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ABSTRACT

This report describes a method for the evaluation of the meteoxr-
oid flux distribution over external surfaces of a space system. A
computer program has been developed for calculating the number of
particles and the angular distribution of impacts over a specific surface.
The computer program is based on the application of numerical inte-
gration methods. Partial or complete blockage of one surface by another
is considered in the formulation. The results of a sample problem are
given in the report; these results are compatible with heat transfer

view factor predictions.
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[.  INTRODUCTION

When a space vehicle is exposed to a meteoroid environment,
the possibility of damage to a particular component in the vehicle depends,
among other things, on the number of meteoroids and the impact angles
at the location in question. For a space vehicle with complex geometric
surfaces, the incoming meteoroid flux at a particular location can be
partially or completely blocked by other surfaces and therefore the
meteoroid flux and impingement angles at a particular location may
depend on the geometry and orientation of many components of the
space vehicle. Because of the geometrical complexity of typical space
systems, exact mathematical solutions of the meteoroid flux distribution
on the vehicle surfaces are very difficult. Therefore numerical methods
must usually be utilized in the solution of this problem. The purpose
of this study was to develop a computer program for solving the
meteoroid impact and angular distributions over complex geometric
configurations, such as Skylab. The solution is obtained by applica-

tion of numerical integration techniques.

In the development of the present computer program, a theoretical
model which is analogous to radiation transport between black bodies
was established to calculate the meteoroid impacts and the angular
distribution on each external component of the spacecraft. The blockage
of meteoroid flux due to the geometry of the various components is
considered. The output of the program can be used to evaluate the

probability of damage to the spacecraft structure.

The purpose of this report is to describe the analytic methods
and the numerical techniques used in the development of the program.
In addition, a detailed description of the input and output of the program

is included. The program is written in FORTRAN IV language and



requires a 32-k core memory*. The principal features of the pro-

gram are summarized as follows:

® The geometric surfaces considered in the program
include spheres, cones, cylinders, rectangles, disks,
annuli, triangles, trapezoids, or portions of these
surfaces.

@ Any combination of these geometric surfaces up to
200 can be analyzed simultaneously.

® A single surface can be divided into as many as 100
elements; computer results are printed for each
element. (Larger surfaces may be subdivided into
several smaller surfaces with each of them having
100 elements if more accurate results are required.)

® The program calculates the meteoroid flux distribution
(number of impacts) and the direction of the meteoroid
impacts.

@ The source sphere (a large, fictitious sphere that is
assumed to surround the space system) can be divided
into as many elements as necessary to obtain the
desired accuracy. However, increased accuracy is
obtained at the expense of computer running time.

® The blocking surfaces for a specific object may be
specified as computer input to reduce the computation
time. All objects will be considered as possible blocking
surfaces if the above option is not specified.

@ The meteoroid distributions on any or all surfaces can
be calculated.

@ Either side of the surface can be specified as active;
the results are then calculated for the active side only.

Acknowledgement is given to other staff members of Teledyne

Brown Engineering who have contributed to this study, including Mr. E.

"A version of the program for the use of 16-k core memory in the IBM
1130 computer is available, but the number of surfaces is limited to 70.




H. Ingram and Mr. C, K, T, Young for their assistance in the formu-
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ture and impact mechanics. Also, appreciation is extended to Mr. C,
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suggestions.
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[l. BASIC THEORY

There are two classes of meteoroids in space: sporadic flux
from random orbits and cometary meteoroids that come toward the
Earth from a specific direction at regular intervals during the calendar
year. The meteoroid population in the space environments has been
reported in the literature (Refs. 1 and 2) and this information, with
methods used to calculate radiation transport will be utilized in the
calculations of meteoroid flux distributions on various components of

the spacecraft.

SOURCE SURFACE OF SPORADIC METEOROIDS

In calculating the number of sporadic meteoroids which are
incident on the vehicle external surface, a large spherical source
enclosing the vehicle on which the meteoroid flux emits diffusively
is assumed. Such a model is analogical to radiation transport between
black bodies. Replacing the intensity of radiation by the particle density
flux, one can calculate the number of particles leaving the source surface

that is incident on a specific surface area of the spacecraft per unit time.

Let Nl be the number flux leaving S; that impinges on the S;.
According to the formulation used for calculating radiation heat transfer,

it may be expressed by

% - S' S n ($5) co:¢1 COSPj ga, dA; (1)
r
S; Sj
where r, ¢j, <i>j, dAj, dAj are shown in Figure 1 and ﬁ(¢j) is the number
of particles leaving Sj per unit area normal to the direction per unit

solid angle and per unit time.




SOURCE SURFACE

FIGURE 1. RADIATION BETWEEN INFINITESIMAL ELEMENTS




Denoting the total flux leaving Sj per unit area by Wl , the

relation between W; and h is

ho= W/ (

n

for diffusive emission, or equivalently, sporadic meteoroid distribution

over a long period of time; where n is a constant.

SOURCE SURFACE OF STREAM METEOROIDS

It is assumed that all stream meteoroids move parallel to each
other toward the spacecraft from a given direction. The number flux

N, impinging upon S; can thus be obtained by

S
where S;p, is the projected area of Sj on a plate normal to the meteoroid
direction (See Figure 2), and Wz is the number of meteoroids per unit

area per unit time through Sj.

EARTH SHIELDING

When a spacecraft travels around the Earth orbit, such as
Skylab, the Earth acts as a shield to reduce the impacts of sporadic
meteoroids and to block the impacts of stream meteoroids., There are
two ways to consider the Earth shielding factor. One is to calculate

the meteoroid impacts based on different period of time; the N = T:Tl + Iifz

depends on the meteoroid population at the particular time and, of
course, also the orientation and the orbital position of the vehicle.
The total number of meteoroids striking on the spacecraft during the

mission period can be obtained by integrating



S B

METEROID STREAM

e .

|

FIGURE 2. METEOROID STREAM FLUX IMPINGING ON Si




T,

Ntotal = g N dt (4)
Ty
or
. n
= .
Niotal = ), N(Tj) (Ti - Tj)) (5)
i=1
where T, = T; and Tp = T, are the starting and ending times of the

mission, respectively.

The above method would give an exact method of prediction;
however, the calculation of meteorid distribution must be done repeat-
edly for successive times that would require excessive computer time.
Another way to solve the problem is to assume that the spacecraft's
orientation is essentially random and treat the problem as sporadic flux
distribution. The Earth shielding effect is considered as a reducing
factor, independent of the vehicle orientation. The stream meteoroids
are added to sporadic meteoroids impacting the spacecraft by an averaged
increasing factor, again independent of their orbital directions. Thus,
sporadic meteorid distribution is assumed only in the computer program,
and averaged increasing factor for stream meteoroids is used in the

actual calculations of meteoroid flux distributions.




[11. METHOD OF INTEGRATION

The explicit integration of Equation 1 is extremely difficult
for general spacecraft geometries; therefore, a numerical scheme

for calculating such integrals is used.

Rewriting Equation 1 in the form

1.\11 = Z Z ﬁ(¢j) cos ¢; cos ¢j AA; AA; / r? (6)
H Sj

N; can be obtained by summing the values of the integrand for each
element of one surface with each element of the other surface. The
accuracies of the results are functions of the size of the finite element
areas AAj, AAj . In accordance with the heat radiation view factor
method of calculation of Reference 3, the rule of thumb for estimating
the number of elements needed is that the area of each element should

be less than one-tenth the square of the distance between surfaces.

Consider the diffusive emission from the source surface.

Equation 1 may be rewritten as

.

. . " cos ¢ cos ¢;
Ny = ng S T?lr?- i dAj dAj = WS Fyj
S; S;

J

where Fji is defined as the geometric shape factor from surface j to
surface i. Physically Fj; represents the fraction of the total radiant
energy (or particles) leaving surface j which is incident upon surface i.

Furthermore, according to the reciprocity theorem,

Si Fij = Sj Fji



Now assuming that Sj is an enclosing surface (e.g., sphere), in which
Si is located, the energy leaving Sj, without being blocked by other
surfaces, will be completely incident upon Sj, i.e., Fij =1 and

Fji = Si/Sj (see Figure 3).

The blockage of components by other components is significant
in the evaluation of the meteoroid flux distribution on the vehicle. As
shown in Figure 4, if the straight line connecting the surface elements
i, jis intersected by a surface, the Fij is set to zero. The computer
program is written to examine all the surfaces as possible blocking
surfaces. But even in the case of a complicated geometry, the blocking
surfaces can be observed with respect to a specific surface. By specifying
the possible blocking surfaces, one can reduce the computer time consider-
ably. For example, the Service and Command Module of the Skylab is
divided into five surfaces (see Figure 5). Surfaces 1,2, and 3 will not
be blocked by any other surfaces. The possible blocker for surface 4
is surface 5 and the possible blocking surface for 5 is surface 4. By
giving such identifications, the program examines only the possible

blocking surface and, of course, it reduces the computing time.

In the computations, there are two cartesian coordinate systems
in the formulation: the source coordinate system and the surface systems.
The surface systems are the systems identified with each of the components
of the spacecraft. The directional cosine coefficients for each system
are calculated according to the orientations of the surfaces being con-
sidered. Cartesian tensor transformations (through rotations and
translations) are utilized to connect the relative positions of the elements
between coordinate systems. The mathematical formulation is given

in the Appendix.
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FIGURE 3. Si IS ENCLOSED BY Sj’ Fij = 1

FIGURE 4. BLOCKING BY SURFACE Sy BETWEEN S5 AND Sj
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G;’ 3
NOTE: SURFACES 1, 2, 4

AND 3 ARE NOT

BLOCKED BY ANY 5

SURFACE; BUT 4
IS POSSIBLY
BLOCKED BY 5
AND VISE VERSA.

FIGURE 5. SERVICE AND COMMAND MODULE
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[V. DESCRIPTION OF COMPUTER PROGRAM

This computer program was developed to calculate the meteorocid
flux distribution, i.e., the number of impacts on any or all external
surfaces of a spacecraft in a meteoroid environment. In order to
utilize the program it is first necessary to define the actual spacecraft
surfaces involved in terms of the various surfaces which the program
can analyze. At present the program is formulated to consider spheres,
cones, cylinders, rectangles, annuli, disks, triangles, trapezoids, or
portions of these geometric configurations. These surfaces and the
variables which define the surface will be described in the next section.
If the surface is to be considered only as a blocking surface, it is not
necessary to divide the surface into small elements. However, if the
meteoroid flux distribution is desired for a surface, that surface must
be divided into small elements. The program is limited to 2 maximum
of 100 elements (10 X 10) for each surface. If more than 100 elements
are needed for some particular surface, one may divide the original
surface into two or more smaller surfaces with each subdivision con-
taining 100 elements. At present up to 200 surfaces can be evaluated
by the program; there is no limit to the number of emitting elements
around the surface of the source sphere. The source surface can be
divided into as many elements as necessary to obtain the required

accuracy, but at the expense of the computer running time.

The computer program uses two types of cartesian coordinate
systems for defining the surfaces and their relative locations. There
is the source coordinate system; its location and angular orientation are
chosen at the discretion of the program user. As a matter of con-
venience, the origin of the source coordinate system is usually

located at the geometric center of the spacecraft and its z axis is in

13



the direction of the vehicle axis. For each surface which is input, there
is a surface coordinate system and the output of the surface is defined
within its own object coordinate system. The surface coordinate

system for each basic surface will be described in detail in the next

section.

14



V. DESCRIPTION OF BASIC SURFACES

SPHERE -- TYPE OF SURFACE 1

The input data required to specify a sphere includes the
coordinate of the sphere center, the radius, the conic angle range
(%nin < 6 < Omax), the polar angel range (dmin £ ¢ £ ¢ max), and
the position of a point A on the zp-axis. All of these variables are

shown in Figure 6. The area oi the element is

AA = R*A cos 6A6 .

The conic angle, 6, is measured from the z axis of the sur-~
face coordinate system (xy, yps 2p) and ¢ is measured from the x

axis.

For the source coordinate system, the direction of xy, is
defined on the plane containing vectors zp and zg. If zp is chosen

parallel to zg, xp is then coincident with the xg axis.

CONE -- TYPE OF SURFACE 2

The inputs required to specify a cone include the maximum
and minimum radii of the cone R; and R, (see Figure 7), the positions
of A; and A, that are centers of these circular cross sections, and
the range of circumferential angle ¢ (dbmin = ¢ S dmax). Again,
once the zp direction is chosen, the x}, direction is determined in the
same manner as that of the sphere., For a cone with a vertex, A,

is coincident with 0, and Ry = 0.

CYLINDER -~ TYPE OF SURFACE 3

To specify a cylinder, the input data required are the positions

of cylindrical ends, A; and A,, the radius R, and the circumferential

15



Ly

1. Xb, Yb, Zp IS THE SURFACE
COORDINATE SYSTEM.

2. Xcs Yeo Zc IS THE POSITION OF
CENTER IN THE SOURCE COORDI-
NATE SYSTEM.

3. RADIUS OF SPHERE = R.

4. 0 <6 <90°.

5. -180° < ¢ < 180°.

6. AA = R? A cos 6 Ay.

7. POINT A IS THE INTERSECTION POINT
OF Z, AXIS AND THE SPHERE.

FIGURE 6. SPHERE -- TYPE OF SURFACE 1
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angle range (dmin = ¢ = ¢p,5«) (see Figure 8). A; (x;, yy, z;) and

A, (%3, V2, 2zZp) are expressed in the source coordinate system. The

direction of xp is determined in the same way as that of the cone

surface.

RECTANGULAR PLATE -- TYPE OF SURFACE 4

Since three points determine a plane, the coordinates of 0, A,
B (see Figure 9) are required to specify the rectangular plate. The
active side of the surface is in the positive zp direction. When the other
side of the plane is considered active, the input order of these three
corner points must be OBA. The element AA = AxAy is also a small

rectangular shape.

CIRCULAR DISK OR ANNULUS -- TYPE OF SURFACE 5

As shown in Figure 10, the data required to specify a circular
disk (R; = 0) or annulus are the minimum and maximum radii, R,
and R;, of the annulus, the range of angle ¢ (¢ in < ¢ < dmax): the
position of the center 0, and the unit vector OA in the zp direction.
A is a point above 0 and IE—AI = 1; this unit vector denotes the
orientation of the plane. The direction of the x}, axis is determined

in the same manner as the sphere, cone or cylinder,

TRIANGLE OR TRAPEZOID -- TYPE OF SURFACE 6

The inputs of positions A, B, C, D (Figure 11) are generally
required for a triangle or trapezoid. A and B represent the same
point when the triangle is specified. The active side of the surface is in
the position zp direction and the input point A, B, G, and D follow a
counterclockwise rotation. The elements are defined between rays
a, b and the constant x lines. ymins Ymax’ *min’ ¥max are calcu-

lated from the program.

18



<A,
7 1
R
<t D
— AA
Ay
Ymin
Xp Ymax
NOTES:

1. Xp, Yb, Zb IS THE SURFACE
COORDINATE SYSTEM.

2. Ar(x1, Y1, 21) AND Ax(X2, v2,

z,) ARE THE ENDS OF THE CYLINDER
IN THE SOURCE COORDINATE SYSTEM.

3. -180° <y < 180°
4, N =R Ay N

FIGURE 8. CYLINDER -- TYPE OF SURFACE 3
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4

//)( B Yp

L, ‘22237 M
e

Xp

NOTES:

1. Xb, Ybs zb IS THE SURFACE
COORDINATE SYSTEM.

2. O(Xos Yoo ZO): A(XA: YA, ZA)»
AND B(XB, YB, ZB) REPRESENT
THE CORNERS OF THE RECTANGULAR
PLATE.

3. Li IS THE SIDE LENGTH IN THE
Xp-DIRECTION.

4. L, IS THE SIDE LENGTH IN THE
¥p,-DIRECTION.

5. AA = Ax Ay.

FIGURE 9. RECTANGULAR PLATE -- TYPE OF SURFACE 4
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FIGURE 10.

P Yp

Xbs Ybs Zb IS THE SURFACE
COORDINATE SYSTEM.

0 IS THE CENTER OF THE DISK OR
ANNULUS.

MINIMUM RADIUS = R;; MAXIMUM
RADIUS = R,.

|GA| = 1; OA IS A UNIT VECTOR
IN THE POSITIVE zp DIRECTION.
Umin < ¥ < Ymax IS THE SECTION
BEING CALCULATED IN THE PROGRAM.

AA = 0.5 A(R%)AY

CIRCULAR DISK OR ANNULUS - TYPE OF
SURFACE 5



Ymin Ymax

- Vb

qs§<g?q?ileﬂ(/&min
aﬁ&ﬁsgggﬁg§§§QSSH§§§;>\

a

AA

Xb

NOTES :

1. Xb, Yb, zb IS THE SURFACE
COORDINATE SYSTEM.

2. A, B, C, D ARE IN A COUNTER-
CLOCKWISE ROTATION.

3. ELEMENTS ARE SPECIFIED BETWEEN
RAYS a, b, AND CONSTANT x LINES.

4. A, B REPRESENT THE SAME POINT
WHEN THE SURFACE IS A TRIANGLE.

FIGURE 11. TRIANGLE OR TRAPEZOID -- TYPE OF SURFACE 6
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VI. DETAILED DATA INPUT REQUIREMENTS

A detailed description of the input data requirements for the
meteoroid flux distribution is given below, followed by the program

input format.

The first card required is a problem title card. There are
80 spaces available for such information as required to identify the

problem.

The second card contains the information of the source surfaces.
The first number N1S defines the number of partitions in the conic angle
direction (0 < 6 < 180°) and N2S in the circumferential angle direction
(0 =¢ =360°). RSR is the radius of the source sphere. As a rule of
thumb, NIS and N2S are about 40 by 40, but they can be any larger
numbers in order to obtain more accurate results. RSR may be
chosen about 10° times larger than the dimension of the vehicle, The
third card defines the number of surfaces of the vehicle, including
all possible blocking surfaces and the surfaces on which the meteorocid

flux distribution is calculated.

The next card set contains the information and specification
of the basic surfaces. The number NTYPE(K) defines the type of
surface, e.g., NTYPE(K) = 2 indicates the conic surface; K is the Kih
surface in the assembly. The next card in column 1-80 describes
the information of the surface. The numbers AA(K, J) specify the

basic information of surface geometry. They are listed as follows:

e NTYPE(K)=1; sphere
A AA(K, 1):xc*

*The notations X, ye» Ze» R, etc., were defined in the last section.
The dimension of all lengths is in inches and the unit of angle is degree.

23



A AA(K, 2)=yc

a AA(K, 3)=z¢
AA(K, 4)=R
AA(K, 5)=0min
AA(K, 6)=0max
AA(K, 7)=¢ymin
AA(K, 8)=ymax
AA(K, 9)=xA
AA(K, 10)=xp

a AA(K, ll):xc

L 4

L N N N

NTYPE(K)=2; cone

AA(K, 1)=R;
AA(K, 2)=X1
AA(K, 3)=y
AA(K, 4)=Z!
AA(K, 5)=R;
AA(K, 6)=x,
AA(K, T)=y,
AA(K, 8)=z,
AA(K, 9)=¢ymin
AA(K, 10)=¢ymax

& b > > b B b P> b

NTYPE(K)=3; cylinder
AA(K, 1)=R

AA(K, 2)=x,

AA(K, 3)=yy

AA(K, 4)=z,;

AA(K, 5)=x,

AA(K, 6)=YZ

AA(K, 7)=2z;

AA(K, 8)=¢min
AA(K, 9)=ymax

L - N A 4

NTYPE(K)=4; rectangular plate

AA(K, 1)=x,
AA(K: 2):Y0
AA(K, 3)=z,
AA(K, 4)=xp
AA(K, 5)=ya
AA(K, 6)=ZA
AA(K, 7)=XB
AA(K, 8)=YB
AA(K, 9)=zp

LR I I I N N i

NTYPE(K)=5; circular disk or annulus

4 AA(K, 1)=Rmin
4 AA(K, 2)=Rmax

24



AA(K, 3)=x,
AA(K, 4)=y,
AA(K, 5)=z,
AA(K, 6)=x,
AA(K, 7)=vy
AA(K, 8)=Zl
AA(K, 9)=Ymin
AA(K, 10)=ymax

L G I I N S S

® NTYPE(K)=6; triangle or trapezoid

AA(K, 1)=xa
AA(K, 2)=yA
AA(K, 3)=zA
AA(K, 4)=xp
AA(K, 5)=yp
AA(K, 6)=zp
AA(K, T)=xC
AA(K, 8)=yc
AA(K, 9)=zC
AA(K, 10)=xp
AA(K, 11)=yp
AA(K, 12)=zp

[ S N S B A N N S N 4

The next card(s) identifies the information for the calculation of
meteoroid flux distribution; KB is the index of the surface to be calcu-
lated and MBLOK is the number of surfaces that possibly block the KB
surface, If MBLOK is specified to be any negative value, all surfaces
(NB) are considered as possible blocking surfaces. The control variable,
MAN, indicates the active side of the surface. When MAN=1, the active
side of the surface is the one with positive curvature (cone, cylinder and
sphere) or the surfaces facing the +Z.b direction (for disks, rectangles,
triangles, trapezoids or annuli). MAN=-1 makes the other side of the
surface active. N3 and N4 are the number of partitions of surface KBE.
Both N3 and N4 must be equal or less than 10. If 10X 10 elements are
not considered large enough, one may increase the number of surfaces

and still ebtain 10 X 10 for each smaller surface.

The array IBLOK(I) specifies the surfaces that may block the
KB surface. This card may be omitted if MBLOK<O0, i.e., either no

surfaces or all of the surfaces being considered as shielding surfaces.

25




The following is the input data format of the program:
CARD No. | Problem title or identification

FORMAT 20A4
Col. 1-80 WRIT

CARD No. 2 Source information
FORMAT 215, E10.5
Col. 1-5 NI1S Number of partitions in 6 direction

of source sphere

Col. 6-10 N2S Number of partitions in | direction

of source sphere

Col. 11-20 RSR Radius of source sphere (in.)

CARD No. 3 Total number of surfaces
FORMAT 1015
Col. 1-5 NB Total number of surfaces input in
the program
CARD No. 4 Type of surface
FORMAT 1015
Col. 1-5 NTYPE(K) Type of surface
CARD No. 5 Description of the surface
FORMAT 20A4
Col. 1-80 WRIT(I) Name or identification of the surface
CARD(S) No. 6 Specification of surface geometric
variable
FORMAT 8E10.5
Col. 1-80 AA(K,, ) (The variables depend on the type

surface considered; the detailed
description was given on page 24)

NOTE: Cards 4 to 6 specify a single surface and will be repeated NB
times.

26




CARD No.7

FORMAT 1015

Col. 1-5 NANGL Number of partitions for incoming
meteoroid flux angle

Col. 6-10 NTOTL Total number of surfaces on which
the meteoroid flux distribution is
calculated

CARD No, 8 Specifications of surface on which

the meteoroid flux distribution is
calculated

FORMAT 1615

Col. 1-5 KB The identification of surface

Col. 6-10 MBLOK Number of possible blocking surfaces

Col, 11-15 MAN +1; the active side of surface being
in +zp direction or positive curva-
ture of surface. -1; the active side
of surface being in -z direction or
negative curvature of surface.

Col. 16-20 N3 Number of partitions on surface

Col. 21-25 N4 Number of partitions on surface

NOTE: N3 is the number of partitions in the O~direction for a sphere,
z-direction for cone and cylinder, x-direction for rectangular
plate, r-direction for disks or annuli, and rays for triangles
or trapezoids. N4 is the other direction with respect to that

of N3.
CARD No. 9 Identification of blocking surfaces
FORMAT 1615
Col. 1-5 IBLOK(1) The identification number of the

blocking surface
Col. 6-10 IBLOK(2)

NOTE: This card(s) may be omitted if MBLOK £ 0, Card{s) 8-9 repeat
as the number KB indicates.
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VIl. PROGRAM RESULTS OF A SAMPLE PROBLEM

In this section, the output of the program will be described with
the aid of a sample problem. For simplicity, the Command and Service
Module (CSM) of Skylab is chosen as an example. As shown in Figure 5,
CSM is modeled with five basic surfaces: two cones, two annuli, and
one circular cylinder. The results shown in the computer output are the
number of particles that impact the specific element divided by the
meteoroid flux, Ny, of the source sphere. GAMMA in the printout is the

angular deviation from the direction normal to the surface.

On surface 1, i.e., the circular disk that represents the docking
port, there is no blocking surface to it; therefore, the number of parti-
cles is the same as that of the source sphere. From the heat radiation
point of view, the total flux on each element divided by the area of the
element must be 1, which represents the shape factor of the surface,

This is indeed the case shown for surfaces 1,2, and 3.

Surfaces 4 and 5 are partially blocked by each other; therefore,
the shape factor will be less than one. The distribution of metecroid
particles follows the right trend for these surfaces. The results also
show that as the radius of surface 4 increases the number of particles
also increases because of less blockage by surface 5. The same is

true for the distribution of particles at surface 5.

Because of the symmetry of this example, the results are given

for only a portion of the CSM.
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EXAMDLE PROBLEM COMMAND AND SERVICE MODULE

SOURCE SURFACE

RADIUS OF SURFACE SPHERE 0210000E 04
NUMBER OF PARTITIONS IN THETA= 40
NUMBER OF PARTITIONS IN PHI = 20
SURFACE NUMBER= 1 TYPE OF SURFACE= 5
PORT AREA
ANNULUS OR DISK RMINe= 0,00000E 00 RMAX ¢ = 0e20510E 02
CENTER 0.00000E 00 0«0C000Q0E 0O =0.17900E 03 PCINTI C+00000E QO
MINs PHI= 0e00000E 00 MAXs PHI= 0036000E 03
SURFACE NUMBER= 2 TYPE OF SURFACE= 2
AXTAL SERVICE MODULE CONEs CREW COMPARTMENT CSM
CONE MINs RADIUS= 0620510E 02 CENTER OF R1 SECTION= 0400000E 00
MAXe RADIUS= 0s77000E 02 CENTER OF R2 SECTION= 0,00000E 00
MINe PHI= 0+00000E 00 MAXo PHI= 0.36000E 03
SURFACE NUMBER= 3 TYPE OF SURFACE= 3
AXTAL SERVICE MODULE CYLINDER (SM
CYLIDERS RADIUS= 0«77000E 02 CENTER 0.00000E 0O 0.00000E 00
0.00000E 00 000000k 00
MINes PHI= 0+00000E 00 MAXe PHI= 0.36000E 03
SURFACE NUMBER= & TYPE OF SURFACE= 5
AXIAL SERVICE MODULE END (SM
ANNULUS OR DISK RMIN.= 0+11800E 02 RMAX e = 0»77000E 02
CENTER 0.00000E 0O 0«00000€ 00 0292000E 02 POINTI 0.00000E 00
MINes PHI= 000000k 00 MAXe PHI= 036000E 03
SURFACE NUMBER= 5 TYPE OF SURFACE= 2
CONIC SURFACE OF ENGINE NOZZLE (CSM
CONE MINe RADIUS= 0e11800E 02 CENTER OF R1 SECT]ON= 0=00000E 00
MAXe RADIUS= 0531408 02 CENTER OF R2 SECTION= 0.00000CE 00

MINe PHI= 0 00000E 00 MAXs PHI= 0e36000E 03

Ce00000E 0OOC

06000008 00
Ve 00OWOCE 0OC

=092000E 02
0e92000E 02

0.00000E OC

02000008 00
0-,00000E CO

=0018000E 03

=0s¢17900E 03
=0e92000E 02

Ce93000E 02

0920008 02
02056008 032
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SURFACE 1 NOe

NO BLOCKING SURFACE 15 CONSIDERED

DIFFERENTIAL AREA OF OBJECT SURFACE»

CIRCULAR DISK

CENTER OF THE DISKo
RMIN= 0,00000E 00 INe
MINe PHI= 0« C0000E 00

PHI(DEGREES)

FROM

FROM

FROM 0600 FROM

TO 36600 FROM

FROM

FROM

OF PART]TIONS

X= 0¢00000E 00 INe

10

0.13215E 02

Y= 0e¢00000E 00 INo

RMAX= 06¢20510E 02 INe
MAXe PHI=

0,00 10

15,00 TO

3000 TO

4%000 TO

6000 TO

7500 TO

GAMMA (DEGREES )

1500

30000

45000

6000

7500

3000

TOTAL NUMBER OF PARTICLES

0e36000E 03

FROM 0s00000CE
TO 0+464858E

0el4502E
0s15886E

0+00000E
0e56571E

0e35359E
0e29687E

Ce28421E
0e28418E

0e31661F
0e34165E

0e29402E
0226171E

0:71937E
079390

0:13203E
0s13203E

00
01

02

00
00

01
01

cl
01

01
01
01
01

oo
00

02
02

0+64858E
0+91723E

0+15886E
0s17159E

0000000E
0e56632E

0e35356E
0e¢29677E

0228420E
0e28417E

0e31662€E
0e364175E

0029404E
0s26167E

0+71943E
0e¢79368E

0e13203E
0013203E

Z2==0017900E 03 INe

01

02
02

00
00

o1
01

01
01

01
01

01
01

0o

02
0z

0.91723E
0s11233E

0e17159E
0s18344E

0e37592E
0s56687E

0231594E
0429669E

0e28420E
0e28416E

0e33312E
0e34184E

0.27757E
0226164E

0271950E
De79348E

00132203E
0.13203E

01
02

02
02

00

01
01l

0l
0l

01
01

01
01

00
00

02
02

0011233E
0e12971E

0e18344E
0e19457E

0e37656E
0+56739E

0e31584E
0e29661E

0e28419E
0a28416E

0e34144E
0e35013E

026928E
0e24968BE

0.71956E
0:83050E

0:13203E
0e13203E

02
02

02
02

00
01l
01l

01
01

01
01

01
01

00
00

02
02

0e12971E
0e14502E

0e19457E
0+20509E

0456505E
Os56787E

0e29696E
0+29653E

0028418E
0e28415E

0e34155E
0e35022E

0e26548E
0e24965E

0e75682E
0.83025E

0s13203E
0e13203E

02
02

02
02

00
00

01
0l

01
01

0l
01

01
01

00
00

02
02
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SURFACE 2

NO BLOCKING SURFACE [S CONSIDERED

DIFFERENTIAL AREA OF OBJECT SURFACEs

CONE
MINe RADIUS= 0020510E 02 INe
MINe PHIls= 0.00000E 00 MAX o

PHI (DEGREES!

FROM Q.00 TO

FROM 1500 TO

FROM 0.00 FROM 30000 TO
TO 36000 FROM 4500 TO

FROM 60600 TO

FROM 7500 TO

MAXe

NOe OF PARTITIONS

PH1=

GAMMA { DEGREES)

15400

30.00

45,00

6000

75600

90.00

TOTAL NUMBER OF PARTICLES

10

0e31776E 03

FROM 0,31083E
TO 0e47672E

0+86595E
093836E

0e24172E
0023912E

0e54801E
0051683E

0e82054E
0e74543E

0e75529E
0e76334E

0e59993E
0e59814E

002105B8E
0e21366E

0s31761E
0e21765E

RADIUS® 0e77000E 02 INa
036000 03

02
02

02
02

02
02

02
02

02
02

02
02

c2
02

02
02

03
03

LENGTH OF THE CONE 0.87000E 02 INe

0e&7672E
0e59826E

0+93836E
0¢10055E

0e27912E
0e23914E

0s54428E
0+58067E

0681114E
0.78222E

0e73247E
0e77927E

0s60607E
0s58162€E

0620314E
0s21362E

0e31762E
0:,31765%E

02
02

02
03

02
02
02

02
02

02
02

02
02

02
02

03
03

0.59826E
0s69898E

0010055E
0e10685E

0023838E
0.27713E

0e61684E
De54258E

0e74890E
0e80751E

0e78003E
0.75120E

0e58902E
0+58453E

0020313E
0e21364E

0:31763E
0031766E

02
02

03
03

o2
02

02
02

02
g2

02
02

c2
02

02
02

03
03

0.69898E
0.78690E

0e¢10685E
0011280E

0e23877€
0e27722E

0.61705E
0a57487E

0e74927E
0.77565E

0«77950E
Ce75145E

058857E
0258373E

0e20322E
De21370E

0:31766E
0e31766E

02
02

03
03

02
02

02
02

02
02

02
02

02
02

02
02

03
D3

0e78690E
0e86595E

0e11280E
0e11845E

0223900E
0e27725E

0e61703E
0e53941E

0e74950E
0e81140E

0e75884E
0e75174E

0e560870E
0e58306E

0e20337E
0e21379E

0s31764E
0e31766E

02
02

03
03

02
02

02
02

02
02

02
02

02
g2

02
02

03
03
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SURFACE 3 NOs OF PARTITIONS 10 10
NO BLOCKING SURFACE 1S CONSIDERED

DIFFERENTIAL AREA OF OBJECT SURFACEs 0e89020E 03

CYLINDER

BASE CENTER COORDINATES» Xz 0s00000€ 00 INs Y= 0600000E 00 1IN,
LENGTH= 0018400E 03 IN, RADIUS= 0o77000E 02 IN,

MINe PHls= 0.00000E 0O MAXe PHI= 0e20626E 05

Z{IN) FROM 000000E 00 0018400E
TO 0618400F 02 0436800E

0e91999E 02 0411039E
0s11039E 03 0.,12879E

PHI(DEGREES) GAMMA (DEGREES)
FROM 0e00 TO 15000 0e71555E 02 0471555E
0e71555E 02 0e71555E
FROM 15,00 TO 30,00 0014116E 03 0el4ll6E
0el4116E 03 0Oelé4lleE
FROM 0000 FROM 300,00 TO 45400 0221173E 03 D0,21173E
0e21173E 03 0,21173E
70 36000 FROM 45000 TO 60000 0024221E 03 0024221E
0024221E 03 0624221E
FROM 60600 TO 75000 0e17287E 03 0.17287E
0017287E 03 0.17287E
FROM 75500 TO 90000 - 0051170E 02 0+51170F
0eB1170FE 02 0051170E
TOTAL NUMBER OF PARTICLES 0eB89071E 02 0.8%071E

089071E 03 0.89071E

02
02

03

02
02

03
03

03
03

03
03

03
03

02
02

03

Z=-°Q9ZOOOE 02 IN.

0e36800E
0e55199E

0412879E
0s14719E

0e71555E
0e71555E

Os14116E
Osl4alleE

0621173E
0e21173E

0e24221E
0e24221E

0.17287E
0e17287E

0651170E
0051170€

0s89071E
0:89071E

02
02

03

02
02

03
03

03
03

03
03

03
03

02
02

03
03

0e55199E
0e73599E

0e146719E
0e16559E

0s71555E
0e71555E

0el4116E
Oelél16E

0e21173E
0e21173E

0e24221E
0024221E

0+17287E
0e17287E

0.51170F
0e51170F

0:8%071E
0:89071E

02
02

03
03

02
02

03
03

03
03

03
03

03
03

02
02

03
03

0s73599E
0e91999E

0el6559E
0e18399E

0e71555E
0+71555E

OelelleE
Oel&llsE

0621173E
0e21173E

0024221E
0e24221E

Del7287E
0e17287E

0:51170¢€
051170

0s89071C
0.89071EF

02
02

03
03

02
02

03
03

03
03
03

03
03

02
o2

03



SURFACE 4 NOe OF PARTITIONS 10 10
ALL SURFACES ARE CONSIDERED AS POSSIBLE BLOCKAGE
DIFFERENTIAL AREA OF OBJECT SURFACE 0s18189E 03

CIRCULAR DISK

CENTER OF THE DISKe Xm 0,00000E 00 INe Y= 0400000E 00 INo Z® 0692000E 02 INe
RMIN= 0s11B00E 02 INe RMAX= 0e77000E 02 INe
MINe PHI= 0200000E 00 MAXe PHIl= 036000E 03

RUIN) FROM Q0011799E 02 0426799E 02 0e¢36016E 02 0043314E 02 0e49549E 02
TO 0026799E 02 0636016E 02 0043314E 02 0.49549E 02 0655082E 02

0e5508R2E 02 0+60109E 02 0064746E 02 0069072E 02 073143E 02
0e60109E 02 00654746E 02 0069072E 02 0073143E 02 0+76999E 02

PH1(DEGREES) GAMMA (DEGREES)
FROM 0600 TO 15600 0+00000E 00 0¢43507€ 01 0.86927E 01 0010846E 02 0e10865E 02
w 0410881E 02 0010894E 02 0¢10905E 02 0610915E 02 0e10923E 02
W
FROM 1500 TO 30.00 0010039E 02 0.12081E 02 0016023E 02 0.16107E 02 0.18115E 02
0022171E 02 0022224E 02 0022272E 02 0024363E 02 0024397E 02
FROM 0400 FROM 30,00 TO 45,00 0e32373E 02 0436077E 02 0433822E 02 0+35485E 02 0.33616E 02
0e35273E 02 0035333E 02 0¢37C03E 02 0035701E 02 0.35770F 02
TO 36400 FROM 45000 T0O 60600 0e34857E 02 0+38520E 02 0¢37759E 02 0637941E 02 Ce3B81l01E 02
0036636E 02 0037736E 02 0036215E 02 0037657E 02 038790 02
FROM 60000 TO 7500 0022854E 02 0024866E 02 0627074E 02 0028652E 02 0029599E 02
0029634E 02 0029668E 02 0e29701E 02 0029734E 02 0.29766E 02
FROM 78:00 TO 90000 0s10401E 02 0611246E 02 0:11707E 02 0.11744E 02 0.11777E 02
0011808E 02 0011837E 02 0.11866E 02 0,11893E 02 0.11919E 02
TOTAL NUMBER OF PARTICLES 0011022E 03 0a12714E 03 0+13508E 03 Ce«14077E 03 Cel14207F 03

06145640E 03 0,14769E 03 0¢14796E 03 0,15C26E 03 0.15156E 03
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SURFACE 5 NOe OF PARTITIONS

BLOCKING SURFACES
&

10

DIFFERENTIAL AREA OF OBJECT SURFACES

CONE
MINe RADIUS= 0411800E 02 INs

MINe PHI= 0+00000E 00 MAXs PHl=

PH] (DEGREES) GAMMA (DEGREES)

FROM 000 TO 15400

FROM 15000 TO 30600

FROM 000 FROM 30600 TO 45,00

TO 36600 FROM 45600 TO 60000

FROM 60600 TO 7500

FROM 7500 TO 90600

TOTAL NUMBER OF PARTICLES

MAXe RADIUS=

ZUIN)

10

0e«24739E 03

0653140E 02 INo
0+36000E 03

FROM 0032035E
TO 0655387E

0010598E
0ell521E

024103E
0e21265E

O0s18615E
0e43539E

0s27108E
0e61657E

0e31477E
0.51003E

0624347E
0034027E

0e90663E
0613139E

0s11302E
0:22463E

02
02

03
03

01
02

02
02

02
02

LENGTH OF THE CONE 0e11400E 03 INe

0e55387E
0e71479E

0011521E
0el12376E

0018905E
0e21228E

0e29189E
Oeé&3472E

0038364E
0s61624E

0e35488E
0e53783E

0e25949E
0036861E

Oe11958E
0e12505€
0el15985E
0e23047E

02
02

03
03

02
02

02
02

02
02

02
02

Q2
02

02
02

03
03

0e71479E
00084562E

0e12376E
0e13175E

0218880E
0219039E

0e43973E
0045548E

Oek6632E
0+60130E

0e38496E
0e55268E

0e29672E
0039711E

0e11988E
0e13891E

Ue18964E
0e23359¢

02
02

03

02
02

02
02

02
02

02
o2

02
02
02

03
03

0e84562E
0e95876E

0s13175E
0el3928E

OelB8846E
0419010E

0e48041E
0048027E

Oeb9B827E
0e59714E

0e45286E
0e55241E

0031387E
0043064E

012327E
0012272E

0=20571E
0623733E

02
02

03
03

02
02

02
02

02
02

02
02

02
02

02
02

03
03

0e95876E
0el10598E

0e13928E
Qelabélt

0s21297€
0e18978E

0245490E
0447961E

0058344E
0e59692E

0e47221E
0e56113E

0633050
0e43304E

Del2794E
0e12639%9E

Ge21819¢E
D»23868E

02
03

03
03

02
02

02
02

02
02

02
02

02
02

02
02

03
032



VIiIl. PROGRAM LISTING
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MAIN PROGRAM

COMMON NREADNWRITsPIsNBosNANGLoNTCTLsN1SoN2SeRER
1 SAREAsMBLOKsNTYPE(200)sAA(200918) 9GAMMA(L8)
2 FLUX(I100s10) oW (20093)eXSEB(40940)9YSB(40e401} 0
3 ZSB(40040) 9XS(40040)eYS(40940)92S(409401) s
4 IBLOK(2CO)sLIMLlsLIMZeMAN

LIM2=40

LIM1=40

CALL STONE

STOP

END
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A NANARANANA]

SURBROUTINE STONE
DIMENSTION WRIT(20)
COVMON NREADONWRITePIsNBoNANGLINTOTLaN1ISsNZSsRSR
1 SAREASMBLOKsNTYPE(200) sAA(200918) 9GAMMAILLB
2 FLUX(1CO0s10) oW (20093) s XSBl4Cs40) s YSBI40s401) s
3 ZSB(40s40) 9 XS(40+60)sYS{40440) 92504094015
4 IRLOK(2C0)sLIM1sLIM29sMAN
PI=3.1415926
NREAD=5
NWRIT=6
NTYPE=1 SPHERE
NTYPE=2 CONE
NTYPE=3 CYLINDER
NTYPE=4 FLAT PLATE
NTYPE=5 CIRCULAR DISK
NTYPE=6 TRIANGLE OR TRAPEZOID
READ (NREADs14C) (WRIT(I)sI=1+20)
WRITE(NWRITs141)
141 FORMAT (1H1s//)
WRITE(MWRITe140) (WRIT(I)sI=1s20)
READINREAD$590) N1SsMNZSsRSR
590 FORMATI(215911065)
WRITE(NWRIT$550) RSReN1SsN2S
550 FORMAT( //7//5X914HSOURCE SURFACE//5Xs9HRADIUS OF »
1 15H SURFACE SPHERE$EL15e5/5Xs20HNUMBER OF PARTITIONS
210H IN THETA=I8/5X30HNUMBER OF PARTITIONS IN PHI =
3 I8}
READ(NREADSS51C) NB
PO 30 K=1soNPB
READ(NREADSS510) NTYRPE(K)
READINREAD»140) (WRIT(I)sI=1,20)
140 FORMATI(20A4)
N=NTYPRPE(K)
WRITE(NWRITS150)KsN
150 FORMAT(//5Xs15HSURFACE NUMBER=91335Xs
1 16HTYPE OF SURFACE=412)
WRITE(NWRITe140) (WRIT(I)sI=1420)
GO TO (2109220+2305240925C9260) oN
210 NN=11
READ(NREAD 5201 {(AA(KeJ)oJ=1sNN)
WRITE(NWRIT»521) (AA(KsJ) s J=19NN)
521 FORMAT (5X s 6HSPHERE s5X 9 6HCENTER 9 3EL15659 THRADIUS=

1 E15659/16Xs11HMINe THETA=0E1565320Xs11HMAXe THETA=
2E1565/16Xe11HMINe PHI =9E1565920Xs11HMAX: PHI =,
3 E1565)
GO TO 30
220 NN=10

READINREAD$520) (AAIKsJ) s J=1sNN)
WRITE(NWRITe522) (AA(K»J) sJ=19NN)
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522 FORMAT(SX4LHCONE 95X12HMINe RADIUS=9E156535X
1 21IHCENTER OF R1 SECTION=s3F15e5/14X12HMAXe RADIUS=E
2E156595Xs 21HCENTER OF R2 SECTION=e3FE1565/16X
3 9HMINe PHI=ZsE156535X99HMAXe PHI=Z9E1565)
GO TO 30
230 NN=9
READINRFAD520) (AA(KsJ) od=1eNN)
WRITE(MNWRIT$523) (AA(IKsJ) s J=1sNN)
523 FORMAT(SX e EHIYLIDERs5X s THRADIUS=3E156595X s 6HCENTER s
1 2E1565/51Xs3E1565/18X99HMINe PHI=sE156595X
2 9HMAXe PHI=39E1565)
GO TO 230
240 NN=9
READ(NRFAD$520) (AA(KsJ) s d=1 NN
WRITE(HNWRITe524) (AA(K s ) e Jd=1 9NN
524 FORMAT (S5X s GHRECTANGLE p49X 9 6HPOINT193E15e5/6X s
1 6HPOINTZ2s3E156536Xs6HPOINT393E1565)
GO TO 30
250 NN=10
READ(NREAD ¢520) (AAIKsJ) sJ=19eNN)
WRITEINIRITs525 ) AA(K ) s =1 sNN)
525 FORMAT(5X s 15HANNULUS CR DISK e5Xs6HRMINa=9EL15050
1l 5Xs6HRMAXe=sE15e5s/5XOHCENTERSBZELIS 594X e 6HPOINT L s
23FE15655 /20X e GHMINe PHI=9E156595Xs91HMAX e PHI=:E15e5!
GO TO 30
260 NN=12
READINREAD520) (AA(KsJ) 9 J=1sNN)
WRITE(IMNWRITS26) (AA(KsJ) o =1 NN}
526 FORMAT(S5Xs21HTRIANGLE OR TRAPEZQOID/6Xs1HAs3ELSe5
1 8Xs1HBe3E15e59/6Xe1HC93E156598Xe1HDI3ELS 5]
GO TO 30
30 CONTINUE
READINREAD#510) NANGLeNTOTL
CALL DEF
AM=NANGL
DEL=P1/(AM#2,)
DO 50 I=1sNANGL
Al=1
CAMMA({ T )=ATI#DEL
50 CONTINUE
510 FORMAT(10I5)
520 FORMATI(8E1065)
CALL BALL
RETURN
END
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SURROUTINE DEE

DIMENSION EE(9)

COMMON NREADsNWRITsPI oNBeNANGLeNTOTLsNLISINZ2SoRSR s
1 SAREASMBLOKSsNTYPE(200)sAA(200518) sGAMMA(181
2 FLUX(1I00010)eW(20083) eXSB{4Cs4C)sYSB(40s40)
3 ZSB40s40) o XS{4040) sYS(40940) 0250405401} s
4 IBLOK{200)sLIM1sLIM2eMAN

CF:DI/IEO.

DO 100 K=1sNB

NN=NTYPE(K)

GO TC (10+2093C940650960) sNN

AA(Ksl4)=AA(Ksl)

AA(Ks15)=AA(Ks2)

AA(Ks16)=AA{K$3)

X=AA(Ks9)1=AA(Ksl)

Y=AA{Ksl10)=AA{Ks2)

Z=AA(Ksll)=AA(K33)

AA(KS10)=AA(K s4)

AA(KS11)=CF*¥AA(K D)

AA(K$12)=CF*¥AA(K»6)

AA(K )17 ) =CFRAA(KST)

AA(Ks18)=CF2AA(Ks8)

GO TO 5

R2=AA(C95)

AAIKs1T7)=CF®AA(K9)

AAN(K918)=CF®AA(Ks10)

X=AA({Ksb)=AA(Ks2)

Y=AA(KsT7)=AA(Ks3)

Z=AA(Ks8)=AA(Ks4)}

D=SQRT{X#X+Y*Y+72%7)

R1=AA(Kel)

21=R1%*D/(R2=R1)

22=21+D

RATIO=Z21/D

AA(K14)=AA(K 2 )~RATIO*X

AA(Ks15)=AA(Ks3)=RATIOH®Y

AA(Ks16)=AA(Ks4)=RATIO*Z

AA{Ksl0)=R1

AA(K911l)=R2

AA(Ko12)=21

AA(K913)=22

GO TO 5

X=AA(K»5)=~AA(Ks2)

Y=AA(Ks6)=AA(K»3)

Z=AA(K 7)Y =AA (K &)

D=SQRT(X¥X+Y*Y+2%Z)

AA(Kela)=AA(K2)

AA(Ks15)=AA(Ks3)

AA(K 916 )=AA(Ks4)
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40

41

5C

AAIK»10)=AA(Ks1)

AA(Ks1l1l)=D
AA(Ks17)=CF#AA(K8)
AA(Ks18)=AA(Ks9)*CF

GO TO 5

DO 41 1=1s2

Ll=4+(]=1)%3

L2=L1+1

L3=L2+1

XD=AA(KsL1}=AA(Ksl)
YD=AA(KsL2)=AA(Ks2)
ZD=AA(KesL3)=AA(Ks3)

AA(KoI+9 ) =SQRT(XD#XD+YD*YD+ZD*Z2D)
CONTINUE

AA(Kel4)=AA(KS1)
AA(Ks15)=AA(Ks2)
AA(Ke1H)=AA(Ks3)
AX=z(AA(Ke4)=AA(Ks1))/AA(KL 10}
AY={AA(Ks5)I=AA(Ks2))/AA(Ks10)
AZ=({AA(Ks6)=AA(K3))/AA(KS1D)
BX=(AA(KsT)=AA(K 1)} /AA(K»11)
BY=(AA(Ks8)=AA(Ks2))/AA(Ks1l)
BZ={AA(KsS)=AA(Ks3))/AA(Ksll)
CX=AY*BZ=-AZ*8Y
CY=AZ#BX~AX#B72
CZ=AX¥BY=AY#RX

AA(Kel)=AX
AA(K92)=AY
AA(K93)=AZ
AA(Ke4)=RBX
AA(Ks5)=RY
AA(K956)=RZ
AA(KsT7)=CX
AA(KsB)=CY
AA(K99)=CZ
GO TO 100

D=1

AA(Ksl17)=CF®AA(Ke9)
AA(K 318 )=CF#AA(Ks10)
XzAA(KesH)=AA{Kos3)
Y=AA(Ks7)=AA{K &)
2=AA(KsB)=AA(Ks$5)
AA(Kela)=AA(K$3)
AA(K915)=AA(Ks4)
AA(Ke16)=AA(K5)
AA{K»10)=AA(Ksl)
AA(K 911 )=AA(Ks2)
H=SQRT (X*X+Y#Y+2%#7)
R=SQRT (X#X+Y#Y)
SINTH=R/H
COSTH=Z/H
ARSR=ABS(R)=1¢E=5
IF (ABSR) 79848
SINPH=0,

COSPH=1e

GO TO ¢

SINPH=Y/R

COSPH=X/R

AA(K o1 )=COSTH#COSPH
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60

61

AA(K 32 )=SINPH*®#COSTH
AA(K 3 )==SINTH
AA(K 4 )==S]INPH
AA{Ks5)=COSPH

AA{(Ks6)=0,
AA(KeT7)=SINTH*COSPH
AA(Ks8)=SINTH®SINPH
AA(Ks9)=COSTH

GO TO 100
XA=AA(Ks10)=AA(Ks7)
YA=AA(Ksll)=AA(Ks8)
ZA=AA(Ks12)=AA(Ks9)
A=SQRT(XA%XXA+YA%YA+ZA*ZA)
XB=AA(Ko4)=AA(Ksl)
YB=AA(KsS)=AA(Ke2)
ZB=AA(Ks6)=AA(K¢3)
B=SQRT(XR#XB+YR*¥YB4+ZB#*7R)
XD=AA(Ksl)~AA{K$10)
YD=AA(Ks2)=AA(Ksll)
LD=AA(Ks3)=AA(Kel2)
D=SQRTIXD*XD+YD*YD+ZD*2D)
RATIO=B/(A=8)
AA(K»14)=AA(Ks1)+XD*RATIO
AA{Ks15)=AA(Ks2)+YD*RATIO
AA(Ks16)=AA{Ks3)+ZDHRATIO
YI=XA/A

YJ=YA/A

YK=ZA/A

21=YD¥*ZB~=-2D*Y8
2J=72D#XB=~XD#2B
ZK=zXD*YR=YD#XR
TZ=SQRT(ZI#Z2I+Z2J#LJ+ZK*¥ZK)
21=21/72

24=2J/T2

ZK=ZK/T2Z

XIzYJ#ZK=-YK*ZJ
XJ=YK*¥Z[=YI#ZK
XK=YI#*ZJ=YJ®nZ1

EE(1)=XI
EE(2)=XJ
EE(3)=XK
FE(4)=Y]
EE(S5)=YJ
EE(6)=YK
EE(7)=21
EE(R)=2J
EE(9)=2K

DO 61 L=199.3

XCO=AA{KsL)=AA(Ks1l4)
YCO=AA(KsL+1)=AA(Ks15)
ZCO=AA(KsL+2)=AA(Ks16)
AA(KsL)=XCO*EE(1)+YCO*EE(2)+ZCO®EE(3)
AA(KoL+1)=XCO*¥EE(4)}+YCOHEE(B)+ZCO*EE (6}
AA(KsL+2)=XCO#EE(T)+YCO*EE(8)+ZCO*EE(9)
CONTINUE

AA(Ks12)=AA(Ks8)

AA(Ks13)=AA(K»11)

AA(Ks1l1l)=AA{K10)

AA(Ks10)=AA(Ks1l)
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62
100

DO 62 L=1s9
AAIKsLY=EE(L)
CONTINUE
RETURN

END
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102

202

302

402

SUBROUTINE NORML(SXBsSYBsSZBoKBsD s COSB)
COMMON NREADSNWRIToPI s NBoNANGLINTOTLIN1SsN2SeRSRs
1 SAREASMBLOKeNTYPE(200)9sAA(200518)sGAMMA(18) s
2 FLUX(100s1C)eW(20063)9sXSBRI40s40) sYSR(40s40) s
3 LSB(40s40) 9 XS(40s40)eYS(40940)925(40040)
4 IBLOK(200)eLIMLoLIM2sMAN

K=KB

X=W({KBs1l)

Y=W(KBs?2)

Z2=W(KBRs3)

A2=(X=SXB)/D

B2={Y=SYB)/D

C2=(2=~528B)/D

NN=NTYPE(K)

GO TO (1029¢2025302040294029402) oNN
COSB==(A2#X+B2#Y+C2*Z2) /AA(K210)

RETURN

R=SQRT{X%¥X+Y%Y)

AM=AA(K10) /AA(Ks1l2)

AM=AM®AM

XX=X/R

YYsY/R

22==SQRT (AM)

RRR=SQRT{ XX#XX+YY®YY+22%#22Z)

XX=XX/RRR

YY=YY/RRR

22=722/RRR

COSBz==( A2#XX+B2¥YY+(2%22)

RETURN

COSB==(A2%X+B82#Y) /AA(Ks10)

RETURN

COSR==C?

RETURN

END
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SURROUTINE RALL

DIMENSION CC(3)eYY(11)

COMMON NREADSNWRIToPIsNBeNANGLoNTOTLINISeN2SsRSR
1 SAREASMBLOKsNTYPE(200)sAA(200+18) s GAMMA(18) s
2 FLUX{100510)sW(200+3)¢XSBI4A40s40) sYSR(4D 40}
3 ZSBl40e40) e XS5(40040)sYS(40s40)25(40:40)

4 IRBLOK{(20C)sLIMYIeLIM2sMAN

N1=N1S

N2=N2S

R=RSR

DEL1==26/FLOATI(NI1)

DEL2=2#PI/FLOAT(N2)

SARFEA=RSR*RSR#DEL1#DEL2

SAREA=ABS(SAREA)

IF (N1-LIM1) 1s1s2

1 LM1=N1
GO 70 3
2 LMl=LIM1
3 IF (N2=LIM2) 49495
4 LM2=N2
GO TO ¢
5 LM2=L1IM2
6 DO 100 J=1sLM2
Ad=J

PHI=(AJ=0e5)%DEL2
SINPH=SIN(PHI)
COSPH=COS(PHI)
DO 100 I=1sLM1
Al=1
COSTH=1e+(AI=0e51%*DEL1
SINTH=SQRT(1e=CCSTH#COSTH)
XS({IeJ)=R*¥SINTH#COSPH
YS{IeoJ)=R*¥SINTH®SINPH
Z5{1¢J)=R*COSTH
100 CONTINUE
DO 10 LB=1sNTOTL
READINREAD150) KBoMBLOKsHMANSN3 sNG
K=KB
TRANSFER XSsYSsZ2ZSs TO BODY COORDINATE SYSTEM
DO 90 II=1sLMl
DC 90 Jd=1slM2
XCO=XS(I1sJJ)=AA(KBs14)
YCO=YS(ITsJJ)=AA(KBs15)
ZCO0=25(11+sJJ)=AA(KBs16)
XSBUIToJJ)=XCO*AAIK sl ) +YCORAA(K 32 ) +ZCO*AAIK s3]
YSB(IToJJ)=XCO*¥AA(Ks4)+YCO¥AA(K s5)+ZCO*AAIK6)
ZSBUIT1sJJ)=XCO¥AA(KsT)+YCO*AA(K98)+ZCO*AA(KsT)
30 CONTINUE
N=N3¥*¥N4
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NNN=NTYPE(KB)
GO TO (11s12¢13014515516) sNNN
11 DEL3=(COS{AA(K12))=COS{AA(Ks11))})/FLOATI(N3)
DEL4=(AA(Ks18)Y=AA(Ks17))/FLOATI(NG)
ELFM==DEL3*DEL4*AA(XB10)*AA(KBs10)
GO TO 19
17 DEL3=(AA(KB13)%AA(KB»13)=AA(KB»12)*#AA(KB121 ) /FLOATINSG)
DEL4=(AA{Ks18)=AA(Ks17))/FLOAT(NG)
AL=SQRTIAAIKs12 ) *AA(K 12V +AA(Ks10)*¥AA(KS10) )
COSA=AA(K»12) /AL
TANA=AA(K10) 7/AA(K$12)
ELEM=DEL3*DEL4*De5*TANA/COSA
GO TO 19
13 DELR=AA(K311)/FLOAT(N3)
DFL4=(AA{Ks18)=AAIKs1T))/FLOAT(NG)
FLEM=2AA(K 10 #DEL3*DELY
GO 70 19
14 DFEL3=AA{K10)/FLOATIN3)
DEL4=AA(Ks11) /FLOAT(NG)
ELEM=DEL3*DELY
GO TO 19
15 DEL3=(AA(K 911 )#AA(K 911 )=AA(K e D) ®AA(K»1D))/FLOATING]
DEL4=(AA{K18)=AA(Ks1T7))/FLOATI(NG)
ELEM=zDEL3*¥DELAL4/ 2.
GO TO 19
16 XMAX=AA(Ks11)
XMIN=zAA(K$10)
AL=AA(Ks13)=AA(Ks12)
DEL3=( XMAX®XMAX=XMIN®¥XMIN) /FLOAT(N3)
DELL=AL/FLOAT (N4)
ELEM=0e5*DEL4*DEL3/XMAX
19 IF (MRLOK) 6043033
33 READ(NREAD+150) (IBLOK{I)sI=1sMBLOK)
150 FORMAT(1615)
GO TO 30
60 MBLOK=NR
DO 61 J=1NB
61 IRLOK(JY=U
30 DO 720 J=1eNANGL
DO 20 I=1sN
20 FLUX{1eJ)=00
DO 40 J=1eN
DO 40 I=1sN3
CALL PLACE(IsJsKBsCCsDEL3DELSG)
D0 40 II=1eNl1
DO 40 JJ=1sN2
CALL BLOCK(AREAIBETASKBINBLOKsI19JJsCCoDELLDEL2sELEM)
IF (NBLOK) 4041940
41 L=(J=1)%N3+1
DO 50 M=1sMNANGL
IF (BETA=GAMMA(M)]) 524524950
50 CONTINUE
52 FLUX(LsM)=FLUX(LsM)+AREA
40 CONTINUE
CALL CAPTI(KBeYYsN39N&4sDEL3sDEL4ELEM)
CALL TYPE(KResYYsN3oN&)
10 CONTINUE
RETURN

N
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SUBROUTINE PLACF(IRaJB4KeCCeDEL1sDEL?)

DIMENSION CT{3)sCC(3)

COMMON NREADsNWRITsPI e NBeNANGLeNTOTL sN1ISsN2S5sRSR s
1 SAREASMBLOKSNTYPE(Z200)sAA(200518) sGAMMA(L18 ),
2 FLUX(100s10)eW{200e3) o XSB(&0e40)sYSR{40s401) s
3 ZSB{40s40C) o XS(40s40) oYS(40s40) $25( 40401 s
L IBLOK(2D0) s IMYsLIM2eMAN

NN=NTYPE(K)

GO TC (1020530940550 960) oNN

10 R=AA(K10)

X=(FLOAT(IR)=0s5)#DEL1I+COSIAA(KS11))

Y=(FLCAT(JR)=0a5)%¥DEL?2 +AA(K 17}

COSTH=X

SINTH=SQRT(1e=X#*X)

COSPH=COS{Y)

SINPH=SINI(Y)

RS=R*SINTH

RC=R*COSTH

W{Kel)=RG*CIOSPH

WK s2)=RS*SINPH

W{Ke3)=RC

GO TG 100

20 Z1=AA(Ksl12)

R1=AA(K$10)

X=Z21#Z21+{FLOAT(IB)=0e5)#DEL]

Y=(FLOAT(JR)=0eS I *DEL2 +AA(K 417)

2=SQRT (X))

R=Z#R1/21

PHI=Y

W(Kel)=R¥COS(PHI)

W(Ke2)=R#SIN{PHI)

W(Ks3)=Z

GO TO 100

A0 R=AA(K»10)

X={FLOAT(IR)=0e5)%*DEL]

Y=(FLOAT(JB)=0e5 )1 #DEL2 +AA(KS17)

Z=X

PHI=Y

W(Ksl)=R*¥CUOS{PHI)

W{K32)=R*SIN(PHI}

W(Ks3)=7

GO TQC 100

40 X=(FLOAT(IB)=0,5)*%DEL1

Y={FLOAT(JRB)=0e5)*DEL2

W({Kel)=X
W(Kse2)=Y
W(Ke3)=0,
GO TO 100

50 X=AA(Kel01#AA(Ks10)1+(FLOAT(IR)=0e5)%*DELL
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Y= (FLOAT(JB)=0,5)#¥DEL2 +AA(Ks17)
R=SNORT (X))
PHI=Y
W{Kel)=R*¥(CUS(PHI)
W(KeZ2)=R%#SIN(PHI)
W{iKe3) =0,
GO TO 100
60 XMIN=AA(Ks10)#AA(K,10)
YMIMN=AA(K $12)
XaXMIN+(FLOAT(IR)=0e5)%#DEL]
X=5ORT (X)
Y=YMIN+{FLOAT(JUR)I=0e5)%DEL2
Y=X®Y/AA(Ke13)
WiKsl)=X
WlKe2)=Y
W(Ke3) =0
100 CCl1)=w(Ke LI HAA(K 1) +WIKs2I*AA(K 4 +WIK o3 IHAAIKT)
1 +AA(K»14)
CCU2) =Wk p 1) #AA(K $2) +W (K92 ) *AA(K 95 ) +WIKe3)#AA(KB)
1 +AA(Ko15)
CCUB)=WIK g 1) HAALK 93 ) +W(Ke2 ) HAA(KeE ) +WIK 93 ) #AA(K$T)
1 +AA(K16)
IF (MBLOK) 6209620561)
610 DO 70 KK=1eMRL(CK
NNN=IRLOK (KK)
DO 70 ¥B=1sNB
IF (NNN=KB) 70s90+70
90 CT(1)=CC({1)=AA(KB»14)
CT(2)=CC(2)=AA(KBy15)
CT(3)1=CC{3)=AA(KBy16)
WIKBsl)=CT(1)*AA(KBs1)+CT(2)#AA(KBs2)+CT(3)}#AA(KS 3]
WIKB32)=CT{L)*AA(KBs4 ) +CT(2)*#AA(KB95)+CT(3)%AA(KRB 6!
WIKR$3I=CTIIIRAA(KR 73 4+CT{2)#AA(KRB s B8)+CT(3)%AA(KE,9)
70 CONTINUE
620 RETURN
END
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91
92

90

93

700

600
610

810
820

800

830

10

19

SUBROUTINE BLOCK(AREASBETAsKBINBLOK»IT1sJJUsCCoDELLsDEL2sELEM)

DIMENSION CC(3)+5(3)9R0O0T(2)

COMMON NREADeNWRITsPI eNBoNANGLsNTOTL eN1SsNZ2SsRSR s
1 SAREASMBLOKsNTYPE(200)9AA(200+18)sGAMMA(18) s
2 FLUX{100s10)sW(20092)eXSRB{40s40)sYSB{40Ce401) s
3 ZSR(40940) oXS(40940)eYS{40e40)92S(40e40) s
4 IBLOK({200) oL IM1sL IM2¢MAN

NOVER=0

IF (II=LIM1) 91991992

IF (JJ=LIM2) 9099092

NOVFR=1

CALL SST(SXeSYsSZsSBXeSBYsSBZsIleoJJsDELL1SDELZ KB

XD=W(KBsl)=SBX

YD=W(KBs2)=SBY

ZD=W(KBs3)=532

GO TO 93

XD=W({KBel)=XSB{1IeJJ)

YO=W(KBe2)=YSR(IIeJJ)

ZD=W(KBs3)=258(11s4J)

SBX=XSB(11sJJ)

SBY=YSB(ITeuJ}

SBZ=2SB(11sJJ}

D=2N#ZD+YDH*YDHXDEXD

D=SNRT (D)

RAY=N%069999

CALL NORML{SBX+5SBYsSBZsKBeDeC0OSB)

THRO=FLOAT (MAN) #COSB

IF (THRQO) 70047000600

NBLOK=100

RETURN

IF (MBLOK) 62056206610

DO 100 KK=1¢MBLOK

NNN=IBLOK (KK)

DO 100 K=1sNB

IF (NNN=K) 1008109100

IF (NOVER} 820s8009829

XCO=SX=AA(Ksl4)

YCO=5Y=AA(Ks15)

2C0=S5Z2=AA({Ks16)

GO TO 830

XCO=XS(I1sJJ)=AA(K14)

YCO=YS{IIsJJ)=AA(K15)

ZCO=2S(IlsJJ)=AA(KelS)

Al=XCO*AA(Ksl)+YCOXAA(Ke2)+ZCO*AA(K#3)

Bl=XCO*AA(Ks4)+YCO#AA(KoS)+ZCO*AA(K96)

Cl=XCORAA (Ko7} +YCOXAA(K9BI+ZCO*ALA (K 99)

A2s{W(Kel)=A1)/D

R2=(W({Ks2)=B1)/D

C2=(W(Ks3)=C1)/D

NN=NTYPF (K)

GO TO (10920930940550950) oNN

A=A *A2+B2¥B2+C2%C2

B=2e# (ALl#A2+B1#B2+(C1%C2)

C=A1*¥A1+R1#B1+C1%#C1=AA(Ks10)*AA(Ks10)

CALL QUART(A9BsCsROOTsMISS)

IF (MISS) 1006199100

DO 112 LOPE=1,2

TT=ROOT(LOPE)

PARA=ARS(TT)
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¥=A1+A2%TT
Y=B1+B2%TT
Z=C1+C2%TT
IF (PARA=RAY) 125125112 ,.

12 THETA=ATAN(SQRT (X ®X+Y%Y}/2)
IF (Z) 14514915

14 THETA=PI+THFTA

15 IF (THETA=AA(Ks11)) 112.16516

16 IF (THETA=AA(Ks12)) 179176112

17 PHI=ASTANI(XsY)

IF (PHI=AA(Ks17)) 112¢18918

18 IF (PHI=AA(K$18)) 115119112

112 CONTINUVE
GO TO 100

11 NBLOK=K
RETURN

20 AM=AA(Ks10)/AA(K$12)

AM= AM* AM
201 A=ADP#AZ+R2¥R2=AMRC2%#L2
R=2e% (AL¥AZ+RI¥B2=AMECL1%C2)
C=Al*Al+RB1#Rl=AM%Cl#C1l
CALL QUART(AsB3¢CoROOTsMISS)
IF (MISS) 10062991CO
29 DO 212 LOPE=1s?
TT=ROOT (LOPF)
PARA=ARS(TT)
X=A1+A2%TT
Y=B1+82#TT
2=C1+C2%TT
IF (PARA=RAY) 229229212
22 ZMIN=AA(K+12)
ZMAX=AA(K913)
IF (Z=ZMIN) 212026426

26 IF (2=2YAX) 2727212

?7 PHI=ASTAN({XeY)

IF (PHI=AA(KslT7)) 212+28428

28 IF (PHI=AA(Ke18)) 219219212

212 CONTINUE
GO TO 100

21 NBLOK=K
RETURN ‘

30 AzA2¥AZ4ABRZH*B2
B=Ze¥{A1¥AZ2+B1%#82)
C=zA1*¥AL+R1*¥Bl=AA(Ksl0)*¥AA(K10)
CALL QUART(ASRSCoROOTsMISS)
IF (MISS) 1004399100

33 DO 312 LOPE=1l,2
TT=ROOT (LOPE)

X=A1+A2%#TT

Y=R1+R2*TT

2=C1+C2*TT

PARA=ABSI(TT)

IF (PARA=RAY) 32¢329312

32 ZIMIN=0,

ZMAX=AA(Ks1l)
IF (Z=Z2MIN) 312936936

36 IF(Z2=2ZMAX) 37¢37+312

37 PHI=ASTAN{(XsY)

IF (PHI=AA(KS17)) 312+38438

38 IF (PHI=AA{K+18)) 31319312
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312

31

40

46
47
48
49
41

50

51

56
57
58
59

60

61

66
&7
68
69

100
620

710

720

CONT INUE

GO TO 1060

NBLOK =K

RETURN

TT==C1/C2

X=A1+A2®TT

Y=B14+R2*TT

2=0s

XMIN=0oe

YMIN=0e

YMAX=AA(Ks1D)
XMAX=AA(K»9)

IF (X=XMIN}) 100e46046
IF (X=¥MAX) 479479100
IF (Y=YMIN) 100948448
IF (Y=YMAX) 49349100
PARA=ABS(TT)
IF(PARA=RAY) 419416100
NBLOK =K

RETURN

TT==Cl1/C2

PARA=ABS(TT)

IF (PARA=RAY) 51451100
X=A1+AZ2*TT

Y=R1+R2*TT

2=0s

R=SARTIX#*X+Y*Y)
PHI=ASTAN(XsY)

IF (R=AA(K»10)) 10056456
IF (R=AA(Kell)) 574575100
[F (PHI=AA(Ke171) 100+584%8
IF (PHI=AA(Ks18)) 564594100
NBLOK =K

RETURN

TT==Cl/C2

PARA=ARS(TT)

IF (PARA=RAY) 61961960
X=A1+82%TT

Y=R1+R2#TT

2=0e

XMAX=AA{Ksll)
XMIN=AA(Ks10)
THMAX=AA{Ks13)/AA(Kell)
THMIN=AA(Ko12) /AA(Ks11)
TH=Y /X

IF (X=XMIN) 100+66366
IF (X=XMAX) 673679100
IF (TH=THMIN) 100:68+68
IF (TH=THMAX) 694595100
NBLOK =K

RETURN

CONTINUE

NBLOK=0

IF (NOVER) 7107204710
S{1)=5X

St2)=38Y

§(31=52

GO TO 730
S(1)=XS{IlsJJ)
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S{2)=YS5(11s4J)
S(3)1=2S(11sud)

730 A=(CC{1)=S(1))/D
R=(CC{2)=5(2))/D
C={(CC(3)=5{3})/D
COSA=S{1)*#A+S5(2)*B+S5(3)#C
COSA=ABS(COSA) /RSR
FACT=1e/P1
FACT=INTENSITY FUNCTIONs N/P1 FOR DIFFUSIVE RADIATION
CO0SR=ABS{COSR)
AREA=SARFA*F L EMXFACT*COSA*#COSB/D/D
BETA=ATAN(SORT(1e=COSB#CNOSB) /COSRB)
RETURN
END
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11

12

SUBROUTINE QUART(AsReCsTeMISS)
DIMENSION T(2)
DELTA=B#B=4 ¢ ¥A%(

IF (DELTA) 11512412
MISS=1

RETURN

M1S5=0
DEL=SQRT(DELTA)
T(1l)=(=R+DEL)/(2e*A)
T(2)=(=R=DEL)/(2s%*A)
RETURN

END
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12
34

23

FUNCTION ASTAN(XeY)
PI=3,1415926

IF (Y) 34912412
IF(xX) 239191

IF (xX) 2392344
ASTAN=ATAN({Y/X)
RETURN
ASTAN=PI+ATAN{Y/X)
RETURN
ASTAN=Z e *¥PI+ATANIY/X)
RETURN

END
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SUBROUTINE CAPT(KsYsN1eNZ2eDELLSDEL2SELEM)
DIMENSION X({11)seY(11)
COMMON NREADSNWRITosPIeNBsNANGLINTOTLeNLISsN2SsRSR e

1 SARFEA+MBLOKsNTYPE{2001+AA{200518) sGAMMALLB )

2 FLUX{100210)sW(20093)eXSB(40s40)sYSB(40040) e

3 2SB(40040)oXS{40s40)eYS(40040)625(40640)

4 IBLOK(200)sLIMY ol IM2oMAN
AALKs17)1=AA(Ks17) %180 /P1
AA{K21B)=AA(Ks18)#18B0e/P1
WRITE(NWRITS130) KsN1sN2

130 FORMATI(1H1//5XTHSURFACEsI5¢5X1THNOs OF PARTITIONS:215}
IF (NB=MBLOK) 778777778

T77 WRITE(NWRIT877)

877 FORMAT(/41H ALL SURFACES ARE CONSIDERED AS POSSIBLEs

1 94 BLOCKAGE)

GO TO 779
778 IF (MBLOK) 7757768775
776 WRITE(NWRIT-876)
876 FORMAT(/34H NO BLOCKING SURFACE IS CONSIDERED!
GO TO 779
775 WRITE(NWRITs875)
875 FORMAT(/18H BLOCKING SURFACES)
WRITE(NWRITe874) (IBLOK(I)eI=1oMBLOK)
B74 FORMAT(5X+1015)
779 CONTINUE
NNeNTYPE(K)
GO TO (10020930040950060) oNN
10 P@R=1e
DEL=DELZ%#180./P]
WRITE(NWRITes616) ELEM
616 FORMAT(/S5Xs36MDIFFERENTIAL AREA OF OBJECT SURFACESEL545)
WRITE(NWRITS1L)Y (AA(KsI)elz=lbol6)sAAIKe10)
11 FORMATI(////sTH SPHEREs/4H XC=9E1l2+s5e4H INess5Xse

1 3HYC=sE12e504H INeo5Xs3HZC=eEL1265084H IMoo5Xse

2 THRADIUS=eE12e504H INe)

AA{Ke11l)=AA(Ks121l)#180./P1

AALK212)=AA(Kp12)#180,/P1

WRITE(NWRIT111) AA(K911l) sAALKe12)sAA(Ks1TIsAA(Ks18}
111 FORMAT (7XellHMINe THETA=3E15e595Xs11HMAXs THETA=

1 E15658/TXo9HMINe PHI=9E15e53 TXIHMAXe PHI=6EL1565)

X{1i=AA(Ks11)
DO 13 I=1sN1
13 X(I+11eX({(11+DEL1%#180,/P1
Il=Nl+1
DO 14 I=lsll
A=X(1)
AsSQRT{le=A%A) /A
THETA=ATAN(A)
IF (A) 159015416
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15
16

14
1003
1005
1001
1002
1111

1007

1006
17
18

1008

1009

1100

1004
19
12

20

21

222

23

24

2003
2005
2001

2002
2222

THETA=THETA+PI

X{1)=THETA*180,/P1

CONTINUE

NO=0

NF=(Q

ND=N]1=NF

IFI(ND) 10046100441005

1S=NF+1

IF {(ND=5) 1001510021002
NF=ND+IS=]

GO TO 1111

NFafS+4

ISl=1S+1

NFl=nNF+1

IF (NO) 1006610071006
WRITEINWRITeL17) (X(I)elI=ISeNF)
WRITE(NWRITs18) (X(I)eI=IS1sNF1)

GO TO 1100

WRITE(NWRITS1008) (X{1)pl=ISsNF)
WRITE(NWRITS1009) (X{(1)eI=IS1eNF1l)
FORMAT(///40X910HTHETA FROM85E1265)
FORMAT({48X22HTOe5E1265)

FORMAT (/50X s5E12e5)
FORMAT(50Xs5E124+5)

NO=1

GO TO 1003

Y{1)=AA (K917}

DO 19 I=1sN2

Y(I+1)=Y(1)+DEL

WRITE(NWRITe12)

FORMAT{5X 91 2HPHI (DEGREES) 06X s L4HGAMMA (DEGREES) )
RETURN

R2=AA(Ks11)

D=AA(Ks13}=AA(Ks12)
DEL=DEL2#180e/P1

Ri=pAA(Ks10)

WRITE(NWRITs616) ELEM
WRITEI(NWRIT»21) RIsR2eD
FORMAT(////5H CONE/13H MINe RADIUSZ9oE126504H INes
1 B5X912HMAXe RADIUS=sE12,594H INo95Xse
2 1BHLENGTH OF THE CONE+E12e504H INe)
WRITE(NWRIT9222) AA(Ks1lT7)sAA(Ks18)
FORMAT (10K MINe PHI=3E156595X99HMAXe PHI=3E1565)
X(1)=AA(Kel2)#AA(K12)

DO 23 I=]1eN]

X{I+1)=X(1)+DEL1

11=2N1+1

DO 24 I=1s11
X{I1=2SQRT{X(1)=AAIKs12))

NO= 0

NF=0

NDeN1=NF

IF(ND) 20045200442005

1SsNF+]

IF (ND=5) 2001020022002
NFaND+[S=]

GO T0O 2222

NF=]1S+4

{Si=]18+1
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2007

2006
2100
27
28
2004

29

30

32

33

3003
3005
3001
3002
3333
3007

3006
3100
3004

39

40

41

NF1l=NF+1

IF (NO) 2006920072006
WRITE(NWRITS27) (X(I)eI=1SsNF)
WRITE(NWRITS28) (X{I1)el=IS1sNF1l)

GO TO 2100

WRITE(NWRIT»1008) (X(I)el=ISeNF)
WRITE(NWRIT1009) (X(I)pI=1SL1eNFl)
NO=1

FORMAT(///40Xs10HZ(IN) FROM#5E12,65)
FORMAT(48Xs2HTO85E1265)

GO TO 2003

Y{L)=sAA(KelT7}

DO 29 I=1eN2

Y{i4+1l)=Y(])+DEL

WRITE(NWRITs12)

RETURN

DEL=DEL24180,/PI

D=AA{Kell)

WRITE(NWRITe616) ELEM
WRITEU(NWRITe32) (AA(KsI)ol=14316)9eDsAA(K10)}
FORMAT(////9H CYLINDER®/25H BASE CENTER COORDINATESss

1 SXe2HX=0EL12e504H INoee5Xe2HY=3E12e50s4M INeo5Xs2HZ= 4
2 E12e594H INeo/8M LENGTH=4El12e594H INes
3 5Xs THRADIUS=Z3E126504H INe)

WRITE(NWRIT222) AA(K91T7)sAA(Ks18)
X(1)=0e

DO 33 I=1sN1

X{I1+1)=X(1)+DEL]

fl=aNl+]

NO=0Q

NF=0

ND=N1=NF

IF{ND) 30044300443005

iSaNF+1

IF (ND=5) 3001530023002
NFeND4+]S=1

GO TO 3333

NFe]S+4

iISl=18+1

NFl=NF+]1

IF (NO) 3006930073006
WRITE(NWRITS27) (X(I)sI=1SeNF)
WRITE(NWRITs28) (X(I)eI=IS1leNFl)
GO TO 3100

WRITE(NWRIT1008) (X{I)sI=ISeNF)
WRITEI(NWRIT21009) (X(l)el=IS1leNF1l)
NO=]

GO TO 3003

Y{1}=AA{Kel7}

DO 39 [=1sN2

Y{I+1)=Y{1)+DEL

WRITE(NWRITs12)

RETURN

WRITE(NWRITsb616) ELEM
WRITE(NWRITe&l) (AA(K»I)oI=l4sl6)sAAIKS9)sAAIKS10)
FORMAT(////11H FLAT PLATEs/24H ONE CORNER OF THE PLATESs

1 5Xe2MHX2sE120504H INoeo5Xs3H Y=29El2e504H INosS5Xe3H Z=¢
2 E12e¢504H INeo/1lTH SIDE LENGTHS Llzp El2e584H INes
3 5Xe34L2=9E12e504H INe)
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X{1)=0e
Y{1)=0e
DO 43 [=z1eN1
43 X(1+1i=X{1)+DEL]
IleNl+1
NO=0
NF=0
4003 ND=N1=NF
IF(ND} 4004400496005
4005 IS=NF+l
IF (ND=5} 4001+4002¢4002
4001 NF=ND+IS=]
GO TO 4444
4002 NF=1S+4
4444 [S1l=1S+1
NFl=NF+1
IF (NO} 4006040074006
4007 WRITE(NWRIT47) (X(I)el=ISeNF)
WRITEINWRITe48) (X(I)slI=IS1sNF1)
GO 70 4100
4006 WRITE(NWRIT1008) (X{1)slI=ISeNF)
WRITEINWRIT21009}) (X(1)el=1S1leNF1l}
4100 NO=1
47 FORMAT(4OXs1O0HX(IN} FROMsSE1265)
48 FORMAT(48X92HTOs5E12.5)
GO TO 4003
40046 DO 49 I=1eN2
49 Y{I+1}=Y(]}+DEL2
WRITE(NWRITs44)
44 FORMAT(SXs5HY{IN) 911Xs14HGAMMAIDEGREES) )
RETURN
50 DEL=DEL2#180e/P!
WRITE(NWRITs616) ELEM
WRITE(NWRIT952) (AA(KsI)ol=14916) 9 (AA(KsT)sI=10s11)
52 FORMAT(////14H CIRCULAR DISK/20H CENTER OF THE DISKs
1 5Xp2HX=pE126504H INes5Xo3H Y=9E1l2e5s4H INes
2 5Xe3H ZBeE126594H INe/6H RMIN=32E12e5
3ohH INesSXs5HRMAX=39E12e5904H INe)
WRITE(NWRITs222) AA(Kel7)sAA(K:18)
X(1)=AA(KelO0)#AA(K$10)
Y{l)=AA(Kel7)
DO %3 I=1leN1
53 X(I+1)=xX(1}+DEL1
Ilanl+l
DO 54 I=19l1
S4 X{I}=SQRT(X(I))
NO=z0
NF=0
5003 NDsN1=NF
IF(ND) 5004450045005
5005 ISaNF+l
IF (ND=5) 5001550025002
5001 NF=ND+]S=1
GO TO 5555
5002 NF=]S+&
5555 ]S1=1S+1
NFlanNF+]l
IF (NO} 5006+500735006
5007 WRITE(NWRITS57) (X(I)eI=ISeNF)
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57
58

5006
5100
5004

59

60

62

63

64

6003
6005
6001
6002
6666
6007

67
68

6006
6100

6004

69

65

WRITE(NWRITS58) (X(I)el=1S81eNF1l)
FORMAT{///740X10HR{IN) FROMe#SE12s5)

FORMAT (4BXe2HTOs5E1265)

GO TO 5100

WRITE(NWRITS1008) (X(1)el=IS¢NF)
WRITE(NWRIT»1009) (X(1)elI=IS1sNFL)

NO=1

GO TO 5003

DO 59 I=1sN2

Y{I+1)=Y(1}+DFL

WRITE(NWRIT,12)

RETURN

XMAX=AA{Ks1l)

XMIN=AAIK210)

YMINZAA(Kel2)
THMIN=ATAN(AA(K312)/AA(K910))%180e¢/P1
THMAX=ATAN(AA(K 913 )/AA(K210))%1804/P1
WRITE(NWRIT616) ELEM

WRITE(NWRITe62) (AA(KsI)sI=3912) 9 XMINsXMAX s THMIN s THMAX
FORMAT(////722H4 TRIANGLE CR TRAPAZOID/

1 284 FOUR CORNERS OF THE SURFACE/1B8XsS5HX(IN)el15Xs
2 SHY(IN)o15X95HZ(IN)/5X93E2065¢/5Xs1HBe3E20650/5Xs
3 1HCo3E20050/6H XMINZsEL2e504HINe 15X 9 5HRMAX=9E1265¢
44H INeo/12H MINe THETA=pEL12e598H DEGREESs5Xs
5 11HMAXe THETA=zsE126¢598H DEGREES)

DO 63 I=1leNl

X{I+1)=X(])+DEL]

[l=Nl+l

DO 64 [=]lel1

X{I)=sSQRT(X(I))

NO=0

NF=0

NDsN1l=NF

IF (ND) 60045600426005

1S=NF+]

IF {ND=5) 6001460026002

NFeND+[S=1

GO TO 6666

NF=lS+4

1S1=18+1

NFl=NF+1

IF (NO) 6006360076006

WRITE(NWRITs67) (X(I)elzISeNF)
WRITEINWRITH68) (X{1)slI=IS1leNF1)
FORMATL///740X10HX{IN} FROMeS5E1265)
FORMAT (48X 2HTO95E1265)

GO TO 6100

WRITE(NWRITS1008) (X{I)el=1SeNF)
WRITE(NWRITS1009) (X{I)el=I1S1sNF1)

NO=1

GO TO 6003

DO 69 I=1s2

Al=1

Z=YMIN+AT#DEL2

Y{I+1)=ATAN(Z/XMAX)*108+/P1

WRITE(NWRIT#65)

FORMAT(4X 9 14HTHETA(DEGREES) 95X 0 14HGAMMA (DEGREES ) )
RETURN

END
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420

370

1003
1004
1001

1002
1111
330
310
1005

1006
450
300

1007

320
3005

3006
3007

360

SUBROUTINE TYPE(KOBJsYYeNleN2)

DIMENSION YY(11l}sATOT(100)

COMMON NREADsNWRIToPIeNBoNANGLeNTOTLON1SeN2SeRSR s
1 SAREA+MBLOKsNTYPE(200)sAA(2004518) sGAMMALL18) ¢
2 AN{100010)eW({20023) eXSBL40s40)sYSB(40s40)
3 ZS5B{40e40)oXS(40040)eYS(40040)25(40040) s
4 IBLOK(200) oL IM1eL IM2eMAN

NaN1#N2

MID=NANGL /2

DELTA=90e /FLOAT {NANGL)

DO 420 I=1sN

ATOT(I}1=00e

DO 420 J=1sNANGL

ATOT(1)1=ATOTI{Li+AN(IsJ)

DO 230 1I=z1lsN2

WRITE(NWRITs370)

FORMAT(//)

A2=0e

Ll=(I=]1)#N1l+1

L2= 1+Ni=1

DO 220 MN=1pNANGL

Al=A2

A2zA1+DELTA

NO=0

NF={ le]

ND=L 2=NF

IFIND) 2209220+1004

[SaNF+l

IF (ND=8} 1001+100251002

NE=ND+[S=1

GO TO 1111

NF=1S+4

IF (MN=MID) 310$320¢330

IF{MN=MID=1) 31093409310

IF {NO) 10065100541006

WRITE(NWRITS300) AlsA2s (AN(JsMN) pJ=ISeNF)

GO TO 1007

WRITE(NWRIT 4SO (AN(JaMN) pJ2ISsNF)

FORMAT(50X95E1265)

FORMAT (/20X 04HFROMeF66283H TOsF6e2s11Xe5E1265)

NO=1

GO TO 1003

IF (NO) 3006530053006

WRITE(NWRIT360) YY(I)sAlsA29 (AN{JSMN) sJaISoNF)

GO TO 3007

WRITE(NWRIT450) (AN{JsMN)osJu]SeNF)

NO=1

60 TO 1003

FORMAT({/5H FROMosFTe208Xo4HFROMeF60293H TOsF6e2¢11Xe5E1265)
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340 IF (NO) 40069400594006
4005 WRITE(NWRITe350) YY(I+1)oAloA20 LAN(JeMN) o J=]SoNF)
350 FORMAT(/5H TOsFT7e298Xe4HFROMoF60293H TOeF602911Xes5F1265)
GO TO 4007
4006 WRITE(NWRIT450) (AN(JsMN) o J=1SsNF)
4007 NO=1
GO TO 1003
220 CONTINVE
NO=0
NFall=1
2003 ND=| 2=NF
IF (ND) 23092302004
2004 IS=NF+1
IF (ND=5) 2001+2002+2002
2001 NF=ND+I[S~}
GO TO 2222
2002 NFs]S+4
2222 IF (NO) 5006950055006
5005 WRITE(NWRITs440) (ATOT(J) eJeISeNF)
440 FORMAT(/14X25HTOTAL NUMBER OF PARTICLESs11X»5E1265)
GO TO 5007
5006 WRITE(NWRIT9450) (ATOT(J) eJ=]ISeNF)
5007 NO=1
GO TO 2003
230 CONTINUVE
RETURN
END
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SUBROUTINE S5ST(SXeSYsSZsSBXeSBYsSBZeloJoDELL1eDELZeK )
COMMON NREAD sNWRITsPIeMBsNANCLoNTOTLsN1SIN2SsRSR s
1 SAREA+MBLOKsNTYPE(200)sAA(200918) o GAMMA(18)
2 FLUX(1I00010)sW(20003) eXSR{40s40) oYSB(40Qe40) e
3 25R(40040) o XS{40960) 0YS(40940) 92S5(40e40) s
4 IBLOK({200)¢LIM1sL IM2eMAN

Al=1

AJ=J

COSTH=1le+{AI=0s5)*DEL1
SINTH=SORT(1e=COSTH®#COSTH)

RS=RSR*SINTH

PHI=(AJ=0e5)#NEL2

SINPH=SIN(PHI)

COSPH=COS(PHI)

SXzRS*#COSPH

SY=RS*¥SINPH

SZ=RSR#COSTH

XCO=SX=AA(Kel4)

YCO=5Y=AA(Ks15)

2C0=52=AA(Kel6)
SBX=XCO*AA(K s 1) +YCORAA(K 92)+ZCO*AA(K 93)
SBY=XCO*AAIKs4 ) +YCOXAA(K ¢85 )+Z2CO%AA(K s6)
SBZ=XCO%AA(Ks7)+YCO*AA(K 98I +Z2CO*AA(K$9)
RETURN

END
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APPENDIX. CARTESIAN COORDINATE TRANSFORMATIONS

Let P be a point whose coordinates are x., yq, zc with respect
to a source coordinate system, and xp, yb, zh are the coordinates of
P with respect to the surface coordinate system (see Figure A-1). The

origin of the surface coordinate system are Xgs Ypr Z with respect to the

0’
. AT A NN AT A NS .

source coordinate system; (ic, je, kc) and (ip, jp, kp) are sets of unit

vectors for source and surface coordinate systems, respectively (as

shown in Figure A-1),.

The relationship between the base unit vectors is assumed in

the form

A ~

; ~ ~
i, =a; i, ta, jo +az k.

~ A A
=by ic + b, jo + by k¢ (A-1)

[
T
I

N N ~N
kp = c1 ic + ¢ je t ¢c3 ke,

The directional cosines €ij are thus defined as follows:

N o ~ o o ~

€1y =i, iy, ez =ig e Jb’ ey = i - kb’
N n n N N N

€21 = Jc ¢ lps €22 T o * Jbr €22 =Jc ¢ Kp (A-2)
A ~ ~ A A ~

en = ke o iy, emx = koo jp €33 = ke o k.

From Equation A-1, eij are

62




SW3LSAS JLYNIQ¥009 NYISILNYD  “ -y 3un9I4

63




ey =ay, ez =by, ez =q

c, (A-3)

#
®
™~
T
o'
™
o
N
w
1

€21 €22

b3, €33 = Cj3 .

1]

€31 az, €32

Now, Point P is written in vectoral forms

—_— Vo N\ A\
OP =xc i+ yc i+ zc ke (A-4)
o &b = Gop, + G P
and O—b’P :O-if’- o"éb
A A A~
= (xc - %xg)ic + (ye - Volic + (z¢c - zg) c,
(A-5)

In the surface coordinate system, O_,;P is
— ~ A ~
Op P =xp ip + yp Jp + 2p Kp, (A-6)
Substituting Equation A-1 in Equation A-6 yields
e 2
Obp = (e Xh + ey Vb + e Zb) i
>
t(e21 xp t+ e ypt exs zp) je {(A-7}

FaS
+ (e xp + en yp + ess zp) ke
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A comparison of Equation A-5 and Equation A~7 results in

Xe = €enn Xpt+ ez ypteys zpt+xg
Ve =€ Xbtep ybteys zpt vy (A-8)
Zec = €31 Xp t e yh +tess zp t+ zg,

The reverse transformation of Equation A-8 may be written

as
xp = (x¢ -~ Xp) en +(yc - yo) €1 + (2¢ - 2p) en
Ve = (xc - x0) exz + (ye - yo) €22 + (2 - 2zg) €3,
z¢ = (x¢ - %g) €13 *+ (ye - Vo) €23 + (2c - 24) €33, (A-9)
Now, the transformation formulas between the source and sur-

face coordinate systems are obtained. The matrix coefficients ejj (in

Equation A-1 and A-2 ) depend on the surface orientations and (Xo’
Yoo zo) represent the location of the surface with respect to the source

coordinate system.
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