FOREWORD

This commuter program is.one of a series of digital commuter nrograms
develoned as in-house effort in sunport of the Snace Vehicle Thermal and
Atmosnheric Control Study. The studv is snonsored by the Flight Dynamics
Laboratory of the Research and Technologv Division under Contract AF33(657)-
8953 and is under the direction of W, Uhl of the Environmental Control Branch,
R, E, Sexton of S&{ID served as Project Manager of the studv nrogram. H, L,
Nordwall reviewed and edited the contractor's remort for publication as an
FDL TDR,

The program described in this renort renresents the second stage in the
develonment of a general configuration factor comnuter nrogram, This renort
nartly incornorates SID 62-393 (ASD TN 61.101), which describes CONFAC I,
the first program develoned under the Snace Vehicle Thermal and Atmosnheric
Control Study.

This renort may also be identified by Contractor's Renort No, SID 63-1397,






ABSTRACT

A simple numerical method is derived for the determination of the geometric
‘radiant-interchange factors used in radiant heat transfer and illumination, A
FORTRAN II digital computer program utilizing this method is developed which
provides a rapid and accurate means of computation of configuration and form
factors, The source of flux may be any general plane polygon and the receiver
may be any general plane or nonplanar polygon, the surface of an arbitrary
polyhedron, or an arbitrary combination of such surfaces,

It is therefore possible to accurately determine configuration and form
factors from a plane surface to another surface occluded by complex interven-
ing surfaces, Form factors are computed rapidly -- averaging less than two
seconds on the IBM 7094 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 polyhedra and to transform surface
spatial coordinates for convenience of data entry and/or motion simulation,
Simplicity of data entry, flexibility of application, 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, f 2, 1s defined as the fraction of radiant
energy emanating from finite surface A; which is intercepted by another
surface A;,

f Flux received by finite surface A,

12 * FTux emitted by finite surface Aj (1)

The geometric configuration factor, fl , is defined in a similar manner,
except that the emitting surface is infinitesimal, (sometimes referred to
as the point configuration factor),

Flux received by finite surface Ay

(2)

12 7 Flux emitted by infinitesimal surface dAj

The subscripts denote the direction of flow of net flux; &4, and fj, pertain
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
classical integration techniques is impossible or impractical in most situa-
tions, Experimental techniques and devices have been reported in the litera-
ture (Reference 1), and probably the most useful is Pleijel's Globoscope
(Reference 4), Experimental techniques produce only the configuration factor,
however. Nonetheless, they are useful for many applications where 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, experimental techniques are not practical, This report pre-
sents a numerical method and a computer program which enables rapid and
accurate computation of configuration and form factors hetween plane sur-
faces, and plane or solid surfaces, The source (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, nonplanes, or solids, Form factors (which
nominally are derived from 625 configuration factors) are computed ranidly,
averaging less than 2 seconds by IBM 7094 time for simple plane surfaces,
and less than 30 seconds from simple plane surfaces to simple solids, Table 1
compares solutions obtained by CONFAC II to those given in Reference 1,

Manuscrint released by the author January 1964 for nublication as an FDL tech-
nical Documentary Renort

1



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

Computer (Trapezodial Rule)

Configuration Reference 1 24 x 24 grid 60 x 60 grid
P-1, X =1, Y=1 0,13853 0,138532 0,138532
X=0,1, Y=20.1 0.00314 0,003141 0.003141
X=1, Y =4 0.17527 0.175270 0,175270
X=0,1, Y=0,4 0.01147 0,011471 0,011471
X=1, Y =o* 0.17678 0.176777 0.176777
X=0,1, Y=o* 0.02488 0.024876 0,024876
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=23° L=0 N=4 0,4665 0,466506 0.466506
#=30° L=4,N=4 0.0964 0.096447 0.096447
P =120°, L=0, N=1 0,125 0.125000 0.125000
g =120°, L =1, N =1 0,0236 0.023554 0.023554
§=120°, L=0, N=4 0,125 0.,125000 0.,125000
#=120°, L =4, N =4 0,0077 0.007683 0.007683
**pP-6, 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= o 0.800 0.799 -
**p.8, D = 4, L =2 0.08074 0.08055 “—-
= 2, = 4 0,24774 0.2472 n—
A-1, X =1, Y=1 0.19982 0.19972 0,19981
X=0,1, Y=20,1 0,00316 0.00316 0.00316
X=1, Y =4 0,34596 0,34559 0.34590
X=0,1, Y=20.4 0.01207 0.01207 0.01207
X =1, Y= w* 0,41421 0.40549 0.41075
X=0.1, Y=o* 0,04988 0.04884 0.04946
A-2, §=30°, L=1,N=1 0,6202+ 0.61769 0.61878
g = 30°s L=4, N=4 0,3961+ 0,39431 0,39450
=120, L=1,N=1 0.0870+ 0.08665 0.08662
§=120°, L =4, N=4 0.0433+ 0,04272 0,04235
* 108 was assumed to approximate = for computer run

ik

+

32 sided regular polygon used to simulate circular cross-section
These values were obtained by numerical integration across surface Ay,

according to Reference 1



The FORTRAN II Computer Program described herein, CONFAC II, is a

" follow-on development of an earlier version, CONFAC I (Reference 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 geometric form 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 1 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 which it is described (entered) in data,

2. Both CONFAC I and CONFAC II specify that if Surface 2 is a plane
pelygon, it may be arbitrarily oriented with respect 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 specifies that no part of nonplanar Surface 2 may lie
below the "horizon” of Surface 1 when viewed from the active side
of Surface 1, CONFAC Il does not require that all of a nonplanar
Surface 2 appeat above the horIzon of Surface 1. CONFAC II will
automatically bisect a nonplanar Surface 2 and compute the factor
to only the part which Surface 1 "sees."

5. CONFAC I cannot, in generazl, 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 parallepineds, cylinders,
cones, etc,, with the restriction that all of the surface must
apnear above the horizon of Surface 1, CONFAC I cannot, in general,
be used to compute factors to surfaces which are occluded or
"shadowed” in a varying manner by intervening surfaces; on the other
hand, the factor in such instances can be determined by CONFAC II
with few restrictions.

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



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

Class 3 - Internally generated disk, silhouette developed directly
from generated data

Class 4 - Plane nolygon, silhouette internally developed
Class 5 - Nonplane surface or solid, silhouette internally 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 - Trénsformation 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 commuted,

CONFAC II 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 II incorporates extremely fast computation of factors to a
sphere which is arbitrarily oriented with respect to Surface 1,



SECTION II

ANALYTICAL PROCEDURES

CONFIGURATION AND FORM FACTOR

The general equation that must be solved in the determination of the
radiant-interchange form factor is (see Figure 1)

5 ) 1 fJ. J‘j cos 6, icgez dAszl )
12 = &} A; YA, 752

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, ¢,.

. J'j' cos 8; cos 8,
Therefore,
f o 1 ,
1

A very simple geometric interpretation of Equation 2 is given by Nusselt,
The principal value-of the Nusselt concept is that the computational proce-
dure is simplified and made more accurate by the fact that no mathematical
or numerical integration is required tc compute the configuration factor. How-
ever, the Nusselt method yields only the configuration factor from the ele-
mental area dA,; one must still intepgrate all such factors over surface A
to yvield the form factor fiz 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 Ay is projected radially to the hemisphere surface
and then vertically downward to the plane of dAj, the equatorial plane of
the hemisphere, The lecus of all points thus projected encloses an area,
A",, on the hemisphere base. This area A",, divided by the area of the
‘base, is the configuration factor from dA; to A,,



FIGURE 1. NUSSELT GEOMETRICAL RELATIONSHIPS



The validity of this conclusion can be demonstrated as follows. Note
that the elemental area dA, is described in surface A; by the elemental
solid angle dml, or

cos 92 dA
dml = -—ST—-Z- (4}

Similarly, on the sphere having radius R,

duy = T (5)

" t
Because dA, is the projection of dA, on the hemisphere base,

. dA ;
dA; = cos 01 (6)
Inserting Equation 6 in Equation 5,
dA"
dw, = ot (7)
R2cos ©

: 1

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

J'j‘ 0 dA" JSAZ dAz A"
, s A 2
:1 2 = A -{-:—o-—i 2 ) = f -

2 7 RZcos 8y R TRZ

For a sphere of unit radius (unit sphere),
€ = —= (8)

which completes the proof of Nusselt's method., By inserting Equation 8 in
Equation 3, the original equation becomes greatly simplified; only one area
integration is now required,

£ =1 _ﬁ. A2 9
1 Al



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

1 \ Ao
f12 = TEEAI -—,,2- 8A (10)

It should be emphasized that area A; is, in fact, formed by the doubly
projected silhouette of surface A, as it appears from dA,.
2 The element dA; is assumed to be oriented in the XY plane and at the
origin of the coordinate system of Surface A,. The area A, can be found ,,
from the line integral where y; = F(x;) is the locus of the boundary of A,,

Ay = %*JC- (xq dy; - vy dxq) (11)

Let z = F(x,y) be the locus of the silhouette of A;, and S the distance from
dA; to the point (x,y,z) on the silhouette of Ay,

S =_'dlx2 + yz + zz

From similar triangles, « 1
X) = __S._,_dx1 - dx + x d(

]

-

v, = Y 1 - 1 1-
ST TET Y] T e dy+ydT)
Inserting in Equation 11

G- f g 12

Equation 12 can be transposed to finite difference form by replacing
the differentials with increments for numerical evaluation. Because of the
problems of increment size contrel, it appears desirable to solve Equation
12 for a finite tine segment in space and to allow the analyst to control
accuracy of configuration factor computation by suitable selection of line
segments describing Surface 2, If the surface is actually a polygon or poly-
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 understood geometric deriva-
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
elliptical section A"OB' with the origin,

If all line segments describing Surface 2 are similarly projected,
the area A2 will be formed by a closed series of elliptical arcs, Surface
A, does not have to be a plane, Actually, the area A2 results from the
geometry of a silhouette; any surface or cbject nrojecting 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 AE can be determined
by comy . ~ing the area of each elliptical sector, properly signed, followed
by an alperraic 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'0B' and the XY plane is y, then

A
cos y =~ (13)

S

The area Ag is computed from the usual polar equation, with © in radians,

1 2
=~Z2 R0

For the unit radius sphere,
As = =3~ (14)
Substituting Equation 14 in Equation 13, and solving for AE,
il
Ag = —x—cos ¥ (15)

For a polygon of N 51des, the net area Az is found by algebraic summation
of all computed A,



FIGURE 2. GEOMETRY OF NEW METHOD CF
CONFIGURATICN FACTOR COMPUTATIOK
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N
L) 1
A2 = .- Bn cos v, (16)
n=1

Substituting in Equation 8, we have
N

1 B
‘2 T | D fnoos (17)

n=1

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 computation of & and cos y, Taking, for
example, directed line segments of 0OA and 6§, the vector dot product is

- e

OA* OB = XaAXp * YAYBR * Zalp (18)

The cross product OA x OB in determinant form is
i j k

- -

OA x 0B = Xa ¥a Zp

XB ¥ %B

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

- b= -

VN = 0A x 0B = (yAZB - ZAYB)i + (szA - ZBXA)j + (XAYB - XBYA)k (19)

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

v& is equal in magnitude to twice the area of the triangle AOB and
is oriented normal to the plane of AOB so that the three vectors form a
right-handed system, The magnitude is comnuted by the Pythagorean theorem,



L

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

- - "'|
A * OF 1 I"N

-1 . -
0 = cos or sin
ISR [ | OB [0Al | OB

However, an overall economy of computation results from the use of the
arctan function,

-1 Ivﬁl

r——pr—
- -

OA * OB

8 = tan (21)

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 Vﬁ
and the Z axis; cos y is therefore the direction cosine of Vy with respect
to the Z axis, Using the Z component in Equation 19,

XAYp = Xg¥a

COs vy = ey 22
IVNI (22)

If the numerator and denominator are both divided by 2,

XAYB - XBYA
——

Cos ¥ =
| VNI

7

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

In the right-handed system shown, cos Y is positive when the order gf
computation of the vectors in the cross product causes the normal vector V
to point in the direction of the +Z axis (0<y<90), The order in which one
proceeds from point to point on the boundary of Surface 2 will sign each
elliptical sector accordingly; however, because the sectors are summed
algebraically, the same absolute magnitude will result regardless of order,
Because the point factor is always a positive number, the order is comnuta-
tionally unimportant, Nevertheless, the program requires that data be
entered in counterclockwise order for other reasons, This will be dis-
cussed in more detail later,

12



The relative ease with which the point factor can be computed is best
illustrated by an example. Using the triangle shown in Figure 2, and start-
ing with line segment AB, from Equation 18

e -

DA *OB=1+3+9 =13

from Equation 20

I'\'FAB] - |6% x % | s.\/(-e)z + 0+ ()% =9/20

From Equation 21

1 [VE | -
'1‘3"] £ 0,453

Bap = tan”
From Equation 22

COS Ypp = _E__ = 0,316

Moving to BC,

g 0,661
-8
COS YBC — —————— - -0.686
V136

13



e
Finally, line segment CA,

OC +OA=3+1+9=13
~ z 2 g
Vua B\ﬁ”’ SN CORE T

-4y 40 \.
eCA = tan l( -—1—3- )= 0.453

-2
cos YCA T e = 0,316

vio

The configuration factor is, therefore, from Equation 17,

1

‘12 =~y 2(0,453) (0,316) + (0,661)(-0,686)

-é?-l -0.167|

0,0266

4
12

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

COORDINATE TRANSFORMATION

The task of computing factors, even when simple "closed-form" solutions
are available, is oftentimes laborious because the surfaces 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 .
may be entered for each surface using an individually convenient local origin,
The surfaces may then be linked together by transforming one or both surfaces
to a convenient third origin which is common to both surfaces. The fact that
internally generated surfaces may also be transformed (excluding multisurfaces)
makes this feature a very powerful tool,



Actually, two different tynes of coordinate transformation are used by
the program, The transformation discussed in the prior naragranh is termed
a "primary" transformation, and is under control of the user through trans-
formation data entry, The second type of transformation is termed an “auxil-
iary" transformation,and is under 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 describinpg that sur-

face, The origin of an auxiliary coordinate system is located at mnoint 1 in
the narticular surface controlling the transformation, The X-axis is direct-

ed along the line 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
Z axes, thus locating the XY nlane in the control surface reference nlane,

The auxiliary transformation actually serves two purnoses, 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 appear in the XY plane of the final coordinate system alone 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 penerated
and factors computed,

For example, supnose Figure 3 represents the surfaces of various items of
equipment appearing in a compnartment, The unprimed coordinate system shown may
be conveniently chosen at a corner or axis of symmetry, perhans as shown on a
mechanical drawing. This system may not be convenient for data entrv of the
disk, however, The nrimed coordinate system with the origin at the center of
the disk is the more logical choice in this case, The previously described
surface generator will penerate the disk about this origin, The disk data can
then be transformed from the nrimed to the unprimed system by a primary 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 equal effort both ways., The pnlate coordinates can be easily entered
from the unprimed system, Now, supnose 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 disk and then 'primary
transform disk coordinates to the unprimed system, Since the disk is bisected
by the plate, an auxiliary transformation of all coordinates, hoth disk and
plate, 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 will be de-
termined, and an auxiliary transformation of the plate and the truncated disk
will be made to the double primed coordinate system, i,e,, the reference nlane
of the disk, The disk is now in a nosition for mapping, and the nlate coor=
dinates are proper for obtaining the configuration factors, A similar manip-
ulation of surface 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
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transformation to the double-primed system would occur immediately after pri-
mary transformation,

The transformation technique utilized for a primary transformation dif-
fers from the customary method whereby "old" coordinates nlus translation
data and direction cosines or Euler angles are supnlied, from which a "new"
set of coordinates are derived, The program requires the coordinates of any
three points (not in a line) measured from the new origin, These data are then
used to derive direction cosines and translation terms, by which the old coor-
dinates are then transformed to the new origin,

The reader may find it easier to visualize transformation in terms of the
movement of the surfaces instead of the origins, In the case of the disk,
again referring to Figure 3, we may say we generated the disk with its center
at the origin of the unprimed system and in its XY plane, .and then moved the
surface to the position indicated by the primed svstem, This viewpoint apnears
more realistic when motion is simulated by transforming a surface along a par-
ticular path,

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

STILHOUETTE GENERATOR

As noted in the introduction, CONFAC I cannot, in general, be used to
compute the form factor to solid surfaces, Subroutine FACTOR requires a sin-
gle array be made available containing the surface boundary points, and only
those points, which, when taken in numerical sequence, form a valid silhouette
of Surface 2 from a particular point in Surface ), It is impossible to gen-
erally satisfy this requirement with a single input array if Surface 1 is finite
and Surface 2 is arbitrarily nonplanar or solid, It is the function of the
silhouette generator to determine which points in a given set of Surface 2 data
form the silhouette from nreselected 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 nersnective on the Z-
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 cube from two positions on the XY nlane is
shown in Figure 4, The coordinates of each point in the Z-unity nlane are
derived in the following manner from the coordinates of its corresponding
point on the cube, Note the triangle formed by the origin, point 2 in the cube,
and point Q, the vertical projection of point 2 on the XY nlane. A similar
triangle is constructed from point 2 to ?o1nt N. From similar triangles,

ON _ Iy
on 2y (22)
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In like manner, using triangles RON and SO0 in the ton view,

ON _OR _ NR
Uﬁi =03 T 0%
' ' 4
but OR = KZ, 0S =_X2, NR = Y2, Qs = Yz and Z5 = 1.
] ]
X2 Z2 1
Therefore = =
) 'x‘; 2‘; 2'2‘
X' = x2
2 I (23)

and similarly,

- YZ

Z (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 sepgments formlnp the
largest included angle define the s11houette. For examnle at n01nt 2' in
the lower silhouette in Figure 4, vectors 2 -8, 2" - 1'and 2' - &' emerge
from the point., Vectors 2 - 8" and 2' - 4 obv1ouslv form the silhouette,
and can be numerically selected by apnlying the criterion,

Figure 5 shows the develomment of the Z-unity plane silhouette of a
multisurface , In contrast to point D, Surfaces S2 and S3 annear 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 hoth surfaces in the
silhouette, otherwise surface S3 would be ignored, Because the line has no
width, it has no effect on the factor computation, but the silhouette gener-
ator follows the line as if it were a boundary of the multisurface S2 plus S3.

The distinguishing 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 point between line
segment extremities, The detection of such intersections, and the computation
of the coordinates of the intersection, requires cons1derab1e analysis with
resultant increased computer time, Because of this, silhouette analysis is
termed "simple' if no investigation is made by the silhouette generator to
detect crossovers, and "comnlex" when such is made, Only multisurface data
(class 8) are run in the comnlex mode. All other surface data requiring the
silhouette penerator (classes 4, 5 and 6) are run in the simnle mode. '
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SURFACE GENERATOR

The nrogram cannotdirectly comnute factors to curved surfaces or bound-
aries such as disks, cylinders, etc. A series of line segments must be sub-
stituted for a curved line, In general, the more line segments used, the more
accurate the simulation, Because every surface noint requires 3 coordinates
(and connecting points data, when the silhouette must be computed), nrepara-
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
practically all of this effort.

The surface generator is used to create surfaces entered under data clas-
ses 3 or 6, Regular nlane nolypgons are created under Class 3, but 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 generator 'creates” a surface in accordance with cross section
specifications, 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) 23

2. Number of cross sections

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

4, X-axis Radius of first cross section

5. Y-axis Radius of first cross section
If more than one cross section is specified, the following data are required
for each additional cross section: X-axis radius, Y-axis radius and Z-coor-
dinate, All cross sections are created parallel to the XY plane of the gen-
erator coordinate system, and must be specified above the XY plane, 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 position specified by the respective Z coordinate,

21



R

The basic generating element is the ellipse, BRecause only comnlete
polygons are penerated, the total angle of 27 radians about the vertical cen-
terline is divided by the number of sides smecified to vield the unit parametric
angle ¢ in the equations of the ellipse: :

Y

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 semi-major axis as shown in Figures 6 (a), (b), and (c). When XR = YR,
the generating figure is circular and a regular nolvgon of N sides results,
Notice that the generating fipure always circumscribes the generated nolvgon,
The radius vector always starts in the same relative nosition parallel to X-
axis and moves counterclockwise about the vertical centerline of the penerated
cross section, Considerable computing time is saved by using sin (¢ + B), cos
(¢ + B) trigonometric formulae for computation of X, Y after unit values are
obtained by use of comnuter library functions,

Figure 6 (d) shows an eight~-sided polygon elevated above the XY nlane,
Figure 6 (e} indicates the order in which noint 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 numhered, 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 examnle, in Figure 6 (e), moints 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 hy a few cards
of snecifications are shown in Fipure 6 (f), The cone vertex is generated
merely by specifving zero X-radius and Y-radius,

The internal surface generator also computes the surface area of the gen-
erated solid, if the cross sections are similar. Because the silhouette gen-
erator analyzes the solid figure, the total surface area is comnuted, For
instance, the area of the prismatic cylinder shown in Figure 6 (e) would
include the top and bottom polygons. The surface area computation analytical
development is given in Appendix D,
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SECTION 111

COMPUTER PROGRAM CONTENTS
PROGRAM DESCRIPTION

The program is written in IBM 7090 FORTRAN II source lanpuage. The source
deck consists of the Main Program and Subroutines UNIVEC, TXFRM, COICU, MAP,
SILFAC and FACTOR, An input-output tape compatibility Subroutine written in
IBM 7090 (FAP) machine language is included., Algebraic routines required from
library tape are SORT (Square Root), ARCTAN (Inverse tangent triponometric
function), COS {Cosine trigonometric function), and SIN (Sine trigonometric
function), The source programs are presently dimensioned so that a 32 K core
size is required, 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 data and prints immediately umon comnletion,
Run instruction data are read in and nrocessed one card at a time
and processed at once, No printout of the complete run instructions
is ‘given, as was in CONFAC I,

3. Selects the proper data for processing according to the run instruce
tions,

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

5. Prints diagnostic error indications when possible,
6, Prints standard or detailed output as indicated by run instructions,

Subroutine UNIVEC

This subroutine computes the components of a unit orientation vector
normal to the reference plane formed by the first, second and last noint in
surface data classes 1, 3, 4 and plane 6, The cross product of vectors 1-2
and l-last is computed and normalized, The vector is formed normal to npoint
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 points sub-
mitted in transformation data and an old fourth npoint normal to the old
three points in the surface data to be transformed,
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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 Surface 1 to determine if the reference nlane 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 silhouettes or factors,

This subroutine also nerforms a nrimary transformation as indicated by
run instructions and transformation data, This transformation, if indicated
for a surface, is accomplished »rior to entry to subroutine DOICU so that tests
of the surface "view'" of each other occur in their transformed nosition(s).

Subroutine DOICU

The function of this subroutine is conveyed literally by its name D0-T-
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,
part, or none of surface Al "seen" by A2? Conversely, does AZ see all, none,
or part of Al? This is accomplished by computing the vector dot nroduct form-
ed by the unit vector in one surface with the vector formed by noint 1 in the
first surface and each noint in the other surface (See Figure 7), The sign of
the dot product indicates whether the angle between the vectors is less than
or greater than 90°, which reveals the nosition of the noint relative to the
nlane of the viewing surface, In 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 products from A2 to Al are nrositive, but all from Al to AZ are negative,
Hence, in general, if all dot nroducts from one surface to another are all
nepative, then the surfaces do not see each other, even though the converse
products may be nositive, There is also the trivial case where all nroducts
are zero, in which case the surfaces are in the same plane, and obviously
again cannot see 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
Fipure 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 orientation vector and
thus no test is made of the view from this surface, The vertical dashed line
in A2 renresents how the plane 1-2.5-6 in A3 might bisect A2, DOICU will not
detect this condition., If the configuration factor, £,,, were reauired, DOICU
would properly bisect A3, However, if the factor to %ﬁe concave side only is
desired, an error would result hecause nmart of A2 sees the convex side of A3,
This represents one of the limitations of CONFAC T which is carried over to
CONFAC II,

If a surface is bisected, DOICU reconstructs the surface data to exclude
the area not seen by the other surface, If point 1 in the original surface is
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removed as a result, a new orientation vector is created over the new noint 1
as shown in Figure 7 (c). Notice that'in yeconstructing A3 [Figure 7 (d)],
DOICU created the new array 1, 2, 3, 4, 5 . This "surface" is identical to
the actual surface seen by Al insofar as factor comnutation from Al is con-
cerned,

The bisection of a surface is done in a simple 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 nlane
of the auxiliary (nrimed) coordinate system, Each noint in Al is tested, in
numerical order, until a change in the sipn of the Z-coordinate occurs. The
coordinates of the new noints where the transition line segment crosses the
X Y nplane (Z = Q) are obtained by computing X and Y intercents of traces
nrojected on x' Z', y' z' principal nlanes,

Subroutine MAP

The double integral in Equation (9} and its numerical counterpart in
Equation (10) mathematically renresent the volume under a surface defined by
the configuration factor €3, = 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 TIn the XY nlane of the final coordinate system. MAP will use the X,Y
coordinates of all noints, and assumes a value of O for all Z coordinates.
This nrocedure cannot properly map a nonnlaner surface,

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 Ypax and Ypi, is divided into equal vertical increments,
as snecified by the run instructions. Then, horizontal lines are scribed
across (parallel to X-axis) the surface at each vertical increment vosition,
including Ypay and Yui.. The noint at which a 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 "mapping line". Each manning line segment is
also divided into an equal number of increments as smecified by the run instruc-
tions, All mapning lines are divided into the same number of increments, not
necessarily the same size of increment, Obviously, 17 surface 1 converges to
a noint instead of a 1ine at Ynax OT Yyins the horizontal increment is 0, A
configuration factor is comvuted at ealh'increment noint along a manning line,
including X-left and X-right, which means the number of factors ner line is
one greater than the number of increments,

The number of increments is automaticallv set to 24 horizontal and 24

vertical, but can be separately svecified 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 Surface 1 manning using a standard (24 x 24) incre-
ment is shown in Figure 8 (¢). The mapning area is also comnuted by Subroutine
MAP: it is the sum of the rectangular areas formed by each mapping line, A
measure of form factor accuracy is the degree with which the mapning area
approximates the actual surface area,

Figure 8 (a) illustrates a Surface 1 orientation which cannot be satis-
factorily mapped because the crosshatched area is ipgnored. The nrogram does
not detect more than one left and one right intersection between a mamnming
line and the surface boundary; therefore, noint 3 is ignored. The same surface -
rotated sufficiently may be acceptable, however, clearing this restriction, as
shown in Figure 8 (b),

Subroutine SILFAC

This subroutine computes the silhouette of Surface 2 which apnears from
the points selected on Surface 1 by .Subroutine MAP, and then comnutes the
configuration factor from this silhouette, After all configuration factors
have been determined, the form factor is computed by numerical integration,

Surface data entered as Class 4, 5, 6, 7 or 8 is nrocessed by SILFAC.
Class 7 data, a sphere, is nrocessed in this routine, but the silhouette
generator is not utilized; a closed form solution is used instead (see
Appendix E}.

Classes 4, 5 and 6 are nrocessed by the silhouette generator in the
simple" mode; only those points given in connections data are analyzed to
select the next point on the silhouette, Surfaces such as planes, cylinders,
parallelpepids, etc., may be processed in the simple mode,

Class 8, a multisurface, is the only class processed in the comnlex
mode, One or more (limitations on data are given at the end of this section
and in Section IV) surfaces may be processed as a multisurface. Processing
in the comnlex mode is complicated because the comnuter must test all line
segments in all surfaces (including the surface in which the sepgment anmears)
in order to select the next point forming the silhouette, or to compute the
next point on the silhouette, This analysis is further comnlicated by ambi-
guities resulting 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 considerably
longer than the simple mode,

If a surface is processed as 'simple when it should be comnlex , a
wrong silhouette will be computed whenever a <rossover (an intersection of
two line segments) occurs., The configuration factor computed from that sil-
houette will be wrong.

It is nossible to detect certain kinds of trouble in the silhouette gen-
erator from the detailed silhouette outnut which lists the noints forming the
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silhouette, Normally, the silhouette will start at the lowest leftmost noint
in the Z-unity plane nerspective developed for the noted voint in Surface 1,
and move progressively from point to point in a counterclockwise manner, keen-
ing the perspective area to the left, When a crossover occurs, the noint
is computed and assipned the next highest number in the silhouette array, For
example, from point "D" in Figure 5, the silhouette derived in the comnlex
mode would annear in the detailed silhouette output as "Line No,, Point No.,
17 2 9 6} 57 8, 107 47 1, However, if this nroblem were run as simmle
(both surfaces entered together as Class 4) instead, Surface S3 would he
ignored because the crossover at noint 9 would not he commuted, The sil-
houette would anrear normal, but actually be wrong, as follows:

Line No., Point No,, 1} 2% 3} 47 1V

A bad silhouette can sometimes be detected by the nresence of internal "loon-
ing". Normally, a silhouette is comnleted by a return to the startine noint,
But, if, for some reason, a wrong nath is chosen, it mav loon a nolvpon within
the nersnective, Looning is characterized by the reneated annearance of the
same sequence of numbers, No internal nattern recopnition is attemnted; the
only detection is visual examination of the detailed outnut,

The coordinates of the silhouette on the Z = 1 nlane are used directly
for factor comnutation instead of the actual noints on the surface in snace,
Because the Z - coordinate of each noint is 1, the configuration factor eaua-
tions for this snecial case can be simnlified, and commuting time reduced,
SILFAC, therefore, contains its own equations for confipuration factor computa-
tion and numerical intepration across Surface 1, The integration nrocess is
similar to the nrocedure given in Subroutine FACTOR, Subroutine FACTOR has
been retained from CONFAC I for factor commutations not utilizine the silhouette
generator,

Subroutine FACTOR

This subroutine computes configuration factors from each noint on Surface 1
selected by MAP to Surface 2, The exchange coefficient is computed by numerical
integration of configuration factors across Surface 1, from which the form fac-
tor is finally derived as the area-weighted mean of all configuration factors,

Factors are computed for each noint along each mamning line, moving from
X-left to X-right, by translating the origin of the Surface 2 coordinate sys-
tem in X, The analvsis and equations are organized for minimum comnutational
time; constants at each loon level are computed once nrior to loon entry, Be-
cause the usual output desired is only the form factor, confipuration factors
ner se are not comuted unless a detailed outnut is requested, A numerical
integration of comnputed noint function with resnect to X is nerformed before
nroceeding to the next line, After all horizonal integrations are comnleted,
these nroducts are intepgrated with resnect to Y, and divided by the manning
area computed in subroutine MAP,
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A standard 24 X 24 grid results in 625 configuration factors to be com-
nuted, The question naturally arises as to whether this many configuration
factors are actually required, If the configuration factor changes very
little across Surface 1, then it is nrobably too many; but if there are sharn
changes in the factor, and third nlace accuracy is desired, then it is prob-
ably sufficient, Contrary to off-hand expectations, a more sonhisticated
intepration rule such as Simnson's or Weddle's is not .as accurate as the
trapezoidal rule for standard increments if the factor function slone changes
ranidly, Weddle's rule was initially used which exnlains why the program
increment control is in groups of six (except the initial 3 which is not in
CONFAC 1)}, If the factor varies smoothly, a 6 x 6 Weddle's rule integration
(49 factors) is probably as accurate as the standard 625 factors nresently
used by the trapezoidal rule, The time saved is apnreciable when running
many factors., 1If desired, Weddle's rule may be inserted in the source deck
and compiled with no other changes required,

The form factor computed by the above is from that nart of Surface 1 which
"sees'" Surface 2, If Surface 1 is bisected, then the computed factor must be
reduced in proportion to the area reduction, This is required because the
total active side of Surface 1 entered in data is considered the radiant sur-
face.

GENERAL RULES AND RESTRICTIONS

‘ The following general rules and restrictions must be observed for normal
nrogram operation:

1, All data must be derived from right-handed rectangular coordinate svs-
tenms,

2, Points 1, 2 and the last point 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 surface is established by en-
tering the boundary points in counterclockwise order, as thev annear
when facing the active side,

4, If the factor to a Class 2 (nonnlanar) surface is required, only the
active surfaces should be seen from any noint on Surface 1, and they
must also be seen from every noint on Surface 1.

5. All surfaces used as Surface 2 which utilizes the silhouette generator
(Classes 5, 6, 8, or 4 if included in Class 8) must appear above the
nlane of Surface 1, i,e,, all Z - coordinates must be nonzero and
positive, prior to factor computation,

6. A primary transformation of Class 8 data is not nermitted, Also, no
auxiliary transformation is permitted; Surface 1 must be in the XY
plane of the Multisurface coordinate system as entered in data,

7. Detailed restrictions and limitations unon input data are given in
Section 1V,
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SECTION IV
INPUT DATA
DATA SPECIFICATIONS AND SPECIFIC RESTRICTIONS
Innut data consists of externally comnuted surface data, snecifications
for internally created surfaces, transformation data and run instructions
(factor requests). Also title and comments cards may he entered as required,
Data tvne is classified by the use of an integer from 1 to 9 nlaced in
column 1 of the data name card, followed by a 1 to 5 FORTRAN character name
to provide data identity within each class, The classes of data are described

helow,

Class 1 - Plane Polygon

The X, Y, and Z coordinates of each noint defining the surface boundary
are required, Only one side of a single nlane surface can be made active
i,e., may interchange radiant flux with another surface, The active side is
established in the following manner: Face or lock at the desired active side,
and select anv noint on the surface boundarv as noint number one, Proceeding
in a counterclockwise direction ahout the boundary of the surface, select the
remaining noints in sequence, If this rule is followed, the surface will al-
wavs be on the left when moving alonpg the boundary,

The X, Y, and Z coordinates of each noint are entered on the data cards
in the above seauence, and each point is numbered internally according to its
nosition in the data,

It is assumed that a Class 1 surface is a nlane surface. No internal
check is made to verify this (in contrast to CONFAC I), If a substantiallvy
nonnlanar surface is classed as a nlane surface, serious errors in manning
could result if used as Surface 1, or wrong factors comnuted if used as Sur-
face 2,

No point connections data are entered under Class 1; the silhouette gener-
ator is not used,

Class 2 - Nonplanar Surface

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

A Class 2 surface can be used as a Surface 2 if the side of each facet

selected as the active side, and only those sides, are seen from everywhere
on the active side of Surface 1, The counterclockwise order of data
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entry establishing the active side is also required as in Class 1, but no
orientation vector is penerated,

No connection data is required because the silhouette penerator is not
used,

Class 3 - Internally Generated Plane Polypon, No Connections Data

The internal surface penerator will comnute the coordinates of each noint
defining a nlane nolypon, parallel to the XY nlane, with an orientation vector
erccted over noint 1 and directed toward the +Z axis, A detailed descrintion
of the internal surface generator is civen in Section 11,

The data reaquired for a Class 3 surface is:

No. of sides, 3= N % 100
X - Axis Radius
Y - Axis Radius

X, Y, and Z coordinates to center of nolveon

A Class 3 surface is used in the same manner as a Class 1 surface, The
same rules and restrictions amnly,

Class 4 - Plane Polveon with Connections Data and Class 5 - Nonnlanar Polveon
or Holid Surface with Connections Data

A Class 4 surface is actually a Class 1 surface with connections data
added making it nossible for it to be nrocessed with the silhouette renerator,
But, in general, no useful purnose is pained by the use of the silhouectte ren-
erator to process a plane surface, unless combined with other surfaces, There-
fore, a Class 4 surface 1s processed as a Class 1 surface, unless it is listed
under a Class 8 entrv. '

A Class 5 surface is alwavs nrocessed in the simnle mode bv STLFAC unless
listed under a Class 8 entrv,

A maximum of 100 boundaryv points may he entered descrihine a Class 4 or
5 surface, Un to 4 connecting noints for each boundary noint mav he entcred,
If nmore than four connecting noints are reaquired, one mav enter more houndary
data noints having the same coordinates and connecting to each other, using
the surnlus (3) connections to satisfv the additional connections reauirement,
However, if more than two such identical houndary noints are used, the surface
cannot be nrocessed in the simnle mode, This restriction in most nractical
situations can be circumvented hv senaratine the noints sliphtlv with little
effect on the final form factor commuted. If this cannot he done, the surface
must he listed under a Class 8 name and nrocessed in the comnlex mode,
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€lass 6 - Internally Generated Polygon or Polvhedron, Including Connections
Data

A detailed descrintion of the internal surface generator is given in
Section II, A class G surface is always nrocessed by SILFAC - in the simnle
mode if used directly, and comnlex if listed under Class 8. The data re-
auired to create a Class 6 surface are:

1. No. of cross sections
2, No. of cross sections divisions (sides)
3. Coordinates and generating radii of first cross section,

4, Z-coordinate and generating radii of additional cross sections,
if anv,

Attention is directed to peneral restrictions 4 and 5 in Section TTI,

Class 7 - Sphere sl '
o

The radius and the X, Y, and Z coordinates of the.snhere are required. A
primary transformation of a snhere is nointless and therefore not nermitted.
Arbitrary orientation of both Surface 1 and snhere is allowed, One neculiar-
ity exists which differs from the usual treatment of bisected surfaces, If
the plane of Surface 1 bisects the srhere, the area of the snherical surface
above the horizon of Surface 1 will be comuted., Now the snhere cannot
bisect Surface 1 in the usual sense, but it is nossible a bisected snhere
may be partly or totally inside the boundaries of Surface 1 - embedded in
the surface. In this case, the nrogram will merely assien a zero for the con-
fipuration factor when the viewnoint from Surfacc 1 is inside the snhere, This
zero willhe integrated as usual with the other factors comnuted alone each man-
ning line. No comnutation of the Surface 1 area seeing the snhere is made,
however, even though nart of Surface 1 is not scen hv the snhere.

Class 8 - Maltisurface

A Multisurface consists of from one to eleven Class 4, 5, or & surfaces,
A Class 8 surface, and only a Class 8 surface, is.nrocessed in the eomnlex
mode, The only data entrv necessarv to indicate the surfaces which comnrise
a Multisurface are the names assigned each surface,

Class 9 =~ Transformation Data

Transformation Data consists of the coordinates of three noints in a sur-
face, not in a straight line, derived from the '‘new mosition of a surface
which has been moved in its coordinate svstem, One mav, with eaual validity,
internrct the transformation to mean that the oripin of the coordinate system
is being moved to a different nosition, and the data are the coordinates of
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each noint taken from the new oririn., The three moints selected need not

be chosen or entered in anv mnarticular order, nor must the same noints he used
if more than one different nrimarv transformation of the same surface is de-
sired,

Rin Instructions

Run instructions snecifv, for each factor desired, the following:

1. The name of Surface 1 (emitter)

2, The name of Surface 2 (receiver)

3. Transformation data name(s) for Surface 1 and/or 2, if renqircd.

4, Whether a standard or detailed outnut is desired, hy insertine code
letter "D" for detailed outnut,

5. The horizontal and/or vertical divisiens te he used in manmineg sur-
face 1. The major divisions which may he used are 6, 12, 18, 24,
30, 36, 42, 48, 54 and 60, but in run instructions these divisions
are snecified, resnectively, by the intesers 1, 2, 3, 4, 5, 6, 7, 8,
9 and 10, A snecial division of 2 mav be snecified hv the intecer

11.
DATA DIMENSION RESTRICTIONS

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

2, A maximum of 100 roints, equivalent to 100 sides, generated bv
Class 3 data,

3. For Class 0 data, the number of sides plus one, times the number
of cross sections, must not exceed 101 if nlane, and 102 if non-

nlanar,

4, The grand total of surfaces entered or renerated by Class 4, §
and 6 must not exceed 11,

5., The grand total of surfaces entered or penerated by Classes 1, 2,
3, 4, 5 and 6 must not exceed 26, If a detailed silhouette outnut
is requested, the prand total must not exceed 16,

6. The total number of Class 7 data must not exceed 9,

7. The total number of Class 8 data must not exceed 12,

8. The total numher of Class 9 data must not exceed 10,
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PROGRAM CONTROL

The nrogram deck setun is shown in Ficure 36, Note the nresence of a
" card immediately following the * DATA Card and the variable format., A
"T" card has a "T" in column 1, and serves two nurnoses, Columns 2 - 72 may
contain job title, name of nrogrammer, etc. and will be nrinted in the outnut
of input data and each factor result, The "T" card also initializes data
storage locations, so that new input data can be read in. This means, however,
that the old data is effectively wined out, and is no longer available for
factor comnutations, unless re-entered as innut data. It is obviouslv un-
necessary to use the "T" card unless all available locations are used un,

Actually, a "T" card does not necessarily have to follow the variable format
unless one desires the title to be nrinted, because the data location counters
are automaticallv initialized at the start of the nrogram, But subseaquent re-
initialization can be accomplished onlv hv a card with a "T" in column 1,

It anpears desirable to have senmarate identification of the various face
tors comnrut~’, and a comments card has been nrovided for that nurnose, The
comments cord has a "C" in column 1, and a comment may apnear in columns 2 -
72, A comments card mav be inserted hetween run instruction cards, and the
line of comment piven on the card will be nrinted below the title on all out-
nut thereafter, unless sunerseded by another comments card,

Comments outnut may he entirelv sumnressed by using another comments card
containing blanks in columns 2 - 72,

FORMAT

All data mav he entered on NAA FORTRAN Fixed 10 Decimal Data sheets,
Each line renresents 12 card columns with six lines ner card, making a total
of 72 card columns available for data entry, Columns 73 - 80 are used for
card identification and/or numerical seaquencing for sorting nurnoses,

Title Card

A title card is characterized by an alnhabetical "T" wnlaced in column 1,
Columns 2 - 72 available for job identification, as shown on Figure 9,

Comments Card

A comments card is characterized by an alnhabetical "C" nlaced in column
1. Columms 2 - 72 are available for run comments, as shown on Fisure 9,

Surface and Transformation Data

All surface and transformation data is nreceded bv a name card uniquely
identifyins the data, A name consists of six FORTRAN characters ( a comnuter
“word") and alwavs occunies the first six columns of the name card, The data
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FORTRAN FIXED (0 DIGIT DECIMAL DATA

DECK MO, INRMAT . PROSRAMMEN K. A, JOUPS ___ OATE 8/1L/67 eeE____of_.___ JoR M _______.._

NUMBER | 10enTiFicaTion | DEScRiPTion 0O NOT KEY PUNCH

A '"TTTLE" CARD MUST HAVE A "I IN COL 1

2 - POR._JOB_TNENTIFICATICON

EFE L

USE coL$ 73-80 FOR CARD ID

A "COMMENT" CARD MUST HAVE A "C" IN COL 1

GOLA 2 - 72 ARE USED FOR COMMENTS

SUTE-] B

#

USE COL3 73-B0 FOR CARD ID

FIEE

FORM 15-C- 1T AEY. 384 VELLUM

FIGURE 9. "T'" and "C" Control Card Format
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class, an interer from 1 to 9, must always be nlaced in column 1, The remain-
der of the name occunies columns 2 - 6, and it is imnortant to note that a
hlank snace is considered a character and a nart of the name. Tor examnle,
the name 151! is not the same as 1 51 or 1 51,

The next word on the name card, columns 7 - 12 must be left blank, The
remainder of the name card, (columns 13 - 72) may be left bhlank or comments
written to further identify the data, and will be nrinted out along with the
name of the surface as nart of the "Innut Data” nrint out,

The data identified by the name card must follow the name card, There
are seven different formats which must be adhered to in entering data.

Class 1 and 2

The number of noints to be entered describinpg the surface annmears on the
first line, Fipure 10, follewed by the X, Y, and Z coordinates of each noint
in sequence., The order in which the noints are selected in the surface is
explained in detail in Section IV,

Class 3

The number of sides are entered on the first line, followed by the X, Y,
and Z coordinates of the center of the internally penerated nolveon, the X-
axis radius and the Y-axis radius as shown in Figure 11,

Class 4

The total number of points describing the surface are entered on the
first line as shown in Fipure 12, The X, Y, and Z coordinates of the first
roint follow on the next three lines, The fourth line, renresenting 12 col-
umns, is divided into four equal parts of 3 columns each, Each noint in the
surface connecting to noint 1 is entered, un to a maximum of four, The nattern
is reneated for the remaining noints describing the surfaces,

Class 6

The nmumbers of surface cross section boundaryv divisions (sides) is piven
on the first line as shown in Figure 13, The numher of cross sections de-
siredis specified on the second line, followed bv the X, Y, and Z coordinates
of the base (1lst) cross section, The X-axis radius of the bhase cross section
is piven on the last line of the first card, The Y-axis radius is entered on
the first line of the second card, followed by, if more than one cross section
is specified, the following, reneated for each cross section;, The height (Z-
coordinate) of the cross section above the XY mnlane, the X-axis radius and
the Y-axis,
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FORTRAN FIXED 10 DIGIT DECIMAL DATA
oeck wo. PEMT  ppognawmen Ko A TOUPS DaTE _B/14/53 . masE o JOB NO.

NUNBER ﬁjﬂsmrmmﬂ DESCRIPTION DO NOT KEY PUNCH
qajx x £ I NAME OF CLASS 1 OR 2 SIRFACE, cOILf 1-&
L {CLASS 1 - PLAN POLYGON, USE "L" IN COL. 1 N
2 ) CLASS 2 - NONPLANAR FOLYCON, USE "2* TN COL. }
3] DOORANT: COLS. T 5T BE BLANK!
USE COLS. 13-72 FOR_ADDITIONAL DESCRIPTION
b U3E COLS. 73-B0 FOR CARDID, ALL CATDS
[L. N|F KQ. OF POINTS DEFINING THE SURFACE
13 bl b
=Fa COORDIMATES OF FIRST BOUNDARY POINT
PR
X |2 -
By |2 COOFDIJ.ATES GF 55COHD BOUKDAR
Yz |2
3 X {3
ey |5
37} z|a
bt
|
[.!- .
Iz
INTEGEFS WHICE MAY BE ENTERED TO EXTREME RIGHT GF FIELD
2) DATA MUST BE DERIVED FROK RIGHT-HANDED
RECTAKGULAR: COORDIKATE STSTEM
[

FORM V1= 1F MRV, P00 - YELL UM

FIGURE 10. Class 1 and 2 Surface Input Data Format
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oEcx NO._ FORMAT  peogmammen_ L 4. TOWPS _  pare S14/53 masg_. _ of

FORTRAN FIXED 10 DIGIT DECIMAL DATA

JOB M0,

NUMBER

| 1oewTiFicaTion | oEscairmion 00 MOT kY PuNCH

X XI XX

NAME OF CLASS 3 SURFACE, COL# 1-6

o

USE "1" IN COL. 1 TO CREATE AN

INTEHNALLY (FNERATED FLANE POLYGON

: COLS. 7-12 WUST EE BLANK!

USE COLS. 13-72 FOR ADDITIONAL BESCRIPTION

USE COLS, 73-80 FOR CARD Ib, ALL CARDS

=
NC. OF POLYGOM SIDES, ™ 3

OORDINATES OF CENTER

ERE R RI R R

ﬁ X - ARIS RADIUS
T ArIS RADTVR

=101 ES S E]

=
)

NOTE: 1) &LL DATA ¥UST UECTMAL POIN'

ElE =

INTEGERS HICH MAY HE ENTERED TO EXTREME RIGHT OF FIELD

2) SURFACE IS GEWERATED IM & RIGHT HANDED

3

HKELTANGULAR COCRDINATE SYSTEM

ORW | WS- 1T KR, RE- VELL M

FIGURE 11.

Class 3 Surface Specifications Input Data
Format




FORTRAN FIXED 10 DIGIT DECIMAL DATA
oeck N0, _FORMAT _ pmogmammer_ T A TOPS  pare BAMEY  maer_ o JoB WO
NUMBER | oenTiFicaTion | pEScRIPTION DO NOT KEY PUNCH

¥ix xy 2 2 ; 1 FAME OF CLASS 4 OR & SURFACE, cOLE 1 - §

ela

1ASS 4 - PLAYE FOLYOON, USE "® IF COL. 1

CLASS 5 - NOKPLANAR POLYOON OR SOLID, USE "5* TN COL. 1
DMPORTANT: COLS. 712 MUST B BLANMK!

USE COLS 13-72 POR ADDITIONAL DESCRIPTION

USE COLS 73-80 FOR CARD ID, ALL CARDS

E

'OOADIFATES OF FIRST HOUNTARY POINT

: =z
AR RN FOINTS COMFECTING T0 FIPST POIST { = 4)

R E F EC

COORDIKATES OF SECOND BOUNDARY POIRT

z1[-]

= [w |0 []0a [ [ [ je [

1] v 2] w5 Ht.:

OF FIELD CF 4 COLE, A5 SHOWK.
NOTE: 1) ALL DATA MUST USE DECTMAL FGINT, EXCEPT
UTEGERS WHICH MaY BE ENTERED TO EXTHEVE
EIGHT OF FIELD (MOTE ABOVE EXCRPTIOL}
2) DATA MUST BE DERTVED FRC RIGHT-HAKDZD
EECTANGULAR COCEDTRATE SYSTE

i

PORE | M- 17 REY. 108~ VELLLS

FIGURE 12. Class 4 and 5 Surface Input Data Format
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FORTRAN FIXED 10 DIGIT DECIMAL DATA
oeck wo. FORNAT _ puogmaumen K. 4. TOPS ___ OATE BA4/63 mmE____of
NUMBER Imiuﬂncrrltm DESCRIPTION DO NOT KEY PUNCH

JO8 N0

o

IIX XX

NAME OF CLASS 6 SURF. -6

4 USE “6" IN cOL. 1 FOR AN INTERNALLY

] CENERATED FLANE POLYODN 0R SOLID, WITH CONNECTIONS DATA
] IMPORTANT: COLE 7-12 WUST HE BLAMX!

USE ‘72 FOR ADDITIONAL IESCRYFTION

USE COLS 73-80 FUR CARD ID, ALL CARDS

EIF}IFF

¥

N0, OF TGLYOON CROSS. SACTION 23
BD, OF CROSS SRCTIONS DESTRED

[&][=

OF FIRST CROST SECTION C

¢ ra §oe e b fe

BETE

X ) 4

HETGHT (2-CCORD}, SECOND CROSS SECTION (IF ANY)

55

el NCRERIER N RN - T
= ||

NEE X-4XIS AARIDS, r . " " v
SREE Y-AXTS RADIUS, e " now
= | HIRD _* " "
[E. [ JE' " ] u now
1

[3 n " »or

NOTE: 1) ALL DATA MUST USE DECIMAL POINT, EXCEPT INTEGERS "
WHICH MAY BE ENTERED 70 EXTREME PIGHT OF FIELD
2) SURPACE IS GENERATED TH A RIGHT HAMDIED
RECTAFGULAR COORDINATE SYSTEM

ey
FORM ) M-£-17 ALY, T4 YELLUS

FIGURE 13. Class 6 Surface Specifications Input Data Format
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Class 7

The snhere radius is entered on the first line, followed by the X, Y,
and Z coordinates locating the center of the snhere as shown in Figure 14,

Class &

The names of the surface (s} which are to be entered under this class
are entered together on one card, without regard to order as shown in Figure
15, The card is equally divided into 12 words of six columns each, FEach name
to be entered must annear identically in a word-smace as it anrears in the
word-snace on the data name card,

Class 9

The first noint to be transformed is entered on the first line, followed
by the X, Y and Z coordinates of the “new" nposition of the noint as shown in
Figure 16, The second noint to be transformed immediatelv follows on the
fifth line followed bv the X-coordinate of the new nosition of the second
noint, thus comnleting the first card, The Y and Z coordinates of the new
nosition of the second noint are entered on the first two lines of the second
card, followed by the number of the third noint to be transformed and its new
X, Y, and Z coordinates,

All of the numbers entered in the above data may be entered as fixed or
floating point numbers excent connections data, which must be entered as dec-
imal intepers. If a decimal point is given (fractional numbers must have dec-
imal noints given), the floating number may be located anvwhere in the field
(Iine); if no decimal noint is given, the number must be located to the ex-
treme right of the field (no bhlanks to the right of the numher),.

Run Instructions

Six FORTRAN words comprise a set of run instructions; two sets mav he
entered on one card as shown in Fipure 17, The first set starts at column 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 (colums 1 - 6) nrecisely as it annears in the first word of the
surface data name card, The name of the Surface 2 data is entered in the
second word {(columns 8 - 12) nrecisely as it annears in the first word of the
surface data name card, If a primary transformation of Surface 1 is desired,
the desired transformation data name is entered in columns 13 - 18, otherwise,
it is left blank, If a nrimary transformation of Surface 2 is desired, the
name of the transformation data is entered in the fourth word, columms 19 -

24, If a detailed outnut is desired, the alnhabetical character "D" is entered
in column 25, or in column 31, If the "D anpears in either or both locations,
a detailed output will result; if a blank is in both locations, a standard out-
nut will result., The horizontal manning division "integer' annears in column
30, unless the inteper 10 or 11 is used, in which case columns 29 and 30 are
utilized, The vertical manning division "integer" annears in column 36, un-
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

DECK NO._FORMAT _ PROGRAMMER K. A, TOURS  DATE. 8/1L/61 PAGE_____of..... JOB NO.
NUMBER IDENTIFICATION | DESCA'®TION DO NOT KEY PUNCH
o]z xxxx OF CLASS 7 SURFACE, COLS 1-6
! lisB 7" IN COL 1 FUR A SPHERE
2!
ku IMPCRTANT: COLY. 7-l2 MUST BE BLARK!
= USE €0 2 PR ATDITIONAL DESCRIPTION
! I3E COLS 73-80 FUR CARD ID, ALL CARDS
Llg]a
CF
By
#.
4
L]
13|
L
37
a
0] NOTE: 1) ALL DATA MUST USE DRCTMAL POEINT EXCEPT
[ INTEGERS WHICH MAY BE ENTERED 70
EXTREME, RIGHT OF FIELD
DATA MUST BE DERIVED FROM RIGET-—
BANDED PECTANGULAR COORDINATE SYSTEM
il
FORM 1H-C-17 ARY- J40- YEL LU
FIGURE 14. Class 7 Sphere Specification Input Data Format
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

DECK NO._FOREAT _ pmogmAMMER _ KA. TOUPS _ pape F/R/6)  mE____of JOB MO,
NUNBER ! ioewmiFicaTion | oescaieion oo woT ke punce
t ElX X X 1 X PAVE OF CLASS B SUPFACE, CCIS 1 — &
|.—__ﬁ HSE " IV COL 1 FOP MULTISURFACE
N
1T
D ECETART Dl 2 Ml BF BLAEE!

o USE COLS, 13-72 TOB ADDITIONAL DESCEIPTIOL
. JSE COLS. 73-8C FOR_GARD 1D ARDS
[l a0t g 2 SITER LAMES CF SURFACES { = 11) WHICH
[ 3l ———ps—  th AFE TC BE GFCUPED TOGSTHER
b3 et
3
{]

1
[+
[

Ul

1

U
b

1]

. — ]
O 1 Ma-C- 19 Y. - vELL L

FIGURE 15. Class & Multisurface Specifications Input Data Format



FORTRAN FIXED (0 DIGIT DECIMAL DATA

DECK NO._FOFMAT ey uem K. 4. TOUPS DATE _5/Li/63 . paoE o JOB NO.
HUMBER | 10enTiFicATION | oESCRIPTION DO NOT KEY PUNCH
RIols x v x = MAME OF CLASS G DATA, COLE 1 - &
(o ] USE "9" TN COL. 1 FOR TRANSFORMATION
DATA
tl INPORTANT: COLS. 7-12 NUST HE BLANK!
= Usit cord, 13-72 FOR ADGITIONAL DESCRIPTION
! Us CCLA. 73-80 FOR CARD ID, ALL CARIS,
{'_ |1 FIRST POIRT 70 BE FORMED
[, |a
A1 COORDINATES OF FIRST PGINT FROM
Mz "N CRIGTY
L2 SECONT POTHT TO B TRANSFORMED
il :
Ul[e OORDINATES OF SECOND POINT FROM "NEW" ORIGIN
;]2
nia 5
xls
1]3 OORDIHATES, ot
o] - 3
1
[ i L PORNT EXCEPT
SWTEGERS WHICH MAY BE ERTERED 10 EXTREME
RIGHT OF PIELD
: : 2) DATA MUST BE DERIVED FROM A RIGHT-HANDED
e ) : RECTANGULAR COCRDIRATE SYSTEM
FhEY 1 W-C-17 REY. M- YELLW

FIGURE 16. Class 9 Transformation Data Input Data

Format




FORTRAN

DESK NO._FORMAT __  pROGRAMMER

FIXED

K. h. TOUPS

I0 DIGIT DECIMAL DATA

oaTE_S/LL/53 PAGE____of

JOB N0,
A

NUMBER

IDENTIFICATION [ DESCRIPTION DO NOT KEY PUNCH

Z1[0]

nEEE

HBAME OF SURFACE 1

FAME OF SURFACE. 1 TRANSPFURMATION DATA, IF ANY

FAME OF SURFACE 2

T NN
@ NN
B

T SET OF INGTRUCTIONS ON

Li’l!D SET OF INSTRUCTICHS OX CARD

FOREATING IDEMTICAL VIITH 15T

HORIZONTAL "

INSERT "D" IF CITHEY SPOT FOR DETAILED

OUTPUT, LEAVL BOTH 1K I

HOTE: ETTHER HALF OF THE CARD MAY BE ISFT HLARK,

FORM | 4-Co¥T REV. P VELLUM

FIGURE 17.

Run Instructions Input Data Format
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less the integer 10 or 11 is used, in which case columns 35 and 36 are
utilized, If columns 29 and 30 are both blank, a standard inteper 4 meaning
24 horizontal divisions of each manming line is used. If 35 and 36 are both
blank, a standard vertical division of 24 will be used, The ahove format is
rencated in the same manner, starting from columm 37 on the fourth line, for
the second set of run instructions on the card. There is no numerical limit
to the numher of run instructions which may be entered, The only renuirement
is, of course, that the data called for has been loaded in under thec names
used,
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SECTION V

PROGRAM QUTPUT

Input data is processed and nrinted out nrior to its use in factor com-
putations for nrogrammer verification. The orientation vector head end is
also printed out for all plane surfaces, so that the "active" side used by
the program is clearly shown, C(lass 3 and 6 snecifications as read in are
nrinted, along with the surface data penerated hy the snecificatioms,

A standard "minimum' output is given when the code letter '"D'" does not
appear in the run instructions, consistinpg of the following:

1,

2,

10,

Run number

Run instructions

The comnuted form factor

The Surface 1 manning area

The exchange coefficient (fA nroduct)

The total area of Surface 1

If Surface 1 is bisected, the area seen bv Surface 2

The total area of Surface 2, if Surface 2 area can be comnuted

If Surface 2 is bisected, the area seen by Surface 1, if that area
can he comnuted

The time in seconds snent in Subroutine SILFAC, if utilized

If a detailed outnut is reaquested, the minimum outnut nlus the following is

rrinted:

1.

The final coordinates of Surface 1 and Surface 2 nrior to commuta-
tion of configuration factors,

The X-Left and X-Right coordinates for each Y division of Surface
1 manping, includinp horizontal and vertical divisions used,

Each configuration factor comnuted, The outnut is eiven in erouns
of factors easily identified because the last factor in a grour
occunies a line by itself, Each groun contains the confipuration

factors computed on a mamming line. The first factor in the rsroum
is that computed at X-left and the last factor in the group is that
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comnuted at X-right, The first groun renresents the first manning
line, the second groun the second manning line, etc,

If the silhouette generator was used, the silhouette comnuted for
points selected on each mapping line is printed out, The first
numeral given is the mapning line, the second is the noint on the
manning line, moving from X-left to X-right, The numbers following
represent the silhouvette,
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APPENDIX A

SAMPLE PROBLEMS

A number of sarmle nroblems have heen devised to illustrate the canabil-
ities and limitations of CONFAC II, The examnles are arranged roughly in
order of comnlexitv, beginning with simnle wnlane surfaces and concluding
with a complicated "intervening surface"” nroblem involving nlane and solid
surfaces,

The surface configurations upon which the examnle nroblems are based are
shown in accommanving illustrations, Each illustration is conveniently groun-
ed separately with the nroblem descrintion pertaining to the surfaces shown
in the illustration, along with the innut data sheets, run instructions, nro-
pran outnut and a short discussion,
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SAMPLE PROBLEM GROUP A

The surfaces shown in Figure 18 are similar to the examples piven in
CONFAC I, The added CONFAC II canability of bisecting a nonplanar surface
is demonstrated, The data sheets are shown in Figure 19 and the results are
presented in Figure 20,

Problem 1A

In Figure 18 (Al), the factor hetween the floor of a cuhical reom (1FLNOR)
and an adiacent wall (1WALL) is commuted, usinc standard horizontal and verti-
cal manninp divisions (24 x 24) on Surface 1. A detailed outnut is renuested,

Note that because no primary or auxiliary transformation occurred, the
final coordinate system is the same as the innut data (unprimed) coordinate
system, The first manning line starts at the oripin and extends to noint 1
in 1FLOOR,

Problem 2A

In Figure 18 (Al}, anv nlane surface may be used as Surface 1 nroviding
it has been nroperly entered in data prior to the factor renuest, To de-
monstrate, the wall {IWALL) now acts as surface 1, and the factor to the
floor (1FLOOR) is requested,

Note that Surface 1WALL is not in the X-Y plane of its input (umnrimed)
coordinate system, The nrogram, therefore, had to nerform an auxiliarv transs
formation of both surfaces to the nrimed svstem shown, nrior to factor comnuta-
tion, to get Surface 1 in the XY plane,

Problem 3A

In Fipure 18 (A2), the factor from the floor (1FLOOR) to two adjacent walls
taken together (2ZWALLS) is requested, This is a valid reauest hecause the
boundary data describing 2WALLS form a valid silhouette of 2WALLS from anv
noint on 1FLOOR., The factor should be twice that to one wall alone,

Problem 4A

The program cannot validly compute the factor from a nonnlanar surface.
A Class 2 surface is assumed nonnlanar, The factor from 2WALLS to 1FLODR is
requested in order to elicit the diagnostic, warning the user of this error,

The program does not test the surface, as in CONFAC I, If a nonplanar
surface is erroncously cntered as a Class 1 surface, it will not he reijected
if used as Surface 1 - the resnonsibility lay with the user to insure that
Surface 1 is nlanar,
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Problem 5A

In Fipgure 18 (A3}, the necessity for nroner order in data entry is emnha-
sized, The wall data are deliberately entered in a clockwise direction
(INALLR) looking at the active surface, instead of counterclockwise, Hence,
the orientation vector noints in the wrong direction, The factor from 1FLOOR
to IWALLR is requested in order to elicit the diagnostic which alerts the
user to a nossible error,

Problem OA

In Figure 18 (A4), CONFAC II has the canability of bisecting a nonnlanar
(Class 2) surface, The factor from 1FLOOR to 2WALLZ, is reouested, with a
detailed output, to demonstrate this capahbility,

Subroutine DOICU bisected 2WALLZ at the XY nlane, and reconstructed the
surfage hy elimipating noints 2, 3, and 4 as shown, and creating new noints
2', 3,4 and 5, The dashed 11ne 2' 3 dividcs Surface 1 (1IFLNOR) into
tr1angu1ar narts, desipnated A and B, The view of the reconstructed 2WALLZ
from anvwhere in area B reflects a valid silhouette in the nroner counter-
clockwise order. When reconstructed 2WALLZ is viewed from area A, the noints
still form a valid silhouette, but the order is reversed, This means the
comnuted confipuration factor will be to the hemisrherical snace not occunied
by 2WALLZ, and will be negative, So, subroutine FACTOR subtracts this factor
from 1.0 to vield the correct factor to 2WALLZ,
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EANMPLE PROBLEM GROUP B

The reometrical relationshins used in this examnle are nresented in Fip-
ure 21, The data sheets are shown in Fisure 22 with results in Fieure 23,

Probhlen 1B

The use nf the surface penerator and double hisection of surfaces is
demonstrated, The nlane Surface 1PLAT! is entered as usual in the data, but
the octarmonal disk 3DISK is created bv snecifications teo the surface senera-
tor, Note that no connections data are created for a Class 3 surface, but
would be if the disk were named 6DISK,

The double bisection is easily scen in side view of IPLATI and 3DISK,
The results of the factor reauest from 1PLAT! and 3DISK is shown in Run #1
outnut, indicatine the areas in each surface seen hv the other, The number
of noints defining 3DISK has been reduced to 7 and reorsanized because of
the bhisection, as seen along the dotted line,

Prohlen 2B

The converse factor, 3DISK to 1PLAT1, is recuested as Run #2, Because
the disk is now Surface 1, the final coordinate svstem in 3DISK is alirned
so that the XY nlage is the rlane of the disk. Toint 1 hecomes the origin,
and line segment 1 2 the X axis. Note that the exchanse coefficients (fA)
are verv nearly egual, as thev should he because of the recinrocitv theorem,

Notice that the factor from one surface to the other alons the line of
bisection is, in realitv, zero, hut the outnut is, in some cases, non-zero
thoush auite srall (10'8 order of mapnitude}., This is caused bv accumulated
internal truncation error, and is not sipgnificant enough to warrant concern
here. (This is not the case, however, with some silhouette senerator com-
nutations),

Prohlen 3B

The canahilitv of cnordinate transformation is illustrated, Run #3 re-
quests the factor from 1PLATI to 3DISK transformed to the nosition shown by
the transformation data 9TDISK, The nrogram detected, after transforming
3DISK, that it hisected 1PLAT1, As the outnut shows, the nart nf 1PLAT1
actually mapned was the tranezoid indicated in the top view, and in the out-
nut final coordinate data,

Problen 48
It is quite feasible to generate or manually inrut a surface, transform

the surface to a different location, and then ask for the factor between the

original surface and the transformed surface, This is shown by Run #4,
where 3DISK is used as Surface 1, and 3DISK transformed bv 9TDISK is used as
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Surface 2, The output shows a bisection of 3DISK, removing the 4th houndary
noint, and therefore adding a noint to the final 3DISK surface houndaries,
making it 9 instead of 8,

Problem 5B
The factor from the transformed disk, 3DISKITDICK, to 1PLAT1 is requested
as Run #5, demonstrating nrogram flexibility in that Surface 1 is now trans-

formed, The resulting exchange coefficient is very nearlv eaual to Run #3,
as it should be,
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FORTRAN FIXED

10  DIGIT DECIMAL DATA
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FIGURE 22. Group B Sample Problems Input Data Code Sheets
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DECK NO.

FORTRAN FIXED
PROGRAWMENR

10 DIGIT DECIMAL DATA

DATE

PAGE_LL__of 3% JoB w0 292930 .
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FIGURE 22. Group B Sample Problems Input Data Code Sheets

(continued)
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SAMPLE PROBLEM GROUP C

The peometrical relationshins for this samnle nroblem are shown in Fipure
24, The data sheets are nresented in Fipure 25 and the results are shown in
Fipure 26,

Problem 1C

In this nroblem, a solid surface which could not be created bv the nroeram
surface penerator is entered manuallv along with the necessarv connections
data, A cube with four truncated corners, named S5CUBE, is entered in data
from a convenient locatimn in its coordinate svstem, i,e,, at the oririn, as
shown in Fipure 24, Onlv three roints werec commuted and entered as 9TCUBE
transformation data to mpove the surface to the desired nosition shown nver
Surface 1, IPLAT5, The factor from 1PLATS to SCUBESTCUBE is reauested as Run
#1,

The silhouette generator was used to commite the silhouctte from each
noint in 1PLATS, and because a detailed outnut was renuested with 6 horizontal
and 6 vertical divisions of 1PLATS, 49 silhouettes were commuted as shown in
Fipure 26, The numbers following each identifving mannine line and mavnine
noint number are the boundary noint numbers which form the silhouette when
connected together, Tt was nmossible, since there are no crossovers in the
silhouette, to run this nroblem in the simnle mode in SILFAC at rreater sneed,
The mamming divisions were deliberatelv set at G x 6 to reduce the outnut:
some exnerimentation is required to determine how manv divisions are renuired
to vield the factor to the accuracv desired.

Problem 2(

The silhouctte generator requires that all noints in Surface 2 he above
the nlane of Surface 1 when onerating in either the simnle or commlex mode.
A view of S5CUBE in its original nosition from 1PLATS clearlv shows mart of
SCUBE below the surface of 1PLATS: the run is therefore reiected with a diap-
nostic indicating this condition,
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DECK NO.

FORTRAN

MER

FIXED 10 DIGIT DECIMAL DATA

PR DATE PAGE_Li._ of_36 __ JOB NO,_293-30

NUMBER

I IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH

K A4 [}

I REPER

= | [

E P RA

i

RgH F

X A

~

11 /1)

AT S

P L AT

L EL T

ANE,

AIHIBIE

c jo |o lo

O

HIEIIBIE

a |k e [ fm ] [ [ | |

FORTRAN FIXED 10 DIGIT DECIMAL DATA

OECK NO.

dER . DATE PAGE_Ls ot 35 _  JoB NO._2929-30

PR(

NUMBER

DESCRIFTION DO NOT KEY PUNCH

DENTIFICATION

ko fn

[os,
™ [H =

O e H el

o lle w0 |2 @

EE G =3 EE]E]C] F)E)

oo e jm|ls |4 ™

ll3

cio |H | je |lo v oo e

2.

-}

Fou Ay ARy tae

25,

Group C Sample Problems Input Data Code Shests
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FORTRAN FIXED [0 DIGIT DECIMAL DATA

DECK NO.. . ______  PROGRAMMER DATE PAIELS . ot _J6 408 MO, _2929-30
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
0 5 1 4
I!s o
I P
Ml
M 1o 11 3
e |. o
L] .
Ble] o
& P 7 6
Lo ], «
Ml o
il s
! s 1112z
13 sl|. ¢
c |. ¢
!rc o
1 5 8
&E .. Q
Hel. ¢
M1 1. s
& 7 5. 1.2
Al s
N
ks e
FORM 118-C-17 AEY. T8 - YELLUM
FORTRAN FIXED 10 DIGIT DECIMAL DATA
DECK NO.___..___  PROGRAMMER DATE PAGE_16 _ ot _26 JoB g, 2929-30
NUMBER IDENTIFICATION | DESCRIPTION DO NOT KEY PUNCH
L] 2 8. 10, .1 )
h!; .0
E R
BT, o
2 3 1.1
eLl s
d3{. 0
13 . e
B o 2 6
Ho!l. o
=
I3 .o
0 3 e s 1
E
£
&
5
Yelr cus g
2rlr a N g Fan x4
clju Bk 179 L EKEW
Efp,. P g ITTIFN
Iln 14T QU aAD :
v 160
POAM 114-C-17 ARY. T-80- FELLUM

FIGURE 25. Group C Sample Problems Input Data Code Sheets
{ continued)
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FORTRAN FIXED [0 DIGIT DECIMAL DATA

DECK MO PROGRAMMER DATE PAOE_L7 _or. 35 JoB NG _2785-30
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH

1], ¢©
Bl e
= I

2§, C
Mol ¢
#1312 060 64 C2

=

FRERE

-1 FLE)E) (7]
[

R R =GR
Lal
LY
o
0
»

wl [

B 7

@

c 200

FORM (15-C-17 REY. T35~ YELLUM

FIGURE 25.

Group C Sample Problems Input Dsta Code Sheets
{(continued)
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SAMPLE PROBLEM GROUP D

The geometrical relationshin for this samnle nroblem are nresented in Tig-
ure 27. The data sheets are shown in Figure 28 and the results are nresented
in Figure 29,

Problem 1D

The referenced figure, Figure 27, shows a truncated-cone-on-cvlinder and
a disk, skewed with respect to the cvlinder-cone centerline. The cvlinder-
cone is created bv the surface generator as 6CYTR, a 32-sided solid in its
final nosition in the unprimed coordinate system, The disk is also internally
generated, but because the generator {(in its nresent version) is limited to
cross sections narallel to XY nlane, the disk, 2PISKC, had to be transformed
to the skewed nosition by transformation data 9TDSKC, The results are shown
in Figure 29, The simnle mode was used for nrocessing hecause no line seg-
ment crossovers are nresent, which enabled the use of transformations to
construct the nroblem, The warning note concerning the difference between
the mapning area and the actual 3DISK surface area is sumnlied to attract at-
tention to nossible errors in Surface 1 data entry of the choice of mamminn
increments, As indicated in the comments on P'roblem 1 of Samnle Problem
Groun C, the coarse increment 6 x 6 was selected to reduce outnut, A finer
increment should nrobably be used to insure accuracy to the third nlace, if
such is desired, It must be emmhasized that the form factor ohtained in Run
#1 is the factor to the solid figure, 6CYLTR, which, of course, includes the
bases, Since the factor to the skin is the desired number, it is necessarv
to subtract the factors to the ends., The unner end is obviouslv not seen
(f = 0), so the factor to the base onlv must be ohtained. The hase is easily
created by the surface generator (3DISKB), hut it is created with the orienta-
tion vector nointinp toward the +Z axis--the wrone wav, It is necessary to
turn it around by a nrimary transformation--(9TDSKD), Thus, the full canabil-
ity of the nrimary transformation feature is utilized and exemnlified, shown
by Run #2, The factor to the skin of 6CYLTR is obhtained hv suhtracting the
results of Run #2 from Run #1, or

fskin = ftotal - fbase
f = 0.18946 - 0,09955
f = 08991

The exchange coefficient is commuted in a similar manner.
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FIGURE 27, GROUP D SAMPLE PROBLEMS CENMETRY
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

DECK NO._____  PROGRAMMER DATE PAGE. 1€ _or__35 Jom wO._2923-X0
NUMBER [ IDENTIFICATION [ DESCRIPTION DO NOT KEY PUNGH
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FORTRAN FIXED 0 DIGIT DECIMAL DATA
DECK NO._________ PROSMAMMER .. . DATE____.___ PME_17 w 36  Jommo 29290
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FIGUREE 28. Group D Sample Problems Input Data Code Sheets
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DECK NO.

FORTRAN FIXED 10 DIGIT DECIMAL DATA
PROGRAMUBER DATE PAGE 20 _ot_36  JOB MO 292930

NUMBER

| roenTieicaTion | oescripTion 0o WOT KEY PUNCH
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FORTRAN FIXED |0 DIGIT DECIMAL DATA
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SAMPLE PROBLEM GROUP E

The canabhility of obtaining form factors to snheres in any nosition rel-
ative to Surface 1 is demonstrated, Figure 30, Closed form configuration
factor solutions are utilized, enabling very ranid comnutations, The data
sheets are mresented in Fipure 31 and the results in Figure 32,

Problem 1E

The factor from a rectangle, 1PLAT8, to a snhere, 7SPlil, fully abhove the
plane of 1PLAT8 (Case 1) is requested as Run #1, The configuration factor
solution in this case is extremely simmle (sce Apvnendix E), which, in addition
to the coarse manning of 1PLAT8, accounts for the short comnutational time,

Problem 2E

The factor from 1PLAT8 to 75PH2 is requested, The snhere is the same size
as 75PH1, except nart of the lower half of the srhere is below, and outside
of, the surface of 1PLAT8 (Case II), The results are shown as Run #2,

Problem 3E

A larger snhere, 7SPH3, is located with nart of the unner half of the
snhere below the surface of 1PLAT8 (Case III). The results are shown as Run
#3,

Problem 4E

The nrogram will also comnute the factor to a snhere which is emhedded
in Surface 1, illustrated by 75PH2 and 1PLAT7, However, no attemnt is made
to determine what mnart of 1PLAT7 sees the snhere; when 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, Therefore, in
Run #4 we see no indication that IPLAT7 is bisected by 7SPHZ, although in
reality it is, The nroblem is handled in this wav because of the extreme
complexity of the general determination of that nart of Surface 1 not secen
by the snhere,

Problem SE

The trivial case of the snhere commletely below Surface 1 is illustrated
by Run #5,
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FORTRAN FIXED |0 DIGIT DECIMAL DATA

OECK WO PRO MER DATE PAGE._ 2 o 35 __  yom wO _i9R9-30___
NUMBER IDENTIFICATION | DESCRIFTION DO NOT KEY PUNCH

. 0

GiHlEbRIBICINGRIBIRICIGIHIEIAEICSHInIRIAIR

9. .9
9|. a
FOAM 1H-C-1T REY. F0- VELLUN
FORTRAN FIXED 10 OIGIT DECIMAL DATA
DECK NO.____ PROSRAMMER ___________ DATE PMIE_2) ot 36 JoB NO._2920-30
NUMBER |OENTIFICATION DESCALPTION DO WOT KEY PUNCH
Es 0
L
b
]
[alr Lara
Blpleg cr. prare ?—l
Alp a4 LLEL T4 X
S P LAWE, 1;TJ
= T W T H QU
3 DIR a N T2
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= F
1 I P
H:l. o
F—" 1l2 .. ©
5]..0
4 0
BlsT. o
FoRa (g7 aEY, M- ELLM

FIGURE 31. Group E Sample Problems Input Data Cocde Sheets

151




FORTRAN FIXED 10 DIGIT DECIMAL DATA

DECK MO  PROGRAMMER DATE PAGE_2h of 36 00B MD.__2929-W ..
NUMBER IDENTIFICATION ' DESCRIPTION DO NOT KEY PUNCH
l5 0
13
E’_‘
37
b
k!
qrld p na
£ H UXK IT RAD
=1 FULLZY SE
B{ s v 1rracre
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o g P w2
LT UXNIT §PHE
oy P &R TLY L E
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n_D 1 P L&TSB(
M lg g, 1.1) E 1 20
FORTRAN FIXED 10 DIGIT DECIMAL DATA
DECK NO..________  PROSRAMMER DATE .. PMIE_25 ot 3% _ JOBNO__ 2929-0
NUMBER | 1oewiFicamion | pescaiemon oo naT xev puncr
e 1
5
15 .0
e |, o
E P
@
N7l P H3
Nal. s uwrier grm
t|F E__FARTLY
Blele w81 1rsac
el c_ s gB 1II)
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],

E1FF
- fn
o oo f
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] 1 1
P L AT 8 7 FPH2

ey

=
®lp 1 1
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FORM |14-C-17 RAY. 790 VRLLUN

FIGURE 31. Group FE Sample Froblems Input Data Code Shests
(continued)
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FORTRAN FIXED {0 0DIGIT DECIMAL DATA

DECK NO. PROGRAMMER DATE PAGE_26 of 35  JoB NGO, _3929-0
NUMBER IDENTIFICATION | DESCRIPTION DO NOT KEY PUNCH
L] L[P, LaT 8 7d PH3 ‘
[}
!z_—‘lp 1 1

1P LAT 7 78 PH2

D 1 3
PLarrrdrua |k

EEL[E

PORM | 18-C-17 AEY. T-80- YELLUN

FIGURE 31. Group E Sample Problems Input Data Code Sheets

(continued)
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SAMPLE PROBLEM GROUP F

The carability of computing factors to surfaces which are occluded by
intervening surfaces is demonstrated as shown in Figure 33, The data sheets
are nresented in Figure 34 and the results in Fipure 35,

Problem 1F

The factor from 1PLA1O to 1PLA9 is desired with surface 1PLAll interven-
ing. The surface 5COPLA, representing the boundary noints of 1PLA9 including
connections, and the boundary noints of 1PLAll including connections is enter-
ed in data, Because the silhouette is comnlex, the surface S5COPLA must be
reentered as 8COPLA to enable the silhouette generator to omerate in the com-
nlex mode, The factor to BCOPLA from 1PLA10 is requrested as Run #1, Then,
the factor from 1PLA10 to 1PLAll is requested as Run #2, The factor from
IPLA10 to 1PLAY is merely the difference between the two,

f=0,26787 - 0.2014¢
f = 0,06041
Problem 2F

This problem also illustrates the canability of determining factors to
occluded surfaces, but data is enteréd and handled in a different manner,
The factor from 1PLA10 to 6PIPE2 is desired, taking into account the flux
intercented by 5PIPEI],

The coordinates defining 6PIPE2 are internally generated, 5PIPE]l is en-
tered manually, and the two surfaces are combined for comnlex nrocessing as
820FEM,

Notice that SPIPE] includes a line segment--a "bridge” line--connecting
noint 7 in SPIPEl to 6PIPEZ, If this line or any other suitably oriented
line serving the purpose were not nresent, then the silhouette generator
would not include 6PIPEZ in anv of the silhouettes comnuted from noints on
mapning lines 6 and 7 on 1PLA10, The line does not have to actually be in
any surface--it need only appear to intersect both surfaces in the silhouette,

The form factor to 820FEM is 0,28139 (Run #3); to 5PIPEl alone is 0,21556
(Run #4); therefore, the form factor to 6PIPE2 is the difference or 0,06583,

Problem 3F

This nroblem illustrates impromer use of the nrogram, and in narticular,
the silhouette generator. The factor form 1PLAL1Z to 5COPLA is requested as
Run #5, Note that the data 5COPLA is in reality two surfaces, These surfaces
when viewed from I1PLA1C or 1PLA12 pnresent a comnlex silhouette, and therefore,
must be processed in the comnlex mode, However, when a class 4, 5 or 6
surface is snecified as Surface 2, the simnle mode is always used, The
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silhouette generator consequently saw only 1PLAll sometimes and only 1PLAY9
sometimes; this condition would not be relieved by use of a bridpe line, be-
cause the total silhouette is complex, and must be nrocessed as comnlex,

Problem 4F
When a class 8 surface is used as Surface 2, Surface 1 must be in the XY
plane of the Surface 2 coordinate system, with its orientation vector ncinting

toward the +Z axis, The results of Run #6 show the diagnostic resulting from
a request for the factor from 1PLA12 to 8COPLA,
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

DECK NO. PROGRAMMER DATE
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Figure 34.

Group F Sample Problems Input Data Code Sheets
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FORTRAN FIXED 10 DIGIT DECIMAL DATA
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Figure 34. Group F Sample Problems Input Data Code Sheets
(continued)
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Figure 34.
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FORTRAN FIXED 10 DIGIT DECIMAL DATA
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'Figure 34. Group F Sample Problems Input Data Code Sheets
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

DECK NO PROGRAMMER DATE PAMIE_ 35 _ol_3t _  Jom mo _3323-%
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Figure 34. Group F Sample Problems Input Dats Code Sheets
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NAA CCNFAC 11 REPORT SAMPLE PROBLEMS FROM FIG.
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NAA CONFAC II REPORT SAMPLE PROBLEMS FRCOM FIG.
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APPENDIX B

PROGRAM DECK SETUP, LISTINGS, AND MAPS

The nrogram deck arrangement shown in Figure 36 contains a main nropram
and six subnropgrams which are listed in this ammendix., A listing of the main
nrogram, 7J360, is shown in Figure 37 followed bv a man of the core storace
locations in Fipure 38,

The first subnrogram in the deck setun is subroutine UNIVEC which is
shown in Firure 39 and the man of core storace in Fisure 40, The transforma-
tion subroutine, TXFRM, is nresented in Fipure 41 and the man of core storage
in TFirure 42, The listing and man of subroutine DOICU is nresented in Fipgures
43 and 44, The listing and man of subroutine MAP, is nresented in Fipure 45
and 46, The listing of the subroutine FACTOR is nresented in Fipure 47 and
the man of core storage in Figure 48, Subroutine SILFAC listineg and core
storage is riven in Fipure 49 and 50. Figure 51 shows the variable formats
used bv this propram.

This IBM FORTRAN II nrogram uses two innut-putnut statements which must
be modified for computing svstems other than the NAA Monitor, FIB III, system,
These are

READ N, List

PRINT N, List

»

A convenient FAP assembled nropram is included which will convert the
READ-PRINT statement to,

READ INPUT TAPE 5, N, List

WRITE OUTPUT TAPE 6, N, List

This assenmblvy is listed in Figure 52, The convert to anv other commutine
svstem using nerinheral enuinment and not using the same tane desienations,
the last three ENU cards are simmly chanred to read
MIN EOU A (Innut statement tane mumber)
MOUT EOU B (Outnut statement tane number)
MPUNCH ENU € (Punch statement tane numher)

For comnutineg centers using attached nrinting enuinment, the FAP assembly
can be removed and the nrogram will execute in that system,
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FIGURE 36.

PROGRAM DECK SETUP
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APPENDIX C
COORDINATE TRANSFORMATION

PRIMARY TRANSFORMATION

As indicated in Section II, the surface coordinate transformation
technique employed by the program does no. require transformation para-
meters such as direction cosines, Euler angles and translation terms to be
entered as input data to the program for transformation purposes. Instead,
the x, y and z coordinates of three poilnta, not in a line, are given from
the new origin, or to the new position of the surface. These data are
then used to derive the rotational and translation terms required to trans-
form the remaining surface data to the new origin or surface position.

The classical equations for transformation of rectangular coordinates
in space are employed for both primary and auxiliary transformation. The
new x, y and z coordinates in terms of the old coordinates are:

x =x'cos oy +y'cos op +z'cos aq +H (1)
¥y = x'cos By + y'cos By + z'cos 63 + L (2)
z =Xx'cos ¥, T y'cos v, + z'cos Y3 + K (3)

Note that there are 9 unknown direction cosines and 3 translation terms, or
a totsl of 12 unknowns. It is clear that the coordinates of four peoints
from the new origin are required if thess equations are to be used directly
to determine the unknown 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 a surface
in any rectangular coordinate system. It appears, therefore, that another
point must be made available for solution of the above equations, or
another technique developed which directly requires only three points.
Investigation of the latter yielded a complex, difficult to program, solu-
tion. On the other hand, solution of the classical equations is straight-
forward, but requires the extra point (not in the plane of the other
three). Rather than require the user to supply the extra point in data,
it was decided to generate the point as a unit normal vector above the
second point given in transformation data. This extra point must, of
course, be generated in both old and new coordinate systems.

Figure 53 depicts a primary transformation of Surface A from the old
(primed) to the new {unprimed) coordinate system. Note that the primary
transformation shown affects only one surface, whereas both surfaces are
involved in the auxiliary transformation, which will be discussed in more
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detail later in this Appendix. The angles (o, 8 and Y) shown in Equations
1, 2 and 3 are related in the following manner with the primed and unprimed
coordinate axes shown in Figure 53:

o =LK, ay = oYX, oy = £0'Z'0X

By =£0'X'0Y, By = £0'Y'0Y, By =Z£0'Z'0Y

vy = LX10Z, Y, = L0'Y'0Z, Y,y = L0Z'0Z
Given the coordinates of points 2, 5 and 6 in Surface A, and the gen~
erated point U, from both the old and new coordinate systems, we may write

four independent equations similar to Equation 1. Using Equation 1, the
resulting set of equations in x is:

x2=xécosal+y2'cosaz+zécosa'3+H- (4)
x5 =x} cos &y +yl cos oy + zg cos ay +H (5)
X, =x/ cos &y +y] cos o, + 1z} cos a; +H {6)
Xy =X} cos @ +ty} cos @y + 3] cos a3 +H (7)

We may similarly write two more sets of equations in y and z similar to
Equations 2 and 3, for a total of twelve independent equations. Each set
of four simultanecus equations is solved by Cramer'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 le, using the set developed above for Equation 1 (Equations
Ly 5, 6 and 7), the coefficient determinant D is
1 1 1
x, v 22 1l
x! y! z! 1
t t !
X 74 z; 1l
SRR A

By Cramer's Rule, we successlvely replace the elements in each column of
the set with the respective element on the left of each equatlon in the
gset. For example, the solution for cos o, ia:

271



5o R 1
x! x5 z! 1
5 . (9)
xg Xy 26 1
! X; z! 1l
U
cos o, = xU
D
and similarly,
] 1
x2 y2 x2 1
x) ¥l x 1
5 5 (10)
x} yg xg 1
vy w3
cos Q. =
3 D

The above process is repeated for the solution of cos B,, cos B.,
cos Y,, and cos Y3, using the sets developed for y and z. e coef cient
determinant is the same for all sets, because 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. Also, considerable econ-

omy results in computing the unlmown direction cosines cos o, cos 8, cos vy,

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

cos @) = cos By cos Y3 - cos Yy cos By (11)
cos By = cos Yy cos &3 ~ cos & cos Y4 (12)
cos Yy = cos a, cos Bz - cos By cos oq (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 and 3, along wlth the known values of directlon cosines.
For the Surface A shown in Figure 53, using point 5,

H= X5 = x% cos oy -_yé cos a, - zé cos oy (14)
L =¥ - x% cos By - y% cos 8y - z; cos 83 (15)
K=2;~ xé cos vy - yé cos Yo — zg cos Y3 (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 and 3.

The method outlined above will always perform the transformgtion de-
sired, providing the three points selected are (1) sufficiently separated
in space, {2) accurately computed, and (3) do not form a straight line in
space. Because the fourth peint U is always computed outside the plane of
the other three, the coefficient determinant D can never be O. Hence, by
Cramer's Rule, & unique solution must always exist.

AUXTLIARY TRANSFORMATION

An auxiliary transformation transforms the coordinates of both sur-
faces into the reference plane of a specified surface~-the "Control” sur-
face. In Figure 53, Surface A is the control surface; the auxiliary trans-
formation depicted transforms both Surface A and B from the unprimed (old)
system to the double-primed (new) system. In general, the origin 0" in
the control surface is always point 1 in the control surface coordinate
array. It may not always be the first point entered in input surface dsta;
if a blsection of the surface occurs, and the original point 1 is not seen
by the other surface (assumed planars, then a new point 1 will be computed.
The new poimt will be used as the origin O". 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 planar 6. For
example, if both Surface A and B in Figure 53 are plane and bisect each
other, two auxiliary transformations would cccur to facilitate surface re-
construction. Actuelly, if Surface A were entered as Surface 1, the first
auxillary transformation to occur would be to point 1 in Surface B, rather
than Surface A. This would not occur, however, if Surface A were not bi-
sected by Surface B. In any case, the last transformation always is to
point 1 in Surface 1, so that mapping and factor computation may proceed
forthwith.

The processing of an auxiliary transformation differs from the primary
transformation because unknowns may be more readily computed from available
data. Equations 1, 2 and 3 are rewritten for the auxiliary old and new co-
ordinate systems,

x" =x cos & +y cos o, tz cos o + H" 17)
y" = x cos 8 *y cos By +3z cos B; +1L" (18)
z" =xcos Y; Ty cos Y, t2z cos vy + K" (19)

The angles are defined as follows, referring to Figure 53:
¥ = £LOX0'"X", ap = £0YOX", g = LOZO"{"

8 = Zoxo"y", B = ZOYO"Y ", 83 = JOZo"Y"
Yl = zax_onzn’ 'Y2 =Z0YQnz rr, 'Y3 = Z0Zon7y
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Because the 0'X" axis in the new system is directed along the line segment
formed by the first amd second point in the control surface, the direction
cosines related to that axls are readily computed.
The length of line 12 in Surface 4 is
>
15, ”\x"z - x) + (v - 31)? + (35 - 5,

and the direction cosines relating the new O"X" axis to the old 0X, O0Y and
0Z axes are:

cos o = (x5 - xl)/LSlz (20)
cos o = (yp - yl)/lslz (21)
cos oy = (22 - zl)/LSlz (22)

Because the new 0"Z" axis is directed along the surface unit orientation vec-
tor (point O above Surface A) the cosines relating that axis to the old
0X, OY and OZ axes are

coB ¥, = X5 - X (23)
cos Yo =¥y - V1 (24)
o8 Y3 = zy - % (25)

The remsining direction cosines are computed by cross products of the X"
and Z" axis unit base vectors (direction cosines).

cos B} = cos Y, cos a3 - cos @y cos Y, (26)
cos B, = cos @) €08 Y3 ~ cos ¥} cos 03 (27)
cos By = cos Yy cos @y - cos @) C€OS Yp (28)

The unknown translation terms are determined from Equations 17, 18 and 19
for point 1 in Surface A (xi' =0, y{ =0, 2 = 0).

H* = w Xy €08 04 - ¥ €OS Oy — 2z <Os or3 (29)
L"= - x; cos Bl -y cos By - z, cos 83 (30)
K" = - X) €os Yy - ¥y cos Y, - 2y cos Y3 (31)

The program now transforms all coordinates in Surface A and Surface B to
the new system by using Equations 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 & view of the surface of a right elliptiecsl
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-section as the basic generating element, elemental
surface areas such as Area ABCD in Figure 54 are trapezoids having, in
general, unequal nonparallel gides. Also, because each elemental surface
is developed by equal elliptical parametric angles, one need compute the
area of only one elemental surface for each pair of cross~sections
(providing, of course, the cross-sections are similar).

The plane area of trapezoid ABCD is

Ap =3 h (I +1,). (1)

I ard are readily computed frem the X, Y coordinates of points A, B,
C and D;

B =y - X% + (g - )2 (2)
Iy =\/(XD - XB)2 + (Tp - YB)2 i (3)

The trapezoid height h is computed indirectly from the projected area Ap of
the trapezold on the XY plane in the followlng manner:

h = hp2 + 22 (%)

where h_ is the projected length of trapezoid height h, and Z is the dis-
tance bbBtween cross-sections.
The projected asrea of ABCD is:
hy=hn (1 +1). (5)
Solving for np_in Equation 5:

2 A
hp=z_L:1+ I,) (6)

The area is computed from the trapezoid (X,Y) coordinates in the fol-
" lowing manher:
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Noting triangles BOD and AOC

Ap = Area ABOD - Area AAOC (7)

It is desirable for computational efficiency to compute Agrusing known para-
meters. In thils case, sin B 1is known and is used. The phrametric equations
of the ellipae are:

X =a cos B ' (8)

y=Db sin 8 (9)
where a is the semi-major axis, b is the semi-minor axis and @ is the para-
metric angle. In Figure 54, angle 8y defines points A and B and angle B,
defines points C and D. Angle B =B, - B;.
The area of triangle AOC can be computed by vector cross products,

Aoc = 3 (XgYe - XCYA) (10)

From Equations 8 and 9 for the parametric angles B; and 8, defining points
A and C,

X, =& cos By, Yy = by sin By (11)

Xclz aj cos By, Y5 =Dy sin By (12)
Substituting Equations ;l and 12 in Equation 10,

Moc = % ajby (cos By sin B, - cos By sin Bl)

Apoc =4 ayby sin (B - By)

Apoc =% ayb; sin B (13)
A similar derivation is developed to obtain the area of triangle BOD.
Substituting Equations 13 and 14 in Equation 7,

Ap = % sin B (azb, - 2yby) (15)

Substituting Equation 15 into Equation 6,

- 2[4 sin B (agb, - ayby)]

P L +1, (16)
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Substituting Equation 16 into Equation 4,

- sin B (asb, - alblj] 2
h\ﬁ n ] 7 o

Finally, substituting Equation 17 into Equation 1,

I I, in B (apb, - aiby) ]2 | 2
AT-_Iﬂ,_z__\/[s Ilai%? 11] +Z

Rearranging terms,

Aq f%\/[%in B (agb, - a.lbl)] y [z (14 +12)] 2 (18)

The total surface area is computed by repeated evaluation of Equatien 18
for the particular surface generated.
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APPERDIX E.

DERIVATION OF CONFIGURATION FACTCR TO A SPHERE

The analytic solution eof the configuration factor to a sphere depends
upon the position of the sphere relative to the plane of Surface 1. This
is clearly demonstrated geometrically by using the Nusselt unit sphere
projection as shown in Figure 55. Three unique solutions are apparent
from the five different sphere positions; Ib and IIIa represent '"Limit"
values in each case. The unit sphere projections (crosshatched areas)
shown in the lower part of Figure 55 correspond respectively to sphere
positions (not to scale) depicted in the upper half. Case I results when
the sphere is above (Ia) and/or touching (Ib} the plane of Surface 1.

The locus on the Nusselt hemisphere bass is an ellipse, and varies from a
circle (when the sphere is vertically over the point OS to the single tan-
gency position shown in Ib. When the sphere goes below the plane of Sur-
face 1, the Case II locus appears, and is formed by the ellipse boundary
on the left and the unit circle boundary on the right.

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

< JE : I
1 D

D (1)

where D = distance from center of sphere to origin of unit sphere and R is
the sphere radius. The semi-minor axis, a, of the ellipse is the projec-
tion on the unit circle of b; again by similar triangles,

/A
D b
_y L _BZ
or a=b T2 (2)
The area of the ellipse is Rzz

A=mgh=n 55— (3)

The configuration factor for Case I is the area of the ellipse divided by
the area of the unit radius circle,
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The computation of Case III proceeds as follows. Referring to Figure 56,
a detailed drawing of the upper half of the Case IIT b locus, the ares to
be determined is Area ACB.

TY |
4 g (XC)%)
I
T Y-
¥
;
7
/
X
L ;‘ ﬁgl
| —
o o g A~
NISSLLT AT T =/ ‘\ 5K :
CIRCLE \ o

Figure 56, Case IITb Detail Geometrv
By inspectien,

ApcB = 4308 ~ AoroB - Aco'B (5)
Area AOB is a sector of the unit circle, R =1,

2
AAOB=£RG=%G (6)

Given h, the distance between centers 0 and 0', and ¥s, the value of y at
the tangency point between the ellipse and the circle, the area of the
triangle Q'OB is

AO'OB;%hyc . (7)
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The area CO'B is an elliptical sector defined by the parametric angle § at
(x4 ¥,) the point of tangency,

b =8 # (8)

Inserting Equations &, 7 and 8 into Equation 5,
ayop = % (- 1y, - avg) (9)
The unknowns 9, h, yb and @ must be evaluated in terms of R, Z and D, The

tangency point is determined as follows. The equation of the el~
lipse when transiate& & distance h in the x direction from the origin 0 is

- h =1
beoptlo i (20)

The equation of the unit circle is
Ly =1 (11)

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

23 (x-n) ax + gy =0

Rearranging,
2 2
dy = b~ )| = (h-x)
dx 2y [_72 (n xi] =7 (12)
The slope at any point x, y on the circle is:
dy - _ X
dx y (13)

Equating Equations 12 and 13,

Solving for h, at x = x

(4] &ndy=yc,

(2 = a°)
h = x, (14)

Substituting Equation 14 into Equation 10,
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2
[%-% o258 )%,
+ 4C
a2 bR

Reducing and rearranging terms, and solving simultaneously with Equation 11:

=1

2
(...3-_)2 xc + Yc?. - b2 (15)

Subtracting Equation 11 from Equation 15,
2 2.2 = 2
xc [(b)*l] =bh -1
Solving for x_,
c
2 2

_ p-1
X, (37 1 (16)

- [1- b?
X, = b 1
') b2 _ 8.2 ( 7)

Solving for Ve in Equatien 11,

Yo =y1-x? (18)

Substituting Equation 1 and 2 into Equation 17,

*e =J%22:_g~2’ (19)

Substituting Equation 1, 2 and 16 into Equation 18,

, - [2=R ,
¢ 7R _ 2 L (20)

. B \’( = h:’ et et
The angle § may be defined as f b “ icwb% a. 'L1 73 !
g = tant Yo = tanl '%g—____ a
K v° -y 2 (21)

Substituting Equation 1 and 20 into Equation 21

el D . [R-R
B = ten [IZI B - 1P ] (22)
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The angle © may be defined as

- -1 Je :
8 = tan —_—
a X, (23)

Substituting Equations 19 and 20 into Equation 23,

e-.-—.ta“'l Z2_R2 .
n B2 - D° (21)

Substituting Equatlons 1, 2 and 19 into Equation 14,

p=PB-2 [RR-DP
DR 72 - D° (25)

The parameter hy, in Equation ¢ is evaluated by multiplyi.tg Equations 20
and 25,

[1::--22 - I? ] 2pR -

e ™ | TR VR_o®] AR o

ry, - V2 - Rzné VRR - 72

e = (Dzn5 ) A R};; '_- :t; (26)
Let o= - R (27)
and B = lf'?:i_zi (28)

Substituting Equations 27 and 28 intoEquations 22, 2/ and 26, respectively,

4= tan-l[—,gl— } (29)
8= tan_l B (30)
_o8 |
and Ve T @ (31)

Finally, substitute Equations 29, 30 and 31 into 9; the actual area
projected on the hemisphere base is twlce Area ACB and is divided by the
base area to yield the configuration factor.
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i)
I

sl ";Lr_[(tan-l B)J%L{t Br)- a_g.] (32)

where o= D2 - R2

222
B2 , zZ0 am #IF

By inspection of Figure 55, the projected area for Case Il 1s the sum of the
ellipse evaluated by the Case I formula and the crescent shaped area deter-
mined by the Case III formula,

€y = €1 + fq, 0<2Z <R (33)

In summary, referring to Figure 55,

_ _R?z >
2
11T =

[[tan"l 8)- ﬁﬂ‘ e _Zﬁ]
where o=17 - B, B=‘/£§__£
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