columuns to identify surface.

Surface type.

+1 Rectangle
+2 Disc

H

+3 Trapezoid

+4 Cylinder

+5 Cone

+6 Spheré

+7 Circular Paraboloid

[}

i

i

A positive ILK indicates that the active
side of the surface is in the + direction
{or outside of surface). A negative ILK
indicates that the active side is in the

- direction (or inside of sutrface).

Number of nodes in the B direction.
Number of nodes in the 9 direction.
Number of elements per node in the
B direction.

Number of elements per node in the

v direction.

. . %
Surface dimension ¢
. . %
Surface dimension B _. .
min
5

Surface dimension (8 .
max

-~J
1
o




FIELD

Liocation

Columns

Columns

61-70

71-80

"Refer to Fig. 1.
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PROGRAM
Variable Explanation
GMIN g

GMAX

Surface dimension ¥_ . .
min

b

Surface dimension Yy = .
max

Card No.3 - Format 5X%,15, 10X, 6E10.5

Columns

Columns

Columns
Columns

Columns

Columns

Columns

Card No.

Columns

6-10

21-30

31-40

41-50

51-60

61-70

71-80

NCS

RX

RY

RZ

PHI

PSI

OMEGA

Intermediate coordinate system number.

< 0 data on this card relates the sur-
face coordinate system (SCS) to the
central coordinate system (CCS).

> 0 data on this card relate the SCS
to the immediate coordinate system
(NCS).

Distance of the origin of the SCS from
the origin of the CCS (or ICS) measured
along the X axis of the CCS (or ICS).

Same as RX except that it is measured
along the Y axis.

Same as RX except that it is measured
along the Z axis.

Coordinate rotation angle ¢ for rotating
the CCS (or ICS) into the SCS; rotates Y
toward X about Z.

Coordinate rotation angle ¢ for rotating
the CSC (or ICS) into the SSC; rotates X
toward Z about Y.

Coordinate rotation angle @ for rotating
the CSC (or ICS) into the SCS; rotates Y
toward Z about X.

NOTE: The rotations are in the direction of CCS (or ICS)-—
SCS and must be carried out in the strict order ¢,
then {, then w. '

4 - Format I5

1-5

ISF

Surface description input termination
flag. -

< 0 surface description has been
completed.

20 this is a Card No. 1.

7-7




LMSC/HREC D148620

Intermediate Coordinate System Card - Format 5X, I5, 10X, 6E10.5

An intermediate coordinate system (ICS) card is required for each

different NCS number used in the surface description. If an ICS card is not

given, the program will assume that the data given on the NCS card relate

to the CCS instead of the ICS.

termination card is required.

FIELD
Liocation

Columns 6-10
Columns 21-30

Columns 31-40
Columns 41-50

Columns 51-60

Columns 61-70

Columns 71-80

NOTE:

Columns 6-10

If any NCS was input as a positive value the

PROGRAM
Variable Explanation
ICS Intermediate coordinate system number.

RXR

RYR

RZR

PHIR

PSIR

OMEGAR

Distance of the origin of the ICS from
the X axis of the CCS.

Same as RXR except that it is meas-
ured along the Y axis.

Same as RXR except that it is meas -
ured along the Z axis.

Coordinate rotation angle ¢ for rotating
the CCS into the ICS; rotates Y toward
X about Z.

Coordinate rotation angle { for rotating
the CCS into the ICS; rotates X toward
Z about Y.

Coordinate rotation angle w for rotating
the CCS into the ICS; rotates Y toward
Z about X.

The rotations are in the direction of CCS—ICS and
must be carried out in the strict order ¢, then 4,
w. After the last ICS has been defined the following

card is required.

ICS

Intermediate coordinate system data
termination card.

< 0 - ICS data are complete,

> 0 - ICS data are not complete,
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End Card - Format A6

Several different cases can be processed on the same run by placing the
data deck for one case behind another case. An END card is required after

the last (or only) case.

FIELD PROGRAM
Location Variable Explanation
Columns 1-3 END The alphameric characters END are

punched on the data card.

Columns 4-6 : " These columns must be blank.
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Section 8
DESCRIPTION OF PROGRAM OUTPUT

In this section the output from RAVFAC is discussed. The symbol O
is used to identify each group of data. This same symbol has been used in
the Sample Problem Output (Appendix A, Fig. A-4). The reader should refer

to Fig. A-4 while reading this section,

An LMSC title is printed at the start of each run.
3k . :
The date and time run was started.
Case title.

Case control card variables are printed along with the
options available.

Surface data.

Summary of surface data Card No. 1.

© EOE

Surface radiation properties — currently not used.
@ Summary of surface data Card No. 2.

Summary of surface data Card No. 3.
Intermediate coordinate system data (for each ICS number),

Total number of surfaces, nodes and elements used.

®RO

Surface data summary.

e All transformations have been made to the central
coordinate system.,

e Angles are in radians.

e The first digit of KS is the "can be shaded!" flag and the
second digit is the ''can shade' flag.

@ Node Areas.

e The units of length are the same as input for the
surface data.

“These times are presently not available on the Exect VIII system. Refer
to Table 8-1 for elapsed time information,
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Table 8.1
ELAPSED TIMES

Zerc
o I Reference Comment

i S Start the writing of the restart tape.

2 a Surface data have been processed and written,

3 a Start reading the restart tape.

4 =3 Surface data have been read from the restart
tape.

5 a View factors have been read from the restart
tape.

b Nurnber of view factor calculations completed

{only printed if requested}.

) b View factors have been calculated.

7 b View factors have been written,

a8 b View factors have been normalized.

b Cage completed,

b, The start of the

factor calculations.
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e Nodes are listed in the order in which they are stored,
based on the order in which the surfaces were input.

e The number in parenthesis is the node ID number (ISF).

Time required to process surface data: hh:mm:ss
where
hh is hours
mm is minutes
ss is seconds

Time required to calculate each 5% of the element-to-element

_ view factors listed as N of T

where .
N is the number of dVFs calculated
T is the total number of dVFs to be calculated.

Usually there will not be twenty of these times because when
a node is skipped its contribution to the dVF count is not added
in.

Time required to calculate all view factors. The start of the

view factor calculation is used as the reference time for IELTs
greater than 2. '
View factor array — N, T, VFN—»J
Two sets of these values are printed.

The node numbers are those used by the program
(i.e., based on the order of input).

@ The node numbers are based on the surface index
number (ISF)

These arrays are printed in groups of three in the order of
nodes (N) used by the program. Each N node is started on
a new line. The view factor does not have the area term
included. Only non-zero view factors are printed.

Time required to calculate and print view factors.

Normalized view factors (not shown inFig.A-4)., These are the vi
factors after normalization has occurred. Format is the same as

Total view factor for each node. The program index number
{(the user's ID number is in parenthesis) and the sum of all
view factors for this node are given. If normalization is
requested these will be normalized values.

Elapsed time from the start of view factor calculations to the
end of the case. :

.
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@ Case completed statement.

pr3
@ Data and time the run was completed.

During a run RAVFAC makes checks to determine if its limitations have
been exceeded or if the restart tape is being processed correctly. If an error

is detected, the following message is printed:
ERROR TYPE ¥¥kp %%k ENCOUNTERED, RUN TERMINATED.

where n denotes the type of error as shown in Table 8-2.

"Table 8-2
ERROR MESSAGE
Error
Type Meaning
(n)
1 Maximum number of surfaces has been exceeded.
2 Incorrect surface type,
3 Output (or restart) tape unit not allowed.
4 Maximum number of nodes has been exceeded.
5 Maximum number of elements has been exceeded.
6-9 Not presently used.
10 NTRAN error — writing array TITLE
11 TIl
12 BMIN
13 MS1
14 MSM
15 UN1
16 B PN1
17 NTRAN error — Reading array TITLE
18 T
19 BMIN
20 MS1
21 MSM
22 UMl
23 v PM1
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This error message is printed to aid the user in determining what caused the
problem to terminate. If n > 10 the error is associated with reading or
writing the restart tape. This is usually caused by a systems error which

is beyond the user's control (suggest resubmitting job).
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Section 9

CONCLUSIONS AND RECOMMENDATIONS

The radiation view factor (RAVFAC) digital computer program is opera-
tional on a productional status. From the many check cases which were run,
the conclusion was reached that the three options for calculating the view
factors should allow the user to obtain accurate results economically. The
following guidelines should be used. |

® Problems having A/r2 <0.1 (A is based on element) ~ finite
difference.

Problems having some A/r2 > 0.1 —let program select method.

® Problems where the most accurate answers are required —
contour integral.

Flag all surfaces that cannot cause shading or be shaded.

Input first those surfaces which cause shading on the most

elements.
RAVFAC was developed as a basic view factor program. During the develop-
ment of RAVFAC several areas were noted where improvements could be made
and additional capabilities that were needed. Although these improvements and
capabilities were beyond the present scope of work some of the preliminary
work was done. Also during the logic development and coding, provisions were
made so that the necessary modifications could be made without having to make
major changes to the present version of the program. These improvements and
extension of capabilities are discussed in the remainder of this section.

& Semi-transparent surfaces — The fully transparent surfaces canbe evalu-~
ated using the '"cannot shade' flag. However, most''transparent' surfaces
cause some blockage of the radiant energy which passes through them.

To account for the transparent effects, the view factor must be modified
when a transparent surface is encountered. Although the view factors

are based on diffuse radiation, the transmissivity is often largely de-
pendent on the incident angle. This effect should be accounted for.

® Emissivity, absorptivity and reflectivity effects — Usually, the view
factors are the first step in calculating the temperature distribution
of a given system. After the view factors are obtained, the effects

9-1




LMSC/HREC D148620

of surface radiation properties are included. Next, the multiple
reflections are incorporated and the data input into the appropriate
computer program. A routine should be written for RAVFAC to
include the effects of surface properties and multiple reflections.
These data can then be punched into data cards or written on tape
in a format suitable for the computer programs that will be used
to calculate the temperature or heat rate.

Contour integral improvement — At present, view factor calculations
are based on approximating the element with a rectangular plate. Work
was done on solving the contour integral equation for the various sur-
face types. These equations can be included in RAVFAC to provide
more accurate view factor equations. Another benefit of these equa-
tions is that the view factor can be calculated on a node-to-node basis,
instead of element-to-element, if the two nodes are not shaded. This
reduces run time,

Additional surface types — Additional surface types will be helpful
when complex configurations are modeled. Listed below are several
surface types which should be included:

® Box (5 and 6 sided)

e FEllipsoid of revolution

e Hyperboloid

Specular radiation — Most of the thermal analyses are based on assumed
diffuse radiation. However, as design requirements become more de-
manding, more accurate view factors will be required. Little work has
been accomplished in applying specular radiation and combined specular
and diffuse radiation to general problems.

Program optimization — During the development of RAVFAC much
attention was given to decreasing the run time and increasing the maxi-
mum number of nodes and elements. However, an additional effort is
required to optimize the total program. Results of this optimization
will be reduced cost per run and increase in capability to analyze larger
problems.
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Appendix A 1

SAMPLE PROBLEM
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Appendix A

This Appendix presents a sample problem, the objective of which is to
familiarize the reader with the steps to be taken to obtain a solution for a
radiation view factor problem. Basic data are given as well as a listing of

the input data. Program output is also presented.

View factors between seven different types of surfaces are to be calcu-
lated. In Fig.A-1 a cross-sectional view of the sample case is shown. A
central, an intermediate and the individual coordinate systems of each sur-

face are also shown.

The surfaces consist of the following types:

e Surface !l Rectangular plate

e Surface 2 Sphe're

e Surface 3 Cone

e Surface 4 Circular parabol.oid
e Surface 5 = Cylinder

e Surface 6 Trapezoidal plate

e Surface 7 Circular plate

Surface | is divided into two nodes in the Beta direction and four nodes in the
Gamma direction. The remainder of the surfaces are divided into two nodes,
for both the Beta and Gamma directions, respectively. The nodes of surface

] are divided into three elements in the Beta direction and five elements in

the Gamma direction. The nodes of the other surfaces are divided equally

into two nodes in the Beta and Gamma directions. An intermediate coordinate
system is used for referring the surface coordinate system of surface 3 (cone},
to the central coordinate system. The surface coordinate systems of all other

surfaces are referred directly to the central coordinate system.

A-1
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View factors are calculated using either the finite difference or contour
integral method based on a RMAX = 0.01. The effects of shading are being
considered. The view factors are not normalized. Tape A is utilized for a

possible restart, and the time required to calculate the view factors is printed.

The location and orientation of the surfaces are shown in Fig. A-1, and
given with respect to the central coordinate system. Surface dimensions are
given in Fig. A-2. Based on this information, the required input data can be

generated. A listing of these data is shown in Fig. A-3, The sample problem

output is shown in Fig. A-4.




B o
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xc Surface 6
b
<
Surface 5 / \\\ (14,13,10)
A\ -~
FEIRN - Xy Surface 7
/
v Y()'
135°
Surface 4

(9,15,15)

/,//
Z5h(11,7,10)
(12,5,15) / v
X, 5

X4
X
Surface 2 3 Surface 3
o
Xics 45
| (4,12,10)
YICS
ICS
¥
B . Y
(0.3,1) X C

Fig. A-1 - Sample Problem (Cross-Sectional View)
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Rectangular Plate Sphere z
i
A% A
\\h r n T
6 3
T T T~ l: v. 0.33341 -
1 * i
X.
X, 1
i
Cylinder Circular Paraboloid
Z

X.
i

Circular Plate X5 Trapezoidal Plate

NOTE: Qis the ISF number of the first node on a surface.

Fig. A-2 . Sample Problem (Surface Dimension)
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Appendix B

COMPARISON OF FINITE DIFFERENCE AND CONTOUR
INTEGRAL TECHNIQUES
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Appendix B

Several comparisons were made of the accuracy of the finite difference
and the contour integral techniques. For the simple shapes, comparisons
were based on analytical results; this was not possible for the more complex
shapes since analytical techniques are not available. Results of the compar-
isons indicated that the contour integral technique is more accurate than the
finite difference. If the area-distance ratio (A/CZ) is less than 0.1, however,
the accuracy of the finite difference technique is sufficient for most engineering

problems.

A series of runs was made in which the configuration shown on Figs.
B-la, b, and ¢ was used. The distance (C) between the plates was changed in
each run. These runs illustrate the dependency of the area/distance (Al/CZ)
ratio as well as an accuracy comparison of the finite difference and contour

integral techniques. Each surface consisted of one node and one element.

Results of these runs are presented in Table B-1 and Figs. B-1la, b,
and c¢. When these results are reviewed, it should be kept in mind that most
of these runs were made with the plates placed extremely close to each other

(large AI/CZ), and as stated in the main report, one should model so that

-é‘-?: <o0.1
C

As more elements per node are used, the accuracy of both techniques
improve as shown in Figs. B-2a, b, and ¢. However, RAVFAC, as well as
other view factor programs, is limited in the size of problems that it can
process., Also the run time increases as the number of elements increases.
If the problem is such that (A/CZ_) is greater than 0.1 is unavoidable, the
contour integral technique should be selected (NVFCAL = 2 or 3‘).

B-1
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Table B-1
PARALLEL FLAT PLATES
View Factor

Finite Contour
C AI/C AI/CZ Exact? Difference” J[ntegraLl2
00152 66.0 4356.0 197059 1386.6 199925
0.0160 62.5 3906.0 .96899 1243.4 .99916
23278 36.0 1296.0 ~ .94716 412.5 .99748
(3.0400 25.0 625.0 .92525 198.9 .99479
0.0667 15.0 225.0 .87981 71.6 .98567
0.100 10.0 100.0 .82699 31.8 .96834
7.5 56.25 .77806 17.9 .94511

5.0 25.00 .69024 8.0 .88465

4.0 16.00 .63204 5.1 .83103

3.5 12.25 .59399 3.9 .79041

3.0 4,00 .54738 2.9 . 73520

2.5 6.25 .48922 2.0 .65914

2.0 4,00 1 .41525 1.3 .55413

1.5 2.25 .32006 0.71620 .41285

L0 1.0 1.00 .19982 0.31831 .23946
7.1 0.5 0.25 .06859 0.07578 .07348
4.0 0.25 0.063 01911 0.01989 .01949
2,0 0.125 0.016 .00492 0.00497 .00497

Taken from NACA Report TN 2836, '"Radiant Interchange Configuration
Factors,” D.C. Hamilton and W.R, Morgan, December 1952,

.
“One element/node
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RAVFAC COMPARISON
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Appendix C

In this appendix, results obtained with the RAVFAC Computer Program
are compared to the results obtained with other existing computer programs.
Also, the results of several sample cases are compared to data which are

found in the open literature.

Two existing diffuse radiation view factor computer programs were
used in this comparison study. These programs are CONFAC II (Ref. C.1)
and CONFAC III (Ref. C.2). The CONFAC II Computer Program uses the
geometric unit sphere method and CONFAC III uses a contour integral technique
nique. The RAVFAC results were obtained by using both the double summa-
tion and contour integral techniques. One of the sample cases used consisted
of two equal parallel flat plates in which both the dimensions and distance be-
tween the plates were varied, as well as the number of elements used. The
results of these cases are shown in Table C-1 ‘a.nd Fig. C-1. The exact solu-
tions are also shown in Table C-1, and were obtained by evaluating the closed
form solution with the aid of a digital computer program. The grid size used
in subdividing the flat plates were 2x2 and 24x24. The maximum grid size
used with CONFAC III was 9x9, since this is the maximum grid size available

for that program.

Table C-1 shows that the best results were obtained for this particular
case by using CONFAC III, for the 2x2 grid. For the 24 x 24 grid the best
results were obtained by using RAVFAC's contour integral technique. Note
that both CONFAC II and CONFAC IlI were written for limited body geometries.
CONFAC II is restricted such that the flux source is a plane polygon and the
receiver an arbitrary polyhedron. CONFAC III is restricted to evaluate con-

figuration factors between plane polygons only.
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In Figs. C-2, C-3 and C-4 and Tables C-2, C-3 and C-4 several sample
cases and their results are shown. These results were obtained both from the
literature and using RAVFAC. In these cases RAVFAC view factors were ob-
tained using the combined double summation and contour integral techniques
according to the size of the elements and the distance between them (i.e.,

A /% ¢ o).

The sample case shown in Fig. C-2 consists of a flat plate and a cylinder.
RAVFAC and CONFAC II were used to calculate the radiation view factor for
this configuration. Also, view factors for this case were taken from Ref. C.3.

The results are also shown in Table C-2.

Figures C-3 and C-4 a.rre; sample cases of sphere-to-sphere and sphere-
to-cone view factors. View factors for this configuration were calculated
using RAVFAC, and compared to data from Ref. C.4. The results are shown
in Tables C-3 and C-4, respectively. In these last two sample cases the view
factors could not be calculated With either CONFAC II or CONFAC III since
both of these programs are restricted by the geometry of the surfaces. The
results from the litérature shown in Tables C-2, C-3 and C-4 were obtained
from parametric plots of the sample cases shown in Figs. C-2, C-3 and C-4,

respectively. These plots were calculated numerically since a closed form

solution has not been found for these sample cases.

From this comparison study the conclusion is reached that the answers
given by both CONFAC III and RAVFAC's contour integral technique were the
best for the sample case shown in Fig.C-1. Since CONFAC III also uses a
contour integral technique for plane polygons, it can also be concluded that
the contour integration yields better resulis than both the double summation

and the unit sphere method.

Results from the sample cases shown in Figs. C-2, C-3 and C-4 show
that the view factors calculated by RAVFAC using the combined double sum-

mation and contour integral techniques are quite close to the values obtained
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from the literature. Since the values found in the literature were not evalu-
ated by closed form solutions but by numerical schemes with the aid of digital
computers, it cannot be concluded which of the two values is closest to the

exact solution,

From these comparisons two major conclusions can be drawn:

® The contour integral method yields the best results when the
distance between the elements 'is small compared to the magni-
tude of the areas, while the double summation method yields
accurate results when the distance between the elements is large
compared to the magnitude of the areas, in a simpler and faster
way. The RAVFAC Computer Program has both the contour
integral and double summation methods for calculating view
factors.

® The versatile RAVFAC Computer Program permits configuration
factors between seven different types of surfaces and their pos-
sible combinations to be evaluated, while most of the other exist-
ing programs allow only configuration factors between plane
polygons and polyhedrons to be evaluated.
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1 Flat Plate
2 Cylinder
a = 2

b = 4

c = 4

d = 1

Fig. C-2 - Flat Plate to Cylinder

Table C-2

RESULTS OF SAMPLE CASE SHOWN IN FIG. C-2

View Factor Appendix A RAVFAC CONFAC II
Ref, C.3
FI-Z 0.275 0.30700 0.29950
FZ ] 0.175 0.19544 0.15535
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1 Sphere No. 1
2 Sphere No. 2
S =1
R

Fig. C-3 - Sphere-to-Sphere

Table C-3

RESULTS OF SAMPLE CASE SHOWN IN FIG. C-3

View Factor Reference C.4 RAVFAC
FI_Z 0.060 0.05802
}5‘2_1 0.060 0.05802
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Fig. C-4 - Cone to Sphere

RESULTS OF SAMPLE CASE SHOWN IN FIG. C-4

Table C-4

View Factor Ref, C.4 RAVFAC
FI-Z 0.102 0.10167
}3‘2_1 0.036 0.03594

MSFC—RsA, Ala
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