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The program described in this renort renreseuts the second stage in the
develonment of a general configuraticn fauctor comnuter nrogram, This renort
vartly incsimorates SID €2-393 (ASD TN 61-101), which describes CONFAC 1,
the first program develoned under the Snace Vehicle Thermal and Atmosvheric
Control Study,
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ABSTRACT

A simple numerical method is derived for the determination of the gecmetric
radiant-interchange factors used in radiant heat transfer and illumination. A
FORTRAN II digital cemputer program u i11z1ng this method is developed which
provides a rapid and accuratc mcans of computation of configuration and form
fact rs, The source of fiux wzy be any generai nlane poliygen und the receiver
may be any general olane or nonpianar polygon, the surface of an arbitrary
rolyhedron, or an arbitrary combination of such surfaces.,

1t is therefore possible to accurately determine configuration and fetm
factors from a plane surface to another surface occluded by complex interven-
ing surfaces. Form factors are ccmputed rapidly -- averaging less than two
seconds on the IBM 7024 for simple, unobstructed plane surfaces, and less than
30 seconds for simple polyhedra. Also, means are provided to internally
generate a variety of regular polygons or poiyhedra and to transform surface
spatial coordinates for convenience of data entry and/or motion simulation.
Simplicity of data eatry, flexibility of applicaticn, and economy of operation
are principal features of this program, Sample problems illustrating these
important aspects are provided,

This report has been reviewed and is approved.
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SECTION I

INTRODUCTION

The geometric form factor, ¥),, is defined as the fraction of radiant
energy emanating from finite surface A; which is intercepted by another
surface Aj.

f Flux received by finite surface A,
12 ® TTux emitted by finite surrace A

)

The geomctric configuration factor, £5,, is defined in & similar manner,
except that the emitting surface is infinitesimal, (sometimes referred to
as the point configuration factor),

Flux received by finite surface A2

= — [ )]
12 7 ¥lux emitted by infinitesimal surface dAj 2

The subscripts denote the direction of flow of net flux; €12 and f, vertain
respectively to the configuration and form factor from surface A) to surface
Az. It is assumed that each surface is isothermal and radiates diffusely,
i,e., follows Lambert'!s cosine distribution law,

The "closed-form" determination of the configuration or form factor by
classicul integration techniques is impossible or impractical in most situa-
tions. Experimental techniques and devices have been revorted in the litera-
ture (Referance 1), and probably the most useful is Pleijel's Globoscope
(Reference 4), Experimental techriques produce only the configuration factor,
however, Nonetheless, they are useful for many applications whare only one
or just a few configuration factors are required and nominal accuracy is
sufficient,

However, if a large number of form factors are required in a short
period of time, cxperimental techniques are not practical, This renort pre-
sents a numerical method and a computer program which enables rapid and
accurate computation of configuration and form factors between plane sur-
faces, and plane or solid surfaces, The scurce (surface 1) may be any general
plane polygon; the receiver (surface 2) may be any arbitrarily oriented
general plane or nonplanar polygon, the surface of an arbitrary solid, or an
arbitrary combination of planes, nonpianes, or solids, Form faciers (which
nominally are derived from 625 configuration fzctors) are com.uted ravidly,
avoraging less than 2 scconds by IBM 7094 time “or simple plane surfaces,
and less than 30 seconds from simple plane suri.ces to simple solids, Table 1
compares solutions obtained by CONFAC I1 to tl.se given in Reference 1,

Manuserint released by the author Jlanuary 1964 for nublication as an FDL tech-

nical Documentary Renort
1



Table 1, Comparison of Configuration and Form Factors Computed
by CONFACJII to Those Given in Reference 1

Computer (Tranezodial Rule)

Configuration Reference 1 24 x 24 grid 60 x 60 grid
P-1, X =12, Y=1 0.13853 0.138532 0,138532
¥=0,1, Y=0,1 0.00314 0.003141 0.003141
X=1, Yy=4 0,17527 0,17527¢ 0.175270
X=0.1, ¥ =0,4 0,01147 0.011471 0.011471
X=1, Y=zoo* 0.17678 0.176777 0.176777
X=0,1, Y#=o* 0,42488 0.024876 0.024376
P-2, #=30° L=0,N=1 0,4665 0.466506 0,466506
p=30° L-1,N=1 0.1759 0,175923 0,175923
p=30° L=0 N=4 0.4665 0.466506 0.466506
#=30° L=4, N=4 0,0964 0.096447 0.096447
#=120°, L=0,N=1 0.125 0,125000 0.125000
#=120°, L=1,N=1 0.0236 0.023554 0.023554
$=126°, L=0, N=4 0,125 0.125500 0,125000
g =120°, L=4,N=4 0,0077 0.007683 0,6567682
**p.5, E =1, D=1 0,276 0.275 -—-
E=1, D=2 0.438 0.436 -
E=1, D=w 0.500 0.498 -
E =2, D=1 0,724 0,722 -———
E=2, D=w 0.800 0,799 -
**p_8, D = 4, L=2 0,08074 0,08055 -—-
D=2, L=4 0,24774 0,2472 -
A-1, X =1, Y=1 0,19982 0,19972 0.19981
X=0,1, Y=0,1 0,00316 0.00316 0.00316
X=1, Y=4 0,34596 0,34559 0.34590
X=0,1, Y=0,4 0,01207 0.01207 0.01207
X=1, Y=zo¥ 0.41421 ’4,40549 0.4107s
X=0,1, Y=zo* 0,04988 0.,04884 0,04946
A-2, P = 3o°. L=1, N=1l 0,6202+ 0,61769 0,61878
g = 30°8 L=4,N= 12 0,3961+ 0.39431 0,39450
=120, L=1,N=1 0,0870+ 0,08665 0,08662
g =120° L =4, N=4 0,0433+ 0,04272 0,04255

S s .
* 107 was assumed to approximate « for computer run
** 32 sided reguiar polygon used to simuiate circuiar cross-section

+ These values were obtained by numerical integration across surface A,
according to Reference 1



The FORTRAN II Computer Program described herein, CONFAC II, is a
follow-on development of an earlier versior, CONFAC I (Refere-~ze 5)., The
original program has been extensively modified and significant improvements
in the flexibility of application have been achieved. CONFAC I was developed
principally to compute geonetric torm factors between plane surfaces; no
application to nonplanar surfaces or bodies was originally intended, However,
because of the particular analytical apnroach utilized and the data handling
techniques developed, it was possible to use the basic plane-to-plane program
to compute factors to nonplanar surfaces, provided proper restrictions were
observed,

The principal similarities and differences between CONFAC T and CONFAC Ii
are as follows:

1. Both CONFAC I and CONFAC II require that Surface 1 be a plane
polygon; it may be arbitrarily oriented in the coordinate system
in vhich it is described (entered) in data.

2. Both CONFAC I and CONFAC II specify that if Surface 2 is a plane
polygon, it may be arbitrarily oriented with rcspect to Surface 1
and within its own coordinate system,

3. Both CONFAC I and CONFAC II require that, if Surface 2 is a non-
planar surface, then the surface boundaries must present a valid
silhouette from any point on the active side of Surface 1,

4, CONFAC I specifis: that no part of noaplanar Surface 2 may lie
below the "horizen" of Surface 1 when viewed from the active side
of Surface 1, CONFAC IT does not require that all of a nonplaiar
Surface 2 appeat above the horizon of Surface 1, CONFAC IT will
automatically bisect a nonplanar Surface 2 and compute the factor
to only the part which Surface 1 "sees,"

5. CONFAC 1 cannot, in general, be used to compute the factor to a
solid surface, CONFAC II will compute the factor to arbitrary
solid surfaces or regular solids such as narallepipeds, cylinders,
cones; etc,, with the restriction that all of the surface must
appear above the horizon of Surface 1, CONFAC I cannot, in general,
be used to compute factors to surfaces which sre occluded or
"shadowed" in a varying manner by intervening surfaces; on the other

hand, the factor in such instances can be determined by CONFAC 11

with few restrictions,

6. CONFAC 1 has only two principal classes of data -- surface data and
eurface transformation data, No distinction of dwuta entry is made
betwieen plane and nonplane surfaces, Surface data is distinguished
from transformation data by the position of the data namc on the
d2ta name card, CONFAC II, however, utilizes nine data classifica-
tions, as follows:



Clzss 1 - Plane polygon, silhouette developed directly from data
Class 2 - Nonplane nolygon, silhouette developed directly from data

Ciass 3 - Internally generated disk, silhouctte developed divectly
from generated data

Class 4 - Plane polygon, silhouette internally develcoved

tn

Class S - Nempiane surface or solid, silhovette inteisally developed
Class 6 - Internally generated regular disk or solid, silhouette
internally developed

Class 7 - Sphere

Class 8 - Multisurface, silhouette internally developed from all
surfaces taken together

Class 9 - Transformation data

CONFAC II incorporates a silhouette generator subroutine which is
utilized when the factor to solids or, in certain cases, to non-
solids is requested. The silhouette generator computes the ner-
spective of Surface(s} 2 from preselected positions on Surface 1
from which configuration factors are comnuted,

CONFAC I1 incorporates an internal automatic surface generator
which computes the surface boundary coordinates of regular plane
and solid surfaces from input data specifications, This feature
enables the analyst to create surfaces such as circular or ellipti-
cal disks, parallelepipeds, pyramids, cones, truncated cones, cylin-
ders, etc, An endless variety of regular surfaces can be created
by CONFAC II.

CONFAC Il incorporates extremely fast computation of factors to a
sphere which is arbitrarily oriented with respect to Surface i,



SECTION II

ANALYTICAL PROCEDURES

CONFIGURATION AND FORM FACTOR

The general equation that must be solved in the determination ¢f the
radiant-interchanpe fsim facter is (see Figurz 1)

51 ff 5‘5 cos 8y cos 8, dAydA -
12 =Ky Ay A, 252

The following part of the integrand is the factor from the elemental surface
dA, to the total surface A,, referred to as the configuration factor or
plane point factor, €12+

. 5:{ cos &) cos 8,
= dA.
12 A, T % 2
Therefore,
s (€ 3
i2 Ay 5“} Al c12 dA1 &

A very simple geometric interpretation of Equation 2 is given by Nusselt.
The principal value of the Nusselt concepnt is that the computational proce-
dure is simplified and imade more accurate by the fact that no mathematical
or numerical integration is required to compute the configuration factor. How-
ever, the Nusselt method yields only the configuration factor from the ele.
mental area dA;; one must still integrate all such factors over surface Ay
to yield the form factor fj, as given in Equation 3,

The Nusselt concept utilizes a hemisphere of radius R constructed over
the incremental plane area dA;, as shown in Figure 1, Every point defining
the boundary of surface A; is projected radiallv to the hemisphere surface
and then verti-ally downward to the plane of dA;, the equatoiizl plane of
the hemisphere, The locus of all points thus projected encloses an avea,
A2, on the hemicphere hase. This area A"y, divided by the area of the
base, is the configuration factor from dA; to Aj.

\R



FIGURE 1. NUSSELT GEOMETRICAL RELATIONSHIPS
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The validity of this conclusion can be demonstrated as follows, Note
that the elemental area dA, is described in surface A; by the elemental
36lid angle dwl, or

cos 6, dA
doy = ——ST—Z' @)
Similarly, on the sphere having radius R,
doy = 77 5)

'
Because dA; is tiie projection of dA, on the hemisnhere base,

"
dA
] 2 Y
dAg = cos §; (6)

Inserting Equation 6 in Equation 5,

dAn
= (7)

dw, =
1 R%cos 91

The right side of Equation.4 appears ermiicitly in Equation 1 and, because
Equation 7 is identical to Equation 4, Equation 2 becomes

" dA 1]
€ 5. 5‘ cos O) dAy R -
12 = & A 2 = ) =
2 T R<cos 9 ] nRZ

For a sphere of unit radivs (unit sphere),

1"
A2
‘2= (8)

which completes the proof of Nusselt's method, By inserting Equation 8 in
Equation 3, il2 original equation becomes greatly simplified: unly one area
intogration is now required,

fo-k) ) ( Q



The computer program described herein solves Equation 9 numerically
by successive algebraic evaluation of A, at praselected points on Surface
A, with subsequent numerical integration to yield f,,, or

L
A
ny

PRE S S VY] )
12 = "/ 41"1\1 7 A (10)

"
It should be <mphisi.ed tnat area Az is, in fact, fermed by the doubly
prejected silhiouette of surface A, as it appears from dA;.

The element dA; is assumed to be oriented in the XY plane and at the
origin of the coordinate system of Curface A,. The area A, can be found ,,
from the line integral where y; = F(x;) is the locus of the boundary of A,

A'z' = —%-£ (xl dyl - yl dxl) (11)

Let z = F(x,y) be the locus of the silhovette of A5, and S the distance from
dA; to the point (x,y,2) on the silhouette of Az,

s <yfol + g2+ 22

From similar triangles,

R e

4 1
LT s mdy e -“*(—s")
Inserting in Equation 11

R a2

Equation 12 can be transposed to finite difference form by replacing
the differentials with increments for numerical evaluation. Becaus:z of the
problems of increment size control, it appeass desirable to solve Equation
12 for a finlte iine segment in space and to allow the analyst to control
accuracy of configuration factor computation by suitable selection «f line
segments describing Surface 2, If the surface is actually a polygon or noly-
hedra, the simulation is perfect; if the surface boundary is curved, like a
disk, for example, the validity of the result is a function of the number
of line segments used,



However, a much simpler and more easily understced geometric d. riva-
tion, using the unit sphere, yields the result in superior computational
form, Referring to Figure 2, note that the radial projection of line seg-
ment AB on the hemisphere surface forms the circular arc A*B', Projection
of A'B' to the base plane produces the elliptical arc A"B", forming the

3 sl an AMADI L2 POV
alhptlcal section A"OB" with the OTigLim,

If all line segments describing Surface 2 are similarly projected,
the area A; wiil be foimed by a closed series of elliptical arcs. Surface
A, does not have to he : plon., Actually, the area Az results from the
acometry of a silhouette; any surface or obiect projecting an identical
silhouette in the same spatial position on the hemisphere surface will pro-
duce the same area A, and the same point factor,

‘nspection reveals that the magnitude of area A; can ce deteriined
by com. 1ing the area of each elliptical sector, properly signed, followed
by an alg. vaic summation,

In Figure 2, the area of elliptical sector A is the projected area
of circular sector A;, If the angle between the plane of the circular
sector A'OB' and the XY plane is y, then

Ag
cos Y = F

»
S (

The area A is computed from the usual polar equation, with @ in radians,

For the unit radius sphere,

Ag = —%" (14)

Substituting Equation 14 in Equation 13, and solving for A.,
0
Ag = —3—cos ¥ (18)

”"
For a polygon of N sides, the net area Ay is found by aigebraic summation
of all computed A,
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=1 :
Substituting in Equation 8, we have
‘ N
H A wn
‘ﬁ > 1 N\ -\
12 57 7% l 2, fnhcos vy (17)

A general analytical derivation of this equation is given in Reference
3, and is reported to be originally developed by Omoto in 1924,

The absolute value notation will be explained later, The use of vector
algebra greatly facilitates the camputation of 6 and cos y, Taking, for
example, directed line segments of OA and 0B, the vector dot product is

e

OA* 0B = xpXg + YpAYR * ZpZp (18)

- P
The cross product OA x OB in determinant form is

i 3 k
- -
OA x OB = XA YA ZA
B YB B

. >
which, upon expansion, becomes the normal vector Vy,

- - -

VN = 0A x 0B = ()’AZB - szB)i + (szA - ZBXA)j + (XAyB - XB}’A)k (19)

where i1, j, and k are mutually orthogonal unit base vectors directed along
the principal axes.

-

Vy is equal in magnitude to twice the area of the triangle AOB and
is oriented normai to the plane of AOB so that the three vectc~< form a
right-handed system, The magnitude is computed by the Pythagorean theorem,

ol
-

{
¥
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;7 = (y.z z )2 + (xXp2, - X,2 )2 + (x X )2 20)
N =\ (VaZp - 208 %A ~ Xa%p AYB = XpYA (

The angle 8 may be evaluated from either the dot or the cross nroduct by
use of inverse functions, specifically

r . =1
~11 A v AR ..=1 r lvq] }
0 = cos ] s /;, OF SIN | eepe
| 1GRT 7481 | | 111681 |

Yowever, an overali economy of computation results from the use of the
arctan functicn,

-1
-1 VNl

8 = tan (21)

- >
OA * O

As noted earlier, the angle y is defined as the angle between the
plane of AOB and the XY plane, It is also the angle between_the vector Vy
and the Z axis; cos y is therefore the direction ccsine of Vy with respect
to the Z axis, Using the Z component in Equation 19,

XAYB = Xg¥a

cOS Y = - 22
|VN] (22)

If the numerator and denominator are both divided hy 2,
XpAYg = XpYA
——

COS Y = s=————pr
[ Wl
wa

This shows that cos v is also equal to the ratio of the signed pnrojected area
of triangle ACB on the XY plane and the plane area of triangle AOB.

In the right-handed system shown, cos Y is positive when the order of
computation of the vectors in the cross product causes the normal vesrer Vy
to point in the direction of the +Z axis (0<v<®0), The order in which one
proceeds from voint to point on the boundary of Surface 2 wil: sign each
elliptical sector accordingly; however, because the seciors are sumpe.l
algebraically, the same absolute magniiude vill result regardless of order.
Because the point factor is always a positive number, the order is comnuta-
tionally unimportant, Neverthaless, the program requires that data be
entercd in counterclockwise order for other reasons, This will be dis-
cussed in more detail later,



The relative ease with which the point factor can be computed is best
iilustrateG by 2n example. Using the triangle shown in Figure 2, and start-
ing with line segmeat AB, frcm Equation 18

frsn Equation 20

[Tpsl = 1% x 5’]=Vf-6)2 s0+ @2 yi0

From Equation 21

From Equation 22

Moving to BC,

r—————
+ (-8)2

WBCI ="V%2 + 62 =136

egc = tan™! [.* };9]: 0.661

Qo
-0

€OS Ypeo = — = 0,686
/136

13



-
Finally, line segment CA,

- z 2"
VVA = + 6 + (-2) = qo
-ify/50 \.
cA -:'3.7’. i -;i..g- ): 0.453
€0S Yoy = == = 0,316
VA0

The configuration factor is, therefore, from Equation 17,

1 )]
Ciz = - ' 2(0,453) (0,316) + (0,661)(-0,686)

-%; ' -0.167'

0.0266

12

Note the vepetitive nature of the computation. Thus, all surfaces
represented by straight line segments in space can be analyzed in the simple,
direct manner shown.

COORDINATE TRANSFORMATION

The task of computing factors, even when simple "closed-forn™ solutions
are available, is oftentimes laborious because the surfuces under considera-
tion appear in difficult, skewed relative positions. A significant nart of
this effort has been eliminated by the program through the canability of gen-
eral coordinate transformation (translation and/or rotation), Surface data
nay be entered for each surface using an individuaily convenient local origin,
The suyfaces may then be linked together by transforming one or both surfaces
to A convenient third origin which is common teo both surface:, The fact that
internally generated surfaces may also be transformed {excluding multisurfaces
nakes this feature a very powerful tocl,



Actually, two different tyves of coordinate transformation are used by
the program. The transformation discussed in the nrior naragravh is termed
a "primary" transformation, and is under control of the user through trans-
formation data entry. The second type of transformatior is termed an "auxil-
iary" transformation,and is unaer internal program control only, An auxiliary
transformation transforms the surface coordinates of both surfaces into a new
coordinate system formed so that the XY plane of the coordinate system lies in
the reference plane of one of the surfaces. The reference nlane of a surface
is the plane formed by the first, second and last noint describing that sur-
ta e, The origin of ax suxaliapy coordinate system iz located at noint i in
the particular surface contyolling the transformation., The X-axis is direct-
ed along the iinc segment formed by points 1 and 2, The surface unit orienta-
tion vector becomes the Z axis; the Y axis is computed orthogonal to the X and
< axes, thus locating the XY plane in the control surface reference nlane,

The auxiliary transformation actually serves two purposes, First, it is
utilized by Subroutine DOICU to facilitate reconstruction of the "seen" nart
of surfaces which are not entirely seen by the other surface. Secondly, the
program requires that prior to computation of the configuration factors, Sur-
face 1 must anpear in the XY nlane of the final coordinate system aions with
Surface 2 in its proper relative position, This is necessary to enable Sub-
routine MAP to select points on Surface 1 from which factors to Surface 2 may
be directly computed, or from which silhouettes of Surface 2 may be generated
and factors computed,

For example, suppose Figure 3 represents the surfaces of various items of
equipment appearing in a compartment, The unprimed coordinate system shown may
be conveniently chosen at a corner or axis of symmetry, perhans as shown on a
mechanical drawing, 1his system may not be convenient for data eniry of the
disk, however, The primed coordinate system with the origin at the center of
the disk is the more logical choice in thi:z case, The previously described
surface generator will generate the disk about this origin, The disk data can
then be transformed from the primed to the unprimed system by a nrimary trans-
formation, The choice of generating the cube and transforming, or directly
entering data from the unprimed system, is left to the user as it requires
about eaual effort both ways. The plate coordinates cam be casily contered
from the unprimed system. Now, suppose we desire the form factor from the
disk to the plate, If the data are entered as discussed above (including the
transformation data), the program will generate the dish and then wnrimary
transform disk coordinates to the unprimed system, Since the disk is bisected
by the plate, an auxiliary transformation of all coordinates, both disk and
nlate, will be made from the unprimed to the quad-primed system, Now, that
portion of the disk appearing above the active side of the nlate wilt e do.
termined, and an auxiliary transformation of chic plate and the truncated disk
will bo made o the double primed coordinate system, i.ec,, the reference nlane
of the disk, The disk is now in a position for mapping, and the nlate coors
dinates are proper for obtaining the configuration facters. A similar manip-
ulation of surfuce data would be made to obtain the form factor to the cube
with one exception -no truncation of the disk would occur and the auxiliary



FIGURE 3. SURFACE COORDINATE TRANSFORMATION
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transformation iv the double-primed system would sccur immediately after ori-
mary transfcrmation.

The transformaticn technique utilized for a primary transformation 4if-
fers from the customary method whereby *"old" coordinates nlus translation
data and direction cosines or Euler angles arc suﬂnxxeu, from which a "nocu"
sat of coordinates are derived, The program requires the coordinates of any
three points (not in a line)} measured from the new origin., These datz arc then
used to derive divaction cosines and transiation terms, hy which the o1d coor-
diraces are then fvansformed to the new origin,

The reader may {ind it easier to visualize transformation in terms of the
movement of the surfaces instead of the origins. In the case of the disk,
again referrlng to Figure 3, we may say we generated the disk with its cenLer
at the crigin of the unnr1med system and in its XY nlane, and then moved the
surfuce to the position indicated by the primed system, This viewnoint apnears
more realistic when motion is simulated by transforming a surfacc along a var-
ticular path,

The mathematical treatinent of primary and auxiliary transformation is
presented in Appendix C,

SILHOUETTE GENERATOR

As noted in the introduction, CONFAC I cannot, in general, bs used to
compute che form factor to solid surfaces, Subroutire FACTOR requires a sin-
gle array be made available containing the surface boundary points, and only
those points, which, when taken in nimerical sequence, form a vaiid siihouetie
of Surface 2 from a particular point in Surface 1. It is impossible to gen-
erally satisfy this requiremecat with a single innut array if Surface 1 is finite
and Surface 2 is arbitrarily nonplanar or sclid, It is the function of the
silhouette generator to determine which points in a given set of Surface 2 data
form the silhouette from preselected viewpoints on Surface 1.

The silhouette generator computes the silhouette from the nerspective of
Surface 2 developed on the Z-unity (Z = +1) plane, The nersvective on the 2-
unity plane is the locus formed in the plane by the boundary of the solid angle
subtended by Surface 2,

For example, the view of a ~ube from two positions on the XY plane is
shown in Figure 4, The coordinates of each point in the Z-unity plane are
derived in the following manner from the coordinates of its corresponding
point on the cube. Note the triangle formed by the origin, noint 2 in the cuibe,
and noint Q, the vertical projection of point 2 on the X¥ nlane, A similar

-~

triangle is constructed from point 2° to Qoint N, From similar tyiaagles,
ON _ %
(o B Y (22)
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In like manner, using triangles RON and SOQ in the ton view,

but OR = X,, 0S = X, NR = Y, Q5 = Y, and Z3 = 1,
1 *
X2 7 1
Therefore - = =
' ;L%
-e "{—\
AL = V:‘
2 & (23)
and similarly,
Y
! = 2.2_
2 5 (24)

This reduction to two dimensions results in considerable simplification,
Given the coordinates (X, Y) and point connections data, it is nossible to
determine the line segments forming the silhouette by application of a simple
criterion, At each point on the silhouette, those line segments form1ny the
largest included angle def1ne the 11houette. For examnle at peint 2' in
the lower silhouette in lx;uxc w, vevlurs 4 - 0 2 - 1 and 4' -4 emerge
from the point. Vectors 2' - 8' and 2' - 4! obv1ouslv form the silhouette,

and can be rumerically selected by apnlying the criterion,

Figure 5 shows the development of the Z-unity plane silhouette of a
multisurface . In contrast to point D, Surfaces S2 and S3 apnear separated
in the silhouette when viewed from C,

Note the line connecting 4 to 7 ., This artifice -a "bridge'" line - is
utilized to cause the silhouette penerator to include both surfaces in the
silhouette, otherwise surface S3 would he ignored, Because the 1line has no
width, it has no effect on the factor comnutation, but the silhouette gener-
ator follows the line as if it were a boundary of the multisurface S2 nlus S3,

The distinguishiny difference between the silhouettes shown in Figure 4
and Figure 5 is the fact that 'crossover" occurs in Figure 5, The silhouette
at a crossover is formed by intersecting line segments at a noint between line
segment extremities, The detection of such interaections, and the compvtation
of the coordinates of the intersedtion, requircs considerable analysis with
rusultant incrnascd computer time, Because of this, silhouet.. analysis is
termed "simpie" if no investigation is made by the silhoueite generaior to
detect crossovers, and "comnlex" when such 1s made, Cnly multisurface data
{class 8) are run in tho compiex mode, All other surface data requiring the

-

silhouette generator (classes 4, 5 and 6) are run in the simnle mode,

(]
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SURFACE GENERATOR

The nrogram cannctdirectly comnute factors to curved surfaces or bound-
aries such as disks, cvlinders, etc. A series of line segments must be sub-
stituted for a curved line, In oencral, the morc line segments used, the more
accurate the sinulation., Because every surface noint reauires 3 coordinates
(and connecting roints data, when the silhouette must be comnuted), prepara-
tion and entry of data for even a modest simulation of a cylinder can involve
a considerable amount of effort. The internal surface generator eliminates
nractically all of thic effort,

The surface generator is used to create surfaces entered under data clas-
ses 3 or 6, Regpular nlane volygons are created under Class 3, hut no connec-
tions data are generated, A regular nlane polygon or solid surface, including
connections data, is created under a class 6 entry,

The surface ypenerator '"creates" a surface in accordance with cross section
snecifications, The following information is required to create a class 3
surface:

1, Number of cross section division (sides) > 3

2. Coordinates (X, Y, Z) of center of polygon

3. X-axis Radius

4, Y-axis Radius

Because a class 6 surface may have one or more cross sections, the following
data are required:

1, Number of cross section division (sides) > 3

2, Number of cross sections

3, Coordinates (X, Y, Z) of first cross section

4, X-axis Radius of first cross section

S, Y-axis Radius of first cross section
If more than onc cross section is specified, the following data arc recuired
for each additional cross section: X-axis radius, Y-axis radius and Z-coor-
dinate, All cross sections are created parallel to the XY nlane¢ of the gen-
erator cucrdinate system, and must be specified ahove the XY pline, Note that
X, Y coordinates are required to locate the first cross section only, If

more than one is specified, all are oriented along the same vertical center-
line to the positicn specified by the respective Z coordinate,



The basic generating element is the ellinse. Recause only comnlete
solygens are gencrated, the total angle of 2n radians about the vertical cen-
terline is divided by the number of sides smecified to vield the vnit parametric
angle 4 in the cquations of the ellinse:

d o 2T

N
X = (XR} cos ¢
Y = (YR) sin ¢

Instead of the conventional semi-major and semi-minor exnressions, the
terms "X-Radius" and "Y-Radius" are utilized - the larger of the two becomes
the senmi-major axis as shown in Figures 6 (a), (b), and (c). When XR = YR,
the generating figure is circular and a regular nolygon of N sides results.
Notice that the generating figure always circumscribes the generated nolygon,
The radius vector always starts in the same relative nosition parallei to X-
axis and moves counterclockwise about the vertical centerline of the generated
cross section, Considerable computing time is saved by using sin (¢ + B), cos
(¢ + 8) trigonometric formulae for computation of X, Y after unit values are
obtained by use of computer library functions,

Figure 6 (d) shows an eight-sided polygon elevated above the XY nlane,
Figure 6 (e) indicates the order in which point numbers are assigned to a
solid surface, The first point is always assigned to the first coordinates
in the first cross section, Numbers are assigned in numerical seauence ver-
tically until the last cross section is numbered, for a narticular value of ¢
the sequence is continued in similar manner with the first cross section and
the next value of ¢, until all points are defined.

Point connections data are also comnuted for each noint for Class 6 sur-
faces, For example, in Figure 6 (e), noints 2, 3 and 15 are comnuted for
point 1; points 1, 4 and 16 are computed for noint 2, etc, This information
is used by the silhouette generator.

An example of the variety of objects which may be created by a fow cards
of specifications are shown in Figure 6 (f). The cone vertex is penerated
merely by specifying zero X-radius and Y-radius,

The internal surface generator also comrntes the surface area of the gen-
erated sclid, if the cross sections are similar., Because the silhouette pen-
erator anulyzes the solid figure, the total surface are: is comontzd, For
instance, the area of the prismatic <ylinder shown in Figure 6 (c) would
include the top and bottom polygons, The surface area -omputation analytical
developnent is given in Apnendix D,
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SECTION III

COMPUTER PROGRAM CONTENTS
PROGRAM DESCRIPTION

The program is written in i1BM 7090 FORTRAN IT source language, The source
deck consists of the Main Program and Subroutirnes UNIVEC, TXFRM, COICU, MAP,
SILFAC and FACTOR, An input-output tape compatibility Subreutine written in
IBM 7090 (FAP) machine language is included, Algebraic routines required From
1ltvary tape ars SOAT {Sguare Root), ARCTAN (Inverse tangent trigonometric
function), COS (Cosine trigonometric function), and SIN (Sine trigonometric
function), The source programs are presently dimensioned so that a 32 K core
size is sequired. NAA Library Subroutines COUNTV and TIMEV are also used by
Subroutine SILFAC when operating in the NAA 7094 system,

Main Program
The functions performed by the Main Program are as follows:
1. Reads in surface, transformation and run data,

2, Processes innut surface dato and prints immediately unon completion,
Run instruction data are recad in and processed one card at a time

and processed at ontd. No printout of the complete run instructions
is ‘given, as was in CWIFAC I,

3. Selects the proper data for processing according to the run ingtrun.

tiong,

4, Examines each run instruction and calls ia proper subroutines for
processing.

S, Prints diagnostic error indications when possible,
6, Prints standard or detailed output as indicated by run instructions,
Subroutine UNIVEC

This subiovutine computes the components of a unit orientation vector
normal to the reference plane formed by the first, svcond and last noint in
curface data classes 1, 3, 4 and plane 6, The cross product of vectors 1-2
and 1-last is computed and normalized, The vector is formed normal to point

1, and is located on the active side of the surface, thus orienting the sur-
face,

It also computes a new fourth point normal to the new three noints sub-
mitted in transformation data and an old fourth point normal to the old
three points in the surface data to be .rsnsformed.
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Subroutine TXFRM

The first section performs the auxiliary transformation, This trans-
formation is used to reconstruct a surface which is bisected by the second
surface, It also tests Surfac. 1 to determine if the reference nlans is sub-
stantially in the XY nlane of its coordinate system, If it is not, an aux-
iliary' transformation is effected to move the surfaces to fulfill this re-
quirement nrior to computation of siihouettes or factors,

This subroutine also nerforns a nrimary transformation as indicated by
¥ n. instructions and transformation data, This transformation, if indicated
for a surface, is accomplished wrior to entry to subroutine DOICU so that tests
of the surface "viow" of each other occur in their transformed nosition(s).

Subroutine DOICY

The function of this subroutine is conveyed literally by its name DO-1-
C-U., Given surfaces Al and A2 with the "active" side of each surface identi-
fied by the surface orientation unit vector the question is asked; Is all,
nart, or none of surface Al "seen" by A2? Conversely, does A2 see all, none,
or part of Al1? This is accomnlished by comnuting the vector dot vroduct form-
ed by the unit vector in one surface with the vector formed by woint 1 in the
first surface and each point in the other surface (See Figure 7). The sign of
the dot nroduct indicates whether the angle between the vectors is less than
or greater than 90°, which reveals the position of the noint relative to the
nlone of the vicwing surfacs, 1n Figure 7 (a) the dot nroducts from surface
Al to A2 are all positive, and conversely, all from A2 to Al are likewise nos-
itive: Al sees all of A2; A2 sees all of Al, However, in Figure 7 (b) all
dot nroducts from A2 to Al are nositive, but all from Al to AZ are .esmative,
Hence, in general, if all dot nroducts from one surface to another are all
negative, then the surfaces do not see each other, even though the converse
products may be vositive, There is also the trivial case where all nroducts
are zero, in which case the surfaces are in the same nlane, and chviously
again cannot sec each other.,

Figure 7 (c) shows a surface A2 'bisecting surface Al, In this case,
some of the dot products from A2 and Al are nositive and some negative, In
Figure 7 (d) both Al and A2 are bisected, Nonnlanar surface A3 was added to
show how it would be bisected by Al, Surface A3 has no crientation vector and
thus ne test is made of the vicw from this surface, The vertical dashed line
in A2 represents how the plane 1-2-5-6 in A3 might bisect A2, NOICU will not
detect this condition., If the configuration factor, &,,, were required, DOICY
would nroperly bisect A3, However, if the factor to the concave side onlv is
desired, an error would result hecause part of A2 sees the convex side of A3,
This represents one of the limitations of CONFAC I which is caiied over to
CONFAC 1.

If a surface is bisccted, DOICU reconstructs the surface data to exclude
the area not seon by the other surface, If point 1 in the original surface is
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removed as a resuitr, a new orientation veésior is created over the new noint 1
as shown in Figure 7 (c¢). Notice that in reconstructing A3 [Figure 7 (d)1,
DOICU created the new array 1, 2, 3, 4, 5, This "surface" is identical to
the actual surface scon by Al insofar as factor comnutation from Al is cone
cerned,

The bisection of a surface is done in a simnle manner, with the aid of
the auxiliary transformation canability, For example, in Figure 7 (c¢), the
coordinates of both surfaces are transformed so that A2 lies in the XY »lane
of the auxiliary (nrimed) coordinate system, Each noint in Al is tested, in
nmerical order, un2ii a ciange in the sign of the Z-cooidimate occurs, The
cqordirates of the new noints where the transition line segment crosses the
X Y plane (£ = ) are obtained by comnuting X and Y intercents of traces
nroiectad on X' 2.y z principal nlanes.,

Subroutine MAP

The double integral in Equation (9) and its numerical counternart in
Equation (16) mathematically renresent the volume under a surface defined by
the configuration factor €y, = f(X,Y). Subroutine MAP decides the location
(X,Y) from which each factor to Surface 2 will be computed,

It is assumed that Surface 1, being classed as a plane, is a nlane sur-
face throughout, The program insures only that the reference nlane of Surface
1 is In the XY nlane of the final coordinate system, MAP will usc the X,Y
cocrdinates of all noints, and assumes a value of O for all Z coo:.inates,
This procedure cannot properly map a nonnlaner curface,

Subroutine MAP determines the maximum Y coordinate and the minimum Y co-
ordinate from among the points defining Surface 1 (Figure 8). The total ver-
tical distance between Yp,x and Ypi, is divided into equal vertical increments,
as snecified by the run instructions, Then, horizontal lines ave scribed

cross (parallel to X-axis) the surface at each vertical increment pozition,
including Yp.. and Yp;.. The roint at w!ich + horizontal line intersects the
left (toward the negative X direction) boundary of Surface 1 is termed "X-
left" and the intersection on the right, "X-right"., Each horizontal line seg-
ment thus created is termed a "manping line". Each mapping line segment is
also divided into an equal number of increments as smecified by the run instruc-
tions. All manning lines are divided into the same number of increments, not
necessarily the same size of increment, Obviously, if surface i converges to
a point instead of a line at Y., or Ym'n’ the horizontal increment is O, A
configuration factor is ccmputea at each increment noint aleng a manping line,
including X-left and X-right, which means the number of factors ner iine is
one greater than the number of increments.

The numter of increments is automatically cet to 24 horizontal =md 24

vertical, but can be separately svecif:i:d by input data to 3, 6, 18, 24, 30,
36, 42, 48, 54, or 60, The details are discussed in Section IV,
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A tynical example of Sarface 1 manming using a standard (24 x 24) 1incre-
ment 15 shown in Figure & (¢), The manming area 15 also comnuted by Subroutine
MAP, 1t 1s the sum of the rectanpular areas formed bv each manming line, A
measure of form factor accuracv 1s the degree with which the manming area
apnroxinates the actual surface area,

Figure 8 {a) 1llustrates a Surface 1 oriertation which cannot he satts-
factorily manned because the crosshatched area 1s ignored. The nrogram does
not detect more than one left and one raght intersection between a manping
i+ ¢ and the surrace ¥-~+23: | therefore, it 3 1s ignoved. The samc surface
rotated sufficiently may be accentable, however, clearing this restriction, as
shown 1n Figure 8 (b},

Subroutine SILF_'£

This subroutine computes the silhouette of Surface 2 which annears from
the points selected on Surface ! by Subroutine MAP, and then computes the
confisuration factor from this silhouette, After all configuration factors
have been determined, the form factor 1s comnuted bv numerical integration,

Surface data entered as Class 4, 5, 6, 7 or 8 1s nrocessed by SILFAC,
Class 7 data, a sphere, 1s nrocessed 1n this routine, but the silhouette
generator is not utilized: a closed form solution is usea instead (see
Apnendix E).

Classes 4, 5 and 6 are processed bv the s:ilhouette penerator in the
simmle' mode; only those noints given in connections data are analvzed to
select the next point on the silhouette, Surfaces such - planes, cylinders,
parallelvepids, etc. may be processed in the simple mode,

Class 8, a multisurface, 1s the only class nrocessed in the comnlex
mode, One or more (limitations on data are given at the ond of this section
and 1n Section IV) surfaces mav be processed as a multisurface. Processing
tn the commlex mode 1s comnlicated because the comnuter must test all line
segments 1n all surfaces (including the surface in which the <epment annears)
in order to seiect the next noint forming the silhouette, or to comnute the
next noint on the silhouette, Tuis analvsis is further commlicated by ambi-
guities :asulting from normal imprecision in innut data and internal arithmetic
roundoff, necessitating the use of numerous time consuming tolerance tests,
Consequently, a factor computation in the complex mode takes cons.derably
ionger than the simlsz mode

If a surface 1s nrocessed as simnle when 1t should be comnles ;2
wrong silhouette will be computed whenever a crossover  (an intersection of
two lire sepucatrs) occurs, The configuration factor ccrputed from that sil-
houc’ te w111 be wrong,

It 1s nossible to detect certain linds of trouble in the silhouette gen-
erator from the detaiied siylhouztte outnut which lists the »oints forming the
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silhouette, Normaily, the silisuette will start at the lowest leftmost roint
1n the Z-unmitv nlane nersmectiv~ develoned for tne noted noint in Surface 1,
and move nrogressivelv from noint to noint in a counterciockwise manner, keen-
ing the nersnective area to the left, hhen a crossover  occurs, the noint
1s computed and assigned the ne t niphest number in the silhouette array, For
cxamle, from point "N i Fipure S, the silhoustte derived in the com=lex
node would annear 1n the detailed silhouette outnut as “Line No,, Point No,,
1, 2% 9y 67 5) 8y 107 47 1." However, 1f this nrohlen werc run 1s simnle
(both surfaces entered topether as Class 4) instead, Surface 53 would be
orared becawse e arassover  at npoint 9 would not he comuted. The syl-
honctte would anrear normal, but actuallv he wrong, as foliows

Line No,, Point No., 1, 2 3} 4, 1V

A bad silhouettc can sometines be detected bv the nresence of internal “loon-
ang", Normallv, a silhouette 1s commleted hv a return to the startine noant,
Rut, 1f, for somc reason, a wrong rath 1s chosen, 1t mav loon a nolveon within
the nersmective, Looninr 1s characterized bv the remcated anrearance o€ the
same sequence of numbers, No internal nzttern recoenition 1S attemnted, the
onlv detectaon 1> visual examination of the detailed outnut,

The coordinates of the <tlhouctte on the Z = I nlane are used directlv
for factor commutation 1astead of the actual noints on the surface in snace.
Because the Z - coordinate of each noint 1< 1, the confisuration factor eaua~
tions for this smecial case can be simnlified, and comnuting time reduced,
SILTAC, therefvre, contains its own eauatiuns for confipuration factor computa-
tion and numerical intepration across Svrfoce 1, The 1interration nrocess 1s
simlar to the procedure given 1in Subroutine FACTOR, Subroutine FACTOP has
been retaired from CONFAC T far factar computatigne not o zina the ci1lhouette

renerator,

Subroutine FACTOR

This subroutine computes configuration factors from cach noint on Sur <ce !
selected by MAP to Surface 2, The exchange coefficient 1s computed by numerical
integration of configuration factors across Surface 1, from which the form fac-
tor is finally derived as the area-weighted m2an of all configuration factors.

Factors are comnuted for eah noint alonp each mannine line, movine from
X-left to RX-1ight, bv translating the origin of the Surface 2 coordinate svse
tem :n X. The analysis and equations are organ:zed for minimum commutational
time: constants at each loon level are commuted once nrior to loon entrv, Be-
cause the usual output desired 1s only the form factor, confipuration ¢ ctors
ner se are not comuted unless a detailed cut-mr 1s recuested, A& numer:cat
iatznration of commuted point function with resnsct to X 1s ne. “ormed be fore
orocerdrny to the next line, After all horizonal inteorati-ns are cc *nleted,
these nroducts are inteprated with resmest to Y, and divided bv the manming
area comnuted in subroutine MAP,




A standard 24 X 24 arid results in 625 configurztion factors to be :om-
nuted, The question n turally arises as to whether this marv configurarion
factors are actually required, If the configuration factor changes veiv
little across Surface 1, then 1t 1s nrobablv too manv; but 1f there are sharn
changes 1n the factor, and third nlace accuvracy 1s des:red, them 1t 1s prob-
ably sufficient. Contrarv to off-hand expectations, a more sonhisticated
integration rule such as Simnson's or Weddle's 1s not as accurate as the
tranezoidal rule for standard incremente 1f the factor function slone changes
ramidlv, Weddle's rule was initiallv used which exnlains why the nrogram
increment contrel rs in grouns of six (except the initial 3 which 1s not 1in
ONFAC 1), It the lattur vdries smoothly, a 6 x 6 neddle’s rule integration
(49 factors} s rrobablv as sccurate as the standard 625 factors nresently
used by the tran:zoidal rule, iTe time saved 1s annwreciable when running
manv factors, If desired, Weddle's rule may be inserted in the source deck
and compiled with no other changes required.

The form factor comnuted bv the above 1s from that nart of Surface 1 which
"sees" Surface 2, If Surface 1 1s bisected, then the commuted factor must be
reduced 1n pronortion to the area reduction, [his 1s required because the
total active side of Surface 1 entered in data 1s considered the radiant sur-
face.,

(ENERAL RULES AND RESTRICTIONS

The followiny general rules and restrictions must be observed for normal
nrograc ¢ eration’
1., Adl 4-ta must be derived from rignt-nanded rectangular coordinate svs-
tens,,

?, Points 1, 2 and the last roint in nlane surface innut data (Class 1
and 4) must not form a straight line in snace.

3., The active side of a plane or nonplanar sw: face 1s established bv en-
tering the boundarv noints in counterclockwise order, as thav ammear
when facing the active side,

4, 1If the factor to a Class 2 (nonnlanar) surface 1s required, onlv the
active surfaces should be seen from any noint on Surface ,, and thev
must also he seen from every point on Surface 1,

5, All surfaces used as Surface 2 which utilizes the silhouecte generator
(Classes 5, 6, &, or 4 1f included 1n Class 8) must annerr above the
nlane of Surface 1, 1,e., all Z - coordinates must be noizero and
nositive, prior to factor comnutation,

6, A r-.mary transformation of Class 8 data is not nermitted, Alse, no
auxiliary transformation 1s nermitted; Surface 1 must se in the XY
pluic of the Multisurface ccordinate system as entereq in dJata,

7. Detailed restrictions and limitations unon i ut data are given 1n
Section 1V,




SICTION 1V
INPUT DATA
DATA SPECIFICATIONS AND SPECIFIC RLSTRICTIONS

Innut data consists of externally comnuted surface data, snecifications
for internallv created surfaces, transfornation data and run instructions
«o'ctor requests),  Also «atse and conaents cards mav he entrved as requived,

Data tyne is classificd by the use of an interer from 1 to 9 nlaced in
coiv*n I of the data name card, foliowed by a 1 to S FORTRAN character name
to provide data identity within each c¢lass. The classes of data are described
below,

Clacs 1 - Plane Polygon

The X, Y, and Z coordinates of cach noint defining the surface boundary
are requarcd, Only one side of a single nlane surface can be made active
i.e,, mav interchange radiant flux with another surface, The active side is
established in the following manner: Face or look at the desired active side,
and select any nmoint on the surface boundarv as noint number one, Proceeding
in a counterciockwise dircction about the boundarv of the surface, sclect the
remaining noints In sequence. If this rule is followed, the surface will al-
ways be on the left vhen moving along the boundarv.

The X, ¥, and Z coordinatcs of cach noint are entered on the data cards
in the above seauence, and cach moint 1s numbered internallv according to its
nosition 1n the data,

It 15 assumed that a Class 1 surfacc is a plane surface. No internal
chech 1s nade to verify this (in contrast to CONFAC !). If a substantiallv
nonnlanar surface is classed as a nlane surface, serious errors in manning
could result if uscd as Surface 1, or wrone factors commuted :f used as Sur-
face 2,

No voint connections data are entercd under Class 1; the silhouctte gencr-
ator is not used,

Class 2 - Nonplanar Surfaze

Two or more nlane surfaces, not in the sume nlane, adjoining or connect-
ed, and centered as one nackage is termed a nonnlanar surface

A Class 2 surface can be used as 1 Surface 2 if the side of cach facet
selected as the active side, and only thuse sides, arc seen from cverywhere
on the active side of Surface 1, The counterclockwise order of data
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cntry establishing the active side is also required as in Class 1, but no
orientation vector 1S generated.

No connection data is required because the silhouetic pemerator 1s not
used,

Class 3 - Internallv Generated Plane Polygon, No Connections Data

The internal surface generator will comnute the coordinates of each noint
ae.aning a olane volvyon, naiallel to the XY olane, with an orientation vector
erccted over noint ! and directed towaxd the +Z axis. A detailed descrintion
of the internal surface penerator is given in Section If,

The data required for a Class 3 surface 1is:

No, of sides, 3TN % 100
X - Axis Radius
Y - Axis Radius

X, Y, and Z coordinates to center of wnolvpon

A Class 3 surface is used in the same manner as a Class 1 surface. The
<ame rules and restrictions annly,

Class 4 - Plane Polveon with Connections Data and Class 5 - Nonnlanar Polveen
or solid Surfacce with Conngctions Data

A Class 4 surface 1s actually a Class 1 surface with copnections data
added naking 1t possible for it to be nrocessed with the silhouette renerator,
Rut, in general, no useful nurnose is sained bv the use of ths “silhouctte qen-
crator to nrocess 2 nlanc surface, unless corbined with other surfaces. There-
fore, a Class 4 surface is orocessed as a Class 1 surface, unless 1t 1s listed
under a Class $ entry.

A Class 5 surface 1> always nrocessed in the simmle node bv SILFAC unless
iisted under a Class S entry.

A nmaxinun of 100 boundary points may be entered describine a Class 4 or
S surface. tn to 4 connecuang noints for cach boundary noint mav be entered.
1f nore than four connecting noints are rcquired, one rmav e¢nter norc boundarv
data soints having the sane coordinates and connccting to cach othes, using
the surplus {3) conncetions to satxsfy the additional connections requirenent,
Hosever, +f pare than two such identical boundary noints are used, the surface
cannut be nrocessed an the simnlc mode,  This restriction in rost nractical
situations can be circumvented bv senarating the noints slishtlv with little
cffect on the final form factor commuted, If this cannot he done, the surface
nust be listed under & Class 8 name and nrocessed in the comnlex nmode,
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Class 6 - Internallv Generated Polygon or Polvhedron, Including Connections
Data

A detailed descrintion of tre internal surface pcneraior is piven in
Section II, A class 6 surface is always nrocussed bv SILFAC - in the sinnle
rode if used directly, and comnlex if listed under Class 8. The data re-
aquired to create a Class 6 surface are:

1, No, of cress sections
2. No, of cross sections divisions {sides)
3¢ Coordanates and generating vodr: of first cross section,

4. 2-coordinate and generating radix of additional cross sections,
1f any.

Attention is directed to general restrictions 4 and 5 in Sectaon I3I,

Class 7 - Sphere

The radius and the X, Y, and Z coordinates of the snhere are recuired. A
primary transformation of a sohere 15 nointless and therefore not nermitted.
Arbitrary orientation of both Surface 1 and snhere is allowed, One meculiar-
ity exists which differs fror the usual treatment of bisected surfaces, If
the planc of Surface 1 bisects the snhere, the area of the snherical surface
above the horizon of Surface ! will be commuted, Now the snhere cannot
bisect Surface 1 in the usual sense, but it 15 nossible a bisected snhere
nav be nartly or totally inside the boundaries o€ Surface 1 « embedded 1n
the surface, In this case, the nropram w11l merely assien a zero for the con-
fignration vactor when the viewnoint from Surface 1 15 inside the snhere, This
zero willhe inteprated as usual with the other factors connuted alone each mane
ning line, No comnutation of the Surface 1 area <seing the snhere 1s nade,
however, even thoupgh nart of Surface 1 is not scen bhv the snhere,

Class 8 « Multisurface

A Multisurface consists of from one to cleven Class 4, 5, or 6 surfaces,
A Class 8 surfrce, and only a Class 8 surface, is nrocessed in the eomnlex
mode. The only data entry necessary to indicate the surfaces which conmnrise
a Multisurface are the names assigned cach surface,

Class 9 - Transfornation Data

Transformation Data consists of the coordinates of three noints in a sur~
face, not in a straisht line, derived {.om the “new wosition of a sw face
which has been noved in its coordinito system, One nay, with coual validitv,
interprot the transformation to mean that the oripin of the coordinate svstem

is being noved to a different nosition, and the data are the coordinates of
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cach noint taken from the new oriein, The three noints selected need not
be chosen or entered in anv nmarticular order, nor npust the sanc noints he used
1€ nore than onc different nrinarv trensformation of the sane surface is de-
sirel,
Run Instructions

Run instructions snccifv, for each factor desired, the foll swane:

1. The nanc of Surface 1 (emtter)

2, The nare of Surface 2 (recciver)

3. Tronsfornation data nane(s) ‘or Surface 1 and/or 2, :€ reausred,

4, Whether a stundard or detarled outnut 1s desired, hv insertine code
letter 0" for detarled outnut,

5, The horizontal and/or vertical divisions to he used in pannine sure
face *, The najor divisions which mav be used are 6, 12, 18, 24,
30, 36, 42, 48, 54 and 60, but in run instructions these divisions
are snccified, resncctively, bv the intecers 1, 2, %, 4, 5, 6, 7, 8,
9 and 10, A snecial davision of 7 mav be snccafied bv the intecer
11,

DATA DIMINGION RESTRICTIONS

1. A rmaxinun of 100 boundarv noints (300 coordinaies) for each surface
entered as Class 1, 2, 4, and 5,

2, A maxirun of 100 roints, cauivalent to 100 sides, cenerated by
Class 3 data,

3. Tor Class 6 data, the number of sides nlus one, times the nurber
of cross sections, rust not exceed 101 1f nlane, and 102 if non-
nlanar,

4, The grand total of surfaces cntered or sencrated bv Class 4, S
and 6 must not exceed 1i,

5. The prand total of surfaces entered or penerated bv Classes 1, 2,
3, 4, 5 and 6 nust not exceed 26, If a detailed silhouctte outnut
1s reauested, the prand total must not cxceed 16,

6. The total nunher of Class 7 data must nut exceed 9,

7. 1he total nunber of Class & data must not exceed 12,

8, The total nmher of Class 9 uata must not cxceed 10.
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PROGRAM CONTROL

The progran deck setun is shown in Fiqure 36, Note the nresence of a
“T" card imnediatelv following the * DATA Card and the vasrable format., A
" card has a “T" 1n column !, and serves two nurroses, Columns 2 - 72 mav
contawn yob title, nane of nrogrammer, etc. and will be nrinted in the outnut
of innut data and each factor result. The "T" card also initializes data
storane locations, so that ncw innut data can be read in. This nsans, however,
that the old data is effectively wined cut, and 1s no longer available for
£z or commutations, 1Lsl ie.entered as anmut data. It is chvyously un-
necessary to use the "I" card unless all available locations are used un,

Actially, a "I" card does not necessarilv have to follow the variable format
ungess one desircs the title to be nranted, hecause the data location counters
are automaticaliv initialized at the start of the nropram, But subscauent re-
initialization can be accomplished onlv bv a card with a "T" in column 1,

It anpears desirable to have senarate identificarion of the various fac-
tors comnut~?, and a corments card has heen nrovided for that nurnmose, The
comnents card has & "C" in column 1, and a comment may annear in ¢olunrs ? -
72. A comnecnts card mav be insertcd between run instruction cards, and the
1ine of comnent given on the card will be orinted below the title on all out-
nut thercafter, unless suncrseded by another comments card.

Connents outnut nmay be entirelv sunnresscd by using another comments card
contaaning blanks 1n columns 2 - 72,

FORMAT

All data may be entered on NAA FORTRAN Fixcd 10 Decimal Data sheets.
Each line renresents 12 card colunns with six lines ner card, making a total
of 72 card columns available for data entry. Columns 73 - 80 are uscd for
card identification and/or nunerical seauencing for sorting nurmoscs,

Title Card

A title card is characterized by an alnhabetical “T" nlaced in column J,
Colunns 2 « 72 availahle for job identification, as shown on Figurc 9.

Comnents Card

A comments card 1s characterized by an alrhabetical "C' nlaced in colurn
3, Colurns 2 - 72 arc available for run comments, as shown on Fieure 9,

Surfce and Transfornation Data

All surface and transformation data is nreceded Ly a name card uniquely
identifyine the deta, A namo consists of <ix MORTRAN characters ( a connuter
"word") and aluays occunics the first six columns of the name card. The data
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FIGVRE 9. "T" and "C" Control Card Format
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class, an intener from 1 to 9, must always be nlaced ir colunn 1, The remain-
der of the nare occunics colunns 2 = 6, and it is important to note that a
blank smace is considered a character and a nart of the name, For exammle,
the nanc 151 is not the same as 1_S1 or1__ SI,

The next word on the name card, columns 7 - 12 nust he left blan}, The
remainder of the name card, (colunns 13 - 72) mav he Teft blank or coreents
written to further identify the data, and will be nrinted out alonp with the
name of the surface as mart of the “Innut Data" wrint out,

The daty adent1€ied Lv wie name card rust fnllow the nume card, There
arc seven differert fornats which must be adher»d to in eatering daty,

Class 1 und 2

The nurber of woints to be entered describing the surface anncars on the
first line, Fipure 10, followed by the X, Y, and Z coordinates of cach noint
in scquence. The order in which the noints are selected in the surface 1s
exnlained ia detail in Section 1V,

Class 3

The nunber of sides are entered on the first line, followed bv the X, Y,
and Z coordinates of the center of the internally pencrated nolveon, the X
axis radius and the Y-axis radiuc as shown n Fieure 11,

Class 4

The total nunber of points describing the surface are cntered on the
tirst linc as shown in Fioure 12, The X, Y, and Z coordinates of thic first
roint follow on the next three lines, The fourth 1ine, renrosentine 12 col-
umns, is divided into four equal narts of 3 columns cach., Each wnoint in the
surface connecting to noint 1 is entered, un to a maxinun of four, The mattern
is rencated for the remaining noints describing the surfaces,

Class 6

The nushers of surface cross scction boundary divistons (sides) is given
on tho first line as shown in Fipure 13, The number of cross sections de-
siredis specified on the second linc, followed bv ths X, Y, and 2 coordinates
of the base (1st) cross section. The X-axis radius of tho basc cross section
is piven on the last line of the first card, The Y-axis radius is cntered on
the first lino of the sccond card, followed bv, if more than onc cress section
is snecified, the folloving, rencated for ecach crass section. The hsisht (Z-
coordinate) of the cross section above the XY nlane, the X-axis radius and
the Y.axis,

39




FORTRAN  FIXED

10 DIGIT DECIMAL DATA

DESTAPTION 00 MOT KLY PUNCH

57N T Rt ] GO s 3 On 3 SNTacE Qg2
Eonlne, 3 TF Fietass ) o rlay almon, v gt IR ge

Yewass 2 - worrLanix seinon, E5t %20 o )
s

Bt A SRS £ T U N—
T OOk o3 72 KN ADOITIOML DEXS TTT

AL OOLS_Thts W FAVY T AL CASDS

5 lr oIS TR K O PODTS CFIDG DR SO
8 L e
34 F1 % & Pl yromoyanss or ryst somney 03
2]y AT
e A
t iz T ¢ 3 g
e 2 5 A
1y B, D
th bR
AR N
a0 R vr
A
.
a SREX NN
‘A&}‘A A:({:f( 20781 30 ALL DAYA, YUSD DSE DECDOL PODNK, RXCEPD
| W IXTSCIPS MR FAY 3 DRI 70 XN PIGHE OF JTUA.
E il 2oited | D b st w v v st
a e e JOKTAMATAP COGADIMTE ST TDX

FIGURE 10. Class 1 and 2 Surface Input Data Format
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Class 7

The snhere radius : entered on the first line, followed bv the X, Y,
and Z coordinates locati.y the center of the snhere as shown in Fipure 14,

Class §

The nanes of the surface (s) which are to be entered under this class
arc entered together on one card, withour regard to order as <hown in Figure
1S. The card 1s caually divaded inte 12 words of six columus each, Fach nawve
.0 be entered must 4sm~ir Clentically in a word-smace as it anncars in the
word-space on the data name sard,

Class 9

The first voint to be transformed is cntered on the first line, followed
bv the X, Y and Z coordinates of the "new" nosition of the noint as shown in
Fifure 16, The second noint to be transformed amnediatelv follows on the
fifth line folloved bv the X-coordinate of the new nosition of the second
noint, thus comnleting tu. first card. The Y and Z coordinates of the new
nosition of the sc ond noint are entered on the first two lines of the sccond
card, followed by the number of the third noant to be transforred and 1ts new
X, Y, and Z coordinates,

A1l of the nunbers entered in the above data mav be entered as fixed or
fioating woint numbers cxcept connections data, which must be entered as dec-
wnal antegers, If a decimzl point 1s given (fractional numbers nust have dece
imal poants eiven), the floating number mav be located anvwhere in the ficid
(1xne); 2f no decinal noint is given, the nunber must be located to the ex-
treme ripht of the field (no blanks to the ripht of the number),

Run Instructions

Six FORTRAN words comprise a set of run instructions; two sets nay he
entered on one card as shown in Fipure 17. The first set starts at colwn 1
and the second set starts at column 37. Two words (12 columns) comnrise one
line on the data sheet, The name of the Surface 1 data is entered in the
first word {columns } = 6) vrecisely as 1t anpears in the first word of the
surface data name card, The name of the Surface 2 data is entered in the
sceond word (columns 8 ~ 12) nreciscly as it annears in the farst word of the
surface data name card, If a primarv transformation of Surface 1 is desired,
the desired transformation data name is cntered in coluans 13 - 18, otherwise,
it is left blank., If a nramary transformation of Surface 2 is Jesired, the
nane of the transformation data is cntered in the fourth word, celws 19 -

24, If a detailed outnut is desired, the alshabetical character D" is entered
in colurm 27, or in colurn 31, If the "D" anncars in cither or both locatiens,
a detailed output will result: if a blank is in both locarions, 4 standard out-
put will result, 1he horizontal manmine division "integer™ anmears in column
30, unlese the wntegex 10 or 11 is used, In ahich case colums 29 and 30 are
utilized, The vertical manning division "integer” anmcars in column 36, un-
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less the integer 10 or 11 is used, in which c¢ase coluzns 3S and 3o arc
utilized, If columns 29 and 30 arc both blark, a standard inteper 4 meanine
24 horizontal divisions of cach nanming line is used. 1f 35 and 36 are hoth
blank, a standard vertical division of 24 will be used, 7Txe above format 1<
rencated in the same manner, starting from column 37 on the fourth line, for
the second set of run instructions on thc card. There is no numerical limit
to the nusher of run instructions which mav be entered, The onlv recuirement
1s, of course, that the data called for has been loaded in under the names
vsed,
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SECTION V
PROGRAM OUTPUT

Input data is rrocessed w~rinted out nrior to 1ts use in factor con-
Input date is nrocessed and wrinted out to 1t fact

putacions for progranmer verification. Tae orientation vector head end 1s
also printed out for all nlane surfaces, so that the "active" side used bv
the progran is clearly shown, Class 3 and 6 snecifications as read in are
wrinted, aloag with the surface data gencratea ov the smecifications,

A standard "axmamun” outnut 1S paven when the code letter 'D" does not
abnear in the run instructions, consisting of the followinp:

1, Run nudber

2, Run instructions

3, The comnuted form factor

4, The Surface 1 manming arca

5. The exchange coefficient (fA nroduct)

6. The total arez of Surface 1

7. 1If Surface 1 3s bisected, the area scen bv Surface 2

8. The total area of Surface 2, 1f Surface 2 area can be comnuted

9, If Surface 2 1s bisected, the area scen by Surface 1, 1f that area
can be comnuted

10, The time in scconds snent in Subroutine SILFAC, if utilized

If a detailed outnut is requested, the minimun outnut plus the follovwang 1s
nrinted:

1, The final coordinates of Surface 1 and Surface 2 nrior to commuta~
tion of configuraticn factors,

2. The X-Left and X-R:rht coordinates for cach Y division of Surface
1 manning, including horizontal and vertical divisions used.

3. Each configuration factor comruted, The outnut is riven in erouns
of factors casily ident:ified because the last factor in a oroun
occunios, a line by itself, FK.ch groun contains the confiraration
factors vomnuted on a manning line. The first factor in the eroun
is that cormuted at Y-left and the last factor in the proun is that
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comnuted at X-right, The first groun renrcsents the first manming
1ise, the sccond groun thr second mamming lane, ctc,

If the silhouette generator was used, the silhouette comnuted for
peints selected on each zapping line 1s printed out. The first
nuneral given is the manping line, the sccond is the noint on the
maoning line, moving fronm X-left to X-right. The nurbers ‘ollowing
represent the silhouette,
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APPENDIX A

SAMPLE PROBLEMS

A number of camnle nroblems have been devised to illustrate the canabile
aties and linitations of CONFAC II. The examnles are arranged roughly in
order of coonlexity, beeinning with simnle nlane surfaces and concluding
wit! a complicated "irtervenine surface” nroblem involving nlane and solrd
surfaces.

The surface confieurations unon which the examnie nroblens are based are
shauh tn accormanvine tllustrations, Each illustration is conveniently groun-
co senarately with the nroblem descrintion nertaining to the surfaces shown
1n the illustration, along with the input data shects, run instructions, vro-
eram outnut and a short discussion.
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SAMPLE. PROBLLM GROUP A

The surfaces shown 1n Figure 18 are sinilar to the examples eaven in
CONFAC I, The added CONFAC II canabilitv of bisectine a nonnlanar surface
is demonstrated, The data sheets axe shown in Fipure 19 and the results are
presented in Figure 20,

Problen 13

In Figure 18 (A1), the factor between the floor of « cu teal roor (1FLOUT,
and an adjacent waii {1¥AIL) ie commuted, nsin~ standard horizontnl and verti-
cal manmine divicions (24 x 24) on Surface 1, A detailed outnlt 1s reoucsted.

Note that because no primary or auxiliarv transformation occurred, the
final conrdinate system is the same as the ianut data {unprimed) coordinate
systenm, The first manning line starts st the oripin and extends to voint 1
in 1FLOGR,

Problem 2A

In Frgure 18 (Al), anv nlane surface may be used as Surface ) nroviding
1t has been nronerly entered in data vrior to the factor recuest. To de-
monstrate, the wall (IWALL) now acts as surface I, and the factor to the
floor {1FLOOR) is requested,

Note that Surface IWALL is not in the X-Y nlane of its innut (umnrimed}
coordinate systen, The nrogram, therefore, had to nerform an auxiliarv transs
formation of both surfaces to the nrimed srstem she.n, ~7ior te fac~r commnta-
tion, to get Surface 1 in the XY plane,

Problen 3A

In Tigure 18 {A2), the factor from the floor (IFLOOR) to twc adracent walls
taken together (2WALLS) is requested, This is 2 valid request because the
boundary data describing 2WALLS form a valid silhouctte of 2WALLS from anv
woint on IFLOOR, The factor should be twice that to one wall alone.

Problen 44

The progran cannot :alidly commute the factor from a nonmlanar surface.
A Class 2 surface 1s assumed nonnlanar, The factor from 2WALLS tn IFLOOR is
reauested in order to cilcit the diagnostic, warning the user of tnis crrer,

The program does not test the surface, as in CONFAT T. If a nonnlanar
surface is erroncously cntered as a Class 1 surface, 1t will not be rejected
if uced as Surface 1 - the resnonsibility iay with the user to insure that
Surface 1 1s nianar,
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Problen SA

In Fxpure 18 (A3), the nccessity for nronmer order in data entry is emha-
s1zed, The wall data are deliberately entered in a clockvize direction
(INALLR) looking at the active surface, instead of counterclockwise, Henmee,
the orientation vector noints in the wrom, aircction, The factor from 1FLOOR
to IWALLR is requested in order to elicit the diacrostic which alerts the
user to a nossible error,

Pret len GA

in Figure id {Ad), CONFAC iI has the canmability of bisecting a nonnianar
{Class 2} surface. The factor from iTLOOR to ZN:\LIZ, 15 reauested, wath a
Jdeiarled outnut, to Jemonstrate this capabalitv,

Subroutine DOICU bisected 2RALLZ at the XY rlane, and rcconstructed the
surf:.,a by clinigating noints 2, 3, and 4, as shown, and creating new noints
2', 3,4 and 5., The dashed line '3 dxvxdcs Surface 1 (ATLOOR) into
trx‘m;vu ar narts, desipgnated A and B, The view of the rcconstructed 2WALLZ
from anvwtore 3 avex 2 reflects a valid sithouette in the nromer counter-
clockwise order, When reconstructed 2HALLZ is viewed fron area A, the norats
st:ll form a valid silhouette, but the order rz rveversed, This necans the
comnuted configuration factor will be to the hemispherical smace not occunied
by 2UALLZ, and w11l be negative. So, subroutine FACTOR subtracts this factor
from 1.0 to yield the correct factor to 2WALLZ,
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FIGURE 18. SAMPLE PROBLEMS ~ GROUP A
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SAUPLL PROBILY GROUP B

The sceneteical reiationships aused in this examnle are nresented in Fie-
ure 21. The data sheets arc shown in Ficure 22 with results in Fipure 23,

Prohlen 1B

The use of the surface generator and double bisection of surfaces is
denonstrated, The nlane Surface 1PLAT] is entered as usual in the data, but
the octaqonal disl IPISK rs cveated bv specifications to the surface acneraa-
tor, Note that ne connections Jdata are created for a Class 3 surtice, but
vould be if the dick vere named {DISK,

The double bisection is casily scen in side view of 1PLATI and 3pISK,
The results of tne factor rcouest from 1PLATI and 3DISK is shown in fun #1
outnut, indicatine the arsas in ecach surface scen by the other, The mmber
of noints definine 3MSK has been rcduced to 7 and reorsanized because of
the hiscction, as seen along the dotted line,

Problen 2B

The converse factor, 3DISK to IPLATI, is reauested as Run ¥2, Recause
the dish is now Surface 1, the final coordinate syuten in 3DISK  is alivned
<o that the XY nlage is the,nlanc of the disk. Point 1° becomes the oricin,
and line sepment 1 2 the X axis. Note that the exchange coefficients (fA)
are verv ncarly cqual, as thev should be because of the recinrocity theoren,

Notice that the factor fron one surface to the other along the line of
biscction is, in reality, zcro, but the outnut is, in some cases, non-zero
though auite srall (10-8 order of magnitude). This is caused hv accumilated
internal truncation error, and is not sienificant cnough to warrant concern
here, {This is not the casc, however, with some silhouctte senerator com-
nutations).

Problen 3B

The canability of coordinate transformation is illustrated, Run #3 re-
auests the factor from 1PLAT] to 3DISK transforned to the nosition shown bv
the transformation data 9TDISK, The nropran detected, after transforming
3DISK, that it bisected IPLATY, As the outnut shous, tho mart of IPLATIL
actually nanned was the tranezoid indicated ia the ton view, and in the out~
nrut final coordinate data,

Problen 48
it Is quite feasible to generato or manually inmut a sucface, tranxform
the surface to a different location, and then ask for the factor hetween the

oripinal surface and the transformed surface, This is shown by Run #4,
where 3DISK is used 23 Surface !, and 3DISK transformed by 9TDISK is used as
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Surface 2. The output shows a biscction of 3DIS\, removing tic 4th boundary

voint, and therefore adding a roint to the final 3DISK <urface boundaries,
making it 9 instead of 8,

Problen 5B
The factor from the transformed dxsk, 3DISKITDICK, to 1PLAT1 is reniested

as Run #5, demonstrating nrogran flexibility in that Surface 1 is now trans-

forred, The resulting exchange cocfficient is very nearlv coval to Run 43,
as it should Le,
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FIGURE 22. Group B Sample Problems Input Data Code Sheets
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SAYTLE PROBLEM GROUP €

The seometrical relationshins for this sannle nroblem are shown in Ficure
24, The data sheets are nresented in Figure 25 and the results are shown in
Figure 26,

Problen 1C

In this nroble=, a salid surfacce which could not he created hv the nroevan
Suria C FoRETAtor 15 enicred wanuaily along with the necessary connections
deta, A erhe with four truncated corners, nared SCHRT, §< cntered in data
from a convenient location in its coosdinate svstem, i,e,, at the origin, as
shown in Migure 24, Only threc noints were comnuted and entered as 9TCUSE
transformation datt to nove the surface to the desired nocition shown over
Surface 1, IPLATS, The factor from IPLATS to SCUBEYTCHBE is reaacsted as Run
1,

The silhouvette generator was used to commute the <ithouctte rom each
point in IPLATS, and because a detailed outnut was reruested with 6 horizontal
and 6 vertical divisions of IPLATS, 49 silhouettes were computed as shown in
Figure 26, The mmbers following each identifvine mannine line and mavning
point nurber arc the boundary noint nunbers which form the silhouctte when
connected together, It was nossible, since there are no crossovers  in the
silhouctte, to run this nroblem in the sinnle mode in SILFAC at ereater sneed,
The manving divisions were deliberately set at 6 x 6 to reduce the outnut,
some exncrimentation is reauired to Jeternine how nmany divisions are reauired
to yield the factor to the accuracy desired,

Problen 2C

ihe silhouctte gencrator requires that all noints in Surface 2 be above
the nlane of Surface 1 when onerating in either the simnle or commlex node,
A view of SCUBE in 1ts original nosition from 1PLATS clearly shows nart of

SCUBE below the surface of IPLATS; the run is therefore rejected with a diar-
nostic indicating this condition.
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FORTRAN FIXED [0 DIGIT DECIMAL SATA

e, TR

FORTRAN FIXED 10 O!GIT DEGMAL DATA
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SAMPLE PROBLEM GROUP D

The geometrical relationshin for this sannle problem are nresented in Fip-
ure 27, The data sheets are shown in Tigure 28 and the results are nresented
in Figure 29,

Problen 1D

The refererced Tigure, Figure 27, shows a truncated-core-on-cylinder and
a disk, skewed with resmect to the cylinder-cone centeriine, The cylinder-
cone 15 created by the surface generator as 6CYTR, a 32-sided solid in its
£inal vosition jn the unprimed coordinate system, The disk iz alse internally
generated, but because the genrerator (in its nresent version) is limited vo
cross scctions parallel to XY nlane, the disk, Z3ISKC, had to be transformed
to the skewed nosition by transformation data 9TDPSKC, The results are shown
in Figure 28, The simmle mode was used for nrocessing because no line seq-
ment crossovers Aarc nresent, which enabled the use of transformations to
construct the nroblem. The warning note concerning the difference between
the napping area and the actual 3DISK surface area is sunnlied to attract at-
tention to nossible errors in Surface 1 data entry of the choice of mammina
increments, As indicated in the comnents on Problen 1 of Samnle Problen
sroun C, the coarse increment 6 x 6 was selected to reduce oatnrut. A finer
increment should nrobably be used.to insure accuracy to the third nlace, if
such 1s desired, It pust be emmhasized that the form factor obtained in Run
21 is tho factor to the solid figure, 6CYLTR, which, of course, ancludes the
bases, Since the factor to the skin is the desired number, it is nccessarv
to subtract the factors to the ends, The unner end is obviously not seen
(f = 0), so the factor to the base only nust be obtained, The base is easilv
created by the surface generator (3DISKB), but it is created with the orienta-
cion vector pointing toward the +Z axis--the wrong way, It is necessary to
turn it around by 2 nrimary transformation--(9TDSKD). Thus, the full camabil-
ity of the nrimary transformation feature is utilized and exernliified, shown
by Run #2, The factor to the skin of GCYLTR is obtained bv subtractine the
results of Run #2 from Run #1, or

Yshin ® ftotat - Thase
f = 0,18946 - 0,09955
f = ,08991

The exchange coefficient is commuted im a similor manner,
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SAMPLE PRGBLEM GROUP

The capability of obtaining form factors to soheres in any nositicn rel-
ative to Surface 1 is demonstrated, figure 30. Closed form configuration
factor solutions are utilized, enabling very ramid comnutations, The data
sheets are presented in Figure 31 and the results in Fipure 32.

Problen 1E

The factor from & reatarele, IPLAT8, to a snhere, 75PH), fullv above the
plane of IPLAT8 (Casc I) is reauested as Run #1. The coniipurstion factor
solution in this case is extrenmelv sinnle (sce Ammendix E), uhich, in addition
to the coarse manmang of IPLATS, accounts for the short conmutational time,

Problen 2E

The factor from IPLATS to 7SPH2 is reauested. The sohere is the sanc size
as 7SPH}, except part or the lower half of the sphere is below, and outside
of, the surface of 1PLATS (Case 1I). The results are shown as Run #2,

Problem 3E

A larger sphere, 7SPH3, is located with nart of the uvner half of the

snhere below the surface of 1PLATS (Casc III), The results are shown as Run
#3,

Problen 4E

The nrogram will also comnute the factor to a snhere which is embedded
in Surface 1, illustrated bv 7SPli2 and IPLAT7, However, no attemnt is made
to determine what nart of 1IPLAT7 sees the snhere; wien a manning noint on
Surface 1 anpears inside the sphere, a configuration factor of zero is re-
turned and integrated along with the other comnuted factors, Thercfore, in
Run #4 we sre no indication that IPLAT? is bisected by 75Pli2, althouch in
reality it is, The nroblem is handled in this wav because of the extreme
cormplexity of the general determination of it vart of Surface 1 not scen
by the sphere,

Problem SE

The trivial casoc of the sphere coamletely below Surface : is illustrated
by Run #5,
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SAMPLE PROBLEM GROUP F

The canability of computing factors to surfaces which are occluded by
intervening surfaces 1s demonstrated as shown ip Figure 33, The data sheets
are presented in Figure 34 and the results in Figure 35,

Problem 1F

The factor from 1PLA10 to IPLAY 1s desired with surface 1PLAll interven-
1ng. The surface SCOPLA, representing the boundary noints of 1PLA9 including
conractions, and the bowdary points of 1PLALL including cormcitions is enter-
ed 1n data, Because the silhouette 1s comnlex, the surface 5COPLA must be
recntercd as SCCPLA to enable the silhoustte generator to operate in the com-
nlex mode, The facter to 8COPLA from IFLA1O is requrested as Run #1, Then,
the factor from 1FLAIG to 1PLAll is requested as Run #2, The factor from
1PLAIO to 1PLAY §s merely the difference between the two,

f= 0,26787 - 0,20146
£ = 0,06641
Problen 2F

This nroblen also ksttrat’es"’the canability of determining factors to
occluded surfaces, but data is entareéd and handled in a different manner.
The factor from IPLALO to 6PIPE2 §s desired, taking into account the flux
intercented by SPIPEL, P
The coordinates defining 6PIPE2 are internaliy generated. SPIPEL 15 en-

tered manually, and the two surfaces are combined for comnlex nrocessing as
820FLM,

Notice that SPIPEY includes a line segment--2 "bridge" line--connecting
noint 7 in SPIPEl to 6PIPL2, If this line or any othsr suitably oriented
line serving the purposc werc not nresent, then the silthouette generator
would not include 6PIPE2 in any of the silhouettes comnuted from noints on
mapning lines 6 and 7 on 1PLAIO, The line does not have *to actually be in
any surface--it need only anpear to intersect both surfaces in the silhouette.

The form factor to 820FLM is 0,28139 (Run #3); to SPIPL] alone is ¢,21556
(Run #4); therefore, the form factor to GPIPE2 is the difference or 0,06583,

Treblem 3F

This nroblem illustrates improner use of the nrogram, and i~ marticular,
the s!lhoustte penerator, The factor form 1PLAIZ to 5COPLA is requested as
fun #5, Nctc that the data SCOPLA is in eality two surfaces. These surfaces
when viewed from IPLALO or 1PLAI2 present a comnlex silhcustte, and therefore,
nust be processed in the comnlex mode, However, when a class 4, § or 6
surface is snecified as Surface 2, the simnle node is always used, The
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silhouet¢e generator conseceuently saw only IPLALL sor<times and only 1PLA9
sometines; this condition would not be selizved bv use of a bridge line, be-
cause the total silhouette is complex, und must be nrocessed as comnlex.

Problem 4F
When a class 8 surfave is used ps Surface 2, Surface 1 must be in the XY
nlane of the Surface 2 cogrdinate System, with its orientation vector nointing

tovard the +Z axis, The rcSuits 2L Run #6 show the diapnostic resulting from
a request for the factor from 1PLAI2 to SCOPLA,
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AVPENDIX B

PROGRAM DFCK SFTUP, LISTINGS, AND MAPS

The nropran deck arranpement shown in Fipure 36 contains a nain nropram
and six subnroprams whick are listed in this anmendix. A listing of the nain

nrogran, 7J360, is shown in Fipure 37 followed by a man of the core storage
2ications in Frgure 38,

The first subnrogram in the deck sctun is subroutine UNIVIC wvhich 15
shoim an Tipure 39 and the nan of corc storare in Fioure 40,

tion suhroutine, TN

in Tieure 42, The listing and =an of subreutine DOICH is nresented in Tigures
43 and 44, The listing and man of subroutine MAP, is nrescnted in Fagurc 45
and 46, The listing of thc subroutine FACTOR f< nresented in Fisure 47 and
the map of . -~ ~tarace ir Ficure 48, Subroutine SILFAC listing and core
storage is ' .

. ure 5} shews the variable formats
used bv thi

The transforaae
FRYM, is nresented in Figure 41 and the man of core storane

This IBM FORTRAN II nrogram uscs two innut-outnut statenents which nust

he nodified for computine svstens other than the NAA Monitor, FIB III, svsten.
These are

READ N, List
PRINT N, List

A convenicnt FAP assenbled wrogpram is included which will convert the
READ-PRINT statenent to,

READ INPUT TAPE S, N, last
WRITE OUTPUT TAPE 6, N, List
This assenbly is listed in Figure 52, The convert to any other comnuting

svsten using nerinheral cquinment and not using the sare tane designations,
the last three LOU cards are sinnly chanped to read

MIN EOU A (fnnut statement tane number)
MOUT 00U B (Outrut statenent tane numher)
MPUNCH KOO € (Punch statement tane nunhir

Tor commuting centers using attached nrinting equinnent, the FAP assenblv
can he removed and the nrogran will execute in that system,
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FIGURE 36.

PROGRAM DECK SETUP
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APPENDIX C
COORDIMATE TRANSFORMATION

PRIMARY TRANSFORMATION

As indicsted in Sectlon II, the surface coordinate transformation
technique exmployed by the rrogram does nol require trensformation para-~
meters such as direction cosines, Euler angles and translation terms to be
scterea as inpus data wu LN Drogram ror irarsiorzation purposes. instead,
the x, y and z coordinates of three points, not in & ldne, ar: glven from
the nsw opdgin, or to the new position of the surfsce. These data ace
then used to derivs the rotatiornal and translation terms required to tranrs.
form tne remairirg swrface data to the new s»isin or surface position.

The classical equations tor transformation of rectangula> coordinates
in space are ampioyed for both primary and awdiliary transformation. The
new x, y and =z coordinates in terms of the old cocrdinates are:

x =x'cos @ +y'cos ¢, +zlcos ay +H )
¥ =x'cos By + y'cos By + z'cos 83 +1L (2)
2 = x'cos ¥ ty'cos vy +2'cos Y3 +X (3)

Note that there are 9 unknown direction cosines and 3 translation terms, or
a total of 22 unknowns. It is clear that the coordinates of four points

from the new origin are required if these equations are to be used directly
to determine the wnmown parameters.

It can be shown, however, that the coordinates of three points (not
in a line) are sufficient and necessary to fix the position of s surface
in any rectangular coordinate system, It appears, therefore, that ancther
polit must be made available for colution of the above equations, or
another technique developed which directly requires only three points.
Investigation of the latter ylelded a complex, difficult to program, solu-
tion, On the other hand, solution of the classical equations is straight-
forwsrd, but requires the extra point (not in the plane of the other
threo). Rather than require the user to supply the extra point in data,
it was decided to generats the point as 2 unit normal vector above the
second point given in transformation data. This extra point must, of
sourse, be generated in both ¢ld ard now coordlnate systera,

Figurc 53 depicts a primary transformation or Surface A from the old
{primadj to the new (unprined) coordinate system. Note that tho prémacy
transformation shown affects only ona wurface, whereas both surfacos are

involved in tha minriiiayy transformetion, vhich 1331 be dlsoussed In more
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detail later in this Apperdix. The angles (o, B and v) shown in Equations

1, 2 and 3 are related in the following manner with the primed and unprimed
coordinste axes shown in Figure 53:

@ = LOIXI0X, oy = Dryrex, g = £01210%

8 =400y, 8, = L0'Y'0T, By = £012'0Y
v =L0x'0z, ¥y = £0'Y'0Z, Y3 = £012102

Given the coordinates of points 2, 5 znd 6 in Surfacs A, and tne gen~
srated polnt U, from both the old and new coordinate syatems, we zay write
four independert equations similar to Equation 1. Using Equation 1, the
resulting set of equations in x is:

xz-xz'cosali-yécosaz+zéc0333+}{ (%)
*g -x5' cos oy +y} cos oy + 2!

4 2 ¥ 25 cos oy +H (5)
X = x} cos oy +3) cos oy + z} cos a3 +H {6)
Xy = xj cos @y +y} cos @y + 2} cos oy +H n

We may s!mila.rly write two mora sets of equations in y and z similar to
Equations 2 and 3, for a totsl of twelve independent equations. Each set
of four simultansous equations is solved by Crazer's Rule (Reference 2)

for the unknown direction cosines relating the old y' and z' axes to the
new x, y and z axes.

For examgle using the set developed above for Equation X (Equations
Ly 5, 6 and 7), the coefficient determinant D is

xz', yé zé 1
x! v! z! b
D= 5 5 5 8
x} yg 2! 1 @
6 6

% T o 2

By Cramer's Rule, we successively replace the elements in each column of
the set with the respectivc element on the left of each equation in ths
set, For example, the solution for coc o is:
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e %, 7.2' b3
x! X, 2! 1
5 5 5
w s m 1 ©)
6
:ﬁ“ Xy z('] 1
cos ay =
D
axd similarly,
xé yé x, 1
x} ¥l X, 1
50 X (20)
x 73 X
% o m ¢
cos o, =
3 D

The above process is repeated for the solution of cos B,, cos B,,

€08 ¥y, axd cos Y35 using the ssts developed for y and z. Tﬁe coeftgcien'c
determinant is the saws for aii seus, bacause the coefficients of the un-
knowns in all sets are identical,

To increase computational efficiency, repeated factors in the expanded
determinants are computed only once for each set. Alco, considerable econ-
omy results in computing the unknown direction cosines cos oy, cos B3, cos vy,

as the cross product of the corresponding direction cosines of the other
{y and z) axes:

cos a3 = cos B, cos ¥3 = cos Y cos By (11}
cos B) = cos Y cos a3 = cos ap cos Y3 (12)
cos Yy * cos &, cos B3 - cos By cos o3 (13)

The translation components H, L and K are computed by substituting the co-
ordinates of the point below point U in the surface to be transformed into
Equations 1, 2 ard 3, along with the kmown values of diraction cosines.
For the Surface A sheum in Figure 53, using point 5,

d = X5 = 1; cos oy '.75 cos o, - 25 coe 03 (13)
L =yg - xf cos B ~ 7§ coc By ~ :; <03 8, (25)
K= 5 - xg cos Yy - yg cos Yy - zg o8 13 (16)
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The program now transforms all point coordinates in Surface A from the old
to the new system by direct substitution in Equations 1, 2 ard 3.

The method outlined above will always perform the transformation de-
sired, providing the three points selected are (1) svfZiclently separated
in space, (2) accurately conputed, and {3) do not form a straight line in
space. Becouse the fourth point U is alwoys ccxputed outsgide the plane of
the othar three, the cocfficient determinant D can nsver be 0. Hence, by
Cramer's Rule, a unique solution nust always exist.

AUXILIARY TRANSFORMATION

An auxilisry transformation transforms the coordinates of both sur-
faces into ths reference plane of a specified surface--the "Control™ s -
face. In Figure 53, Surface A is the control surface; the awdliary tians-
formation depicted transforms both Surface A and B from the unprimed (old)
cystem to the doutle-primed (new) system. In general, the origin O" in
the control surface s always point 1 in the control surfsce coordinate
array. It may not always be the firat point entered in input surface data;
if a bisection of the asurface occurs, and the original point 1 is not seen
Uy Uhe viher swiate {ascumsd planars, then a new point 1 will be compufied.
The new point will be used as the origin 0". The same processing occurs
for internally generated surfaces. Only surfaces classed as plane sur-
faces may be control surfaces, i.e., Classes 1, 3, 4 and plamar 6. For
example, if both Surface A and B in Figure 53 are plane and bisect each
other, two avxiliary transformatfions would occur to facilitate surface re-
conatruction. Actually, if Surface A werc entersd as Surface 1, the first
auxiliary transformaticn to oceur would be to point 1 in Surface B, rather
than Surface A, Tids would not occur, howover, if Surface A were pot bi-
nected by Surface B. In any case, the last transformation alweys is to
point 1 in Surface 1, so that mapping and factor computation may proceed
forthwith.

The processing of an awxiliary Lransformation differs from the primary
transformation because unknowns may be more readily computed from available
data. Zquations I, 2 and 3 are rewritten for the awxiiiary old and new co-
ordinate systems,

x"=x cos o +y oo @, 3 cos ay +H an
y"=xcos By +y cos By +z cos By +L" (18)
2" = x cos Yy +7 cos Ya +z cos vy + K" 29)

The angles ure defined as follows, referring to Figure 53:
@) = L0XO'X", o, = AOYO'X"Y, ay = LOZOTX"
by wZOXO"I", By wZOYOMYM, By = LOZO™YM
Yy = £0XO™2", yp =£OYONZW, y3 = LOZO"Z"
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Bscause the O"X" ax=3 in the now system is directed aleng the line segment
Zformed by the first amd second point in the control surface, the direction
cosines related to that axis are readily computed.
The length of line I2 4n Surface A is
1s,, -\sz - xl)"e +(y, - ¥R H(zy - zl)z,

and the direction cosines relating the new O'™X" axis to the old OX, OY and
0Z axss are:

tos oy = Gz ~ xl)/ISIZ {20)
cos a3 = (y2 ~ y1)/1515 (1)
cos o = (2, - 2))/183, (22)

Because the new OM2" axis 15 directed along the surface umt orientaticn vec-

tor (point O shove Surface A) the cosines relating that axis to the old
0X, OY and 0Z axes are

cos Wy =Xy~ X (23)
cOs Yo =Yy = V1 1)
o8 Y3 ™ zy - %y (25)

The remaining direction cosines are computed by cross products of the X
ard 2" axis unit base vectors (direction cosines).

cos By = cos Y, cos a3 - cos Gy cos Yy (26)
cos B, = cos @) €08 Y3 - ¢08 Yy cos O3 {27)
cos B3 = cos Y3 €03 33 - €03 Gy €03 Yy (28)

.46 urknown translation terms are determined from Equations 17, 18 anl 19
for point 1 in Surtsce A (xf =0, y[ = 0, zf = 0j.

H" &~ x) cos ¢, -3y cos &y = 2 cos ) (29)

Lv= - x; cos By -y cos By ~ 2, cos By (30)

K" m o x) co8 ¥y ~ ¥y €OS ¥, ~ 2; €03 Y. (x)
1 1 1 2 % 3

The prograa now transforzs &1l coordinates in Surface A and Surfacs R to
the new system by using Equatlons 17, 18 and 19.
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APPENDIX D
COMPUTATION OF SURFACE AREA OF INTERNALLY GENERATED SURFACES

In Figure 54, View J-J shows a view of the surface of a right elliptical
cone between the two arbitrary cross-sections indicated in the isometric
sketch of the cone. Because the program internal surface generator uses
the elliptical cross-ssction as the basic generating element, elemental
@ fece areas suclh as Aves A™'D in Figure 54 sre trapezoids having, in
general, uneousl norparallel sides. Also, because euch eiamental surface
is developed by equal elliptical parametric angles, one reed compute the
area of only cne elsmental surfacs for each pair of cross-sections
(froviding, of course, the cross-sections are similar).

The plane area of trapezoid ABCD is
Apmin (L +Ly). ()

1y and L, are readily computed from the X, Y coordinates of points A, B,
C amd D;

I =Yg - % ¥ (5 - )P @
L =yl - X + (1p - Y2 )

The trapezoid height h is computed indirectly froxm the projected area Ap of
the t{rapezoid on the LY plans in the following manner:

h =y Ry + 22 w

vhere h is the projected dength of trapezold height h, and Z is the dis-
tance b.gtween cross-sections.

The projested ares of ADCD 1s:
kp-éhp (g +Ly). (s)
Solving for bp in Equation 5:
2 An
L ©)]

The orea k is computed frem the trapezold (X,Y) coordinstas in tho fol-
iowing er:
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Figure 54, Surface Area Geometry of Internally Gewsrated Polvhedra
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Hoting triangles HOD and AOC
Ap = Aree 850D - drea BAOC [¢))]

It i3 desirable for computational efiiciency to comute
neters. In this case, sin B .s known and is used. The p.
of the ellipse are:

using lmown para-
ametric equations

X ™acos 6 ‘8)

y™bsin® (9;
where o is the send-major axds, b is the semi-minor axis and 9 is the para-
mevric angle, In Figure 54, angle &) defines points A and B and angle 8,
defines points C and D Angle B =6, - B)

.

The arca of triangle A0C can be computed by vector cross preducts,

faoc = % (Y - %)) (20

From Equations 8 and § for the parametric angles By and B, defining points
Aand C,

Xy ma) cos By, Yy = sin By (n)

Xo = 2y cos By, Yo =1y sin B, (2)

Substituting Equations 11 and 12 in Equation 10,
Ajoe = % by (cos By sin 8, ~ cos 6y sin B))
Aoc =} aby sin (By - By)

Mog =2k sins (23)
A siniler derivation is developed to obtain the area of triangle BOD.
Agop = 3 agb, sin B ()
Substituling Equations 13 and 14 in Equation 7,
Ap =3 ain g (az'b2 - ) (5)

Substituting Equation 15 into Equation 6,

" - 2] 3 sin B (a0, - aby)]
P L+L (16)

&)
ey
e 4
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Substituting Equation 16 into Iquaticn 4,

- M 2
" EV[%_M + 2 an

Finally, substituting Equation 17 into Equation 1,

pabhth V’[sma (agby - &) 1%, ;2
: 2 I +5

Resrranging terms,
by -é\_/[sm B lagy - o) ] * + [z +10] 2 9

The total surface area is computed by repsated evaluation of Equation 18
for the particular surface gsnersted.
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APPENDXX Z
DERIVATION CF CCNFIGURATION FACTOR TO A SPHERE

The analytic 20iution of the configuration factor t¢ a sphere depards
upon the position of the sphere relative to the plane of Surface 1. This
1z clearl;y demonstrsted gecueirically by using the Nusselt wnicv sphese
projection ss showm in Figure 55. Three unique solvtions are spparent
1:02 the fivs dillferent sphors positions; Ib and Illa represent "Rimit"
values in each cass. The unit sphere projections (erosshatch:2 areas)
shown in the lower part of Flgurc 55 correspond respectively to sphere
positions (not to scale) depicted im the upper half. Case I results wher
the sphere is szove (Ia) and/or touching (Ib) the plane of Surface 1.

The locus on the Nivselt hemisphero basa is an cllipse, and varies froo &
circle (when the spnere is vertically over the point 0) to the single tan-
gency position shown in Jo. ¥hen the sphere goes Lelow the plane of Sur-
face 1, the Case IT locus appears, and is formed by the ellipse vowdary
on the left ad the unit circle hourdary on the right.

The locus projected on the unit sphere surface is a ecircle, in every
case. The radius, b, of the circle becomes the semi-major axis of the
projected ellipse. By similar triangles,

b _2
2 D
2
b == )]

(8 )
where D = distance from center of sphere to origin of unit sphere ard R iy

the sphere radius, The semi-minor axds, 2, of the ¢llipse is the prejec-
tion on the unit circle o: b; again by similar triangles,

Z. -l
D b
Z _RZ
or amb D %z )
The area of the ellipse is Bzz
Ammgh = S
p? (3)

The configuration fsctor for Case I is the arss of the ellipse divided by
the srea of twe unit radius circle,
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The cozputation of Case XII proceeds as follows. Fofsrring to Figurp 56,

& detailed drawing of the upper half of the Case III & locus, the ares to
be determined is Area ACB,

(%, %)

PWSIELT UNIT
C/RCLE

Figure 56, Case IIIb Detaii Geometrv
By inspection,

Ayes ™ Ap08 = Agi0m ~ Acotm (5)
Area AOB 1s a seclor of the unit circie, R = 1,
2
AgpmiRO=}o0 (6)

Given h, the distance belwesn centers O and Cf, amd ¥, the value of y at

the tangency point between the ellipse and ths circle. the ax 21 of the
trianele 0104 is

Apop = 25 7, (7)
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The arez CO'B is an elliptical sector defined by the paraxetric angle § at
(xc, yc) the point of tangency,

s agk
g "R P ®

Inserting Equations 6, 7 and 8 into Equation 5,
hop = 3 (9 - 1y, - avp) (6]
-he unknowns 6, h, y . anl { zust be evaluated in terss oI R, 2 &od D.  The

tangency point x,, y., is devexmined zs follows. The equation of the el-
1ipse when transiated 2 distance h in the x direction from the origin 0 is

- nR =1
o )
The equation of the unit circle is

L=l (1)

At the intersection point the slopes are squal. Taking the first derivative
of Equation 10,

—i-z(x-h)ux r—%{?a;,:o

Roarranging, R W2 l- 2 'l 2 (h)

9 = 20 - - shex

éx 2y L_a! & y)j 'EZ ¥ (12)
The slope at any point x, y on ths circle is:

Y -_ X

dx ¥ (13)

Equating Equations 12 and 13,

22 (X)X
e r v

¥

Solving fer h, at x = x, ady =7,
02 a2
h = (1)

Substituting Equation 14 irto Equation 10,
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feducing ard rearranging terma, ard golving simultanenucly with Fquation i1:
(B2 3 2 ey 2 = (15)

2 2
*y *+ ¥ 1

Subtracting Equatien 11 from Equation 15,
[("%")2 - 1] -ud -1

Jolving for v ,

2. -1
X, (9)2 T (16)
~ b i‘;q—-— | 17)

Solving for Y 1. Dquatlon 11,

-y1 5 (18)

Substituting Equation 1 and 2 into Equation 17,

X "N 2 (19)

Subatiluting Equation 1, 2 and 16 into Dqualic:i 18,

;11

/02 Z
v, =5
e - (20)
The angle ¢ may be defined as
y
g = tan~t Yo m gan-1 2
X b -y (21)

o

Substitting Equation 1 and 20 into Equation 21

g = tan” 1[—&,— %“BDE ] (22)

RC -
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The angl: 2 may be deflned as

-1 Ve
8 = tun —
. (23)
Subestituting Equations 12 and 20 into Equellon 23,
" -1 22 . n< .
CtanTYRY R (21)
Substituting Equaticns 1, 2 and 19 inte Reguetion 14,
o D= RZ - 1°
D~ 7% . P (z5)
The parameter hy in Fmuation 9 is evaluated by multiplying Equstisns 20
and 25,
2 / 2_ pl
-2 Z5- R
hyc [ A ]
- VR -R2 xf R - 2%
¢ P?
- oo, R - 27
Wt TmT Y p R (26)
Let &= U - 7 (27

ﬁz_ N
ard B =y S (28)

Subsiituting Equations 27 and 28 intoEquatinns 22, 24 and 26, respectively,

g = tm'l[';'g'!" :J (29)
8 = tan~t & (3¢)
and = o (31)

Finall, sulstitute Equations 29, 3C and 31 into @3 tha actual area
projacts:’ o the hemisphere hass 1s tviee Area ACB and 1¢ Aivided by the
base are:. o ylesld the configuration factor,
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where o= DR - Re ¥
2 . 92 . ¢
s=fBE=Z , 220 a2,

By inspection of Figure 55, the projected srea fo1r - e 7 1le the s.m «:f the
vllloye cvaluated by thic Cane I formula am| the cre 23t shaped aver. <t 2.
mined by the Case III [ormula,

LA

= £ «Z
17 = €1 + Sy 02 <R (

wh
~e

In swmary, referring to Figure 55,

32z
Da,z?a

1 = "fl?[[t‘m 8- ‘fﬁg( 'Q]
viiere o=0% - R, 8 v L:_Y_.Z: ’

t'u




