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ABSTRACT 

This report describes a method for the evaluation of the meteor- 

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 i s  based on the application of numerical inte- 

gration ethods. Part ial  o r  complete blockage of one surface by another 

"% i s  consid red in the formulation. The results of a sample problem a re  

given in he report; these results a r e  compatible with heat t ransfer  

view fact r predictions. i 
N. E; Chatterton, Manager 
Research and Engineering Department 

A c D. E. Culbertson, Vice President 

Science and Engineering Division 
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INTRODUCTION 

When a space vehicle is exposed to a meteoroid environment, 

the possibility of damage to a part icular  component in  the vehicle depends, 

among other things, on the number of meteoroids and the impact angles 

at the location in  question. F o r  a space vehicle with complex geometric 

sur faces ,  the incoming meteoroid flux at a part icular  location can be 

partially o r  completely blocked by other surfaces and therefore the 

meteoroid flux and impingement angles a t  a part icular  location may 

depend on the geometry and orientation of many components of the 

space vehicle. Becaus e of the geometrical complexity of typical. space 

sys tems,  exact mathematical solutions of the meteoroid flux distribution 

on the vehicle surfaces a r e  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 a s  Skylab. The solution i s  obtained by applica- 

tion of numerical integration techniques. 

In the development of the present  computer program, a theoretical 

model which is analogous to radiation t ranspor t  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 spacecraf t  s t ructure.  

The purpose of this repor t  i s  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 

i s  included. The p rogram i s  written in  FORTRAN IV language and 



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

g r a m  a r e  summarized a s  follows: 

o The geometric surfaces considered in the program 
include spheres,  cones, cylinders, rectangles, disks,  
annuli, tr iangles,  trapezoids,  o r  portions of thes e 
surfaces.  

o Any combination of these geometric surfaces u p  to 
200 can be analyzed simultaneously. 

o A single surface can be divided into a s  many a s  100 
elements;  computer results a r e  printed for  each 
element. (Large r  surfaces may be subdivided into 
seve ra l  sma l l e r  surfaces with each of them having 
100 elements i f  more  accurate  resul ts  a r e  required. ) 

o 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 i s  
assumed to surround the space sys tem)  can be divided 
into a s  many elements as necessary  to obtain the 
desired accuracy. However, increased accuracy i s  
obtained at the expense of computer running time. 

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

o The meteoroid distributions on any o r  all surfaces can 
be calculated. 

o Either  s ide of the surface can be specified a s  active; 
the resul ts  a r e  then calculated fo r  the active side only, 
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BAS l C THEORY 

There a r e  two c l a s ses  of meteoroids in space: sporadic fl.uax 

f rom random orbi ts  and cometary  meteoroids that come toward the 

Ear th  f rom a specific direction a t  regular  intervals during the calends-. 

year.  The meteoroid population in the space environments has been 

reported in the l i te ra ture  (Refs. 1 and 2 )  and this information, with 

methods used to  calculate radiation t ranspor t  will be utilized in  the 

calculations of meteoroid flux distributions on various components of 

the spacecraft .  

SOURCE SURFACE O F  SPORADIC METEOROIDS 

In  calculating the number of sporadic meteoroids which are 

incident on the vehicle external surface,  a la rge  spherical  source 

enclosing the vehicle on which the meteoroid flux emi ts  diffusively 

i s  assumed.  Such a model is analogical to radiation t ranspor t  between 

black bodies. Replacing the intensity of radiation by the particle density 

flux, one can calculate the number of par t ic les  leaving the source surface 

that i s  incident on a specific surface a r e a  of the spacecraf t  per  unit time. 

Let  N1 be the number flux leaving Sj that impinges on the Si . 
According to the formulation used for  calculating radiation heat  transfer, 

it may  be expressed  by 

where r ,  4i ,  $j, dAi, dAj a r e  shown in Figure 1 and G(9j) i s  the number 

of par t ic les  leaving Sj p e r  unit a r e a  normal  to the direction pe r  unit 

solid angle and p e r  unit time. 



SOURCE SURFACE 

\ \ 

FIGURE 1. RADIATION BETWEEN I N F I N I T E S I M A L  ELEMENTS 



Denoting the total flux leaving Sj  pe r  unit a r e a  by W1,  the 

relation between w1 and li i s  

f o r  diffusive emission, o r  equivalently, sporadic meteoroid distribution 

over a long period of t ime;  where h is a constant. 

SOURCE SURFACE O F  STREAM METEOROIDS 

It i s  assumed that a l l  s t r e a m  meteoroids move paral le l  to  each 

other toward the spacecraf t  f r o m  a given direction. The number flux 

$IZ impinging upon Si can thus be obtained by 

where Sin i s  the projected a r e a  of Si on a plate normal  to the meteoro'id 

direction (See Figure 2) ,  and W2 i s  the number of meteoroids per  unit 

a r e a  per  unit t ime through Sj . 

EARTH SHIELDING 

When a spacecraf t  t ravels  around the Ear th  orbi t ,  such a s  

Skylab, the Ea r th  ac ts  a s  a shield to reduce the impacts of sporadic 

meteoroids and to block the impacts of s t r e a m  meteoroids.  There are 

two ways to consider the Ear th  shielding factor. One i s  to calculate 

the meteoroid impacts based on different period of t ime;  the lh = fil f f i p  

depends on the meteoroid popdatiori a t  the particular t ime and, of 

course ,  a l so  the orientation and the orbi ta l  position of the vehicle, 

The total number of meteoroids striking on the spacecraf t  during the 

mission period can be obtained by integrating 



F I G U R E  2. METEOROID STREAM FLUX I M P I N G I N G  ON Si 



where To = T I  and Tn = T, a r e  the s tar t ing and ending times of the 

mission, respectively. 

The above method would give a n  exact method of prediction; 

however, the calculation of meteorid distribution mus t  be done repeat-  

edly for successive t imes  that would require  excessive computer time, 

Another way to solve the problem i s  to a s sume  that the spacecraf t ' s  

orientation i s  essentially random and t r ea t  the problem a s  sporadic flux 

distribution. The E a r t h  shielding effect i s  considered a s  a reducing 

factor ,  independent of the vehicle orientation. The s t r eam  meteoroid.^ 

a r e  added to sporadic meteoroids impacting the spacecraf t  by an  averaged 

increasing factor ,  again independent of their  orbital  directions. Thus, 

sporadic meteorid distribution is assumed only i n  the computer program, 

and averaged increasing factor for s t r eam meteoroids i s  used in the 

actual  calculations of meteoroid flux distributions. 



1 1  1. METHOD OF INTEGRATION 

The explicit integration of Equation 1 i s  extremely difficult 

fo r  general spacecraft  geometries;  therefore,  a numerical scheme 

for calculating such integrals is used. 

Rewriting Equation 1 in the form 

N~ can be obtained by summing the values of the integrand fo r  each 

element of one surface with each element of the other surface. The 

accuracies  of the resul ts  a r e  functions of the size of the finite element 

a r e a s  AAi, 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 a r e a  of each element should 

be l e s s  than one-tenth the square of the distance between surfaces. 

Consider the diffusive emission f rom the source surface, 

Equation 1 may be rewritten a s  

where F.. is defined a s  the geometric shape factor f rom surface j to 
J1 

surface i. Physically Fji represents  the fraction of the total radiant 

energy ( o r  part icles)  leaving surface j which is incident upon surface i. 

Fur thermore ,  according to the reciprocity theorem, 



Now assuming that Sj is an enclosing surface (e. g., sphere) ,  in which 

Si is located, the energy leaving Si, without being blocked by other 

surfaces,  will be completely incident upon Sj, i. e., F - .  = 1 and 
1J 

Fji = Si/Sj ( see  Figure 3 ) .  

The blockage of components by other  components i s  significant 

in  the evaluation of the meteoroid flux distribution on the vehicle, As 

shown in  Figure 4, i f  the s t raight  line connecting the surface elements 

i ,  j i s  intersected by a surface,  the F i j  i s  s e t  to zero.  The computer 

program i s  wri t ten to examine a l l  the surfaces a s  possible blocking 

surfaces.  But even in the case  of a complicated geometry,  the blocking 

sur faces  can be observed with respec t  to a specific surface.  By specifying 

the possible blocking surfaces,  one can reduce the computer t ime consider- 

ably. F o r  example, the Service and Command Module of the Skylab i s  

divided into five sur faces  ( see  Figure 5). Surfaces 1, 2, and 3 will not 

be blocked by any other  surfaces.  The possible blocker for surface 4 

i s  surface 5 and the possible blocking surface for  5 i s  surface 4. By 

giving such identifications, the program examines only the possible 

blocking sur face  and, of course,  it reduces the computing time. 

In the computations, there  a r e  two car tes ian  coordinate sys  terns 

in  the formulation: the source  coordinate system and the surface sys tems,  

The surface sys t ems  a r e  the sys tems identified with each of the components 

of the spacecraft .  The directional cosine coefficients for each system 

a r e  calculated according to the orientations of the sur faces  being con- 

s idered.  Cartesian tensor  transformations (through rotations and 

t ranslat ions)  a r e  utilized to connect the relative positions of the elements 

between coordinate systems.  The mathematical formulation i s  given 

i n  the Appendix. 



FIGURE 3. Si IS ENCLOSED BY Sj, Fi = 1 

i 

FIGURE 4. BLOCKING BY SURFACE Sb BETWEEN S i  AND S j  



NOTE : 

BLOCKED BY 5 
AND V ISE VERSA. 

FIGURE 5. SERVICE AND COMMAND MODULE 



DESCR l PT ION OF COMPUTER PROGRAM 

This computer p rogram was developed to calculate the meteoroid 

flux distribution, i. e. , the number of impacts on any o r  a l l  external 

sur faces  of a spacecraf t  i n  a meteoroid environment. In o rde r  to  

utilize the p rogram it i s  f i r s t  necessary  to define the actual spacecraf t  

sur faces  involved in t e r m s  of the various surfaces which the program 

can analyze. At present  the program i s  formulated to consider spheres ,  

cones, cylinders,  rectangles,  annuli, disks ,  tr iangles,  trapezoids,  o r  

portions of these geometr ic  configurations. These surfaces and. the 

variables which define the surface will be described in the next section. 

If the surface i s  to be considered only as a blocking surface,  i t  i s  not 

necessa ry  to divide the surface into s m a l l  elements.  However, i f  the 

meteoroid flux distribution i s  des i red  fo r  a surface,  that surface must  

be divided into sma l l  elements.  The p rogram i s  l imited to a maximum 

of 100 elements (10 X 10) fo r  each surface.  If m o r e  than 100 elements 

a r e  needed for  some part icular  surface,  one may divide the original 

sur face  into two o r  m o r e  sma l l e r  surfaces with each subdivision con- 

taining 100 elements.  At present  up to  200 sur faces  can be evaluated 

by the program;  there  i s  no l imit  to  the number of emitting elements 

around the surface of the source  sphere.  The source  surface can be 

divided into a s  many elements a s  necessary  to  obtain the required 

accuracy,  but a t  the expense of the computer running t ime.  

The computer p rogram uses  two types of car tes ian  coordinate 

sys tems fo r  defining the surfaces and the i r  relative locations. There  

i s  the source  coordinate system; i ts  location and angular orientation a r e  

chosen a t  the discret ion of the p rogram use r .  As a ma t t e r  of con- 

venience, the origin of the source  coordinate sys t em i s  usually 

located a t  the geometric center  of the spacecraf t  and i ts  z axis is  in 



the direction of the vehicle axis. F o r  each surface which i s  input, there 

i s  a surface coordinate sys tem and the output of the surface is defined 

within i t s  own object coordinate system. The surface coordinate 

sys tem for  each basic  surface will be described in detail in the next 

s ection. 



V. DESCRIPTION OF BAS l C  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 

(%in 5 8 emax), the polar angel range (+min 5 9 2 9 max), and 

the position of a point A on the zb-axis. All of these variables  a r e  

shown in Figure 6. The a r e a  of the element i s  

A A  = R' A cos 8 A +  . 

The conic angle, 8, i s  measured  f r o m  the z axis of the s u r -  

face coordinate sys t em (xb, yb, zb) and + i s  measured  f r o m  the x 

axis  . 

F o r  the source  coordinate system, the direction of xb i s  

defined on the plane containing vectors zb and zs. If zb i s  chosen 

para l le l  to  zs, xb i s  then coincident with the xs axis.  

GONE -- TYPE OF SURFACE 2 

The inputs required to specify a cone include the maximum 

and minimum radi i  of the cone R1 and R2 ( see  Figure 7), the positions 

of Al and A2 that a r e  centers  of these c i rcu lar  c ross  sections,  and 

the range of c ircumferent ial  angle 4 (+min 2 2 +rnax). Again, 

once the zb direction i s  chosen, the xb direction i s  determined in the 

s a m e  manner  a s  that of the sphere.  F o r  a cone with a vertex, AP 

is  coincident with 0 ,  and R1 = 0. 

CYLINDER -- TYPE O F  SURFACE 3 

To specify a cylinder, the input data required a r e  the positions 

of cylindrical ends, Ap and A2,  the radius R, and the circumferent ial  



NOTES : 

1. X b  , Yb, Z b  I S  THE SURFACE 
COORDINATE SYSTEM. 

2. X C Y  Yc, ZC I S  THE P O S I T I O N  OF 
CENTER I N  THE SOURCE COORDT- 
NATE SYSTEM. 

3. RADIUS OF SPHERE = R. 

5. - 180 '  < $ < 1 8 0 ° .  - - 
6. AA = R2 A c o s  0 A$. 

7. P O I N T  A I S  THE INTERSECTION POINT 
OF Z b  A X I S  AND THE SPHERE. 

F IGURE 6. SPHERE -- TYPE OF SURFACE 1 
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angle range (+min 5 + 5 +max) (see  Figure 8). Al ( x l ,  y l ,  zp) and 

A2 ( x 2 ,  y 2 ,  z 2 )  a r e  expressed in  the source  coordinate system. The 

direction of xb i s  determined in  the same  way a s  that of the cone 

surface.  

RECTANGULAR PLATE - -  TYPE O F  SURFACE 4 

Since three  points determine a plane, the coordinates of 0,  A, 

B ( see  Figure 9 )  a r e  required to  specify the rectangular plate. The 

active s ide of the surface is  in  the positive zb direction. When the other 

s ide of the plane is  considered active,  the input o rde r  of these three 

corner  points must  be OBA. The element AA = AxAy is a lso  a smal l  

rectangular shape,  

CIRCULAR DISK OR ANNULUS -- TYPE O F  SURFACE 5 

As shown in Figure 10,  the data required to specify a c i rcu lar  

disk (R1 = 0)  o r  annulus a r e  the minimum and maximum radii, R1 

and R 2 ,  of the annulus, the range of angle c+ < + < the 

position of the center  0, and the unit vector OA in the zb direction, 

A i s  a point above 0 and = 1; this unit vector denotes the 

orientation of the plane. The direction of the xb axis is determined 

in the s a m e  manner  a s  the sphere,  cone o r  cylinder. 

TRIANGLE OR TRAPEZOID - -  TYPE O F  SURFACE 6 

The inputs of positions A, B, C, D (Figure  11) a r e  generally- 

required fo r  a tr iangle o r  trapezoid. A and B represent  the same 

point when the triangle i s  specified. The active side of the surface i s  i n  

the position zb direction and the input point A, B, C, and D follow a 

counterclockwise rotation. The elements a r e  defined between rays  

a ,  b and the constant x l ines.  ymin, ymax, xmin, Xmax a r e  calcu- 

lated f r o m  the program.  



NOTES : 

1. X b y  Yb,  Zb I S  THE SURFACE 
COORDINATE SYSTEM. 

2. A l ( x l Y  YI Y z 1 )  AND A 2 ( ~ 2 ,  ~ 2 ,  

z2) ARE THE ENDS OF THE CYLINDER 
I N  THE SOURCE COORDINATE SYSTEM. 

F IGURE 8. CYLINDER -- TYPE OF SURFACE 3 



NOTES : 

1. xb, yb, zb I S  THE SURFACE 
COORDINATE SYSTEM. 

2 .  O ( x o ,  Yo ,  z o ) ,  A(XA, YA,  ZA), 
AND B(XB, YB, ZB) REPRESENT 
THE CORNERS OF THE RECTANGULAR 
PLATE. 

3. L1 I S  THE S I D E  LENGTH I N  THE 
xb-DIRECTION.  

4. L 2  I S  THE S I D E  LENGTH I N  THE 
yb-DIRECTION.  

5. AA = A x  A y .  

FIGURE 9. RECTANGULAR PLATE -- TYPE OF SURFACE 4 



NOTES : 

1. xb, yb, zb I S  THE SURFACE 
COORDINATE SYSTEM. 

2 .  0 I S  THE CENTER OF THE D I S K  OR 
ANNULUS. 

3 .  MINIMUM RADIUS = R,; MAXIMUM 
RADIUS = R2.  

4. 1841 = 1; I S  A U N I T  VECTOR 
I N  THE P O S I T I V E  zb DIRECTION.  

5. $min i $  I S  THE SECTION 
B E I N G  CALCULATED I N  THE PRBGWM, 

FIGURE 10. CIRCULAR D I S K  OR ANNULUS - TYPE OF 
SURFACE 5 



NOTES : 

1. xb, yb, zb I S  THE SURFACE 
COORDINATE SYSTEM. 

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

3. ELEMENTS ARE S P E C I F I E D  BETWEEN 
RAYS a, b, AND CONSTANT x L I N E S .  

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

FIGURE 11. TRIANGLE OR TRAPEZOID -- TYPE OF SURFACE 6 



V1. DETAILED DATA INPUT REQUIREMENTS 

A detailed description of the input data requirements for the 

meteoroid flux distribution i s  given below, followed by the program 

input format .  

The f i r s t  c a r d  required i s  a problem ti t le card .  There  are 

80 spaces available for  such information a s  required to  identify the 

problem. 

The second ca rd  contains the information of the source surfaces. 

The f i r s t  number N1S defines the number of partitions in the conic angle 

direction (0 < 8 < 180") and N2S i n  the  circumferent ial  angle direction 

(0 5 + S 3 6 0 " ) .  RSR i s  the radius of the  source  sphere. As a rule  of 

thumb, N1S and N2S a r e  about 40 by 40, but they can  be any l a r g e r  

numbers  in  o rde r  to  obtain m o r e  accura te  resu l t s .  RSR may be 

chosen about 1 o3 t imes  l a r g e r  than the dimension of the vehicle. The 

th i rd  c a r d  defines the number of sur faces  of the vehicle, including 

a l l  possible blocking sur faces  and the surfaces on which the meteoroid 

flux distribution i s  calculated. 

The next c a r d  s e t  contains the information and specification 

of the basic  surfaces.  The number NTY PE(K) defines the type of 

sur face ,  e. g., NTYPE(K) = 2 indicates the  conic surface;  K i s  the Kth 

surface i n  the assembly. The next c a r d  in  column 1-80 descr ibes  

the information of the surface.  The numbers  AA(K, J )  specify the 

basic information of surface geometry.  They a r e  l is ted a s  follows; 

@ NTYPE(K)=l;  sphere 

A AA(K, l)=xc* 

:::The notations xc, yc, zc, R, e tc . ,  were  defined in the last  section. 
The dimension of a l l  lengths i s  in inches and the unit of angle is d e g r e e ,  



A AA(K, 2 )=yc  
a AA(K,  3 )=zC 
A AA(K,  4 ) = R  
a AA(K,  5 ) = 8 m i n  
r AA(K,  6 ) = 8 m a x  
r AA(K,  7 ) = $  m i n  
n AA(K, 8 ) = $ m a x  

AA(K,  ~ ) = x A  
r AA(K, 1 0 ) = x g  
a AA(K, 1 l ) = x C  

e N T Y P E ( K ) = 2 ;  cone  

e N T Y P E ( K ) = 3 ;  c y l i n d e r  
r AA(K, l ) = R  
n AA(K, 2)=x, 
r AA(K, 3)=yI  
a AA(K, 4)=z1 
a AA(K, 5)=x2 
A AA(K, 6)=y2 
r AA(K, 7)=zz 
A AA(K, 8 ) = + m i n  
r AA(K, 9 ) = + m a x  

@ N T Y P E ( K )  =4;  r e c t a n g u l a r  p l a t e  

e N T Y P E ( K ) = 5 ;  c i r c u l a r  d i s k  o r  a n n u l u s  



@ N T  Y P E ( K )  =6 ; tr iangle o r  trapezoid 

The next ca rd ( s )  identifies the information for  the calculation of 

meteoroid flux distribution; K B  i s  the index of the surface to be calcu- 

lated and MBLOK i s  the number of surfaces that possibly block .the MB 

surface.  If MBLOK i s  specified to be any negative value, a l l  surfaces 

(NB) a r e  considered a s  possible blocking surfaces.  The control variable, 

MAN, indicates the active side of the sur face .  When M A N = l ,  the active 

s ide of the surface is the one with positive curvature (cone, cylinder and 

sphere)  o r  the surfaces facing the +Zb directian (for disks, rectangles,  

t r iangles ,  t rapezoids o r  annuli). MAN=- 1 makes the other side of the 

surface active.  N3 and N4 a r e  the number of partitions of surface K6. 

Both N3 and N4 must  be equal o r  l e s s  than 10. If lOX 1 0  elements are 

not considered la rge  enough, one may increase the number of surfaces 

and s t i l l  obtain 10  x 10 for  each sma l l e r  surface.  

The a r r a y  IBLOK(1) specifies the surfaces that may block the 

K B  surface.  This card  may be omitted if MBLOKL 0, i. e .  , ei ther  no' 

sur faces  o r  a l l  of the sur faces  being considered a s  shielding surfaces.  



T h e  fo l lowing  i s  t h e  input  d a t a  f o r m a t  of t h e  p r o g r a m :  

CARD No. 1 

F O R M A T  20A4 

Col .  1 - 8 0  WRIT  

CARD No. 2 

F O R M A T  215, E 1 0 . 5  

Co l .  1 -5  N1S 

P r o b l e m  t i t l e  o r  i den t i f i ca t ion  

S o u r c e  i n f o r m a t i o n  

N u m b e r  of p a r t i t i o n s  i n  8 d i r e c t i o n  
of s o u r c e  s p h e r e  

N u m b e r  of p a r t i t i o n s  i n  JI d i r e c t i o n  
of s o u r c e  s p h e r e  

Col .  11-20  RSR R a d i u s  of s o u r c e  s p h e r e  ( i n .  1 

CARD No. 3 

F O R M A T  1015 

Co l .  1-5 NB 

T o t a l  n u m b e r  of s u r f a c e s  

T o t a l  n u m b e r  of s u r f a c e s  input  i n  
t h e  p r o g r a m  

CARD No. 4 T y p e  of s u r f a c e  

F O R M A T  1015 

Col .  1 - 5  NT Y P E ( K )  T y p e  of s u r f a c e  

CARD No. 5 D e s c r i p t i o n  of t h e  s u r f a c e  

F O R M A T  20A4 

Co l .  1 -80  WRIT(1) N a m e  o r  i den t i f i ca t ion  of the s u r f a c e  

CARD(S)  No. 6 Spec i f i ca t ion  of s u r f a c e  g e o m e t r i c  
v a r i a b l e  

F O R M A T  8ElO.  5 

Col .  1 -80  AA(Ki , J) ( T h e  v a r i a b l e s  depend o n  the t y p e  
s u r f a c e  c o n s i d e r e d ;  t h e  de t a i l ed  
d e s c r i p t i o n  w a s  g iven  o n  page 2 4 )  

NOTE: C a r d s  4 t o  6 s p e c i f y  a s i n g l e  s u r f a c e  and w i l l  b e  r e p e a t e d  N B  
t i m e s .  



CARD No. 7 

FORMAT 1015 

Col. 1-5 NANGL 

CARD No. 8 

FORMAT 1615 

Col. 1-5 KB 

Col. 6- 10 MBLOK 

Col. 11- 15 MAN 

Number of partitions for incoming 
meteoroid flux angle 

Total number of surfaces on which 
the meteoroid flux distribution i s  
calculated 

Specifications of surface on which 
the meteoroid flux distribution i s  
calculated 

The identification of surface 

Number of possible blocking surfaces 

4-1; the active side of surface being 
in t z b  direction o r  positive curva- 
t u re  of surface.  - 1 ; the active side 
of surface being in - zb direction o r  
negative curvature of surface.  

Col. 16-20 N3 Number of partitions on surface 

Col. 21-25 N4 Number of partitions on surface 

NOTE: N3 i s  the number of parti t ions i n  the @-direction for  a sphere,  
z-direction for  cone and cylinder, x-direction for  rectangular 
plate, r-direction for  disks o r  annuli, and r ays  for  tr iangles 
o r  trapezoids. N4 is the other  direction with respec t  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  ca rd ( s )  may  be omitted if  MBLOK $ 0,  ~ a r d ( s )  8-9 repeat 
a s  the number KB indicates. 



V I I. PROGRAM RESULTS OF A SAMPLE PROBLEM 

In this section, the output of the program will be described with 

the aid of a sample problem. F o r  simplicity, the Command and Service 

Module (CSM) of Skylab i s  chosen a s  a n  example. As shown in Figure 5, 

CSM is modeled with five basic surfaces:  two cones, two annuli, and 

one c i rcu lar  cylinder. The resu l t s  shown in  the computer output a r e  the 

number of par t ic les  that impact the specific element divided by the 

meteoroid flux, N1 , of the source sphere.  GAMMA in the printout is the 

angular deviation f rom the direction normal  to the surface.  

On surface 1, i. e . ,  the c i rcu lar  disk that represents  the docking 

port,  there  is no blocking surface to i t ;  therefore,  the number of par t i -  

c les  i s  the same a s  that of the source sphere.  F r o m  the heat radiation 

point of view, the total flux on each element divided by the a r e a  of the 

element must  be 1, which represents  the shape factor of the surface.  

This i s  indeed the case  shown fo r  surfaces 1, 2, and 3 .  

Surfaces 4 and 5 a r e  partially blocked by each  o ther ;  therefore,  

the shape factor  will  be l e s s  than one. The distribution of meteoroid 

part ic les  follows the right trend fo r  these surfaces.  The resu l t s  a lso 

show that a s  the radius  of surface 4 increases  the number of particles 

a l so  inc reases  because of l e s s  blockage by surface 5. The same i s  

t rue  fo r  the distribution of par t ic les  a t  surface 5. 

Because of the symmetry  of this example, the resu l t s  a r e  given 

f o r  only a portion of the CSM. 



EXWMobE P R O B L E M  COMYAND AND S E R V I C E  MODULE 

SOURCE SURFACE 

R A D I U S  OF SURFACE SPHERE 0 e 1 0 0 0 0 E  0 4  
NUMBER OF P A R T I T I O N S  I N  THETA= 4 0  
NUMBER OF p A 4 T I  T I O X S  I N  P H I  = 2 0  

SURFACE NUMBER= 1 TYPE OF SURFACE= 5 
PORT AREA 
ANPiULUS OR D I S K  RMINe.  0 5 0 0 0 0 0 E  0 0  R Y A X e n  0 e 2 0 5 1 0 E  0 2  
CENTER 0 . 0 0 0 0 0 E  0 0  OeOOOOOE 0 0  - 0 o 1 7 9 0 0 E  0 3  P C I N T l  0 0 0 0 3 0 0 E  0 0  

Y I N e  P H I =  0 5 0 0 0 0 0 E  0 0  MAX. P H I =  3 0 3 6 0 0 0 E  0 3  

SUSFACE NUMBER= 2 TYPE OF SURFACE= 2 
A X I A L  S E R V I C E  YODULE CONE* CREW COMPARTMENT CSM 

CONE MIN I  R A D I U S =  0 * 2 0 5 1 0 E  0 2  CENTER OF R 1  S E C T I O N =  0 0 0 0 0 0 0 E  0 0  
MAX. R A D I U S =  0 . 7 7 0 0 0 E  0 2  CENTER OF R2  S E C T I O N =  3 0 0 0 0 g O E  0 0  
MINI  PHla 0 5 0 0 0 0 0 E  90 MAX0 P H I =  0 e 3 6 3 0 0 E  0 3  

N 
9 

SURFACE NUMBER= 3 TYPE OF SURFACE= 3 
A X I A L  S E R V I C E  MODULE C Y L I N D E R  CSM 
C Y L I D E R I  R A D I U S =  0 5 7 7 0 0 0 E  0 2  CENTER 0 . 0 0 0 0 0 E  00 0 a 0 0 0 0 0 E  00 

0 . 0 0 0 0 0 E  0 0  0 . 0 0 0 0 0 E  0 0  
M I N .  P H l a  0 . 0 0 0 0 0 E  0 0  MAX. P H I =  0 . 3 6 0 0 0 E  0 3  

SURFACE NUMBER= 4 TYPE OF SURFACE= 5 
A X I A L  S E R V I C E  MODULE END CSM 
ANNULUS OR D I S K  R M l N e =  0.11BQOE 0 2  RMAX I = 0 e 7 7 0 0 0 E  02  
CENTER 0 e 0 0 0 0 0 E  0 0  0 0 0 0 0 0 0 E  0 0  0 . 9 2 0 0 0 E  0 2  P O I N T 1  OeOOOOOE 00 

MINI  P H I =  OeOOOOOE 0 0  MAX*  PHI= 0 0 3 6 0 0 0 E  0 3  

SURFACE NUMBER= 5 TYPE OF SURFACE= 2 
C O q l C  SURFACE O F  ENGINE  NOZZLE C S M  
CONE M I N B  R A D I U S =  O * % 1 8 O O E  8 2  C E N T E R  OF 9 1  S E C T I S N e  Q * B O O O O E  00 

MAX.  RADIUS= 0853940E 0 2  CENTER OF 82 S&CP%Oh= a a 0 0 Q O O E  00  
M I N a  P H I =  O a O O C B Q E  90 M A X I  PHI. O m 4 6 0 0 D E  0 3  



SURFACE 1 NOe OF PARTITIONS 1 0  1 0  

NO BLOCKING SURFACE I S  CONSIDERED 

DIFFERENTIAL AREA OF OBJECT SURFACE* 0a13215E 02 

CIRCULAR DISK 
CENTER OF THE DISK9 XI OIOOOOOE 0 0  fNa Y s  0100000E 0 0  IN. Z=00.17900E 03  I N o  
RMIN* 0 ~ 0 0 0 0 0 E  0 0  IN. RMAXx Oa20510E 02  IN. 
MIN. P H I =  0.00000E 0 0  MAX. PHI. 0136000E 03  

R t I N I  FROM Qe00000E 00  Oe64858E 0 1  0a91723E 0 1  0e11233E 0 2  0e12971E 02 
TO 0a64858E 0 1  0a91723E 0 1  Oa11233E 0 2  0a12971E 02  0014502E 02  

FROM 0 0 0 0  TO 15a00  

FROM 15.00 TO 30.00 

FROM 0100 FROM 30a00  TO 45.00 

TO 36.00 FROM 45.00 TO 60100 

FROM 60.00 T O  7 5 r 0 0  

FROM 79.00 '70 90.00 

T O T A L  N U M B E R  OF PARTICLES 
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SURFACE 5 NO. OF PARTITIONS 1 0  1 0  

BLOCKING SURFACES 
4 

DIFFERENTIAL AREA OF OBJECT SURFACE, 0024739E 03  

CONE 
MINI RADIUS= 0011800E 02 IN. MAX. RADIUS= 0m53140E 02 I N *  LENGTH OF THE CONE 0m11400E 03 IN0 
MINI PHI= OeOOOOOE 0 0  M A X o P H I =  0 0 3 6 0 0 0 E 0 3  

Z(IN) FROM 0m32035E 02  0e55387E 02 0m71479E 02  0084562E 02 0095876E 02  
TO 00553875  02 0071479E 02 0084562E 02  0095876E 02  0e10598E 03 

FROM 0 0 0 0  

Y O  3 6 0 0 0  

FROM 0 0 0 0  TO 1 5 0 0 0  

FROM 1 5 0 0 0  TO 30m00 

FROM 3 0 r 0 0  TO 45000  

FROM 4Se00 TO 60m00 

FROM 60.00 TO 7 5 r 0 0  

FROM ' 7 '5~00 T O  90.09 

TOTAL NUMBER GF PARTICLES 



V I I I .  PROGRAM LISTING 



c MAIY P K O G R A M  
C O F Y O N  N R E A D ~ N W R I T , P I ~ N B ~ N A ~ \ ! G L ~ N T C T L ~ I \ ! ~ S ~ N ~ S ~ R S R S -  

1 S A R E A 9 M B L O K t N T Y P E ( 2 0 0 ) 9 A A ( 2 0 0 9 1 8 ) ~ G A P M A ( ~ 8 ~ ~  
2 F L U X ( 1 0 0 ~ 1 0 ) ~ W ( 2 0 0 ~ 3 ) ~ X 5 B ~ 4 0 v 4 O ~ ~ Y S B ( 4 0 ~ ~ 0 ~ ~  
3 Z S R ( 4 0 ~ 4 0 ) v X S ( 4 0 9 4 0 ) 9 Y S ( 4 0 9 4 0 ) 9 Z S ( 4 0 ~ ) ~  
4 I B L O K ~ 2 0 0 ) t L I Y 1 9 L I M 2 9 M A N  

L I M 2 = 4 0  
LIF.11=40 
CALL S T O N E  
STOP 
END 



SIJSROU r I :.IF STOht '  
D I M E N S I O N  W K I T ( 2 O )  
COX44ON ~ ~ E A D ~ N W R I T ~ P I ~ R H I N A N G L ~ N T G T L ~ ! \ ~ ~ S ~ N Z ~ ~ R S R ~  

1 S A ~ E A ~ b 4 R L 3 K 9 N T Y P E (  2 0 0 )  v A A ( 2 0 0 9  1 8  19GAi4MA 1 8  1 9  

2 F L O X ( ~ ~ ~ ~ ~ ~ ) ~ ~ I ( ~ O ~ ~ ~ ) ~ X S R ( ~ C : ~ ~ ~ ) P Y S R ( ~ ~ ~ ~ O ~ ~  
3 Z S P ( 4 0 ~ ~ 0 ) ~ X S ( 4 O t 4 0 ) ~ Y S ( 4 3 , 4 C ; ) ~ Z S ( 4 0 9 4 0 1 ~  
4 1 9 L O K ( 2 0 0 )  ~ L I k 7 1 , L I M 2 * Y l A P 4  

P I = 3 . 1 4 1 5 9 2 6  
T\!READ=5 
rli&:R I T = h  

C r j T Y P E = l  SPHERE 
C YTYPE=2  CONE 
C PdTYPE=3 CYL INDER 
C N T Y P E = 4  F L A T  P L A T E  
C E T Y P E = 5  C IRCULPR D I S K  
C NTYPE=6  T R I A N G L E  3 R  TRAPEZOID  

R E A D  ( M Q E A 9 9 1 4 C )  ( W R I T ( I ) , I = 1 , 2 0 )  
! d R I T E ( h h ' R I T 9 1 4 1 )  

1 4 1  FORPAT ( ! H 1 9 / / )  
V!?ITE(P,! '::RIT9140) ( ' / J R I T (  I )  9 1 = 1 9 2 0 )  
R F A D  (&,!KEAD,5901 i%lS,N2S9r?S!? 

590 F O 9 Y A T (  ? I 5  t F 1 0 . 5  
W R I T E ( t . J d R I T 9 5 5 0 )  R S R t N l S e N 2 . S  

5 5 0  F O R V A T (  / / / / 5X ,14HSOlJRCE S U R F A C E / / ~ X I ~ ~ - ~ K A D I U S  OF* 
1 1514 SURFACF SPHEREtE15e5/5X920HNUMHER OF P A R T I T % C I \ S ,  
2 1 0 H  I?.] Tt1ETA= + 15/5X30HiUUI'4RER OF P A ! ? T I T I O N S  IN PI41 -- e 
3 1 5 )  

R E A D ( N R F 4 D , 5 1 0 )  NB 
00 3 0  Y=l , [LR 
? E A D ( Y R E A D , 5 1 0 )  N T Y P E ( K 1  
R F 4 D ( N R F A D 9 ? 4 0 1  ( k i R I T ( 1 ) 9 1 = 1 $ 2 0 )  

1 4 0  F O Q " A T ( 2 0 A 4 )  
Y=:;TYPE ( K  
W R I T E ( N W Y I T 9 1 S O ) K , N  

1 5 0  F O R " I A T ( / / 5 X , 1 5 H S U R F A C E  NU>4RER=,13r5X9 
1 l h H T Y P E  OF S U R F A C E = $ I 2 )  

\ 4 R I T E ( N i h ' K I T ~ 1 4 0 )  ( k ! R I T (  I )  9 1 = 1 , 2 0 )  
GO TO ( 2 1 @ ~ 2 2 0 , 2 3 0 , 2 4 0 , 2 5 C 9 2 6 0 1 9 N  

2 1 0  "JY=11 
R E A D ( N R E A D 9 5 2 0 )  ( A A ( K , J ) 9 J = l , N N )  
W R I T E ( N W R I T t 5 2 1 ) ( A A ( K $ J ) ~ J = l ~ h N ~  

5 2 1  F O R ~ l A T ( 5 X , 6 H S P H E R E t 5 X ~ 6 H C F : i \ ; T E R 9 3 E 1 5 . 5 , 7 H ~ + A D I U 5 ~ ~  
1 E 1 5 a 5 9 / 1 6 % 9 1 1 H Y I N .  T H Z T A = , E ~ ~ ~ ~ ~ ~ O X I ~ ~ H ~ ~ A X ~  T H E T A = ,  
2 E ! 5 r 5 / 1 6 X , l l H V I h r  P H I  = 9 E 1 5 . 5 9 2 0 X 1 l l H M A X ~  PI41 = (  
3 E 1 5 . 5 )  

GO TO 3 6  
730 N l i = ? O  

Q F A D ( P ~ I R E A D , S Z O )  ( A A ( K 9 J ) , J = l , N N )  
W R I T E ( N i f i i R I T 9 5 2 2 )  ( A A ( K $ J )  * J = l q N % )  



5 7 7  F O R Y A T ( 5 X l T H C 9 N E , 5 X l 2 H ' 4 I P d e  R A D I U S = ~ € ~ ~ ~ ~ ~ ~ X B  
1 21MCEXTER OF R 1  S E C T I O N = , 3 E 1 5 e 5 / 1 4 X l Z H Y , A X e  R A D I U S = ,  
2E15e5,SX,71HCEPiTER OF R 2  S E C T I O h = , 3 E 1 5 . 5 / 1 4 X ,  
3 9H" IN.  P H I = s E 1 5 e 5 , 5 X g 9 H m 4 A X e  P H I = , E 1 5 . 5 )  

GTj T O  3 0  
2 ? 0 "1 ".J = 9 

R F A D (  r q R F A l ) r 5 % O )  ( A A ( K 9 J )  , J = l , & h )  
W R I T E ( N W R I T t 5 2 3 )  ( A A ( Y v J ) ~ J = l ~ & N )  

5 2 3  F O R a J A T ( 5 X ~ t ! - i C Y L I D E R ~ 5 X ~ 7 H R A D I U S = 9 E 1 5 e 5 * 5 X ~ 6 H C E N T F R ~  
1 3 E 1 5 e 5 / 5 1 X ~ 3 E 1 5 e 5 / 1 9 X 9 9 H ~ I N e  P t i I = q E 1 5 * 5 t 5 X  
2 ?lr"-?AX. P l . 1 1 = r E 1 5 e 5 )  

GO TO 3 0  
7 4 2  NI ' ; i=9  

Q F A O ( h 2 R f A C ; ~ 5 2 0 )  ( A A ( K 9 J )  , J = l , N N )  
W R I T E ( r 4 W R I T t 5 2 4 )  ( A A ( Y * J ) ~ J = l ~ ! < h i )  

5 2 4  FORvA7 ( 5 X  19HRECTANGLE ~ 4 9 X 9 6 k i P O I P 4 T l  $ 3 E 1 5 @ 5 / ' 6 X  9 
1 h H P 3 1 ! 4 T 2 ~ 3 E 1 5 e 5 , 6 X , ~ > H P O I k T 3 ~ 3 E 1 5 e 5 )  

G D  T 3  7 0  
7 5 0  I\iY1=10 

RFAD(!JRFAD,52O) ( A A ( K , J I , J = l , N N )  
W ~ I T E ( N > J R I T , ~ ~ ~ ) ( A A ~ Y ~ J ) ~ J = ~ P ~ \ : ~ )  

5 2 5  FORkAAT(5X,?5FiANNULUS OR D I S K g 5 X t 6 H R M I N . = , E 1 5 . P ,  
1 5 Y  , 6 I - ( H ? ~ A X e = r E l S e 5 ~  / 5 X 6 H C E P i T F R , 3 E 1 5 e 5 , 4 X s b H P O % N T l  PI 

2 3 E 1 5 r 5 , / ? 0 X , 9 H 5 1 I N e  PHI=9E15.5 ,5X,9 i+b<AX*  P t i f = + E 1 5 o 5 )  
SO T 3  3 0  

3 6 0  N N = 1 2  
l ? E A O ( N R E A 3 , 5 2 0 )  ( A A I K 9 J ) , J = l e N N )  
W P I T E ( F I L ~ R I T , ~ ~ G )  ( A A ( K , J )  , J = ~ ~ I U P . I )  

5 2 6  F O R Y A T ( 5 X , 2 1 t i T R I A N G L E  OR T R A P E Z O I D / 6 X , l H A , 3 E 1 . 5 e 5 9  
1 8 X , l t l R t 3 E 1 5 e 5 , / 6 X , 1 H C 9 3 E 1 5 e 5 ~ R X ~ I H D , 3 E 1 5 m 5 ~  

GO TO 3 9  
39  COPdTIIVUE 

R E A D ( N R E A D , 5 1 0 )  NAqGL,NTOTL 
CALL '3EF 
AP/I=:dA?IC,L 
D E L = P I  / (  A:4*2r  
DO 5 0  I = l , N A N G L  
4 I = I 
G A Y v A (  I ) = A I * D E L  

5C CONTINUF 
5 1 0  F O R Y A T ( 1 3 1 5 )  
5 2 0  FORI4AT ( 8 F l O e 5  

C A L L  F A L L  
RETtJRN 
E'JP 



S U R R O U T I N E  DEE 
D I Y E N S I O N  E E ( 9 )  
COYMON N R E A D , & W R I T ~ P I ~ N B ~ N A N G L ~ N T O T L S P ~ ~ . S ~ N ~ S ~ ~ S R ~  

1 S A R E A ~ M R L O K ~ ~ T Y P E ( 2 0 O ) ~ A A ( Z O 0 9 1 8 ) 9 G A M M A ( ~ ~ ~ ~  
2 ~ L U X ( ? O ~ ~ ~ ~ ) ~ ~ ( ~ O ~ ~ ~ ) ~ X S B ~ ~ O P ~ O ) ~ Y S P , ( ~ O ~ ~ ~ ~ ~  
3  Z S R ( ~ O ~ ~ ~ ) ~ X S ( ~ O ~ ~ O ) ~ Y S ( ~ + O ~ ~ O ) ~ Z S ( ~ O ~ ~ ~ ) B  
4 : q L ! 3 K !  2001  ~ L I M l , L 1 ? 4 2 ~ ' 4 A h  

C F = P I / l P , O .  
D 3  103 K = l t Y R  
p J Y = Y T Y P E ( K )  
GO TC ( 1 3 r 2 0 t 3 0 , 4 0 , 5 0 t 6 0 ) , N N  

10 A A ( K , ~ ~ ) = A A ( Y B ~ )  
A A ( K t l 5 ) = A A ( Y t 2 )  
A A ( Y , l S ) = A A ( K t 3 )  
X = A A ( K 9 9 ) - A A ( K . 1 )  
Y = A A ( K , 1 0 ) - A A ( K 9 2 )  
Z = A A ( K , l l ) - A A ( K , 3 1  
A A ( K , 1 9 ) = A A ( K , 4 )  
A A ( K , l l ) = C F * A A ( K , 5 )  
A A ( K g ? 2 ) = C F * A A ( K r 6 )  
A A ( K , l ? ) = C F + A P ( K , 7 1  
A A ( K 9 1 R ) = C F + A A ( K , 8 )  
GO TO 5 

7 0  R 7 = A A ( Y , 5 )  
A A ( K 9 1 7 ) = C F + A A ( K , 9 )  
A A ( Y , l Y ) = C F + A 4 ( K , ? O )  
X = A A ( K t 6 ) - A A ( K , 2 )  
Y = A A ( K , 7 ) - A A ( Y * 3 )  
Z = A A ( Y , S ) - A A ( K 9 4 )  
D = S O R T ( X * X + Y * Y + Z * Z )  
R l = A A ( K v l )  
Z l = Q l * D / ( R ? - R 1 )  
Z 2 = Z l + D  
R A T I C = Z 1 / ' 3  
A A ( K 9 1 4 ) = A A ( K , 2 ) - R A T I O * X  
A A ( K , 1 5 ) = A A ( K , 3 ) - R A T I O * Y  
A A ( Y , 1 6 ) = A A ( K e 4 ) - R A T I O * Z  
A A ( Y ~ 1 0 1 = 9 1  
A A ( K v l l I = R 2  
A A ( K , 1 7 ) = Z l  
A A ( Y * 1 7 ) = 1 2  
GO TO 5 

3" X = A A ( K i 5 ) - A A ( K 9 2 )  
Y = A A ( K , 6 ) - A A ( K , 3 )  
Z = A A ( K , ? ) - A A ( K , 4 1  
D = S O R T  ( X * X + Y * Y + Z + Z  
A A ( Y 9 1 0 ) = A A ( K * Z )  
A A ( K , ? 5 l = A 4 ( Y 9 3 )  
A A ( K , l h ) = A A ( K , 4 )  





A A ( Y  , Z ) = S I ~ W P H * C O S T H  
A A ( Y , 3 ) = - S I N T H  
A A ( Y 9 4 ) = - S I N P H  
A A ( Y , S ) = C O S P H  
A A ( Y t b ) = O .  
A A  ( K 9 7 1 = S  I PJTH*COSPH 
A A ( Y 9 8  ) = S I N T H * S I N P H  
A A ( K , 9 ) = C O S T H  
GO T O  100  

60 X A = A A ( K , l O ) - A A ( K , 7 )  
Y A = A A ( K ~ ~ ~ ) - A A ( K I ~ )  
Z A = A A ( K , l Z ) - A A ( K , 9 )  
A = S O R T ( X A R X A + Y A * Y A + Z A * Z A )  
X R = A A ( K 9 4 ) - A A ( K 9 l )  
Y R = A A ( K I ~ ) - A A ( K , ~ )  
Z R = A A ( K , 6 ) - A A ( K t 3 )  
R = S Q R T ( X q + + X 9 + Y R * Y R + Z B * Z E )  
X D = A A ( K ~ ~ ) - A A ( K B ~ ~ )  
Y D = A A ( K $ ? ) - A A ( K e 1 1 )  
Z D = A A ( K 9 3 ) - A A ( K t l 2 )  
D = S O R T ( X I ) * X D + Y D * Y D + Z D * Z D )  
R A T I O = B / ( A - H I  
A A ( K 9 1 4 ) = A A ( K t l ) + X D * R A T I O  
A A ( K 9 1 5 ) = A A ( K , 2 ) + Y D * R A T I O  
AA(Y916l=AA(K,3)+ZD*RATIO 
Y  I = X A / A  
Y J = Y A / A  
Y K = Z A / A  
Z I = Y D * Z R - Z D * Y B  
Z J = Z D * X S - X D * Z B  
Z K = X D * Y R - Y D * X B  
TZ=SORT(ZI*ZI+ZJ*ZJ+ZK*ZK) 
Z I = Z I / T Z  
Z J = Z J / T Z  
Z K = Z K / T Z  
X I = Y J * Z K - Y K * Z J  
X J = Y K * Z I - Y  I * Z K  
X K = Y I * Z J - Y J * Z I  
E E ( l ) = X I  
E E ( 2 ) = X J  
E E ( 3 ) = X K  
E E ( 4 ) = Y I  
E E ( S ) = Y J  
E E ( h ) = Y Y  
F E ( 7 ) = Z I  
E F ( R ) = Z J  
E E ( 9 ) = Z K  
DO 61  L = 1 9 9 9 3  
X C O = A A ( K , L ) - A A ( K 9 1 4 )  
Y C O = A A ( K , L + l ) - A A ( K 9 1 5 )  
Z C O = A A ( K 9 L + 2 ) - A A ( Y , 1 6 )  
AA(K,L)=ACO*EE(1)+YCO*EE(2)+zCo*EE(3) 
A A ( K $ L + ~ ) = X C O * E E ( ~ ) + Y C O * E E ( ~ ) + Z C O * E E ( ~ J  
A A ( K ~ L + ~ ) = X C O * E E ( ~ ) + Y C O * E E ( ~ ) + Z C O * E E [ ~ ~  

6 1  CONTINUE 
A A ( K , l Z ) = A A ( K v 8 )  
A A ( K , 1 3 ) = A A ( K , 1 1 )  
A A ( K , l l ) = A A ( K , l O )  
A A ( K I ~ O ) = A A ( K , I I  

41 



90 62 L=1,9 
6 2  AA(K,L)=EEIL) 
100 CONTINUE 

RETIJRN 
END 



S U B R O U T I N E  N O R M L ( S X B v S Y B , S Z B , K B v D ~ C O S B )  
COMMON N R E A D ~ N W R I T ~ P I V N B ~ N A N G L P N T O T L V N ~ S ~ F . ~ ~ S V M S R ~  

1 S A R E A ~ M B L O K ~ N T Y P E ( 2 0 O ) r A A ( 2 0 0 , 1 8 ) ~ G A M M A ( l 8 ~ v  
2 F L ~ ~ ( 1 0 0 ~ 1 0 ) t W ( 2 0 0 ~ 3 ) t X S R ~ 4 0 ~ 4 O ~ v Y S E ! ( 4 0 r 4 0 ~ ~  
3 Z S B ( ~ ~ V ~ ~ ) V X S ( ~ ~ ~ ~ ~ ) ~ Y S ( ~ O V ~ O ) ~ Z S ( ~ O V ~ O ) V  
4 I B L O K ( ~ O O ) V L I M ~ ~ L I M ~ , M A N  

Y=KR 
X = W ( K R v 1 )  
Y = W ( K R v 2 )  
Z * W ( K B v 3 )  
A 2 = ( X = S X R ) / D  
B 2 = ( Y = S Y B ) / D  
C Z = ( Z - S Z B ) / D  
N N = N T Y P E ( K )  
GO T O  (?02~202r302~402t402,402)vNN 

102 C O S B = - [ A Z * X + R 2 * Y + C 2 * Z ) / A A ( K t / O )  
R E T U R N  

2 0 2  R = S O R T ( X * X + Y * Y )  
A M = A A ( K 9 1 O ) / A A ( K v 1 2 )  
AM=AM*AM 
X X = X / R  
Y Y = Y / R  
Z Z z - S Q R T t A M )  
R R R = S O R T ( X X * X X + Y Y * Y Y + Z Z w Z Z )  
X X = X X / R R R  
Y Y = Y Y / R R R  
Z Z = Z Z / R R R  
C O S R = - ( A 2 * X X + R 2 * Y Y + C 2 * Z Z )  
R E T U R N  

302 C O S R = - ( A 2 * X + B 2 * Y ) / A A ( K v l O )  
R E T U R N  

402 COSR=-C? 
R E T U R N  
END 



SUSPOUTINE F A L L  
D I C E N S I O N  C C ( 3 ) 9 Y Y ( 1 1 )  
COMYON N R E A D ~ N W R I T ~ P I ~ N R ~ ~ A N G L ~ N T O T L ~ ~ J ~ S P N ~ S P R S R ~  

1 S A R E A 9 ~ ~ L O K ~ N T Y P E ~ 2 0 0 ) 9 A A ( 2 0 0 9 1 8 ) ~ G A Y 2 1 A ~ ~ 8 ~ ~  
2 F L U X ( ~ O O P ~ ~ ) , W ( ~ O ~ ~ ~ I ~ X S B ( ~ ~ , ~ ~ ~ ~  
3 Z S R ( 4 9 t 4 0 ) 9 X S ( 4 0 ~ 4 0 ) 9 Y S ( 4 0 9 4 0 ) 9 Z S ( 4 3 , 4 0 ) ~  
4 IBLOK(20C),LIM19LIM2pMAN 

N l = N l S  
N2=N2S 
R=RSR 
D E L I = - 2 r / F L O A T ( N l )  
D E L 2 = 2 . * P I / F L O A T ( N 2 )  
S A R F A = H S R * R S R * D E L l * D E L 2  
S A R F A = A R S ( S A R E A )  
I F  ( P d l - L I Y l )  1 9 1 9 2  

1 L M l = N 1  
GO TO 3 

2 L , r J l = L I Y l  
3 I F  (N2-LIM2) 4 9 4 9 5  
4 L Y 2 = N 2  

GO TO h 
5 L V 2 = L I M 2  
h DO 1 0 0  J = l t L M 2  

A J = J  
? H I = ( A J - O . 5 ) * D E L 2  
S I N P H = S I N ( P H I  
C O S P H = C O S ( P H I )  
DO 1 0 0  1 = 1 9 L h I 1  
A I = I  
C O S T t l = l r + ( A I - O a 5 ) * 9 E L l  
S  I NTH=SOKT ( 1 a-CCSTH*COSTH 
X S ( I t J ) = R * S I N T H * C O S P H  
Y S ( I t J ) = R * S I N T H * S I N P H  
Z S (  I 9 J ) = R * C O S f H  

1 0 0  CONTINUE 
DO 1 0  L B = l r N T O ? L  
R E A D ( N R F A D t l 5 0 )  YR9MRLOK9l , :AN9N39N4 
K = K R  
TRANSFER XS ,YS9ZS+  TO BODY COORDINATE  SYSTErv? 
DO 90 I I = l * L M l  
DO 90 J J = 1 9 L M 2  
X C O = X S ( I I , J J ) - A A ( K R 9 1 4 l  
Y C O = Y S ( I I , J J ) - A A ( K B I 1 5 )  
Z , C O = Z S ( 1 1 9 J J ) - A A ( K B , 1 6 )  
x S R ( I I ~ J J ) = X C O * A A ( Y ~ ~ ) + Y C O * A A ( K ~ ~ ) + Z C O * A A ~ K ~ ~ ~  
Y S R ( I 1 9 J J ) = X C O * A A ( K g 4 ) + Y C O * A A ( K ~ 5 ) + Z C O * A A ~ K ~ 6 ~  
Z S R ( I I r J J ) = X C O * A A ( Y ~ 7 ) + Y C O * A A ( K ~ 8 ) + Z C O ~ ~ A A ~ K ~ 9 ~  

90 C O N T I N U E  
N=Y3* 'V4  



NbvN=NTYPE ( K t 3  
GO T O  ( l l r 1 2 , 1 4 3 9 1 4 ~ 1 5 9 1 6 ) 9 ~ \ I N N  

11 D E L ~ = ( C O S ( A A ( K ~ ~ ~ ) ) - C O S ( A A ( Y ~ ~ ~ ) ) ) / F L O A T ( N ~ )  
D E L 4 = ( A A ( K ~ l S ) - A A ( K 9 1 7 ) ) / F L o A T ( N 4 )  
E L F M = - D E L 3 + ~ D E L 4 * A A ( Y n 9 1 0 ) * A A ( K 3 ~ 1 0 )  
GO T O  13  

1 3  D ~ L ~ = ( A A ( K R ~ ~ ~ ) * A A ( K O ~ ~ ~ ~ - A A ( K ~ ~ ~ ~ ~ * A A ~ K B ~ ~ ~ ~ ~ ~ F L O A T ~ ~ ~ ~ ~  
3 F L 4 = ( A A ( Y ~ 1 8 ) - A A t K ~ 1 7 ) ) / F L O A T ( N 4 )  
A L = S Q R T ( A A ( K 9 1 ? ) * A A ( K e 1 2 ) + A A ( K t l C ) l  
C O S P = A A ( Y 9 1 2 ) / A L  
T A k A = A A ( Y t l O ) / A A ( K 9 1 2 )  
F L F Y = O E L 3 * D E L 4 * 0 e 5 * T A N A / C O S A  
GO T 3  19  

1 3  D F L 3 = A A ( Y 9 1 1 ) / F L O A T ( N 3 )  
9 T L 4 = ( ! \ A ( K , 1 8 ) - A A ( K f l ) ) / F L O A T ( N 4 )  
E L E ' v l = A A  ( K  9 1 0  * D E L 3 * D E L 4  
GO T O  19  

1 4  D F L 3 = 4 A ( K v l O ) / F L O A T ( N 3 )  
D E L 4 = A A ( Y , l l ) / F L O A T ( N 4 )  
E L E \ 4 = 3 E L ? * D F L 4  
GO T O  1 9  

1 5  9 ~ L 7 = ( A A ( K ~ l l ) * A A ( K , 1 1 ) - A A ( K ~ 1 3 ) * A A ( K , 1 3 ) ) / F L O A T ~ N 3 1  
D E L 4 = ( A A ( Y 9 1 R ) - A A ( K 9 1 7 ) ) / F L O A T ( N 4 )  
E L F b A = D E L 3 * D F L 4 / 2 e  
GO T O  1 9  

36 X M A X = A A ( K + 1 1 )  
X Y I Y = A A ( Y 9 1 0 )  
A L = A A ( K , 1 3 ) - A A ( K , l ? )  
D F 1 3 =  ( X \ ! A X * X P A X - X P ~ I N + ~ X V I N )  / F L O A T  ( N 3  1 
D E L ~ = A L / ~ L O A T ( N ~ )  
ELEf f=0 .5*DtL4*3EL3/XYAX 

19 I F  ( N P L O K )  6 0 9 7 0 9 3 3  
3 7  R E A ? ( K 9 E A D 9 1 5 0 )  ( I R L O K ( I ) 9 1 = 1 9 M B L O K )  

1 5 9  C O ? Y A T ( l h I 5 )  
GO T O  3 0  

69 I \%LOK=N3  
DO 5 1  J = l  r l4R 

6 1  I R L O K ( J ) = J  
30  D O  7 3  J = l q I < A N G L  

D O  7 0  1 = 1 , N  
3 0  F L U X ( I t J ) = O o  

DO 40 J = l r N 4  
DO 49 I = l @ N 3  
C A L L  P L A C F ( I , J , K B , C C , D E L ~ , D E L ~ )  
30 40 I I = l , N l  
DO 40  J J = l t N 2  
C A L L  S L O C K ( A R E A e B E T A 9 K B ~ N F ! L O K ~ I I ~ J J ~ C C ~ D E L 1 9 D E L 2 ~ E L E ~ 4 1  

4 0  C O N T I Y U E  
CALL C A P T ( K R ~ Y Y , N ~ , N ~ , D E L ~ ~ D E L ~ B E L E P ; )  
C A L L  T Y P E ( K R , Y Y v N 3 , N 4 )  

10 C O N T I N U E  
RETlJRN 



SUHROUTIKE 2LACF(INtJS,K,CCtDELleDEL?I 
DIMERSION CT(3)tCC(3) 
C O y ~ l O r \ i  FdREAO9NLi41TvPI ~ ' ~ P : , : . J A N G L , ( ~ T O T L , ~ \ ; ~ S , ~ ~ Z ~ B R S H ~  

1 S A ~ E A ~ M R L O K ~ k T Y P E ( 2 0 O ) , A A ( 2 0 0 ~ 1 9 ) ~ G A ~ ~ ? ~ 4 P ( ~ ~ I ~  
2 FLUX(100~lO)rW(20093)~XSHtLt'3~40!~Y5R(40~4(?)s 
3 Z59(40940) eXS(40940) ,YS(40940) 9 Z S ( 4 3 , 4 C )  9 

4 IRLOK ( 2 0 0 )  JL:M~,LIYZ~".~AI\~ 
NV=YTY?E ( K 1 
G3 T C  (lCt29930,43,50r60) t P 4 T  

10 R=AA(kvlO) 
X = ( F L O A T ( I R ) - O I S ) * D E L ~ + C C ) S ~ A A ( K , ~ ~ )  
Y=(FLOAT(JR)-0.51*3EL2 +AA(K,17) 
C O S T H = X  
SIkTP=SOPT(l.-X*X) 
COS?H=C!.IS(Y) 
SINpti=SIi'd(Y) 
RS=!?+CS I P!Tti 
R C = R * C O S T k r  
W(Ktl)=RS*COSPH 
W (K. ,2 =RS*S IP4PtI 
11'(K,7 l = R C  
Go TC) 100 

30 Zl=AA(K912) 
Rl=AA(K,IOI 
X=Z?*Zl+(FLOAT(IR)-Oo5)*DEL1 
Y = ( F L O A T ( . J Y ) - O e S ) * D E L 2  + A A ( K e 1 7 )  
I = S O R T  ( X  
R=Z*Rl/Zl 
PH!=Y 
W ( < 9 1 1 =RX.COS ( P t i I  
W(Y,Z)=R+*SIP..(PtiI 
W ( k : , 3 ) = Z  
SO TO 199 

'39 R=AA(KolO) 
X = ( F L O A T ( I R ) - O O ~ ) * D E L ~  
Y = ( F L Q A T ~ J R ) - O I ~ ) * D E L ~  +AA(K,17) 
z = x  
PI1 I = Y  
W(K,l)=R*COS(PHI) 
W(Y,Z)=R*SI(t(PHI 1 
N(U.v3)=Z 
GO TO 100 

4 0  X = ( F L ~ A T ( I R ) - O I ~ ) * D E L ~  
Y = ( F L O A T ( J R ) - ~ I ~ ) * D E L ~  
vd(K,l ) = X  
W ( K , I ? ) = Y  
W(K,3)=0. 
GO TO 103 

50 X = A A ( K ~ ~ ~ ) * A A ( K ~ ~ O ) + ( F L O A ~ ( I P ~ - O O ~ ) * C E L ~  



Y = ( F L O A T ( J R ) - 0 o S ) * D E L 2  + A A ( K t 1 7 )  
? = S O R T  ( X  
P H I = Y  
W ( K . t l ) = ? * C C j S ( P H I )  
h 1 ( K , 2 ) = R * S I N ( P H I )  
W ( Y , 3 1 = 0 0  
63 T O  10c 

6 3  X ' ~ ~ I U = A A ( Y ~ l O ) * A A ( K ~ 1 0 1  
Y V I h : = A A I K , ? Z )  
X = X ~ p I Y + ( F L O A T ( 1 9 ) - O e 5 ) * D E L 1  
X = S O R T  ( X  
Y=YvIhd+(FLOAT(JR)-9.5 ) * D E L 2  
Y = X * Y / A A ( Y $ 1 3 )  
W I Y t l ) = X  
W ( K t 2 ) = Y  
W ( K t 3 ) = O a  

Z O Q  C C ( 1  ) = ~ : G ( K , ~ ) * A A ( ~ ~ ~ ) + W I K , ~ ) * P . A ( K V ~ ) + W ( K ~ ~ ) * A ~ ~ ~ K ~ ? ~  
1 + A A ( K t l G )  

C C ( 2 ) = b J ( k , l ) * A A ( K , Z ) t \ \ r ( C ~ ~ Z ) * A A ( i ( , 5 ) + ! \ r ( K , 3 l * i 4 A ~ K ~ 8  
1 + A A ( K . , l S )  

C C ( 3 ) = ! ~ l ( K , l I * A A ( K t 3 ) f i 4 ( K t Z ) * A A ( b ~ e 6 ) + W ( K , 3 ) * A A ~ K ~ 9 )  
1 + A A ( K , 1 6 )  
IF ( ~ ~ ~ B L O Y  6709520 ,613  

5 1 0  DO 70  K Y = l , . K R L C <  
N N N = l R L O Y ( K Y )  
DO 73 K 9 = 1 , % R  
I F  ( hi>4P"-K3 70 90 t 7 0  

99 C T ( l ) = C C ( l ) - A A ( K R t 1 4 )  
C T ( ? ) = C C ( ~ ) - I I A ( Y M ~ ~ ~ )  
C T ( 3 ) = C C ( 3 ) - A A ( Y B e 1 6 )  
W ( K ~ ~ l ) = C T ( l ) * A A ( K R ~ ~ ) + C T ( 2 l * A A ( K e , 2 ) + C T ( 3 ~ + ~ A A ~ K 9 ~ 3 ~  
W ( K R P ~ ) = C T ( ? ) * A A ( ~ R ~ ~ ) + C T ( ~ ) * A A ( K ~ ~ ~ ) + C T ( ~ ~ * A A ~ K B ~ ~ ~  
N ( K 9 , 3 ) = C T ( 1 ) * A A ( K R ~ 7 ) + C T ( 2 ) + t A A ( Y Y P , ~ 8 ) + C T ( 3 ) * A A ~ K ~ ~ 9 ~  

7fl C O N T I N U E  
6 2 0  RETlJRN 

END 



S U B R O U T I N E  R L O C K ( A R E A I R E T A ~ K R , N B L O K ~ I I ~ J J O C C ~ D E L ~ , D E L ~ ~ E L E ~ ~ I  
D I M F N S I O Y  C C ( ~ ) S S ( ~ ) S R O O T ( Z )  
COMMON N R E A D , V W R I T , P I ~ Y S S Y A U G L ~ I ~ T ( ~ T L S N ~ S S N ~ S , R S R *  

1 S A R E A S M R L O K S N T Y P E ( ~ ~ O ) ~ A A ( ~ O O ~ ~ ~ ) ~ C A Y M A ( ~ ~ ) ~  
2 F L U X ( ~ O O S ~ ~ ) ~ W ( ~ O O ~ ~ ) ~ X S S ( ~ O ~ ~ ~ ) ~ Y S H ( ~ @ ~ ~ ~ ~ ~  
3 Z S R ( 4 0 q 4 0 ) r X S ( 4 0 , 4 0 ) + Y S ( 4 C ) ~ 4 o ) ~ Z S ( 4 0 ~ 4 3 ) e  
4 I R L O K ( ~ O ~ ) , L I ~ ~ ~ S L I Y Z ( M A N  

YOVER=O 
I F  ( 1 1 - L I M 1 )  9 1 9 9 1 9 9 2  

9 1  I F  ( J J - L I K 2 )  9 0 9 9 0 r 9 2  
9 2  N O V F R = l  

C A L L  S S T ( S X , S Y S S Z ~ S B X ~ S ~ Y C S B Z ~ I I ~ J J ~ D E L ~ S E L Z ~ K B I  
X D = W ( Y B 9 1 ) - S O X  
Y D = W ( K S t 2 ) - S B Y  
Z D = W ( K B I ~ ) - S ~ Z  
GO T O  9 3  

90  X D = 1 J ( K B r I ) - X S B ( I I r J J )  
Y D = W ( K ~ S Z ) - Y S S (  I 1  tJJ)  
Z D = W ( K B S ~ ) - Z S ~ (  I I s J J )  
S B X = X S B ( I I S J J )  
S R Y = Y S R ( I I t J J )  
S B Z = Z S B ( I I , J J )  

9 3  D=ZR3+ZD+Yr;*YD+XD+:XD 
D = S n R T ( D )  
9 A Y = 0 * 0 . 9 9 9 9  
C A L L  N O R M L ( S R X * S B Y  r S B Z , K t 3 9 D 9 C O S B )  
T H R O = F L O A T  ( V A N  1 *COSR 
I F  ( T H R O )  7009700,600 

700 W L O K = 1 0 0  
Q E T U R Y  

600 I F  ( M S L O K )  6 2 0 , 6 2 0 , 6 1 0  
610 DO 100 K K = l r M B L O K  

N N N = I R L O K ( K K l  
DO 100 K = 1 9 N S  
I F  ( N Y Y - K )  1 0 0 ~ 8 1 0 , 1 0 0  

8 1 0  I F  ( N O V E R )  R 2 0 , 8 0 0 1 8 2 3  
8 2 0  X C O = S X - A A ( K , 1 4 )  

Y C O = S Y - A A ( K 9 1 S )  
Z C O = S Z - A A ( K S ~ ~ )  
GC) T O  8 3 0  

8 0 0  X C O = X S ( I I g J J ) - A A ( K w 1 4 )  
Y C O = Y S ( I I S J J ) - A A ( K , ~ ~ )  
Z C O = Z S ( I I , J J ) - A A ( K 9 1 6 )  

5 3 0  A l = X C O * A A ( K , l ) + Y C 3 * - A A ( K 9 2 ) + Z C O * A A [ K I 3 )  
R l = X C O * A A ( K ~ 4 ) + Y C O * A A ( K e 5 ) + L C O * A A ( K 1 6 )  
C ~ = X C O * A A ( K I ~ ) + Y C ~ ~ * A C \ ( Y  e R ) + Z C O * A C + ( Y ~ 9 )  
A Z = ( W ( K I ~ ) - A ~ ) / D  
9 2 = ( W ( K e 2 ) - 5 1 ) / @  
C 2 = ( \ 4 ( Y t 3 ) - C l ) / D  
N v = N T Y P F t K )  
GO T O  ( 1 0 t 2 0 1 3 0 t 4 0 r 5 0 , 5 0 )  9NN 

10 A = A ? * A 2 + R Z * R 2 + C 2 * C 2  
R=%.*(Al*A2+Rl*R2+Cl+CZ) 
c = A ~ * A ~ + R ~ * R ~ + c ~ * c ~ - A A ( K , ~ ~ )  
C A L L  QUART(AIR,CSROOT,MISS)  
I F  (YISS) 1 0 0 ~ 1 9 ~ 1 0 0  

19  DO 1 1 2  L O P E = l t Z  
T T = R O D T ( L O P E l  
P A H A = A S S ( T T )  



Y = A l + A 2 * T T  
Y = R 1 + 9 2 * T T  
Z = C I + C 2 * T T  
I F  ( P A R A - R A Y )  1 2 9 1 2 9 1 1 2  , 

12 T H E T A = A T P Y ( S Q f ? T ( X + X + Y * Y ) / Z )  
I F  ( 2 )  1 4 , 1 4 9 1 5  

14 T H E T A = D I + T H F T A  
1 5  I F  ( T H F T A - A A ( K 9 1 1 ) )  112916916 
16 I F  ( T H E T A - A A ( K e 1 2 1 1  1 7 , 1 7 9 1 1 2  
17 P H I = A S T A N ( X , Y )  

I F  ( P H I - A A ( K 9 1 7 ) )  1 1 2 r 1 8 9 1 S  
1 8  I F  ( P H I - A A ( Y v 1 8 ) )  1 1 9 1 1 9 1 1 2  

1 1 2  C O N T I Y U E  
GO T O  100 

11 V R L O K = K  
QFTLJQtd 

2 0  A M = A A ( K * l O ) / A A ( Y 9 1 2 )  
AM=AM*AM 

2 0 1  A = A ? + A 7 + R 2 * R 2 = A Y * C 2 * C 2  
9=2.*(Al+A2+Hl*H2-AM*c1*C2) 
C = A l * A l + s  i * 9 1 - A b 4 * C 1 * C l  
C A L L  9 U A R T ( A 9 3 9 C e R O O T + M I S S )  
I F  ( Y I S S )  1 0 O e 2 9 + 1 G O  

3 9  90 7 1 7  L O P E = 1 9 7  
T T = R O O T  (LOPF 1 
P A R A = A R S ( T T )  
X = A l + A Z * T T  
Y = B l + R 2 + T T  
Z = C I + C ? * T T  
I F  ( P A R A - R A Y )  2 2 9 2 2 9 2 1 2  

32  Z M I Y = A A ( K 9 1 7 )  
Z " A X = A A ( K t l 3 1  
I F  ( Z - Z M I Y )  2 1 2 , 2 6 9 2 6  

2 6  I F  ( Z o Z u A X )  2 7 9 2 7 9 2 1 2  
37  P H I = A S T A N ( X t Y )  

I F  ( P H I - A A ( Y 9 1 7 ) )  2 1 2 9 2 8 9 2 8  
2 8  I F  ( P H I n A A ( Y 9 1 R )  1 2 1 9 2 1 9 2 1 2  

2 1 2  C O Y T I V U F  
GO T O  100 

2 1  RIRLOK=K 
RETORN 

3 0  A = A 2 * A Z + R ? + + R 2  
R = 2 . * 4 A l * A 2 + H l * S 2 )  
C = A l * A l + R l * R l - A A ( K 9 1 0 ) * A A ( K f l )  
C A L L  G U A R T ( A 9 S , C 9 Y O O T 9 V I S S )  
I F  ( M I S S )  1 0 0 9 3 9 9 1 0 0  

3 9  DO 7 1 2  L O P E s l r 2  
T T = R O O T  (1-OPF 
X = A l + A 2 * T T  
Y=F31+S2*TT  
Z = C l + C 2 * T T  
P A P A = A R S ( T T )  
I F  ( P A R A - R A Y )  3 2 9 3 2 , 3 1 2  

7 2  Z M I \ I = O .  
Z M A X = A A ( K , l l )  
I F  ( 7 - Z t d I N )  3 1 7 9 3 6 9 3 6  

3 6  I F ( Z u Z M A X )  3 7 , 3 7 9 3 1 2  
3 7  P H I = A S T A k ( X , Y )  

I F  ( P H I 0 A A ( K + 1 7 ) )  3 1 2 t 3 8 t 3 R  
3 8  I F  ( P H I - A A ( Y 9 1 8 )  3 1 9 3 1 , 3 1 2  
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S(Z)=YS(II,JJI 
5(3)=ZS(IItJJ) 

730 A=(CC(l)-S(l))/D 
S=(CC(2)-S(Z))/D 
C=(CC(3)-S(3))/D 
COSA=S(ll*A+S(Z)*R+S~3)*C 
COSA=ARS(COS4)/RSR 
FACT=lr/PI 

C FACT=IUTFNSITY FUNCTION, % / P I  FOR DIFFUSIVE R A U I A T I O Y  
COSR=ARS(COSR) 
AREA=SARFA*FLEM*FACT*COSA*COSU/D/D 
B E T A = A T A N ( S Q R T ( l . - C C ) S H * C O S H ) / C O S H )  
R F T I J R ~ ~  
END 



SUBROUTINE O U A 9 T ( 4 t S e C e T e M I S S )  
D1"FNSIOY T ( 2 )  
DFLTA=B*S-4.*4*C 
I F  ( D E L T A )  1 1 9 1 2 9 1 2  

11 MISS=l 
R E T O R Y  

1 2  ~ I S S = O  
D E L = S O S T ( D E L T A I  
T ( l ) = ( - R + D F L ) / ( ? e * A )  
T ( Z ) = ( - R - D E L I / ( 2 e * A )  
9ETIJRN 
FYD 



FUNCTION A S I A N ( X s Y 1  
P 1 1 3 a 1 4 1 5 9 2 6  
I F  ( Y )  3 4 9 1 2 9 1 2  

1 2  I F ( X )  2 3 9 1 9 1  
3 4  IF ( X I  23923.4  
1 ASTAN=ATAN(Y/X)  

RETURN 
7 3  A S T A N = P I + A T A N ( Y / X I  

F!ETLJRY 
4 ASTAN=?.+PI+ATAN(Y/X)  

RETURN 
EY D 



S U B R O U T I N E  C A P T ( K ~ Y I N ~ ~ N ~ ~ O E L ~ * D E L ~ * E L E M )  
DIMENSION x ( i i ) , ~ t i l )  
COMMON N R E A D * N W R I T ~ P I * N S ~ N A N G L P P I T O T L ~ N ~ S P N ~ S ~ R S R ~  

1 S A R E A ~ M B L O K ~ N T Y F E ( ~ ~ O ) ~ A A ( ~ ~ C ~ ~ ~ ) ~ C A M M A ( ~ ~ ) P  
2 F L U X ( 1 0 0 ~ 1 0 ~ ~ W ~ 2 0 0 ~ 3 ~ t X S B ( 4 0 ~ 4 0 ~ ~ Y S B ( 4 0 ~ 4 0 ~ ~  
3 Z S B ( ~ O ~ ~ O ~ ~ X S ~ ~ O ~ ~ O ) ~ Y S ( ~ O ~ ~ O ~ ~ Z S L ~ ' ~ O ~ O ) ~  
4 IBtOK(200)9LIMlrLIM2rMAN 
AAIK$l71~AA(K,1?)*18Or/PI 
A A ( K , 1 8 ) = A A ( K 9 1 8 ) * 1 8 O . / P I  
WRITE(NWRIT,130) K*Nl,N2 

130 F O R M A T ( ~ H ~ / / ~ X ~ H S U R F A C E ~ I ~ * ~ X ~ ~ H N O ~  OF P A R T l f l 0 N S ~ 2 1 5 )  
IF (NB-MBLOK) 778,777,378 

777 WRIfE(NWR1f ,077) 
877 F O R M A T ( / ~ ~ H  ALL S U R F A C E S  A R E  CONSIDERED AS POSSIBLE* 

1 9M BLOCKAGE) 
G O  T O  779 

778 IF 1MBLOK) 7759776t775 
776 WRITE(NWRITv876) 
876 F O R M A T ~ / ~ ~ H  N O  BLOCKING S U R F A C E  IS CONSIDERED) 

GO T O  779 
775 WRIfE(NWRITe875) 
875 FORMAT(j18H BLOCKING SURFACES) 

WRfTE(NWRIT*874) (lBLOK(SI9I=lvMBLOK) 
874 FORMAT(5X*1815) 
779 CONT l NUE 

NNmNTYPE4 K l  
GO TO L 10e20r30s40e50960) 9NN 

10 ?Omlo 
D E L ~ D E L 2 * 1 R O e / P  I 
WRITE(NWRIT,616) ELEM 

6 1 6  FORYAT(/SXs36HDIFFERENTIAL AREA OF OBJECT SURFACEtE15.59 
WRITE(NWRITtL1) ( A A ( K * I l r I ~ l 4 t l 6 ) ~ A A f ~ ~ 1 0 ~  

11 FORMAT(//iis7H SPHEREv/4H XC=*E1215t4H I N s ~ ~ X B  
1 3 W Y C = * E 1 2 e 5 9 4 H  I N e ~ 5 X v 3 H Z C a 9 E 1 2 r 5 e 4 H  I P J ~ B ~ X ,  
2 7WRADIUS=,E12r594H I N @ )  
AA(K+11 )=AA(Kt11)+18Oe/PS 
A A ( K * 1 2 ) f A A ( K * 1 2 ) * 1 8 O . / P I  
W R I T E ( N W R I T I ~ ~ ~ I  A A ( K , l l ) t A A ( K e 1 2 ) , A A ( ~ , 1 7 ) 9 A A t K o 1 8 )  

111 FORMAT (7Xe11HMINa T H E T A = e E 1 5 r 5 , 5 X t l l t - ! # A X o  THETA=, 
1 E1505,/7Xt9HMlNa pHS=9€1505*7X9HMAXa P H I = ~ E 1 5 0 5 1  
X(l)=AA(K*Ll t 
DO 1 3  I-1eN1 

1 3  X(I+l)rX(I)+DEL1+180e/PI 
I P=N1+1 
00 14 I=lcI1 
A r X t  I )  
AaSQRT4 Lo-A+AI / A  
T W E T A P A T A N ~ A )  
IF ( A )  15915916 



1 5  THETA=THETA+PI 
1 6  X(I)nTHETA*lBOe/PI 
1 4  C O N T I N U E  

NO"0 
NF*O 

1 0 0 3  NDeNl-NF 
IFLND) 100491004r100f 

1 0 0 5  IS=NF+1 
IF (NO-5) 1001r100291002 

1001 NF=ND+IS=l 
GO T O  1111 

1 0 0 2  NFmIS+4 
1x11 ISl=IS+1 

NF l=NF+l 
IF ( N O )  1 0 0 6 9 1 0 0 7 ~ 1 0 0 6  

1 0 0 7  WRITEtNWRITr17) (X(I)9I+fS,NFI 
WRITEINWRIT918) (X(I)9I=fS19NFl) 
GO T O  1 1 0 0  

1 0 0 6  WRITE(NWRIT91008) ( X ( l ) g ~ f = l S ~ N f )  
WRHTE(NWRITe1009) (X(I)rIeISlrNFl) 

1 7  F O R M A T ( / / / ~ O X ~ ~ O H T H E T A  FROMt5E12e5) 
1 8  FORMAT(48Xr2HTO95E12e5) 

1 0 0 8  F O R M A T ( / ~ O X B S E ~ ~ . ~ )  
1 0 0 9  FORMAT(SOXt+5€12.5) 
1 1 0 0  Nos1 

GO TO 1 0 0 3  
1 0 0 4  YtlSsAA(K917) 

D O  1 9  I ~ l r N 2  
1 9  YtI+l)=Y(I)+DEt 

WRITE(NWRIT,12) 
1 2  FORVATl5Xrl2HPHI(DECREES~r6X~14HGAMMA~QEGREESl~ 

RETURN 
20 R2sAA(KeIl) 

03AA(K*13)aAA(K,121 
O E L = D E L ~ + ~ ~ O I / P I  
Rl=AA(KolO) 
w R I f E ( N w R 1 T ~ 6 1 6 )  ELEM 
WRITE1NWRIT g211 R1 eR2tD 

2 1  FORMAT(/!//SH CCNE/13H MINe RADIUS=rE12e594H fN.9 
1 5Xt12HMAX* RADIUS=rElZe5,4H I N ~ B S X ,  
2 18 H L E N G T H  OF THE CONEtElZe5,4H IN.) 
WRITE(NWRIT9222) A A ( K * ~ ~ ) B A A ( K ~ ~ ~ )  

2 2 2  FORMAT(10H M I N I  PHIatEl5r595Xr9HMAXe P H I ~ , E 1 5 e 5 1  
X(l)=AAtK*lZ)*AAfK,12) 
DO 23 f=ltN1 

23 X(I+l)=X(I)+DELl 
I l * N 1 + 1  
D O  24 I=lrfl 

24 X ( I ) = S Q R T ( X ( I ~ - A A I K B ~ ~ I ~  
NOS 0 
NF-0 

2 0 0 3  NDmN1-NF 
IF(ND1 2 0 0 4 $ 2 0 0 4 9 2 0 0 5  

2005 ISaNF+l 
IF (NO-5) 2 0 0 1 9 2 0 0 2 r 2 0 0 2  

2001 NF=ND+IS-1 
GO T O  2222 

2002 NF=IS+4 
2222 lSl=IS+l 
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NFl=NF+l 
IF (NO1 2006r2007e2006 

2 0 0 7  WRITE(NWRIT927) ( X ( I ) ~ I E I S ~ N F )  
WRITE(NWRITeZ8) ( X ( I ) r 1 = 1 S l ~ N F l l  
GO T O  2 1 0 0  

2 0 0 6  WRITE(NWRITe1008) I X ( I ) B I = I S ~ N F )  
WRITE(NWRITt1009) ( X ( I ) P I = I S ~ B N F ~ I  

2 1 0 0  NO=l 
2 1  FORMAT(///40X91OHZ(IY) FROM95E12r5) 
28 FORMAP(48X92HTOr5E12rS1 

GO T O  2 0 0 3  
2004 Y(l)rAA(Kq17) 

D O  29 ImlrN2 
29 Y[I+l)=Y(P)+DEt 

W R I T E ( N W R I T I ~ ~ )  
RETURN 

30 DE L ~ D E L 2 * l 8 0 e / P I  
DtAA(K911) 
WRITE(NWRIfr616) ELEM 
WRITEtNWRITr321 I A A ( K B I ) ~ I = ~ ~ I ~ ~ ~ P D ~ A A ~ K ~ ~ o ~  

32 FORMAT(////9H CYLf&DER,/25H BASE CENTER C O O R D I N A T E S I B  
1 S X t Z t i X = ~ E 1 2 r 5 ~ 4 H  I N e e 5 X r 2 H Y ~ r E l Z r 5 t 4 H  INo,SX,2Wbfr 
2 E1205,4H INer/8H L € N G T H = e € 1 2 r 5 , 4 ~  IN.9 
3 SXr7HRADIUS+rE12eSr4H IN.) 
WRITE(NWRfTr222) A A ( K c l 7 f r A A ( K r 1 8 )  
X(l)fO@ 
DO 3 3  I[=l@Nl 

33 XlI+ll=X(I)+DELl 
I lL=N1+1 
NO-0 
NF=O 

3 0 0 3  ND*NIDNF 
IFIND) 3 0 0 4 t 3 0 0 4 ~ 3 0 0 5  

3 0 0 5  IS=NF+l 
IF (NO-5) 3 0 0 1 9 3 0 0 2 ~ 3 0 0 2  

3 0 0 1  NF=ND+IS-1 
G O  TO 3333 

3002 NF=IS+4 
3333 tSlrIS+1 

NFl=NF+L 
IF ( N O )  300693007t3006 

3001 WRITE(NWRIT,27) tXlI)eI=fSeNFl 
W R ~ T E ( N W R I T B Z ~ )  (X(lI9I=fS19NFl) 
GO T O  3 1 0 0  

3006 WRlfE(NWRITe1008) ( X ( I ) ~ ~ = I S B N F )  
WRtTE(NWRITe1009) ( X ( I ) r I ~ l S L ~ N F 1 ~  

3 1 0 0  NOtl 
GO TO 3003 

3004 Y ( ~ ) ~ A A I K B ~ ~ )  
D O  39 lt l r N 2  

99 Y(I+~)PY(PI+DEL 
WRITE(NWRIT912) 
RETURN 

40 WRITE(NWRITeB16) ELEM 
WRlTEINWRITr41) ( A A ( K ~ I ) ~ I = ~ ~ ~ ~ ~ ) P A A ~ K c ~ ) B A A ~ K ~ ~ O D  

4 1  FORMAT(////llH F L A T  P C A T E P / Z ~ H  ONE CORNER O F  THE P L A T E (  
1 S X 9 2 t i X ~ e E 1 2 0 5 r 4 H  1 N s e 5 X 1 3 H  Y t ~ E 1 2 0 5 e 4 H  fNr95Xs3H Z = (  
2 E1 2 0 5 t 4 H  INet/17H S I D E  L E N G T H S  L l o ~  E12.5r4H I N . ,  
3 S X , 3 H L 2 = ~ € 1 2 0 5 r 4 H  1Nel 



X(l)=Oa 
Y(l)=O. 
DO 4 3  I=l,Nl 

4 3  X(I+l)=X(II+DELl 
I l=N1+1 
NOSO 
NFsO 

4003 NDsN1-NF 
I F ~ N D )  4 0 0 4 ~ 4 0 0 4 9 4 0 0 5  

4 0 0 5  IS=NF+l 
IF (ND-5) 4 0 0 1 r 4 0 0 2 + 4 0 0 2  

4 0 0 1  NF=ND+IS01 
G O  T O  4444 

4002 NF=IS+4 
4444 ISl=IS+l 

NFl=NF+l 
IF ( N O )  400694007,4006 

4007 WRITE(NWRIT9471 (X(I)+IaIS,NF) 
WRITE(NWRITe48) (X(I)eI=ISlrNFl) 
GO T O  4 1 0 0  

4006 WRITE(NWRIT91008) (XtI)@X=IS+NF) 
WRITE(NWRIT,1009) (X(Il@I=ISl*NFlI 

4 1 0 0  NO=l 
47 FORMAT(40X,lOHX(IN) FROM95E12.5) 
48 FORMAT(48XsZHTO,5E12.53 

GO T O  4 0 0 3  
4004 DO 49 I=l,NZ 

49 Y(I+lI=Y(I)+DEL2 
WRITE(NWRIT944) 

44 F O R M A T ~ ~ X B ~ H Y ( I N ) B ~ ~ X ~ ~ ~ H C A M M A ~ D E G R E E S $ )  
RETURN 

5 0  DEL=DEL2+10Oo/PI 
WRITE1NWRITr616) E L E M  
WRITE(NWRITr52) ( A A ~ K ~ 1 ) ~ 1 ~ 1 4 ~ 1 6 ) ~ ( A A ( K ~ I ) ~ I ~ 1 , ( 4 ~ 3 1 1 9  

52 F O R M A T ( / / / / ~ ~ H  CIRCULAR DISK/20H CENTER O F  THE DISK, 
1 5 X o 2 W X = r E 1 2 r 5 ~ 4 H  l N e ~ 5 X 9 3 H  Y=,ElZe5r4H 1N.c 
2 5 X + 3 H  Z = r E 1 2 e 5 + 4 H  INe/6H R M 1 N = ~ E 1 2 r 5  
3 9 4 H  1 N e t 5 X ~ S H R M A X = t € 1 2 e 5 , 4 H  IN.) 
w R f f E ( N W R 1 T ~ 2 2 2 )  A A ( K ~ 1 7 l t A A t K 9 1 8 )  
X ( ~ ) = A A [ K B ~ O ) * A A ( K ~ ~ O )  
Y ( ~ ) = A A ( K B ~ ? )  
DO 53 I = l + N 1  

53 X(I+l)=X(I)+DELl 
Ili=~141 
DO 5 4  IzlrIl 

54 X(I)=SQRT(X(I)) 
PJO=O 
NF=O 

5 0 0 3  ND"N1-NF 
IF(ND) 5004,5004+5005 

5005 ISaNF41 
IF IND-5) 5 0 0 1 ~ 5 0 0 2 c 5 0 0 2  

5 0 0 1  NF=ND+IS-1 
GO T O  5 5 5 5  

5002 NF=IS+O 
5 5 5 5  1S1=IS+l 

NFl=NF+l 
IF ( N O )  5 0 0 6 ~ 5 0 0 7 r 5 0 0 6  

5009  W R I T E ~ N W R I T I ~ ~ )  (XtI)+l=fS,NF) 
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WRITE(NWRITc581 (X(IIel+ISl*NFl) 
5 7  F o R M A T ( / / / ~ O X ~ O H R ~ I N )  FROMe5E12.5) 
5 8  F O R M A T ( ~ ~ X B ~ H T O * ~ E ~ ~ ~ ~ )  

G O  TO 5 1 0 0  
5 0 0 6  WRITE(NWRITv1008) (X(I)rI=ISeNFI 

WRITE(NWRITe1009) ( X ( I ) B I = I S ~ * N F ~ )  
5 1 0 0  NO=l 

GO T O  5 0 0 3  
5 0 0 4  DO 59 I = 1 $ N 2  

5 9  Y(I+l)=Y(I)+DEL 
WRITE(NWRITrl21 
RETURN 

60 XMA X = A A ( K $ l l )  
X M I N = A A ( K * l O )  
Y M I N = A A I K $ 1 2 )  
T H M I N ~ A T A N ( A A ( K , ~ ~ ) / A A ( K , ~ O ) ) * ~ ~ O O / P ~  
T H M A X ~ A T A N ( A A I K * 1 3 ) / A A ~ K e 1 0 ) ) * 1 8 O o / P I  
WRITE(NWRIT*616) ELEM 
WRITE(NWRITe62) ~ A A ( K * I ) ~ I ~ ~ , ~ ~ ) * X M I N + X M A X $ T H M ~ I \ I D T H M A X  

62 FORMAT(///i22H TRIANGLE O R  TRAPAZOID,/ 
1 28H FOUR CORNERS OF T H E  S U R F A C E / 1 8 X e S H X ( I N ) e 1 , 5 X ~  
2 ~ H Y ( ~ N ~ * ~ ~ X B ~ H Z ( I N ) / ~ X ~ ~ E ~ O . ~ B / ~ X ~ ~ H B ~ ~ E ~ O ~ ~ O ! ~ X ~  
3 l H C ~ 3 € 2 O e 5 e / 6 H  X M I N = * E ~ ~ ~ ~ + ~ H I N ~ ~ ~ X ~ ~ H R M A X = $ E ~ ~ ~ ~ P  
44H INe*/12H MIN. THETA+rE12e5e8H D E G R E E S + S X *  
5 11HMAXe T H E T A = ~ E 1 2 r S r 8 H  DECREES) 
DO 63 I*l*Nl 

63 Xl f + l ) ~ X ( I 9 + D E C I  
I lrN141 
DO 64 f*lrIl 

64 X(I)=SQRT(X(I)I 
NOSO 
NFsO 

6 0 0 3  NDsNlmNF 
If ( N O )  6004rb004r6005 

6 0 0 5  ISSNF+l 
If (NO-5) 6001,6002r6002 

6 0 0 1  NF=ND+IS=l 
GO T O  6666 

6002 NFsIS44 
6666 ISl=IS+l 

NFl=NF+I 
IF (NO)  6006~6007r6006 

6007 WRITE(NWRITr67) ( X ( I ) P I ~ I S ~ N F I  
WRITE(NWRIf,b8) 1 X 1 1 ) * I = I S l e ~ F l )  

67 FORMAT(///40XlOHX(IN) FROMe5El2e5) 
68 FO R M A T ( 4 8 X e 2 H T O * S E 1 2 o 5 )  

GO T O  6 1 0 0  
6006 WRITE(NWRITv1008) ( X ( f ) e I = I S t N F )  

W R I T E ( N W R I T ~ 1 0 0 9 1  (X(I)rI*ISl,NF1) 
6 1 0 0  NOnl 

GO T O  6 0 0 3  
6004 00 69 1 ~ 1 ~ 2  

AI=I 
ZoYMI N+AI *DEL2 

6 9  Y ( f + l ) ~ A T A N ( Z / X M A X ) w 1 0 8 e / P I  
W R I T E ( M W R I T e 6 5 )  

6 5  F O R M A T ~ ~ X ~ ~ ~ H T H E T A ( D E C R E E S ) ~ ~ X B ~ ~ H G A M M A ( D E G R E E S ~ ~  
RETURN 
END 
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SUBROUTINE TYPE(KOBJtYY,NlrN2) 
DIMENSION YYLll)eATOT(100) 
COMMON N R E A D ~ N W R ~ T B P I ~ N B ~ N A N G L ~ N T Q T L ~ N ~ S ~ N ~ S , R S R ~  

1 S A R E A ~ M B L O K ~ N T Y P E ( ~ O O ) ~ A A ( ~ O ~ , ~ ~ ) ~ G A M M A ~ ~ ~ ) ~  
2 A N ( ~ O O ~ ~ O ~ ~ W ( ~ ~ ~ ~ ~ ~ ~ X S B ( ~ O ~ ~ O I S Y S B ~ ~ O ~ ~ O ) B  
3 Z S R ( 4 0 e 4 0 ~ e X S ~ 4 0 e 4 0 ) t Y S ( 4 O t 4 O ~ t Z S ( 4 O e 4 O ~ e  
4 I B L O K ( ~ O Q ) , L I M ~ ~ L I M ~ B M A N  
N=Nl*N2 
MID=NANGL/2 
DELTAn90./FLOAT(NANGL) 
00 420 IsltN 
ATOT(I)zOe 
DO 420 J-1eNANGL 

420 A ~ O T ( I ) ~ A T O T ( I P + A N ( I B J )  
00 230 I=lrN2 
WRITE(NWRITe370) 

370 FORMAT(//) 
A 2 s O e  
L1=lIm1I+Nl+l 
LZmLl+Nl-1 
DO 220 MNslrNANGL 
AloA2 
A2=Al+DELT A 
NO=O 
NFsl.1-1 

1003 NDaL2-NF 
IFIND) 220e220e1004 

1004 fS=NF+l 
IF (ND-5 )  1001e100201002 

1001 Nf=ND+IS-1 
GO TO 1111 

1002 NF=IS+4 
1 1 1 1  IF (MNmMID) 310e320r330 
330 IFtMN-MID-11 310,340~310 
310 IF (NO) 1006~1005,1006 

1005 WRfTE(NWRIft300) Al*AZe(AN(JeMN),J=IS~NF) 
GO TO 1007 

1006 W R I T E ( N W R I T ~ ~ ~ ~ ) ( A N ( J I M N ~ ~ J = I S ~ N F I  
450 FORMAT(50X~5E12e5) 
300 F O R M A T ( / ~ ~ X ~ ~ H F ! ? O M I F ~ ~ ~ , ~ H  TOeF6r2tllXo5E12~5~ 

1007 Nor1 
GO TO 1003 

320 IF ( N O )  3 0 0 6 ~ 3 0 0 5 ~ 3 0 0 6  
3005 WRITE(NWRIT9360) YY(I)eA1,A2e(AN(J,MN)eJ=IStNF1 

60 TO 3007 
3006 WRITEINWRITr450) (AN(JeMN)eJ=ISeNF) 
3007 N o r 1  

GO TO 1003 
360 FORMAT(/SH F R O M , F ~ ~ Z ~ ~ X I ~ H F R O M , F ~ O ~ ~ ~ H  TOeF6.2*%1Xt5E12r51 



340 IF (NO) 4 0 0 6 ~ 4 0 0 5 ~ 4 0 0 6  
4005 WRITE(NWRITB~SOI Y Y ( ~ + ~ ) B A ~ ~ A ~ B ( A N ( J , M N ) B J = B S B N F ~  
350 FORMAT(l5H T O ~ F ~ ~ ~ B ~ X B ~ H F R O M B F ~ O ~ ~ ~ H  TO0F6e2911X15E12e5) 

GO TO 4007 
4006 WRITEtNWRlft450) (AN(J*MN)BJ=IS*YF) 
4007 N 0 = 1  

GO TO 1003 
220 CONTINUE 

NO= 0 
NFmL1-1 

2003 NDaL2-NF 
IF ( N O )  2 3 0 ~ 2 3 0 ~ 2 0 0 4  

2004 IS=NF+1 
IF tND-5)  200102002t2002 

2001 NF=ND+I S-1 
GO TO 2222 

2002 NFmIS+4 
2222 IF (NO) 5006~5005r5006 
5005 WRIfElNWRIT~440) (AtOT(J)eJ=ISeNF) 
440 FORMATl/l4X25HTOTAL NUMBER OF P A R T I C L E S * ~ ~ X D S E ~ Z ~ % B  

GO TO 5007 
5006 WRIfE(NWRITt450) (A~0TlJ)rJ~IStNF) 
5007 Nos1 

GO TO 2003 
230 CONTINUE 

RETURN 
END 



SUBROUTINE S S T ( S X ~ S Y * S Z ~ S R X ~ S B Y * ~ B Z ~ I ~ J B O E L ~ P D E L ~ B I ( I  
COMMON N R E A C , ? J N R f T t P l e N B ~ ~ ! A i \ i C L ~ N T O T L ~ N l S 9 N 2 S ~ R 5 R ~  

1 S A R E A ~ M R L O K I P ~ T Y P E ( ~ O I ) )  * A A ( 2 0 O e l R l  t G A k " b l A ( l 8 )  @ 

2 F L l J X ( 1 0 0 , l O )  9 W [ 2 C 0 9 3 )  * X S F ! ( 4 0 9 4 0 )  * Y S R ( L i C ! e 4 0 1  9 

3 z s 9 ( 4 0 , 4 c ~ ) ~ X s ~ 4 0 , 4 0 ) ~ Y S ~ 4 0 9 4 0 ~ * Z 5 ( 4 0 , 4 0 ) ~  
4 I R L O Y ( 2 0 0 ) ~ L I ~ ~ l ~ L I M 2 ~ ~ 1 A N  

A I = I  
A J = J  
C O S T H = l . + i A I - O e 5 ) + D E L 1  
SINTH=SORT(le-COSTH*COSTH) 
F?S=RSR*SINTH 
PHS=(AJ-O.S)*nEL2 
S I h ! P ~ t ~ S f F \ f ( P H I )  
COSPY=COS(PHI )  
SX=RS*COSPH 
SY=SS*S INPH 
SZ=RSR*COSTH 
XCO=SX0AA ( K  9 14  1 
Y C O = S Y - A A ( K I ~ S )  
Z C O = S Z - A A ( K I ~ ~ )  
S B X = X C O * A A ( K ~ ~ ) + Y C O * A A ( K ~ ~ ) + Z C O * A A ~ K . ~ ~ )  
S R Y = X C O * A A (  Y t 4 ) + Y C O . % A A ( K  9 5  ) + Z C O * A A ( K * 6 )  
S g Z = X C O * A A (  K . 9 7 ) + Y C 3 * 9 A  ( K  98 ) + Z c g * A A ( b 9 )  
RETUR?!  
E"0 



APPEND IX. CARTES IAN COORD INATE TRANSFORMATIONS 

Let P be a point whose coordinates a r e  xc, yc, zc with respect  

to  a source coordinate system, and xb, yb, zb a r e  the coordinates of 

P with respect  to the sur face  coordinate sys tem ( see  Figure A- I ) ,  The 

origin of the surface coordinate system a r e  xo, y ,  zo, with respec t  to the 
0 

4 . ? & A  
source coordinate sys tem;  (L,  %, cc) and (ib, jb, kb) a r e  se t s  of unit 

vec tors  for  source and surface coordinate systems,  respectively (as 

shown in F igure  A- 1 ) .  

The relationship between the base unit vectors  i s  assumed in 

the f o r m  

The directional cosines e i j  a r e  thus defined as follows: 

F r o m  Equation A-1, e.. are 
*J 





Now, Point P is wri t ten in vectoral  fo rms  

o r  

and 

In the surface coordinate system, OTP is 

Substituting Equation A-  1 in  Equation A-6 yields 



A comparison of Equation A - 5  and Equation A-7 resu l t s  in  

The r e v e r s e  transformation of Equation A-8  may  be wri t ten 

a s  

Now, the t ransformation formulas  between the source and s u r -  

face coordinate sys tems a r e  obtained. The mat r ix  coefficients eij  (in 

Equation A-1  and A - 2  ) depend on the surface orientations and Exo, 

yo, zo ) r ep resen t  the location of the surface with respec t  to the source 

coordinate system. 
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