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I. INTRODUCTION 

Modern finite difference procedures for solving the partial differential 
equations which describe fluid flow frequently utilize curvilinear mapping 
procedures. Because boundary surfaces in the physical plane can be mapped 
onto rectangular surfaces in the transformed plane, a finite difference 
algorithm for the transformed equations can be readily applied to a variety of 
different body shapes. Even unsteady body motion is easily incorporated into 
the governing equations. To take advantage of the generality of the trans- 
formed equations, however, one needs a fairly automatic method of generating 
smoothly varying grids that fit arbitrary bodies and allow grid point 
clustering. The problem of grid generation, restricted to arbitrary pro- 
jectile shapes, is the subject of this report. 

A modular general purpose grid generation routine has been written for 
use with standard and nonconventional projectiles shapes. Three-dimensional 
grid generation capability is satisfied by generating a sequence of planar 
grids about axis normal cross sections. The grid generation routine can be 
used to generate planar Cartesian-like grids, C-grids, 0-grids, or any portion 
thereof. The routine can be used for axisymmetric projectiles with or without 
stings, symmetric tubular projectiles, and for any projectile with an axisym- 
metric nose. 

The modular grid generation program developed here contains its own body 
surface representation and grid point distribution routines. Another set of 
routines allows the user to build up an arbitrary outer boundary curve and 
grid point distribution. Finally the mesh itself is formed using either 
algebraic straight-line rays to connect inner and outer boundary points, or 
by using an elliptic solver. Clustering along grid lines is accomplished 
with an exponential clustering routine that allows the user to specify a given 
grid point spacing along the inner boundary curve. The modular structure of 
the grid generation program allows the user to substitute alternate clustering 
and grid generation routines of his own design. 

Figures 1-8 show the various classification of grids which the code is 
designed to handle. These include axisymmetric projectiles with or without a 
sharp leading edge and with or without an afterbody sting. Figures 1-3. 
Isolated boattails or flares can also be meshed (Figure 2b). The code can 
also treat tubular projectiles (ring airfoils) that are axisymmetric. Figure 
4. The isolated axisymmetric blunt body problem. Figure 5, is actually a 
special case of Figure 1. 

In Section II the mechanics of the grid generation routine are described. 
Various grids are displayed to illustrate the ideas. Additional discussion of 
the computer grids is given in Section III, while complete documentation of 
the codes is given in the Appendices. The option of selecting a 2 or 3 dimen- 
sional grid is included and a plotting routine is presented in the appendix. 



II. GRID GENERATION 

The purpose of the grid generation routine is to generate a network of 
constant lines of K  and n in the physical x-y plane as indicated in Figure 
9a. Corresponding uniform values of 5 and n in the computational space define 
a one to one mapping between points j,k in the physical plane to points j,k in 
the computational plane, see Figure 9b. The mapping functions are described, 
at least numerically, once £.  and n. . are known in the physical plane as a 

J »k    j ,k 
function of Xj ^ and y- ^ or conversely, once x- ^ and y- k are determined in 

the transform plane.  The metric quantities £, 5.., n , and n needed in the 
x  y  x     y 

transformed flow equations can then be determined numerically (see, for 
example. References 1-3). 

In Figures 10a and 10b we show a typical grid generated for an axisym- 
metric projectile shape. In this case a spherical cap is placed at the end of 
the boattail (see Figure 10b) in order to avoid a highly discontinuous corner. 
The grid as it stands is suitable for axisymmetric or n-invariant14 flow 
calculations. A three-dimensional grid can be formed by rotating the grid 
about the axis and defining constant lines in 9. When viewed in this manner 
the grid is equivalent to warping a spherical coordinate about a nonspherical 
projectile shape. Using the notation defined in Figure 9a, the axis corres- 
ponds to the 5=0 and 5=5   lines. The inner and outer boundaries corres- 

max 
pond to n = 0 and n = n 

max 

Depending on the projectile shape a warped hemispherical coordinate may 
be used (Figure 1) or a warped Cartesian coordinate (Figure 3). A ring air- 
foil (tubular projectile) can be meshed with a C-grid (Figure 4). One could 
also spin an airfoil 0-grid (Figure 7) about the tubular projectiles axis of 
symmetry. Whichever class of grid is used, however, it must map onto the 
uniform computational plane shown in Figure 9b. The r = 0 plane is not neces- 
sarily restricted to only the body surface. It may for example, include the 
forward cut of Figure 2a or the lower and upper cuts of Figure 4. 

1. Stegev,  J, L.,   "Implicit Finite-Diffevence Simulation of Flow About 
Avhitvavy Two-Dimensional Geometviee",  AIAA Journal,   Vol. 16,  July 1978, 
pp.  '679-686. 

2. Pulliam,   T.  H.  and Stegev,  J. L.   "On Implicit Finite-Diffevenae 
Simulations of Three-Dimeneional Flow",  AIAA Paper No.   78-10,  1978. 

3. Sdhiff,  L.  B.  and Stegev,  J. L.,   "Numeviaal Simulation of Steady Supev 
sonic Viscous Flow",   AIAA  Paper No.   79-130,  1979. 

4. Nietubicz,   C. J.,  Pulliam,   T. H.,   and Stegev,  J.  L.,   "Numevical Solution 
of the Azimuthal-Invaviant Thin-Layev Naviev-Stokes Equations",  AIAA Papev 
No.   79-0010,   1979. 



In generating a projectile grid such as those indicated in Figures 1-8, 
one first decides what class of grid fits the given problem. The grid genera- 
tion problem can then be broken into three main tasks as follows: (1) define 
the body shape, possible sting or cut, and distribute grid points along the 
n = 0 boundary (i.e., specify C as a function of x and z along n = 0). Points 
along this boundary should be clustered to flow field gradients, e.g., the 
forward stagnation point, expansions, shocks; (2) define the outer boundary 
curve and distribute grid points along the n = n „ boundary.   Here we 
restrict K = 0 and K =  5max to be vertical or horizontal straightline rays in 
order to simplify programming logic, thus the endpoints of the n „ curve must 

maX 
properly align with those of the n = 0 boundary; (3) once the outer boundaries 
are defined, they are "connected" by generating the interior grid with appro- 
priate clustering functions in n. 

In the remainder of this Section the procedures used to generate the 
n = 0 boundary, the n = n_-y boundary, and the interior clustered grid, will 
be described. max 

A. Surface Representation and Grid Point Distribution 

The first step in generating the grid is to represent and distribute 
points along the body surface. A sting or cut may also have to be included. 

The body shape is expected to have either an analytic description or be 
described as a table of x,y ordinates.  In either case the data is assumed to 
be nondimensional with respect to a reference length which can, of course, be 
taken as 1 so the data remains unaltered. 

The present code allows for either a parabolic arc or standard class pro- 
jectile, such as a projectile with a sharp tangent-ogive or blunt secant ogive 
nose, cylindrical body, boattail, and spherical cap. If the analytic body 
shape differs from the above mentioned shapes, then the user must supply his 
own description. In this case values of x along the body axis (or chord) will 
be distributed by contiguously combining segments of the clustering function 

x- = x + a^. + b*? +  vi>3. o   j   f ^ 
J       J    J    J     J0 < j < jf 

where y- =  (j-J0)/(jf-J0) and j is an index value such that points j0 to jf 
lie in the interval x0 to x^ and x,- = x0 while Xj = x^.  Equation (1) is 
used to cluster Xj as a function of j as indicated in Figure 11.  The user 
determines the shape of the clustering function by specifying the initial and 
final increments of x, that is 



Axo = xj- +1 - xj( 
(2a) 

'0      o0 

vxf - xjf - x^.! (2b) 

Since x0 and x^ are also specified, a, b, and c are determined 

c = {Vxf + Axo - 2h(xf-xo)}/(h - 3h2 + 2h3) 

b = {AXO - h(xf-x0) - c{h3 - h)}/(h2 - h) 

a = xc - x    -b-c 
f   o 

where h = (jf - i0)'1. 

The amount of clustering at each point is determine by the specified 
values of Ax„ and Vx^. Moreover, because Ax„ and Vxx are specified, the user o     t o     T    

r     ' 
can smoothly patch functions together to form a general clustering function. 
Examples of this are indicated in the computer output presented in Appendix 
C. One drawback to the clustering function, Eq. (1), is that the function is 
not guaranteed to be monotone in the interval. This can happen, for example, 
if AX is too small and Vx^- too large. Again, the output in Appendix C indi- 

cates practical values to choose. 

In the case of a nonanalytic body shape x and y are read in as a table of 
values. Here either an axis length or surface arc length is used as a clus- 
tering function. If the axis length is chosen, x is given and corresponding y 
values are found from the table of x,y coordinates using cubic spline 
interpolation5. Alternately, the surface arc length can be used. In this 
approach the arc length s is computed from the table of x,y values, and the 
length is normalized. A new normalized clustered arc length is then defined, 
using Eq. (1) with s (the arc length) in place of x. Both x and y are then 
interpolated from the tables x versus s and y versus s. Again cubic spline 
interpolation is used. 

Finally, a sting or cut may be added to the configuration. Again, the 
clustering relation, Eq. (1), is used to distribute ooints along the sting or 
cut. 

5. Ddhlquist,   G.  and Bjordk,  A.,   "Numerical Methods".    Pventiae-Hall, 
Englewood Cliffs,  New Jersey,  1974. 
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B. Outer Boundary Formation and Grid Point Distribution 

Usually the shape of the outer boundary curve is not as well defined as 
the inner boundary. However, the shape of the outer curve may be partially 
prescribed. For example, in Figure 4, the axis of symmetry of the ring 
airfoil has a specified location. The side and upper boundaries need only be 
smooth curves far-removed from the body. If, however, the ring airfoil or 
standard projectile is tested in a wind tunnel, a numerical simulation of the 
experiment requires a fixed wall outer boundary. In this case the top portion 
of the outer boundary curve must be specified. 

A part of the grid generation problem then is the formation of the arbi- 
trary outer boundary. Here this boundary is built up by connecting contiguous 
cubic segments, which in the degenerate case can be straight lines. Figures 
12a and 12b illustrate two typical outer boundary curves. In Figure 12a three 
cubic segments make up the boundary n = n  .  Each segment, from a to b for 

example, is formed by specifying the endpoints x,y, and angle 6, where 6 is 
the angle between the curve and the x axis. In the example. Figure 12a, 
e = 90°, 6L = 9 = 0° or 180° and ej = 90°. 
a       b   c d 

The data x,y,e at each endpoint determines the shape of the parametric 
curves 

x = x + a, t + out2 
o   1    2 

y - y0 + i^t + B2t
2 

o < t < 1 (4) 

which are equivalent to a cubic 

y = y0 + ^(x-x^ + Y2(X-XO)2 + Y3(x-xo)3 (5) 

dy 
The parametric cubic is used because the condition "jf: = (,0 can be specified, 

e.g., segment be of Figure 12b has this constraint at both endpoints. 

Th e solution of the parameters a., a_, 3,, and 32 are given by 

al = mo 

a2 = (xf " xo) " al 

31 = no 

(6) 

11 



where 

and 

dx 
mo 'St n 

%*% 
0 

no=mo^ 

dy 
nl = '"l ^ 

dx 
"l 'It 

"1-|[ 

or 

or 

m   -  r,   dX m = n -T- 
o   o ay 

1   1 dy 

(7a) 

The solutions for r\0,  m0, n^, and mj are conditional insofar that infinite- 

slopes are avoided. Then the regular solutions are 

i) If yxlo < xy|0, yxll < xyll' and ^xll * ^xlo 

mj = 2 C(xf - y0) - (xf - x0) yx|0]/(yxli - yxlo) 

m0 = 2 {xf - x0)  - mj 

no = mo ^xlo 

nl = ml ^xll 

11)    If yx|0 < xy|os Xylj < yx|1, and Xyl^^ * 1 

m0 = 2[(xf - x0)  -  {yf - y0)  xv|1]/(l - Xylj yx|0) 

nl = 2  (yf - yo)  " mo ^xlo 

no = mo ^xlo 

ml   =   nl   xyll 

111)     If xy|0 < yx|0, yx\l < Xy^, and YxIxXylg * 1 

no ■ 2[(yf - y0) -  (xf - x0) yxli]/(l - yxli xy|0) 

ml a 2 (Xf - x0)  - n0 xy|0 

mo = no xyIo 

ni ■ mi yxli 

(7b) 

(7c) 

12 



iiii)    If xy|0 < yx|0, xy\1 < yx\l, and Xy^ * xy|0 

r*! - 2 [(xf - x0) -  (yf - y0)  Xyl^l/Uyh - xy|0) 

"o= 2 (yf - y0) - "i 
{7d) 

mo =  no xylo 

ml =  nl xyll 

Whenever the third constraint is violated (for example in case (i), if 
yxll = yx|0)  a linear curve is used.    In this case o^ = $2 = 0 and 
al = xf~xo' ^1 = ^f'^o*     ^^e   se9mer[^s  a^»   ^c>   anc' ea  of Figure  12b are exam- 
ples of the straight line segments. 

The outer boundary curve is made up of contiguous cubic segments starting 
from the 5=0 boundary. Points are distributed along this curve either as a 
uniform distribution of arc length, or as a specified arc length distribution 
using the previously defined clustering scheme, Eq. (1). Since the true arc 
length is not specified a priori, precise alignment of points along the outer 
boundary can be specified only after the cubic segments are specified and the 
arc length is computed. Without such knowledge a normalized clustering 
function should be used. 

C.    Grid Generation and Clustering 

The  task   of generating a grid is undertaken  once  the  boundary curves are 
specified  and   points   are   distributed  on   the n =  0   and  nm,v boundaries.     Two 

types of grid generation procedures were used and are discussed below. 

In  the  first case,  lines  of constant C (i.e.,  the  rays emerging  from the 
body)   are   formed  by  simply  connecting  straight   lines   from points along n =  0 
to   points   along n = n      .      The   spacing   in n along   each   such   line   is  either max 
uniform or  is determined by the relation 

AS,   =  As0(l  +  e)^1     , k  =  1,  k^ -1 (8) 

Here As is the specified constant grid spacing at the inner boundary.  The 

parameter e is determined by a Newton-Raphson iteration process so that the 
sum of the above increments matches the known arc length between the 
n = 0 and n = nm-„ for points which have the same values of £,.    Figures 13a 

max 
and 13b illustrate a straight ray grid with clustering in n for a tubular 
projectile. 

13 



In the second case, the grid is generated with elliptic partial differ- 
ential equations following References 6, 7, 8. The grid generating equations 
are solved on the specified computational space for unknowns x^ ^ and y,- ^: 

ax55 - 23XCTI + TXnn - -J2 (Px. + Qxn) (9a) 

where 
aht - UH* +  Yynn -  ^ &% + ^J (9b) 

a = x/ + yn
2. e = x^x^ + ycyn. y = x§

2 + y?
2, J = ^^ - w^ 

and 

P = ?*-*{*-%)  + R e-a(n-nmax^ 
o m 

Q = Qn e-
b^-no) + Qm e^^-^max) o Mm 

Here P0, Q0, P,^, Qm, a and b are prescribed clustering parameters.  Along 

the n = 0 and n = n   boundaries,  x,- ^  and y,- ^  have  been  previously 

prescribed.  Along the ? = 0 and 5 = Cmav, which are either vertical or hori- 

zontal lines in the physical space, the following boundary conditions are 
enforced: either 

x is given and y£ = 0 (10a) 

on a vertical boundary, or 

Xr = 0 and y is given (10b) 

on a horizontal boundary. 

6. Chu,   W.  H.}   "Development of a General Finite Difference Approximation for 
a General Domain".    Journal of Comp.  Physics,   Vol.  8,  1971,   pp.  392-408. 

7. Thompson,  J.  F.,   Thames,   F.  C,   and Mastin,   C.  M.,   "Automatic Numerical 
Generation of Body-Fitted Curvilinear Coordinate System for Field 
Containing any Number of Arbitrary Two-Dimensional Bodies".    Journal of 
Comp. Physics,   Vol.  15,  1974,   pp.  299-319. 

8. Sorenson,  R. L.  and Steger, J. L.,   "Simplified Clustering of Nonorthogonal 
Grids Generated by Elliptic Partial Differential Equations".    NASA 
TM 73252,   August 1977. 
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For periodic grids as indicated in Figure 7, these boundary conditions in £, 
are replaced by the usual periodic relations. 

The derivative expressions on the left hand side of Eq. (9) are all 
differenced with conventional second order central difference operators, that 
is 

x5 = (xj+l.k " xj-l.k)/(2A^ 

\-  (xj.k+l " xj.k-l)/(2AT1) 
XU=(Xj+l.k-

2x
j.k
+xj-l.k)/(^2 W 

h* -  (xj+l.k+l " xj+l.k-l " xj-l.k+l 
+ Xj-l.k-l^4^ 

xnn" (xj.k+l-
2xj.k+ xj,k.l)/^^2 

while derivatives of y are treated identically. The Jacobian J is formed with 
central differencing. The right hand side companion terms toT  and'Q, 
_howeve_r, are _backward or forward differenced depending on the sign of 
P and Q. If P is positive, x> and y, are forward differenced. The terms 
x , y are differenced in the same way. 

The one sided differencing for the right side term was chosen assuming J 
is a constant. Preliminary analysis with local linearization of terms like 
J2x£ suggests one sided differencing should also be used in J to keep balanced 
coefficients. This however has not been evaluated. 

The difference equations to Eq. (9) are solved with a successive line 
overrelaxation (SLOR) procedure. As an initial guess for the relaxation 
procedure we use the straight Vine ray procedure previously described. For 
the most part, if coefficients P and Q are large, the SLOR procedure is very 
difficult to converge. Consequently, we recommend using the algebraic clus- 
tering function, Eq. (8). 

In the algebraic clustering approach the elliptic solver is used to 
generate a grid with P = Q = 0. The x,y points along a C = constant line are 
then redistributed along this line as a function of arc length. The cluster- 
ing function Eq. (8) is used for this purpose. This procedure works quite 
well and provides excellent control of the grid spacing near the body surface. 
Further details are given in Reference 8. The grid shown in Figure 14 was 
generated in this manner. 

The elliptic solver need not be used over the entire range in 5. Because 
of the boundary condition, Eq. (10), the elliptic equations can be joined to a 
straight ray along any vertical or horizontal boundary line in K. Figure 15 
shows details of such a procedure used in the previous tubular projectile 
case. Here the C-region over the tubular projectile is meshed using the 
elliptic equations while the remainder is meshed with straight rays. After 
the basic grid is formed, the entire grid is clustered in n using Eq. (8). 

15 



D. Grid Plotting 

An integral part of the grid development program is the ability to plot 
the computed grid in a timely manner. The plot program which was developed 
and utilized allowed almost instantaneous viewing of the computed grid. This 
capability significantly reduced the grid generator development time. 

The plot program was written using Tektronix Plot 10 software on the BRL 
Cyber 176 computer. A program listing is presented in Appendix D. 

The only input required for the plotting program is the converged grid 
file and the minimum and maximum x,y values of the grid. The interactive 
program uses prompts for the remaining input. 

III. DISCUSSION OF RESULTS AND CONCLUDING REMARKS 

Figures 10, 13, 14, and 15 give the reader a reasonably clear picture of 
the capability of the grid generation routine. The other grids classified in 
Figures 1-8 simply use the same program elements in different arrangements. 

An analytic shape that was meshed using the elliptic equation approach is 
illustrated in Figure 10.  Along the body, points are clustered to the nose, 
boattail junctures, and base.  No cuts or stings are used.  Only two cubic 
segments are used to define the outer boundary and along this curve points are 
uniformly distributed.  Solution of Eq. (9) with no additional reclustering 
completes the grid generation problem. Note that Eq. (10b) is well satisfied 
along the 5=0 and 5=5   axis. 

max 

In Figure 13 a grid for a tubular projectile is shown. The body is 
defined by x,y ordinates and here upper and lower cuts are used. The outer 
boundary is defined using four cubic segments, two of which degenerate to 
straight lines. From the trailing edge on back, the point distribution along 
the outer boundary matches that of the cuts. In this way vertical rays are 
used over the cut, although this is not required. Straight line rays make up 
the interior grid, and along these rays points in n are exponentially cluster- 
ed using Eq. (8). The controlled grid spacing along the body is illustrated 
in Figure 13b. 

The case shown in Figure 14 is similar to Figure 10 only here the grid 
generated using Eq. (9) was reclustered along lines of constant 5. The grid 
spacing near the body is now controlled as before. 

Finally, the case shown in Figure 15 is similar to that of Figure 13 only 
now an elliptic solver is used over the airfoil. The cut region is again 
treated with vertical rays. 

Grids for nonaxisymmetric bodies with axisymmetric noses. Figure 6, can 
be generated as follows. For the axisymmetric nose. Figure 5, the grid is 
generated in a plane and then spun around the axis forming a three-dimensional 
grid. The remaining grid can then be generated by taking planar cuts normal 
to the axis at various increments Ax (x aligned with the axis, see Figure 
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6). At each cut a planar grid is generated and the combinations of these 
grids form the three-dimensional mesh. At each cross section one generates 
the 0-type grids shown in Figures 7 and 8 being careful to maintain continuity 
in x. 

Completed computer code documentation is provided in Appendices A and 
B. Input and output to obtain the grid shown in Figure 15 is included in 
Appendix C and the plotting code is given in Appendix D. 

The modular program developed here has proven to be quite flexible, and 
should find application in determining grids for various conventional and 
nonconventional projectile shapes. 
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Figure 5. Projectile Blunt Body Grid (Fraction of O-Grid) 

Figure 6. Projectile with Symmetric Nose and Nonsymmetric Afterbody 
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Figure 7.    Projectile Cross Section with Periodic B.C.   (O-Grid) 

*min 

BODY 

^max 

• max 

Figure 8. Projectile Cross Section with Symmetry Plane (O-Grid) 
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x0 

Figure 11. Stretching Function, Points j are Specified along 
with x , xf, AX , and vxf 
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LIST OF SYMBOLS 

j      index value in K  direction 

k      index value in y direction 

s      arc length 

x»y physical  cartesian coordinates 

J Jacobian   of   the   transformation   between   the   physical   and  the   compu- 
tational  coordinates 

P,Q clustering parameters for the elliptical   solver 

A forward finite difference 

As grid spacing at the inner boundary 

v backward finite difference 

e clustering parameter in n direction 

e angle between segments of the outer boundary and the x-axis 

§,n computational  coordinates in the axial  and radial  directions 

£ model   length 

Subscripts 

f final  value 

o initial  value 
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APPENDIX A 

COMPUTER CODE DESCRIPTION AND LISTING 

The computer program is a highly modular code. The main program Is 
divided into three parts: inner boundary, outer boundary, and grid genera- 
tion. 

A. Inner Boundary 

In forming the inner boundary, subroutine BODY is called to define the 
body shape and to distribute points along the body. Subroutine BODAN is 
called for an analytic shape. The user can modify this routine to supply his 
own body function. Subroutine BODAN calls subroutine BODIS which is the 
routine that clusters according to Eq. (1). If the body is not analytic, a 
table of x,y ordinates are read from BODY. These ordinates are normalized and 
then distributed as a function of axis length (chord) or arc length with calls 
to BODIS. The newly distributed body points are interpolated from the table 
of ordinates using cubic splines (subroutine CSPLIN)^ For example, ordinates 
of y versus arc length s_ are interpolated to form y , as a function of the 
distribution arc length s. Subroutine BODY then returns to main. At this 
point a sting and/or cut can be added by calls to STING (i.e., a sting as in 
Figure 1 or upper cut as in Figure 4) and CARTB (i.e., forward cut in Figure 
2, lower cut in Figure 4). 

Points are distributed along the sting and/or cut using BODIS. In sub- 
routine STING, points are read in from 1 to NCGRD. NCGRD-1 points are added 
to the total count in 5. Likewise in CARTB a set of points along the cut are 
added to the previous number. The final number of x,y inner boundary points 
is printed in main. 

B. Outer Boundary 

MAIN calls subroutine OUTER which forms the outer boundary. Here the 
cubic segments, as defined by Eq. (4), are read in and joined together. 
Allowance is made for 8 possible segments. Finally, points are distributed 
along this boundary as a function of arc length. Either a uniform distribu- 
tion is used, or again subroutine BODIS is employed. Interpolation of the 
distributed points is again obtained by cubic splines, but the cubic spline 
function is restricted within an originally defined segment. Thus in Figure 
12b the cubic spline interpolation is not carried from a to c, but is carried 
a to b, b to c, etc. In this way the discontinuous corner is not spline fit. 

C. Grid Generation 

Finally MAIN calls subroutine ALGRD. In subroutine ALGRD the straight 
line ray grid is formed using uniform clustering in n. Any segment of the 
grid between vertical or horizontal boundaries can then be regenerated using 
subroutine RELAX to obtain an SLOR solution to Eq. (9). Finally, the grid 
lines can be exponentially reclustered in n 
using Eq. (8). The grid is then stored for display or computational purposes. 
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D. Subsidiary Subroutines 

With storage of the grid the program ends. Besides those subroutines 
described above, several other routines are called. Subroutine CLUST is 
called by BODIS and this is the routine that literally corresponds to the 
distribution function, Eq. (1). Subroutines TRIE and TRIP are routines for 
the solution of the tridiagonal matrix which must be inverted in the succes- 
sive line overrelaxation procedure used by RELAX. 

The TRIB routine is for conventional tridiagonal matrices, the TRIP 
routine is for_ periodic tridiagonal matrices.  Finally, subroutine INIPQ is 
used to input P and Q of Eq. (9). Use of these terms is not currently recom- 
mended. 

Two subroutines are called from BODAN to describe the blunt, secant- 
ogive, nose projectile. SCALC computes x-values associated with the nose 
cap. The fuse height is used to vary the degree of bluntness. SECANT is then 
called to provide the analytic functions used to compute the points along the 
remaining body configuration. 

Subroutine GSPIN is called only when a three-dimensional grid is 
required. Both three- and two-dimensional grids are written, however, the 
former is used for flowfield computations and the latter is used for plotting. 
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PROGRAM NAIN I INPUT.OUTPUT,TAPES-INPUT,TAPE6>auTPUT<TAPE9fTAPE 101 

CHECK FOR 30 SRID 

COMMON JNAX, KNAX, JN, KM, NBOO, JBOD 
COMMON /30U0Y/ XXIIOOI, YYIIOOI, XSI100I. TSIIOOI, SSIIOO), S(IOO) 

i , TIIOOI, rsaooi 
COMMON /can?/  XIIOOI, rtioai 

READ (5,60) I30,NO,LMAX 
MRITE 16,53) I30,N0,LMAX 

: 
c 
C   DISTRIBUTE POINTS ALONG INNER BOUNDARY 

WRITE (6,70) 
CALL BODY 
*E*0 (5,60) NFLAG 
IF (NFLAG.LT.O) GO TO lO 
READ   (9,60)   NCGRO,l«CART 
MRITE (6,801 NCGROtNCART 
IF (NCGRO.GT.OI CALL STING (NCGROI 
IF (NCART.GT.O) CALL CARTB (NCART) 
JMAX-JBOO 
JM«JN*X-1 
MRITE 16,901 JNAX 
IF (NCGRO.GT.O.OR.NCART.CT.OI SO TO 10 
GO TO 30 

10 WRITE (6,1001 
00 20 J>1,JNAX 
MRITE (6,1101 J,XXIJI,TYIJt 

20 CONTINUE 
30 CONTINUE 

C 
C   FORM OUTER BOUNDARY 

MRITE (6,120) 
READ (5,60) NSEGS,I0UTO 
MRITE (6,130) JMAX,NSECS 
CALL OUTER (NSECS,IOUT0) 

C 
C   GIRO GENERATION 

MRITE (6,140) 
CALL ALCRO (1ST0R) 

C 
c 
C      FORM 30 GRID.   LMAX IS CIRCUMFERENTIAL DIRECTION 

IF (I3D.EQ.1) CALL GSPIN (I3D,ND,ISTaR,LMAXi 
«.0 STOP 

c 
SO FORMAT (1H0,11HI30,ND,LMAX,3ISI 
60 FORMAT (SIS) 

( 1H1,36H*..*>♦»♦♦<■ INNER BOUNDARY **•<*»*««*»I 
(1H0,13H NCGRO,NCART ,2tS) 
(lHa,21H FINAL VALUE OF JNAX ,15 1 
(1H0,43H   FINAL   VALUES   OF   J,X,Y   ALONG   INNER   BOUNDARY) 
UH   ,IS,2F13.6) 
(im,37H ♦♦»♦♦♦♦♦♦♦ OUTER BOUNDARY ♦♦♦♦♦♦♦♦♦♦) 

70 FORMAT 
80 FORMAT 
90 FORMAT 

100 FORMAT 
110 FORMAT 
120 FORMAT 

130 FORMAT (1H3,10HJMAX,HSECS,21S) 
1*0 FORMAT (1H1,39H **********   JUIQ GENERATION 

EN3 

MAIN 2 
MAIN 3 
NAIN * 
MAIN 5 
MAIN 6 
NAIN 7 
NAIN 8 
MAIN 9 
NAIN 10 
MAIN 11 
MAIN 12 
MAIN 13 
MAIN !♦ 
MAIN IS 
MAIN 16 
MAIN 17 
MAIN IS 
MAIN 19 
NAIN 20 
MAIN 21 
NAIN 22 
MAIN 23 
MAIN 2* 
MAIN 25 
NAIN 26 
NAIN 27 
MAIN 28 
MAIN 29 
NAIN 30 
NAIN 31 
NAIN 32 
MAIN 33 
NAIN 34 
MAIN 35 
MAIN 36 
NAIN 37 
NAIN 38 
MAIN 39 
NAIN HO 
MAIN *l 
NAIN *2 
MAIN 43 
NAIN 44 
MAIN 45 
NAIN 46 
MAIN 47 
MAIN 48 
NAIN 49 
NAIN 50 
MAIN 51 
MAIN 52 
MAIN 53 
MAIN 54 
MAIN 55 
MAIN 56 
NAIN 57 
MAIN 58 

MAIN 59 
MAIN 60 
MAIN 61 
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SUBROUTINE ALCR} (ISTORi 
cn-rCN jn*x, KdAXt jn. KM, NBOD, J30D 
COIWCN   /BOUOY/   XXClOOt.   YY(IOO),    XSdOOIt   YS(10Oi<   SSIlOOIt   SdOOl 

L      •   TIIOO),   TS(IOO) 
CONMON   /GRID/   XlSOtbOlt   Y(80.(>3) 
COIMON   ^ARRAY/   A(130),    BdOOI.    CCLOOI.   OdOOl.   FdOOl,   HdOOi 

FORI   ALGEBRAIC   GRID   OR   ELLIPTIC   EO.   GENERATE}   GRID 

READ   (5,1531   KHAX,I TERM,IPER,NCLUS,ISTOR,JELL I 
MRITE    (6,160)   XnAX,ITERM,IPER,NCLJ$,ISTQR,JELLI 
KM-KHAX-l 
READ   (5,173)   OS,OMEGA 
WRITE   (6,130)   OS,OMEGA 

- STRAIGHT RAY GRID USED IF ITERM .LE. 0 
OTHERWISE USED AS INITIAL GUESS 

00 *0 J.l,JMAX 
xo-xxu) 
xi-xs(Ji 
YO"YY(J» 
Yl-YSU) 
R»SORT((Xl-XO)»*2»(Yl-YO)*»2) 
EPS-O. 
IF (ITERM.LT.O.) GO TO 10 
D0-R/(KHAX-1) 
GO TO 20 

10 EPS«EPSIL(R,0.,0$,<N*X,0.00002.20,il 
00-OS 

20 X(J,1)-X0 
Y(J,l)-Y0 
TR-O. 
00 30 K-2,<MAX 
TR.TR*D0»d.»EPS)*»(K-2l 
TT-TR/R 
X(J,X)-XO*(X1-XO)«TT 
Y(J,K)-Y0*«Y1-Y0)»TT 

30 CONTINUE 

c 

c 
c 

*0 CONTINUE 

IF (ITERM.-T.O) CO TO 70 

ELLIPTIC P.O.E. GRIO CENRATION SCHEME 
IF   (JELLI.OE.l)   CO   TO   50 
CALL   RELAX   IITERM,I PER,1,JNAX,3nEGAI 
CO   TO   70 

53   00   60   LL-l.JELLI 
READ   (5,1531    Jt,JF 
WRITE (6,170) Jt,JF 

60 CALL RELAX (ITERM,I PER,JI,JF,3MEGAI 
70 CONTINUE 

CLUSTERING OPTION 
IF (NCLUS..T.OI GO TO 130 
00 120 J-1,JMAX 
T(l)-0. 
00 80 K-2,<MAX 

ALGRO 2 
ALGRO 3 
ALGRD * 
ALGRO 5 
ALGRO 6 
ALGRO 7 
ALGRO a 
ALGRO 9 
ALGRO 10 
ALGRO n 
ALGRO 12 
ALGRO 13 
ALGRD I* 
ALGRD 15 
ALGRO 16 
ALGRO 17 
ALGRD 18 
ALGRO 19 
ALGRD 20 
ALGRO 21 
ALGRO 22 
ALGRO 23 
ALGRO 2^1 
ALGRD 25 
ALGRO 26 
ALGRO 27 
ALGRO 28 
ALCRO 29 
ALGRO 30 
ALCRO 31 
ALGRO 32 
ALGRO 33 
ALGRO 31 
ALCRO 35 
ALCRO 36 
ALCRO 37 
ALCRO 38 
ALGRO 39 
ALGRO «0 
ALGRO d 
ALCRO '.2 
ALGRD 13 
ALGRO M 
ALGRO 15 
ALGRD '.6 
ALGRO ♦ 7 
ALGRO 18 
ALGRO 19 
ALGRD 50 
ALGRO 51 
ALGRO 52 
ALGRO 53 
ALCRO 51 
ALGRD 55 
ALGRO 56 
ALGRO 57 
ALGRD 58 



80 

90 

100 

113 
120 

Tl«l-T«K-ll*SOI»T(IX( J.i<)-X«J.K-lH»»2»CT(J.K»-t<J»l'-HI»*2» 
EPS'EPSIL(riKN*XI«a.tOSiKnAX.9.30002t20.Ji 
SUI-O. 
H—l 
00 90 K-2,<f1*X 

s(m-s<K-i)»os»u.»eps»»»M 
00 100 K-l.KHii: 
IXIKI-<li««i 
YTIKI-Y(J.<l 
C*LL CSPUI^ (StXStT,XX,»,«,CtO.F.H,2tK«,l.««*XI 
CAUL CSPLM (S.YStTtrY,A,B.C.0.FfH,2,XN,lt««»XI 
DO 110 K-2.Kf1 
X(J.K)-X$(X) 
Y(J,KI-Y5(XI 
CONTINUE 

130 CONTINUE 

SURP«ESS THE PRINTOUT 
K • Kn*X/2 
00 20 J-UJn*x 
MRITE(6.(>03I m4»2l»t«4«II»IIU»llt»U«J»««»J««l»TIJ»«l» 

I  XIJ.KI.YtJ,KI,XIJ.Kn><Y(J«Xni 
60) FORNATIIH «lOFl2.»t 
20 CONTINUE 

OPTIONAL STORE OF OATA 
IF (ISTOR.LE.OI CO TO 140 
WRITE «9I MX(J,X>.J-l.J«AX»,K-ltK(l*K»tHYIJ.K>f J-l.JNAXI,<- 

1  KHAXI 
ISO   CONTINUE 

RETURN 

ISO FORMAT I8ISI 
160 FORMAT IIHO,* SU«. ALCRO PRINTOUT.... XHAX,ITERB,IPER.MCLUS, 

1 JELLI'./.SISI 
170 FORMAT ISFIO.OI 
ISO FORMAT (IHO.UH OS. OHECA ,2F13.S) 
190 FORMAT (1H0,26HELLIPTIC CRIB FORMEO FROK .I3.SH  TO .131 

ENO 

ALCRO S* 
ALCRO bO 
ALCRO 61 
ALCRO b2 
ALCRO bJ 
ALCRO b* 
ALCRO bS 
ALCRO bb 
ALCRO b? 
ALCRO b8 
ALCRO 69 
ALCRO 70 
ALCRO 71 
ALCRO 72 
ALCRO 73 
ALCRO 7<* 
ALCRO ?•> 
ALCRO 7b 
ALCRO 77 
ALCRO 78 
ALCRO 79 
ALCRO 80 
ALCRD 81 
ALCRO 82 
ALCRO 83 
ALCRO 84 
ALCRO 85 
ALCRD 8b 
ALCRO 87 
ALCRO 88 

1.     ALCRO 89 
ALCRO 90 
ALCRO 91 
ALCRO 92 
ALCRO 93 
ALCRO 9* 

ISTOR. ALCRO 95 
ALCRO 9b 
ALCRO 97 
ALCRO 98 
ALCRO 99 
ALCRO 100 
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SUBROUTINE BOOAN (ISECSI 
CONNON /C*LC/ XOi X*TF, 85. ICfi FLAG. POYOX, FXF. RFN 
CON«ON /INI>S/ XI, X2, X3. X*. <*0. OYOX, CHORD. FUSE. »S. RAOS 
connON JNAX, KMAX. JN. KN. MROO, JBOO 
COMMON   /BOUDT/   XXIIOOI.   rmOOIf    XSdOOt.   TSIIOOI.   SSCIOOI.   SdOOl 

i    ,  niooi,  rsiiooi 

READ   1^.103)    TAU.FUAC 
WRITE    Ib.UOl   TAU.rLAC 
JWRIT-JBOD 
ICT^O 
IF    IFLAO.CE.l.)   CALL   SCALC 
CALL   BOOIS   IISECS.JMRITI 
00   10   JM.JBOO 

10   XX(J)-SIJl 

ANALYTIC BOOT SHAPE 
IF (FLAG.CE.0.1 GO TO 30 
00 20 J-l,JBOO 
XXIJI-SIJ)/StJBOOI 

PARABOLIC ARC 
20 TYIJ)«2.»TAU»XXIJ»»Il.-XXIJI1 

GO TO 90 
30 CONTINUE 

IF IFLAG.LE.O.I CO TO <.0 
CALL SECANT 
GO TO 90 

PROJECTILE   WITH   TANGENT   OGIVE.CYLJNOER.BOATTAIL.   CIRCULAR   CAP 
*0   READ   1^.1031   XI.XZ.XS.X^.RAO.THETA.CHORD 

THETA-THETA*.0174*3 3 
OYOX-TANIT-iETAI 
3ASE-RA0»IX4-X3I»0Y0X 
XE-BASE»IOYOX»SORTIl.»OYOX»»21l 
XS-X*»XE 

NONDIMENSIONAL OPTION 
IF (CMORD.it.0.I CHQR0-X9-X1 
CH0R0-A8SICHORD) 
WRITE 16.1201 XI.X2.X3.X4.RAO.THETA,CHORD 
RCH-l./CHORD 
X1-X1*RCH 
X2-X2*RCH 
X3-X3»RCH 
X4-X**RCH 
X5-X5*RCH 
BASE-BASE»RCH 
XE-XE«RCH 
RAO-RAD*RCH 
DO   SO   J-1,J80D 
IF   IXXIJI.GE.X2I    G3   TO   50 
X0G-X2-X1 
XBAR-IXXIJI-X11/X0G 
VLAn>X0C/RAD 
V$3»yLA(1»»2 
RBAR-VSa*.25 
RA0I-l.-VSa*ll.-XBARI«*2/UBAR»»2t 
YYIJ)«ll.-2.*RBAR»H..-SORTIRAOI»ll»RA0 

00 TO BO 
50   IF    IXXIJI.GE.X3)    C3   TO   60 

YYIJ»-RAD 
GO TO 80 

60    IF   IXXIJ).GE.X<.I    GO   TO   70 
YYIJ>-RA0*IXXIJ)-X3)«0Y0X 

GO TO 80 
70   RS-IBASE«»2)*a.»0^DX»»2» 

XBAR-IXXUI-XO 
RA0I-RS-IXBAR-BASE»0Y0X)»*2 
YYIJ)-SORTIRA0II 

80 CONTINUE 
END OF PROJECTILE 

90 CONTINUE 
RETURN 

103 FORMAT I8F10.01 
110 FORMAT |1H0,8HTAU,?LAC,2F1*.5I 
ill   FORMAT I1H3,29H XI,X2.X3.X4.RA3.THETA.CHORO ./.7F14.5) 

40 

BOOAN 2 
BODAN 3 
BOOAN S 
BOOAN 5 
BODAN 6 
BOOAN 7 
BOOAN 8 
BODAN 9 
BODAN 10 
BOOAN 11 
BOOAN 12 
BOOAN 11 
BODAN !<. 
BOOAN 15 
BODAN 16 
BOOAN 17 
BOOAN ia 
BOOAN 19 
BODAN 20 
BOOAN 21 
BODAN 22 
BOOAN 23 
BOOAN 2'. 
BODAN 25 
BODAN 26 
BODAN 27 
BOOAN 28 
BODAN 29 
BOOAN 30 
BODAN 11 
BOOAN 32 
BODAN 11 
BODAN I* 
BOOAN 35 
BODAN 36 
BOOAN 17 
BOOAN 18 
BODAN 19 
BODAN ".O 
BOOAN M 
BOOAN <.2 
BODAN *1 
BOOAN s* 
BOOAN *5 
BOOAN <i6 

BODAN W 
BOOAN 0? 
BOOAN -.9 
BOOAN 50 
BODAN 51 
BODAN 52 
BODAN 51 
BOOAN 5-. 
BODAN 55 
BOOAN 56 
80DAN 57 
BOOAN 5a 

BOOAN 59 
BOOAN 60 
BODAN 61 
BOOAN 62 
BOOAN 61 
BOOAN 6'. 
BOOAN 65 
BOOAN 66 
BOOAN 67 
BODAN 68 
BODAN 69 
BOOAN 70 
BOOAN n 
BODAN 72 
BODAN 71 
BOOAN 7'. 
800AN 75 
BOOAN 76 
BOOAN 77 
»nn»i« -> e 
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SUBROUTINE BOOIS 11SEGS, JURIU »00jS * 
COIWON /CALC/ XO, X*TF, B$. ICT. FL*6, POtOX, FXF, «FM            BOOIS 3 
COMMON JM»X, KM*X, JM. KM, N803, JBOO »OOI> * 
COMMON /BOUOY/ XXIIOOI. VTIIMM XSIIOOI. YSUOOI, SSIIOOI. S<lOOI BOOIS 5 

I  , T(IOO), TSUOOI ZSizl X BOOIS 7 
C   S DISTRIBUTION ON BOJY \mi\ ' 

00 10 Ll.ISECS »«»" " 
HEAD 15,201 JI,JF,XI,XF,OXI,OXF I00l\ 11 
WRITE (6,301 JI,JF,XI,XF,OXI,OXF 800|5 " 
CALL CLUST «JI,JF,XI,XF.OXI,OXF,SJ BOO" " 

10 CONTINUE "DIS I* 
«ITE (6,*0I (S(JI,J-l,J«ITI JOOIS 15 
9FTIIRM BUni> t« 
"TUHN BOOIS I? 

20 FORMAT I2I5,6F10.0) iSlll \t 
30 FORMAT tlH0,21H JI,JF.XI,XF.0XI,OXF ,2I5.«F12.SI BOOIS 19 
4,0 FORMAT tlH .10F11.SI "OIS *0 

ENO 800IS 2l 
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SUBROUTINE BOOT 
COlnON    JflAX,    KHAX,    JH,    KM,   NBOD.    JSOO 
COnnON   /80UDY/   XX(100>,   TY(LOOI«   X5(100>,   YSIIOON   SS(IOO),   SHOO) 

i t rcioot. rsuooi 
COIMON /ARRAY/ »(1001. BIIOOI, C(IOO). D(IOO), F(1001, H(IOO) 
cannon /COUP/ XHOOI. ruooi 

READ (S,119i NBOOtJBOOfIXORSttSECS 
MRITE (btl20> N800,J8aO,lXQRS,ISECS 

IF NBOO IS NEGATIVE, ANALYTIC SHAPE IS USED 
IF (NBOO.CE.OI CO TO 10 
N800—NBOO 
CALL BQOAN (ISECSI 
CO TO 90 

10 CONTINUE 
MRITE (6,1301 
READ (5,150) CHORD 
MRITE (6,1*01 CHORD 

READ CARDS IN CLOCKWISE NOSE TO TAIL 
00 20 J-l,N8aD 
READ (5,150> X(JI,r(JI 
WRITE (6,160) J,X(J),T(J) 
X(JI«XIJI/CHORO 
rm-rui/CHORD 

20 CONTINUE 
COHPUTE NORMALIZED ARC LENGTH TO USE AS A MONOTONE PARAMETER 

SSI1I>0. 
00 30 J-Z.NBOD 

30 SS< JI-SS(J-li*SaRTI(X(JI-XIJ-l))**2*(TCJI-riJ-lll**2) 
00 40 J-2,NB00 

SO   SSI J)«SS( JWSS(NB03t 

COMPUTE A NORMALIZED CLUSTERED PARAMETRIC FUNCTION FOR DISTRIBUTUON 
OF BODY POINTS 

JWRIT*JBOO 
CALL BOOIS IISECStJHRITI 
SAV-SJH 
Sltl-O. 
DO 50 J-2,J300 
SDEL'ABSISIJ)-SAVI 
SAY-SIJl 

50 S(J»-S(J-1)*SDEL 
00 60 J>1,J300 

60 SIJI-SIJI/SIJBODI 
OPTION WHETHER TO SET X EQUAL TO S DISTRIBUTION 

IF (IXORS.LT.O) CO TO 70 
CALL CSPLIN (S,XX,SS,X,A,B,C,0,f,H,1,JBOD.l.NBQO) 
CALL CSPLIN <S>YY,SSfY,A,B.C,D,FlH,l,JBOD,l,NBOD) 
CO TO 90 

70 CONTINUE 
00 BO J-1,J30D 

80 XX(JI-X(1)*S(JI*IXINBOOI-X(1)) 
CALL CSPLIN (XX,rY,X,Y,A,B,C,0,f,H,1,JB0D,1,NB00( 

90 CONTINUE 
WRITE (6,1701 
00 100 J»l,JBOO 
WRITE (6,160) J,XX(J),YY(J) 

103 CONTINUE 
RETURN 

113 FORMAT (MSI 
120 FORMAT (1H0,22HNB03 , JBOO, IXORS, I SECS , <. I 5 I 
130 FORMAT (1H0,38H X,Y INPUT DEFINING BODY... SUB. BODY I 
140 FORMAT (1H0,32H NORMALIZING CHORD LENGTH INPUT ,F13.5) 
ISO FORMAT (2F10.0I 
160 FORMAT (1H ,16H J,X,Y, ON BODY ,IS,2F14.SI 
170 FORMAT (1H1,32H J   AND BODY DISTRIBUTED X ANO Y t 

BODY 2 
BODY 3 
BODY 4 
BODY 5 
BODY 6 
BODY 7 
BODY 8 
BODY 9 
BODY 10 
BODY 11 
BODY 12 
BODY 13 
BODY 14 
BODY 15 
BODY 16 
BODY 17 
BODY Id 
BODY 19 
BODY 20 
BODY 21 
BODY 22 
BODY 23 
BODY 24 
BODY 25 
BODY 26 
BODY 27 
BODY 28 
BODY 29 
BODY 30 
BODY 31 
BODY 32 
BODY 33 
BODY 34 
BODY 35 
BODY 36 
BODY 37 
BODY 38 
BODY 39 
BODY 40 
BODY 41 
BODY 42 
BODY 43 
BODY 44 
BODY 4S 
BODY 46 
BODY 47 
BODY 48 
BODY 49 
BODY 50 
BODY 51 
BODY 52 
BODY 53 
BODY 54 
BODY 55 
BODY 56 
BODY 57 
BODY 58 
BODY 59 
BODY 60 
BODY 61 
BODY 62 
BODY 63 
BODY 64 
BODY 65 
BODY 66 
BODY 67 
BODY 68 
BODY 69 
BODY 70 
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SUBROUTINE C5PIN (I 30.N0, t STORi L<1*X I      ' 
CatHON iHAX,   Kn/kX, JM. KM, H900t    J30D 
CQINON /OHIO/   X(80t60), r(30«6}l 
COnnQN /GRID30/ X3(«20,60), T3(i20.60), Z3(420f60l 
LEVEL 2,X3,r3tZ3 
PI-'t.^ARCTANJl.) 
0S-PI/(L1*X-31 
N1>>KHAX«LH*X 
00 10 K-l,<nAX 
OT —2.*0S 
00 10 L«lt.n*X 
OT.OT*OS 
KL-IK-l)*N3*L 
30 10 J-I.JM4X 
r3(KL. J)-Y( J,KI»SmOT) 
Z3(KL,JI«r(J,K)*COS<DT) 
X3(KL,J) -Xt J,K) 

15 CONTINUE 
IF (ISTOR..E.0) CO TO SO 
REMIND 9 
MRITE (9) ((X3(KLtJ),XL*lt!41).J>l,jn*X),l(r3fKLtJI<KL«llNll tJ>l, 

1  JM«X),I(23IKL.JI<KL>1.N1I. J>1, JMAX) 
C 
C  REWRITE 3D DATA FOR 23 PLOTTINS 
C 

00 30 J-l.JMAX 
30 20 KL-2,N1.,L1AX 
N-l*(KL-2»/N0 
X(J.N)>X3(KL,JI 
r(J,Nt-23(XL<JI 

20 CONTINUE 
30 CONTINUE 

MRITE (101 l(X(J,NI ,J>l,jnAXI,*«l,<fUXIf (in JtNI.J-ltJIUXItN-l, 
1 KMAX) 

C 
*3 CONTINUE 

■IRITE (6.90) 
00 60 L-2,LH*X,3 
00 60 K-I.KFIAX.', 
KL-(K-1)*ND*L 
WRITE (6,701 L>K,L,K*1 
KL2-K»N0»L 
00 30 J-l,jnAX,2 

30 MRITE (6,801 J,X3(XL.JI,V3(KL,JI,23<KL.JitJ«X3IKL2,JI,r3(KL2«JIt 
1  Z3(KL2,J> 

60 CONTINUE 
RETURN 

70 FORMAT (IHD,5M  J  ,2HK>,I2,3H L-.Ii.9X,1HX,10X,1HY,1ZX,1HZ,13X, 
1 3HJ  ,2XK-,I2,3H '.•,I2,$X,1HX,10X<1HT(11X«1HZI 

80 FORMAT (1H , I 3,1-.X. F 10. 5 , 3X. F 10 . 5, 3X , Flo. 5.9X , I 2 .1»X,F 10. 5, 2X ,F10. C5PIN 
1S,2X,F10.5) 

90 FORMAT (IHll 
EN3 

CSPIN 2 
GSFIN 3 
GSPIN "i 

CSPIN 5 
GSPIN 6 
GSPIN 7 
CSPIN 8 
CSPIN 9 
CSPIN 10 
CSPIN 11 
GSPIN 12 
CSPIN 13 
CSPIN 11 
GSPIN IS 
CSPIN 16 
CSPIN 17 
GSPIN IS 
CSPIN 19 
GSPIN 20 
GSPIN 21 
CSPIN 22 
CSPIN 23 
CSPIN 2'. 
CSPIN 25 
CSPIN 26 
CSPIN 27 
CSPIN 28 
CSPIN . 29 
CSPIN 30 
CSPIN 31 
CSPIN 32 
GSPIN 33 
CSPIN 3* 
GSPIN 35 
CSPIN 36 
CSPIN 37 
CSPIN 38 
CSPIN 39 
CSPIN *0 
CSPIN *1 
CSPIN 12 
CSPIN 13 
CSPIN 11 
GSPIN 15 
CSPIN 16 
CSPIN 17 
CSPIN 18 
CSPIN 19 
CSPIN 50 
CSPIN 51 
CSPIN 52 
CSPIN 53 
CSPIN 51 
CSPIN 55 
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SUBROUTINE OUTER (SSECS.IOUTD) 
connoN JBAX, Krux« JM, KM. NBOJt JBOO 

COMMON /BOUOY/ XXdOOIt YYtlOO), XSIIOO), YSdOOI. SS(IOO). S(IOO) 
1  t TdOOl, TSdOOl 
COMMON /COMP/ XdOO), YdOO) 
COMMON /ARRAY/ AdJOIt B11001, CdOOIt OdOOIt F(10O>« HdOO) 

THIS PROGRAM FORMS AM OUTER SRt0 BOUNDARY USING CONTIGUOUS CUBIC 
SEGMENTS. NUMBER OF SEGMENTS IS NSEGS.  POINT ANO SLOPE ARE INPUT AT 
THE ENDS OF A SEGMENT.  SLOPE IS AN ANGLE IN DEGRESS. PARAMETRIC 
CUBICS  USED TO PERMIT ANY SLOPE  ITHETA ■ 90, -90, ETCI. INITIAL 
LOGIC DETERMINES CUBIC COEFFICIENTS OF EACH SEGMENT. REMAINING 
LOGIC DISTRIBUTES POINTS ALONG OUTER BOUNDARY USING ARC LENGTH 
AS DISTRIBUTION FUNCTION. THUS T<3 PARAMETRIC VARIABLES ARE USED. 
FINDING X.Y SO CUBIC SEGMENTS CAN BE DISJOINT IN SLOPE IS MESSY 
A SINGLE SPLINE INTERPOLATION CANNOT BE USED OVER THE COMBINED 
SEGMENTS BECAUSE OF POSSIBLE SLOPE DISCONTINUITY. 

caom, CBim, CBZIBI, CARCIBI 

.LE. 90 DEGREES USED 

DIMENSION JAO), JSIS> 
DIMENSION CAOISI, CAKBI, CA2(BI, 
00 110 N-I,NSEGS 

POINTS ANO SLOPES.  -90 .LE.. THETA 
READ IS,2*0) XO,YO,XI,Y1,THO,TH1 
WRITE (b,Z50)  xa.ra.xi.Yi.THo.rm 
RTHO-O.017*53292»TH0 
RTH1-0.017*53292*THI 
XI-Xl-XO 
ETA-Y1-Y0 

SET MFLAC,  LOGIC CHIEFLY USED TO AVOID INFINITE OT/DX, USES OX/OV-0 
TA>SIN(RTHOi 
TB"COStRTHOI 
TC»SIN«RTH11 
T0-C0S(RTH1I 
IF IABS<TAI.GT.ABS(TB)> GO TO 13 
MFLAG-l 
IF   (ABSITCI.GT.ABSITOM    MFLAC«2 
GO TO 20 

13 MFLAG-3 
IF (ABSITO.GT.ABSITOI) MFLAG-'. 

20 CONTINUE 
DETERMINE COEFFICIENTS FOR PARAMETRIC CUBICS 
SET UP LINEAR COEFFS. FIRST. INDEFINITE CUBIC DEFAULTS TO LINEAR 

Al*Xt 
42*0. 
81-ETA 
B2-0. 

GO TO (30,^0,90,601, MFLAG 
30 OYOXO-TA/TJ 

DYDX1-TC/T3 
TEST-OYOXl-DYDXO 
IF (ABS(TEST).LT.O.OOOS> GO TO iO 
SM1.2.*(ET»-DYDX0*XI)/TEST 
SM0-2.*XI-5M1 
SN0-SM0*DY3X0 
GO TO 70 

OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 

44 



*0 DrOXO-TA/T8 
OXDTl-TO/TC 
TEST-l.-OYOXO»OXOri 
IF (AB5(TEST),LT.0.0005) C3 TO SO 
S10-2.*(XI-DXOVl*eT»)/TEST 
SNO-SNO*OYOXO 
GO TO 70 

5J DXOYO-TB/T* 
OYOXl-TC/TO 
TEST-l.-0Y0Xl*0XDY3 
IF   UeSITESn.LT.0.00051   GO   TO   80 
SN0-2.»<ETA-0Y0Xl*XI)/TEST 
S*0-SN0*0X0Y0 
CO TO 70 

bO   3X0YO-T8/T* 
0X0Y1-TD/TC 
TEST-DXDY1-DX0YO 
IF (ABS(TEST).LT.0.00051 GO TO 80 
SN1-2.*IXI-0XDY0»ET»)/TEST 
SN0-2.»ET»-SN1 
SflO-SMO»OXDY0 

C 
73   Al-SMO 

A2-XI-SN0 
Bl-SNO 
S2-ETA-SM0 

SO   CONTINUE 
JNaR-25 

C   COMPUTE NUMERICAL ARC LENGTH AS A PARANETERI EXACT ARC LENGTH IS 
C        POSSIBLE BUT INVERSE PROCESS IS HOT 

00 90 J-l.JNBR 
TT-JNBR-l 
TT-U-D/TT 
XU>"X0»TT*(A1»A2*TT) 

90 Yl J)-Y0*TTMBltB2*TT» 
SARC-O. 

C 
C   NOTE ...COULD USE SUN OF SQUARES AS PARAHETER RATHER THAN ARC LEHCTH 
C   IN THIS WAY ONE CAN AVOID SQUARE ROOT CALCULATION   NUST USE EVERY 
: WHERE 
(• w 

DO 100 J-2<JNBR 
100 SARC-SARC*$ORT(IX(JI-X(J-l))**2*|YIJI-YiJ-l)l**2t 

C   DATA FOR EACH CUBIC SEGMENT 
CAl(NI«Al 
CA2(NI-A2 
CaUN)-Bl 
CB2(NI-B2 
CAO(NI-XO 
CB0(NI«YO 
CMCINI-SAkC 
WRITE (6,260> XO.Al,A2,Y0,81.82.SARC 

C 
110 CONTINUE 

CU3ICS OETERHINED. NOW DISTRIBUTE POINTS 

OUTER 59 
OUTER 60 
OUTER hi 
OUTER 62 
OUTER 63 
OUTER 64 
OUTER 69 
OUTER 66 
OUTER 67 
OUTER 68 
OUTER 69 
OUTER 70 
OUTER 71 
OUTER 72 
OUTER 73 
OUTER 7* 
OUTER 75 
OUTER 76 
OUTER 77 
OUTER 78 
OUTER 79 
OUTER 30 
OUTER 81 
OUTER 82 
OUTER 83 
OUTER 8* 
OUTER 85 
OUTER 86 
OUTER 87 
OUTER 88 
OUTER 89 
OUTER 90 
OUTER 91 
OUTER 92 
OUTER 93 
OUTER 9* 
OUTER 95 
OUTER 96 
OUTER 97 
OUTER 98 
OUTER 99 
OUTER 100 
OUTER 101 
OUTER 102 
OUTER 103 
OUTER 104 
OUTER 105 
OUTER 106 
OUTER 107 
OUTER 108 
OUTER 109 
OUTER 110 
OUTER 111 
OUTER 112 
OUTER 113 
OUTER 114 
OUTER 115 
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:   TOTAL OUTER ARC LENGTH 
SARC-O. 
00   120   N*1,NSEC$ 

120   SARC-SAROCARCIN) 
WRITE (6.370) SARC 

C 
C   DEFINE A UNIFORM OUTER DISTRIBUTION ARC LENGTH 

RH-l./(JHAX-l) 
00 130 J-l.JNAX 

130 SStJ)-(J-1I*RH 
: 
C   OPTIONAL USE OF CUBIC SEGMENTS T3 CLUSTER 

IF (IOUTD.LE.O) GO TO HO 
CALL SODIS (IQUTDtJnAX) 
00 1^0 J-1.J«AX 

140 ssijj-isui-siiD/istjHAX)-s(in 
150 CONTINUE 

WRITE 16,280! (SS(JI.J*1.JNAX) 
C   NORMALIZE OUTER ARC LENGTH SEGMENTS TO SCALE OF 0ISTRIBUTION 

CA-O. 
00 160 N-l,NSEGS 
CA«CA*CAfcCIN>/SARC 

160 CARC(N)-CA 
WRITE (6,2901 I CARCI Nl .N-UNSECSI 

C   FIND J INDICES  LIMITS WITHIN A SEGMENT 
N-l 
JA(N)-1 
00 180 J-2.JMAX 
IF (SStJI.LE.CARCINII GO TO 173 
N»N*1 
JA(NI-J 

170 J8(N>-J 
ISO CONTINUE 

00 190 N-1,NSEGS 
WRITE (6,300) JA(N)<JB(N) 

190 CONTINUE 

C   FORM PARAMETRIC ARRAfSiFROM DISTRIBUTED PARAMETRIC ARRAY. 
C   USE IT TO DETERMINE X.Y WITHIN A OUTER SEGMENT CURVE. 
C   SPLINE REQUIRES ABOUT 5 POINTS IN AN INTERVAL 

S(l>-0. 
RT-l./(JNB«-l) 
00 220 N-I.NSEGS 
T(l)-0. 
IF (N.CT.l) S(1>*CARC(N-1I 
X(1I-CA0(N) 
Y(1)-CB0(MI 
00 200 J-2,JN8R 
TT-(J-1I»RT 
T(JI-TT 
X(Ji-CA0(NI*TT*(CA1(NI*TT*CA2(N>) 
r( J1«C80(N1*TT»(CBI{N»»TT«CB2(<»M 
OS-SQRT((X( J)-X(J-ll)»»2*(y( J>-Y( J-1H**2» 
StJl-S(J-11*0S/SARC 
WRITE (6<280) T(J I ,X(J) , Y(J!,S(J ! 

200 CONTINUE 

OUTER 116 
OUTER 117 
OUTER 118 
OUTER 119 
OUTER 120 
OUTER 121 
OUTER 122 
OUTER 123 
OUTER 124 
OUTER 125 
OUTER 126 
OUTER 127 
OUTER 128 
OUTER 129 
OUTER 130 
OUTER 131 
OUTER 132 
OUTER 133 
OUTER 13* 

ARC LEN OUTER 135 
OUTER 136 
OUTER 137 
OUTER 138 
OUTER 139 
OUTER 1*0 
OUTER 1*1 
OUTER 1*2 
OUTER 1*3 
OUTER 1** 
OUTER 1*5 
OUTER 1*6 
OUTER 1*7 
OUTER 1*8 
OUTER 1*9 
OUTER 150 
OUTER 151 
OUTER 152 
OUTER 153 
OUTER 15* 
OUTER 155 
OUTER 156 
OUTER 157 
OUTER 158 
OUTER 159 
OUTER 160 
OUTER 161 
OUTER 162 
OUTER 163 
OUTER 16* 
OUTER 165 
OUTER 166 
OUTER 167 
OUTER 16S 
OUTER 169 
OUTER 170 
OUTER 171 
OUTER 172 
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Jl-JA(N) 
J2-JB(N) 
CALL CSPLIM (SS,TS,S,r,A,8,C,D,F.H,Jl,J2,l,JN8R» 
00 210 J-Jl,JZ 
TT-TStJI 
XS( J)-CA0«NI*TT»IC*HNI»TT«C»2INM 
YS( J>-CSOO«I*TT*(C31INI«TT*CB2(NII 
4«ITE (6t2SO) TSCJI.XS(JI<rS(Jl 

210 CONTINUE 
220 CONTINUE 

00 230 J-l.JHAX 
WRITE (6.3101 XS(JI<Y$(J) 

230 CONTINUE 
RETURN 

2*3 FORMAT taFlO.O) 
250 F04>1AT llH0t21H XO, ro , X I, Y 1, THO , TH1 t6F13.S) 
260 FORMAT (1H0,^3HX0.il.A2.ro,81,82,SARC ,/.7F13.$) 

I1HQ,*2H OUTER BQUNDART NONOI HENSIONAL ARC LENGTH .F14.6I 
(1H ,8F12.«I 
(1H0.6H CARC ,6F13.*) 
(1H ,7H JA.JB ,2151 
I1H .6HXS,rS ,2F15.6I 

2 70 FORMAT 
280 FORMAT 
290 FORMAT 
300 FORMAT 
310 FORMAT 

FMD 

OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTES 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 19* 
OUTER 195 
OUTER 196 
ni<rco % f»^ 
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SUBROUTINE RELAX 11 TERM,IPER.JI,JF,0«E5A> 
COfiHON JMAK. KHAX, JH, KH, NBD}, JBOO 
COinON /GRID/ X(80,bO). Y(80,b3t 
COHflON   /ARRAY/   M130I,   8(100),   CIIOO),   0(130),   F(10O),   HdOOl 
OIMENSION IP(1<.2), IRI1^2) 
OIIENSION G(100) 
CONHON /SOURCE/ P(80,2I, 0(80,2), PFACI2I. 0FACI2I 

C   SLOR SOLUTION OF ELLIPTIC GRID GENERATION EOS. 
C OEL XI ANO OEL ETA • 1.0 
C 

Jl-l 
J2-JHAX 
IF (IPER.CT.O) GO TO 10 
J1>JI*1 
J2-JF-1 

13 CONTINUE 
CALL INIPO 

ITER>0 
KM«KMAX-l 

:   SET PERIODIC INDICES 
00 20 J-l,JMAX 
IP(J)>J*1 

20 IR(JI-J-1 
IP(JHAX)-! 
IRIli«JNAX 

FORI DIFFERENCE EXPRESSIONS A<»0 TfllOIACONALS 
30 ITER-ITER*1 

RSun>o. 
00 160 KK-2fKN 
X-<n*2-KK 
KP-K»l 
KR-K-1 
CP1«EXP(ll-K)*PFAC(l>) 
CP2-EXP( IX-K«AX)*PFACI2)) 
C01-EXP( (l-K)*OFAC(in 
C92>EXP((K-KI1AXI*0FAC(2II 
00   *0   J-J1,J2 
JP-IP«J) 
JR-IR(Jl 
XX0-(X(JP,<)-X(JR,<))«.5 
XEO-(X(J,XP)-X(J,XRt »».5 
TXD-(Y(JP,<l-y(JR,<))».5 
YEO«(Y(J,KP)-Y(J,<«))*.$ 
A0«XE0»»2»YED»»2 
BO—2.»(XXD»XED*YXD*YEDI 
GO-XXD*»2*YXO»*2 
XXE0-.2S«IX( JP,KPi-X(JP,KR)-XI JR.KPI^XIJR.KRn 
YXE0*.2S*IY(JP.KPI-YIJP,KRI-TIJR,KPI*T(JR,XRII 
A(JI-AD 
B(J)•-A0-A3-GO-GO 
C(JI*A0 
F( J»—BD»XXED-CO*(X( J,KP)»X( J,<RII 
G(J»—80»YXED-G0*(Y( J,KP)*Y( J,<RII 

SOURCE TERMS 

RELAX 2 
RELAX 3 
RELAX 4 
RELAX 5 
RELAX 6 
RELAX 7 
RELAX a 
RELAX 9 
RELAX 10 
RELAX 11 
RELAX 12 
RELAX 13 
RELAX 14 
RELAX 15 
RELAX 16 
RELAX 17 
RELAX 18 
RELAX 19 
RELAX 20 
RELAX 21 
RELAX 22 
RELAX 23 
RELAX 24 
RELAX 25 
RELAX 26 
RELAX 27 
RELAX 28 
RELAX 29 
RELAX 30 
RELAX 31 
RELAX 32 
RELAX 33 
RELAX 34 
RELAX 35 
RELAX 36 
RELAX 37 
RELAX 36 
RELAX 39 
RELAX 40 
RELAX *1 
RELAX 42 
RELAX 43 
RELAX 44 
RELAX 45 
RELAX 46 
RELAX 47 
RELAX 48 
RELAX 49 
RELAX 50 
RELAX 51 
RELAX 52 
RELAX 53 
RELAX 54 
RELAX 55 
RELAX 56 
RELAX 57 
RELAX 58 

48 



Y«   CONSTANT 

DJ»C-1XXO»Y60-XEO*YXOI 
0SO-OJAC**2 
COF»-OSQ*«CPl»PM«l)*CP2*P«J»21l 
C0F3»0SO«tCOl*O(J,ll*C02*O(Jt2ll 
F08X«SISNI«S*C0F«I 
FaBE-SIGN(.$<COFBI 
»(JI-*<J>-C0FA»I.5-FQ8XI 
8<J>"B<J»-2.*1COF*»FOSX*COFB»FOBEI 
Cm-CU1*COFA*(.5*FOBX) 
ftj)-F(JI-C0FB»«I.5*F08E»*XIJ.XPJ-l.S-FOBEI'XIJ.KRI) 
C« JI-CI JJ-COFB^t (.5»Fa8E>»YIJ.XPl-<.5-F0BE)*Y« J.KRM 

40   CONTINUE 

IF (IPER.GT.Oi CO TO 130 
SET B.C. AND INVERT 

XI    1IN AND *AX PLANES "UST BE X 3R Y CARTESIAN PLANES 

OUTFLQM   B   C   ON   X 
TEST   WHETHER   XI   PLANE   IS   X   OR   Y   •   CONSTANT   PLANE 

IF   lABSIYlJF.KHAXJ-YIJF.UI.LT.O.OOU   60   TO  50 
OUTFLOW   XI-PLANE   TAKEN   AS   X-CONSTANT   PLANE 

A( JFCO. 
B< JF1 —I. 
ClJF>-0. 
FUF) —X( JF.ll 
CO   TO   60 

OUTFLOW   XI-PLANE   TAX=N   AS 
30   AUM-l. 

8IJFI—1. 
Cl JF)-0. 
F(JF)-<-X«JF-l,X»*X(JF-2,Kn/3. 

60 CONTINUE 
INFLOW 8 C OM X 

IF (ABS«YIJI,KMAX)-Y(JI,l)).LT.O.0Ol) CO TO 70 
INFLOW XI-PLANE TAKEN AS X • CONSTANT PLANE 

A(JI)-0. 
BIJH—I. 
C(JI)-0. 
F( JIJ—X< JI fll 
GO TO SO 

70 CONTINUE 
INFLOW XI-PLANE TAKEN AS Y - CONSTANT PLANE 

A(JI)*0. 
81 JD—1. 
CUII-l. 
F(JI)-(-X(JI*ltKI*XIJI*2iKtl/3. 

SO CALL TRI8 I A,8.C.0.F,J1.JF1 

Y B.C.AND INVERSION 
IF <A8S«Y(JF,KNAX)-Y«JF,l)I.LT.O.O0l» CO TO 90 

OUTFLOW XI-PLANE TAKEN AS X-CONSTANT PLANE 
AUFI-l. 
B« JF)—1. 
CUF)-0. 
C< JFI-l-Yt JF-1,K1»YI JF-2.KM/3. 
GO TO 100 
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C   OUTFLOW XI-PLANE T*K£K AS Y - CONSTAMF PLANE 
90 »(JF(-0. 

auF)—i. 
CIJF)-0. 
G(JFI—Y«JF»1» 

C   INFLOW 
100 IF (ABSITCJItKNAXJ-YI Jl.lM.LT.O.OOll CO TO 110 

C   INFLOW XI-PLANE TAKEN AS X • CONSTANT PLANE 
AIJII-O. 
BUD —1. 
cun-i. 
GI JH—(YiJi*i.<»-rui*2.xn/3. 

GO TO 120 
C   INFLOW XI-PLANE TAKEN AS Y • CONSTANT PLANE 

110 A(JI>«0. 
3( JD —1. 
C(JI»-0. 
GUI)—YUI.l) 

120 CALL TRIB 1 Af8.CtD,C»JI.JF) 
GO TO 140 

C 
130 CONTINUE 

PERIODIC B.C. 
CALL TRIP (A.B.CtF.OtH.l.JMAXI 
CALL TRIP IA,S«C«CtO.H«l«JNAXI 

140 CONTINUE 

RELAXATION UPDATE 
00 150 J-JI.JF 
YC-CI JI-YU.KI 
XC-F< J)-X(JtK) 
X(J.K)-XIJ.K»*OHEGA*XC 
YIJ,K)-Y(J.KI*0HECA»YC 

150 RSUN-RSun»ABSIXC»»ABS«YC) 
160 CONTINUE 

IF HITER/lOmO.LT.ITER) GO TO 173 
WRITE (6,1801 ITER.RSUH 

170 CONTINUE 
IF (ITER.LT.ITERN) CO TO 30 
RETURN 

ISO FORNAT (1H ,26H ITERATION NBR AND RSU* 
END 

,I5,E12.5» 

RELAX 116 
RELAX 117 
RELAX 118 
RELAX 119 
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10 

20 
30 

•,0 

SUaROUTINE INIPO 
COHNON JH*X, UMAX, JN. KH, N803, JSOD^,, --.,,,. 
CONHON /SOJRCE/ Pt80,2), Q<80,2>. PF»CI2>. OF*Ct2) 

OMENSIQN fClZtt   OCIZ) 

RE»0 (5,201 PF*C«U,OF*C(l).PF*C«2J.OF*C(2) 
(IE*0 15,20) PC(l),aCtU,PC(2),3C«2l 
WRITE (6,301 PFAC(l),QFACU),PF*C«2»,OFACI2» 
WRITE (6,*0I PC(1I.OC(1),PC(2),OC(2> 

00 10 M»l,2 
00 10 J«l,JI1*X 
P(J,N)-PC(N) 
a(J,NI«0C(N) 
RETURN 

UlnS   !81HJ°'OEXP0NENT COEFPICIENTS FOR SOURCE TER«S,PF*C,3FAC 

FORMAT (IHO.ISK PCl,QCl,PC2,aC2  ,*F13.5I 

ENO 

SUBROUTINE CLUST (JI,JF,XI,XF,0X1,3XF,SJ 

OIIENSION S(l) 

XFXI-XF-XI 
H-l./(JF-JI) 
H2"H*H 

C-(0XF»0XI-2.»H*XFXI)/(H-3.»H2»2.»H3) 
8-(DXI-H*XFXI-C»(H3-H»)/(H2-H) 

A-XFXI-B-C 

00 10 J-JI,JF 
X-(J-JI)*H 

10 S(JI-XI»X»(**X»(B»C»X)) 
RETURN 
ENO 
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FUNCTION EPSIL tFHX.FIIN.OFN.NPT.FPCCtICCtNCALL) 

C 
C        THIS SUBROUTINE APPLIES » NEMTQN-R4PHS0N ROOT-FINDING 
C        TECHNIQUE TO FIND » VALJE OF EPSILON FOR » PARTICULAR USE 

OF THE EXPONENTIAL STRECHING TRANSFORMATION. 

C FHX IS TOTAL ARC LENGTH ALONG COOROIMATE 
C FflIM IS STARTING »ALJE OF ARC LEICTH   SUCH AS 0.0 
C OF* IS SPECIFIED INITIAL INCREMENT OF ARC LENGTH 
C NPT IS NUN8ER OF POHTS ALONG COORDINATE 
C FPCC IS ITERATIVE ERROR SOUND, E.G.01 0.000021 
C ICC IS HAXINUN NUMBER OF ITERATIDNS 
: NCALL    IF NCALL-1 INITIAL GUESS FOR EPS IS USED 

IF NCALL .GT. I. PREVIOJS EPS USED AS INITIAL GUESS 

FNXL-FMX 
FMINL-FNIN 
0F1L-0FM 
FPCCL-FPCC 
ICCL-ICC 

c 
FNPTH2-NPT-2 
IF INCALL.EO.il EPS-«FNXL/0FNL>**ll.O/FNPT«»-l.O 

c 
00 10 NIW.ICCL 
EPl-EPS*l.D 
EP1TN-EP1**FNPTH2 
REPS-l.O/EPS 
0F«0E«0FHL*R6PS 
F-FNXL-FMINL-OFNOE*(EP1TN»EP1-I.0l 
IF (ABSIFI.LT.FPCCLl GO TO 20 
DFM0E2-DFM0E*REPS 
FPN-OFHOE2*<1.0*EP1TN«(EPS*FNPTH2-1.0M 
EPS"EPS»F/FPN 

10 CONTINUE 
C 

EPSIL-EPS 
MRITE ((>,30) 
RETURN 

23 EPSIL-EPS 
C  SURPRESS THE ESPIL PRINTOUT 
C     MRITE(b.601>  EPSIL,F.NIT 
c 

RETURN 

30 FORMAT (M2H EXCEEDED MAX. NO. OF ITERATIONS IN EPSIL.> 
END 
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SUBROUTINE CSPUM < XX, YY ,X,r ,A,B ,CtD,F ,H.M1.N2, Jl.JZ » 
OI.1EMSIQN XX(1), YYU), Xtl), Yd), All), B«l), C«ll, Dili, F(l), 

I  H(ll 

CUBIC SPLINE INTERPOLATION 
X,Y ARRAYS ARE TO BE INTERPOLATED 
YY ARE FOUND INTERPOLATES CORRESPONDING TO XX 
Jl,,J2. ARE INOICE LIMTS ON X,Y 
Nl, HZ   ARE IN3ICE LI1ITS ON XX I ALSO YY» 
OMENSION OF ARRAYS CARRIED IN FROM OUTSIDE, XtJ) HUST BE MONOTONE 

FORMULA FROfl NUMERICAL METHODS BY 3AHLQUIST, BJORCK ,ANOER SON 
JLS FEB. 77 

ROUNDING ERROR PROTECTION     CAUTION NAY MASK ERROR IN LOGIC 
IF (XXISD.LT.Xl Jll ) XX(N1)«X(J1I 
IF |XXtN2I.GT.XU2li XX(N21-X(J2) 

FIRST FIND DERIVATIVE LIKE TEINS THAT ARE COEFFICIENTS 
JA-Jl*! 
JB-JZ-l 
DO 10 J-JA,J2 
HIJ»-XtJl-X(J-l) 

10 0(J)-(YIJ»-YU-UI/H(J» 
DO 20 J-J*,JB 
AIJI>HIJ»1> 
BlJla2.*(HIJI*H(J*ll) 

20 F( J)-3.»(H( JI*D« J*1>*HI J*1I»0«JH 
a(Jll-2. 
HIJ1I>1. 
FlJ1)-3.*0IJAI 
AIJ2)-1. 
BIJ2)*2. 
FIJ2)-3.*0IJ2) 
CALL TRIB IA.a,HfC,F,Jl,J2) 

INTERPOLATION , XU » ARRAY MUST BE MONOTONE 
J-Jl 
I-J1*1 
00 SO N-N1,N2 

30 IF IXIJ).LE.XXINI.ANO.XIII.SE.XXINI) GO TO 70 
IF IXIII-XXIN)! <>0,^0,S0 

SO   J-J*l 
1-1*1 
IF II.GT.J2I CO TO 60 
GO TO 30 

50 J-J-l 
I-I-l 
IF U.LT.J1) GO TO 60 
GO TO 33 

60 WRITE 16,901 
STOP 

70 T-IXXIN»-XIJ)I/M(I) 
TT-l.-T 
YYIN)-T»YII)*TT*YI JI*HII)*T*TT*I (FIJ)-DU > )«TT-I F( I )-0l I )I*T) 

80   CONTINUE 
RETURN 

90   FORMAT   I1H3,20H   ERROR   IN   CSPLH 
END 

I 
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SUBROUTINE TRI8 <*,8.C,X,F,NLtNU) 
OI1ENSION »(2», BIZ), C(2I, X(2), F(2) 
XISL1-C{NL»/B(NL) 
MSD'MNLl/BCNLI 
NLPl-NL*! 
00   10   J-NLPl.NU 
Z-l./(8< J)-*« JI*XU-l)l 
X«Jl-C(J>*2 

10   F(J1-<F(J)-*<J>*F<J-ll)*2 
NUPNL«NU«NL 
00   20   J1-NLP1.NU 
J-NUPNL-J1 

23   F( J).F(JI-X(J)*FUH) 
RETURN 

SUBROUTINE   TRIP    (A,BtC.F,0,S,Jl,J2) 
OinENSION   A(3I,   S(3),   COli   FI3»,   0(3),   S(3I 
J4-J1,1 
FN.FIJ2I 

FORWARD   ELIMINATION   SHEEP 
OUU—Cf J1»/BUU 
F(J1)*F(Jl)/B<JI) 
SUD—AUll/BUl) 
00   10   J-JA,J2 
P-l./(B«JI»A(J)»0<J-11) 
0( J)—C( J)»P 
F(J).(F(J)-A(JI»F<J-1))»P 
SI J)—AIJI»S( J-1)*P 

13   CONTINUE 
BACX.rfABO    PASS 

JJ«J1»J2 
a( j2i.o. 
S(J2I-1. 
00   20   I-JA,J2 
J-JJ-I 
SI J)-SIJI*3I JI*SU»1) 

20   QlJ)-F«J)»3(J)»OIJ»l) 
F(J2)-IFN-C(J2)*0IJ1)-AIJ2>*0(J2-1))/ICIJ2I*S(JI)*AIJ2)*SIJ2-1) 

1      »B(J2>) 
3ACXHAR0   ELMINATION   PASS 

00   30   I-JA,J2 
J«JJ-t 

30   FIJ)*FU2>*SUI*Q(JI 
RETURN 
END 
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SUBROUTINE SCALC 
COIflON   /CALC/   XO,   XATF,   BS.   ICT,   FLAG.   POYOX,   FXF,   RFM 
COMMON /INPS/ XI, XZ. X3, X*, HAD, OYOX, CHORD, FUSE, AS, ?A05 

THIS SUBRTN CALCULATES VALUES NEEDED IN THE 
EQUATIONS SOLVING FOR V VALUES IN SBRTN BOOAN 

READ (5,101 XI,X2,X3,X^,RAO,THETA,CHORD 
READ (5,101 RAOS,FJSE,AS 
THETA-THETA*.017*5J3 
DrOX-TAN(THETAI 
CHaRO-ABS(CHOROi 
FUSE-FUSE/2 

TO FIND THE T VALUE (9S) OF CIRCLE USED IN 
THE SECANT OGIVE CALCJLATIDNS 

XBAR-AS-X2 
rS«RA0S*»2-XBA8»»2 
YSS-SORT(rS) 
BS-RAD-YSS 

TO FIND THE X VALUE (XATFI AT THE FUSE 

YR-ABS(BSI*FUSE 
YRR»RA0S**2-YR*»Z 
XSS-SQRT(YRR) 
XATF-AS-XSS 

TO FIND THE SLOPE 

POYDX>(XATF-ASI/(FUSE-BS) 
POYOX—PDYOX 

TO FIND THE X VALUE (XO) AT THE NOSECAP 

XS0-S0RT(1.*P0YDXI 
RFN-FUSE*XSO 
FXF2-RFN*«2-FUS£*«2 
FXF-SQRT(FXF2) 
XS-RFN-FXF 
XO-XATF-XS 
WRITE    (6,20> 
KRITE   (6,30) 
RETURN 

XI,X2,X3,X4,RAD,THETA,CHORD 
RAOS,FUSE,AS,BS,XO,XATF 

10 FORMAT (8F10.0) 

20 FORMAT (1H0,27HXI,X2,X3,X4,RA0, THET*,CH0R0,/,8Fl*.5) 
30 FORMAT (IHO,23HRADS,FUSE,AS,BS,X0,XATF,/6F14.5) 

END 
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SUBROUTINE SECANT 
COMMON /C«LC/ XO. XATF. 3S, ICT, FLAG, POYOX, FXF, RFN 
COMMON /IMCS/ XI. X2, X3. X*, ««0, OYDX. CHORD. FUSE. AS. <AOS 
COIinON JHAX. KflAX, JM, KM, NBOO. JBOO 

COIHON /BOIJOT/ XX(100>. YYIIOO). XSdOOI. YSdOOI. SS(IOO). SIIOO) 
I  . T(IOO). TSdOOl 

PROJECTILE WITH NOSECAP.SECANT 3CIVE.CYLINDER.BOATTAIL 

RCH-1./CHORD 
Xl-X1*RCH 
X2-X2»RCH 
X1-X3»RCH 
X4"X«»HCH 
RAD«RAO»RCH 
FUSE-FUSE»RCH 
RADS-RADS*«CH 
XATF"XATF*RCH 
AS"AS*RCH 
8S-8S*RCH 
DO 40 J>1,JB00 
IF (XX(JI.CE.XATF) CO TO 10 

COiPUTE Y VALUES FOR NOSECAP 

XBAR-XXIJI-IXATF»FXF) 
RAOI-RFN**Z-xeAR**Z 
YYIJ)«SORT(RAOI> 
GO TO 40 

10 IF (XX(JI.CE.XZI GO TO 20 

COIPUTE Y VALUES FOR OGIVE 

X8AR>XX(JI-AS 
RA3IS-RA0S»»2-XBAR*»2 
YY( J»-BS*SQRT(RAOIS) 
GO TO 40 

20 IF (XX(JI.GE.X3) GO TO 30 

COIPUTE Y VALUES FOR CYLINDER 

YYJJ)-RAO 
GO TO 40 

C  COMPUTE Y VALUES FOR SOATTAIL 

30 YY(J).RAO*<XX(JI-X3I*OYOX 
40 CONTINUE 

WRITE   16.50)    POYDX.RFN.FXF 
RETURN 

C 
SO   FORFIAT   (1H0.13HP0Y9X.RFN,FXF.SX,3F14.5) 

END 
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SECANT 24 
SECANT 25 
SECANT 26 
SECANT 27 
SECANT 28 
SECANT 29 
SECANT 30 
SECANT 31 
SECANT 32 
SECANT 33 
SECANT 34 
SECANT 35 
SECANT 36 
SECANT 37 
SECANT 38 
SECANT 39 
SECANT 40 
SECANT 41 
SECANT 42 
SECANT 43 
SECANT 44 
SECANT 45 
SECANT 46 
SECANT 47 
SECANT 48 
SECANT 49 
SECANT 50 
SECANT 51 
SECANT 52 
SECANT 53 
SECANT 54 
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SUBROUTINE   STING   MCGRO) 
cannQN ,i«»x, KNAX, jn, KN, KBOO.  JBOO 
CONNON /eouOY/ xxdooi, YYUOOII XSIIOOI. r$<iooi< $siioo)« suooi 

1  • TIIOOI. TSIIOOI 

STING ASSUMED ALIGNED WITH X COOIOINATE 
STING INPUT AS A SEPARATE BODY. J-1,NCGRD...BOOIS DATA STARTS AT I 

READ (9,201 ISEGS 
4RITE (6.30) ISEGS 
READ (9,40) XMINtY^INtXNAX.YHAX 
WRITE (6.901 XNIN.YNIN.XHAX.YnAX 
CALL BODIS (ISEGS.NCGROI 
00 10 JJ«2.NCGR0 
J-JBO0*JJ-l 
S(JJI-(S(JJI-S(I))/(S(NCGR0I-S(1)1 
XX( J>-Xf1IN*S( JJ1*(XMAX-X«INI 

10 YY(J)«Y«IN»S(JJ)»(rHAX-YHIN) 
JBO0>JB00»NCGRO-l 
WRITE (6.60) (XX(J).J>l,JBOa) 
RETURN 

20 FORMAT (IS) 
30 FORMAT (1H0.3%H STING PART OF PROGRAM ISEGS -.15) 
SO   FORMAT (8F10.0I 
50   FORMAT (1H0.21H XMIN,YMIN.XMAX,YNAX .4F13.SI 
60 FORMAT (1H .8F12.S> 

END 

SUBROUTINE CARTB MC4RT) 
COMMON JNAX. XMAX. JM. KM. N80D. JBOO 
COMMON /BOJOY/ XX(IOO). YYdOO). XS(IOO). YSdOOI. SS(IOO). S (100 > 

1  . T(100>. TSdOO) 

READ (5.30) ISESS 
WRITE (6.40) ISEGS 
READ (5.50) XMIN.YMIN.XMAX.YMAX 
WRITE (6.60) XMIN.YMIN.XMAX.YMAX 

SHIFT POINTS 
DO 10 JS-l.JBOO 
J-JBOO*NCART-JS 
JJ-JBOOd-JS 
XX(J)-XXIJJ) 

13   YY(J)«YYIJJ) 
J80D-JB00»SCART-1 
CALL 800IS (ISEGS.MCART) 
NCM-NCART-1 
00 20 J-l.NCM 
S(J)-(S( J)-S(1))/(S(NCART>-S(U) 
XX(J)-XMIN*S(J)*(XMAX-XMIN) 

20 YYIJ)-YMIN*S(J)»(YMAX-YMIN) 
RETURN 

30 FORMAT (15) 
SO   FORMAT (1H0.33H CARTB PART OF PROGRAM ISEGSa.I5) 
50 FORMAT (8F10.0) 
60   FORMAT (1H0.21H   XMIN.YMIN.XMAX.YMAX   .4F13.5) 

END 

STING 2 
STING 3 
STING * 
STING 5 
STING 6 
STING 7 
STING 8 
STING 9 
STING 10 
STING 11 
STING 12 
STING 13 
STING IS 
STING 15 
STING 16 
STING 17 
STING 18 
STING 19 
STING 20 
STING 21 
STING 22 
STING 23 
STING 2* 
STING 25 
STING 26 
STING 27 
STING 28 
STING 29 
STING 30 
STING 31 
STING 32 
STING 33 
STING 3* 
STING 35 
STING 36 
STING 37 
STING 36 
STING 39 
STING 40 
STING SI 
STING 42 
STING 43 
STING 44 
STING 45 
STING 46 
STING 47 
STING 48 
STING 49 
STING 50 
STING 51 
STING 52 
STING 53 
STING 54 
STING 55 
STING 56 
STING 57 
STING -58 
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APPENDIX B 

DEFINITION OF INPUT VALUES 

Because the computer code has so many options, input statements are 
scattered throughout the code. Listed below are the input parameters to the 
program along with an explanation of each parameter. An input card is indi- 
cated below by numbering and underlining. All input formats are either 15 or 
F10.0 and are so indicated on the right hand side of the list of input para- 
meters. Variables names follow conventional FORTRAN conventions and all 
integer names begin with I, J, K, L, N, or M. Special instructions as to 
whether or not a card is read are indicated with $ symbols. 
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INNER  BOUNDARY 

1. 13D,  ND,  LMAX *3I5* 

I3D = 1 generates 3-dimensional data, otherwise, 2D data only is 
generated. 

ND    =      same as LMAX. 

LMAX =  the number of planes in the circumferential direction. 

2. NBOD, JBOD,  IXORS,   ISEGS MIS* 

NBOD = number of ordinates (i.e., x,y data points) used to define 
body. If NBOD < 0, an analytic body shape is used in sub- 
routine BODAN. 

JBOD = number of points user will distribute on body surface. 

IXORS... use x or s (arc length) as monotone clustering parameter, x 
used if and only if (iff) IXORS  0. 

ISEGS = number of contiguous clustering segments along body surface. 
Each segment requires end points and spacing specification as 
read in below. 

$ Read cards 3, 4, 5 iff NBOD .GE.0$ 

3. CHORD *F10.0* 

All x,y data is normalized (i.e., divided by) CHORD. CHORD may be set 
to 1. . 

4. X(J), Y(J) *2F10.0* 

x,y ordinates that define body, J = 1, NBOD data cards are read in. 
If x,y are correctly normalized, set CHORD = 1. 

5. JI, JF, XI. XF, DXI, DXF *2I5,4F10.0* 

Data that defines the cubic stretching function, see Eqs. (1) and (2) 
and Fig. (11). 

There are ISEGS such cards read-in. 
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In the notat ion of the text 

JI = J'o 

JF = Jf 

XI = xo 

XF = xf 

DXI = Axo 

DXF = vx. 

Note DXI and DXF may both be positive or both be negative as x is 
increasing or decreasing 

$ Read cards 6, 7, 8 iff NBOD .LT.O $ 

6. TAU, FLAG *2F10.0* 

TAU  = parabolic arc thickness ratio 
FLAG = 0 tangent-ogive cylinder, boattail projectile read in 

1 secant-ogive cylinder, boattail projectile with nosecap 
read in 

iff FLAG = 1, card 7 goes after card 8b. 

7. JI, JF, XI, XF. DXI, DXF *2I5,4F10.0* 

see card 5 

$ iff FLAG .GE.0$ 

8a.  XI, X2, X3, X4, RAD, THETA, CHORD *6F10.0* 

XI = value of x at nose 
X2 = value of x at ogive-cylinder juncture 
X3 = value of x at cylinder-boattail juncture 
X4 = value of x at boattail base 

RAD = radius of cylinder 
THETA = angle of degrees that boattail makes with cylinder 

(THETA is negative) 
CHORD = if CHORD .GE.O, body length normalized to one. 

Note:   a spherical cap is added to boattail so the body length is 
not X4-X1. 
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8b.    RAPS,  FUSE,  AS *3F10.0* 

$  iff FLAG  .EQ.1$ 

RADS    =    radius of secant 
FUSE    =    fuse height (at nosecap) 

AS    =    value of x at secant-origin 

9. NFLAG *I5* 

Option to exit program after body clustering data is printed out. 

NFLAG .LT.O, STOP 

10. NCGRD, NCART *2I5* 

Parameters that allow addition of sting/rear cut and a front cut. 

NCGRD   .GT.O, NCGRD points added for rear cut or sting 

NCART   .GT.O, NCART points added for front cut (or lower cut of C- 
grid) 

$ Read cards 11, 12, 13 iff NCGRD .GT.0$ 

11. ISEGS . *I5* 

ISEGS of sting 

12. XMIN, YMIN, XMAX, YMAX *4F10.0* 

XMIN = initial  x value of sting 

YMIN = initial y value of sting 

XMAX = final  x value of sting 

YMAX = YMIN 

13. JI, JF, XI, XF, DXI, DXF *2I5,4F10.0* 

see card 5 

$Read cards 14, 15, 16 iff NCART .GT.0$ 

14. ISEGS *I5* 

15. XMIN, YMIN, XMAX, YMAX *4F10.0* 

16. JI, JF, XI, XF, DXI, DXF *2I5,4F10.0* 

Front cut data like sting data 
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17. NSEGS. IOUTD   *2I5* 

NSEGS = number of contiguous cubic segments which are used to form an 
outer boundary 

IOUTD = number of clustering segments along outer boundary (i.e., 
previous ISEGS) 

18. XO. YO, XI. Yl, THO. TH1 *6F10.0* 

x,y,e end point values used to define cubic segment according to Eq. 
(4). There are NSEGS such cards read-in. Here 0 implies initial 
point, 1 implies final end point. The angle 6 is in degrees, and is 
defined in the usual way.  See discussion of Fig. 12 for examples 
of e. 

$ Read cards 19 iff IOUTD .GT.0$; 

19. JI, JF, XI, XF, DXI, DXF *2I5,4F10.0* 

See card 5, there are IOUTD such data cards read in. 

Arc length clustering used and, as the total arc length is not known 
on the first run of the program it is output. Use of normalized arc 
length allows user to cluster without true value of arc length. 

GRID GENERATION 

20. KMAX. ITERM, IPER. NCLUS, ISTOR, JELLI *6I5* 

KMAX  = number of points in n-direction 

ITERM = number of iterations used to relax Eq. (9) 
If ITERM .LT.O, straight ray grid is generated 

IPER.... set IPER .GT.O if periodic grid generated 

NCLUS... NCLUS .LT.O means grid is not reclustered using Eq. (8) 

ISTOR... store grid on computer disc storage if ISTOR .GT.O 

JELLI... If JELLI .GE.l, Limits JI and JF are set on the elliptic grid 
domain. 

21. PS, OMEGA *2F10.0* 

DS   = As0 (i.e.. As in n direction at n = 0 boundary).  See Eq. 

(8). Note As used along entire n = 0 boundary. 

OMEGA = relaxation factor for SLOR in Subroutine RELAX. Typical safe 
value is 1.55. 0 < OMEGA < 2.0. 
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22. JIt JF *2I5* 

JELLI such cards read in. Limits of K min to C max over which an 
elliptic solver is used. JI and JF must correspond to vertical or 
horizontal rays. 

23. BLANK CARD 

24. BLANK CARD 

P and Q input data, not recommended 
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APPENDIX C 

SAMPLE INPUT AND OUTPUT 

The following computer output illustrates the output from a sample grid 
generation. The tubular projectile illustrated in Figure 15 (the outer bound- 
ary is identical to that shown in Figure 13a) was used as a sample case. This 
particular case is the most difficult to set up as it requires the largest 
number of special instructions. Input values are printed after they are read 
in, so the output also supplies the user with an example of the data input 
cards. 
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APPENDIX D 

PLOT PROGRAM LISTING 

A listing of the computer code used to generate grid plots is presented 
in this appendix. The plot program is written in standard FORTRAN IV and uses 
the Tektronix Plot 10 software package. All plots were produced on the 
Tektronix 4010-1 display terminal which was connected to the BRL Cyber 173/76. 
The program is an interactive plotting routine which prompts the user for all 
requested information. 
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P«aG«»'< ICP        76/76   QPT-l ROUND"*-*/ FTN «..8*518 

I PROGRAH ICP UNPUT,OUTPUT,T*PE5«INPUT,r»PE6-OUTPUT,TAPES,PL3tK8I 
COflHON /GRIOC/ GXMIN, CXHAX, CTMIN, GYNAX, X(lO0,50), Y(100,50) 
COMMON /HOR/ TITLE(5) 

r 

5 C«*»»«CRIP-PROGRAN TO PLOT THE COIPUTATIONAL GRID ABOUT AN 
C     AERODYNAMIC BODY OR AIRFOIL SECT I ON****** 
C 
C*****INPUT SECTION***** 
C*****CONTROL PARAMETER INPUT 

10 C**NAOO —1 SUPPRESSES LISTING OF PLOT OArA,NAOO-l. ALLOWS IT 
C**JHAX,<HAX-NUM8£R OF J.K POINTS 
C**HEAO-ALPHANUMERIC INFORMATION DESCRIBING THE 
C     CONFIGURATION BEING PLOTTED 

CALL CONNEC I5LTAPES) 
15 CALL CONNEC (SLTAPEb) 

CALL TERM (1,102*) 
CALL SET8UF (31 
CALL ANMODE 

C     REA0(5,10)HEA0 
20 C 

WRITE 16,131 
READ (%,*) IBO 
IBO'IBD/IO 
CALL IN1TT (IBO) 

i* CALL BINITT 
r 

! MRITE (6,29) 
READ   15,*)    JNAX,KMAX 

1 C 
< 30 WRITE   (6,30) 

READ 15,•! GXMIN,GXMAX,GYMIN.GYMAX 
WRITE (6,*0) 
READ (5,50) TITLE 
CALL NEWPAG 

35 : 
C***REAO IN X AND Y VALUES 

j READ (8) ((X(J,K),J.l,JMAX),<-l,KMAX),((Y(J,K),J-l,JMAX),K.l,KMA 
, C***** PLOT THE GRID ***** 

CALL CRDPLT (JMAX,<MAX,I BO) 
*0 C***TERMINATE PLOTTING 

CALL FINITT (0,700) 
1 STOP 

c 
10 FORMAT (19H WHAT IS BAUD RATE?) 

♦' 20 FORMAT (20H WHAT ARE JMAX,KMAX?) 
30 FORMAT (30H WHAT ARE XMlN,XMAX , YMlN, YHAX?) 
«0 FORMAT (28H ENTER TITLE - UP TO 50 CHAR) 
50 FORMAT (5A10) 

; END 
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SUBROUTINE GROPUT     7(i/7S   OPT»l ROUND'*-*/ FTN *.?*5li! 

1 SUBROuriNE CROPLT tJf1»X , K 1*x . UD ) 
CQUHON /CRIOC/ GXHIN, cxr>4x, crniN. GY^AX, xiioo,ioi,  r(ioa«so) 
CONHON /HOR/ TITLE(5> 
^IIENSION SX(128li CY(128I 

s      c 
C»**RE*OJUST PLOT UINITS IH   ORDER TO AVOID STRETCHED PLOTS 

ICOUNT-0 
10 XiAX-GXHAX 

tnlH'dXHlH 
10 r-UX-GYMiX 

Y1IN"GY«IN 
xoiF-xH»x-xniN 
YOiF-yii*x-YniM 
IF   (XOIF.LT.YOIF)   SO   TO   20 

15 X0IFH-XDIF*0.5 
Y1ID»(Yn»X*Y«IN»»0.5 
YNX-YMI0»XDIFH 
Y.1fJ»Y«1I0-XDIFH 
YMAX-YNX 

20 yilN-rMN 
GO   TO   30 

20   Y0IFH-Y0IF»0.5 
XNI0*IXH*X*XNINt*0<9 
XNX«XniO*Y0tFH 

25 XHN-XHIO-YOIFM 
XIAX-XNX 
XNIN^XHN 

30 CONTINUE 
c 

30 C     PLOT THE LINES 
IF (ICOUNT.CT.O) CO TO *0 
JkXHlH-XnlH 
AxnAX-xnax 
AY.1IN-YHIN 

35 AYflAX'YKAX 
«0   CONTINUE 

C 
CALL   BINITT 
CALL NPTS (JHAXJ 

40 CALL ANHOOE 
WRITE (6.120) TITLE 
CALL XFRH (21 
CALL YFRM (2) 

-.5 

50 

55 

CALL DLIMX (XPINtXIAXI 
CALL OLIHY (YHIN.YIAXI 
CALL SLinX (150,803) 
CALL SLINY (50.700) 

DO 70 X«1,<MAX 
00 50 J>1.JNAX 
GX(J)-X(J,<) 

50 CY(J)-Y(J,<) 

IF (K.CT.l) GO TO 50 
CALL CHECK (CX.GYI 
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SU9RauTIN€   CRDPur 76/7<>        OPT«l   ROUND-*-*/ FTN   *.8*5ie 

CALL   OSPLAr   (GX,CYI 
bO   CALL   CPLOT   <GX,Gri 

60 70   CONTtNUE 
CALL   NPTS   (K1AX> 
□a 90 j-itJiAx 
00   80   K«lti<nAX 
GX(K)>X(JtK) 

65 80   CY(K)>r(J,KI 
CALL CPLOT (CX.Gri 

90 CONTINUE 
CALL BELL 
CALL   TSEND 

70 CALL   TINPUT    (II) 

IF   III.£0.831   CO   TO   110 

CALL   NE^PAG 
75 CALL   TSENO 

00   100   J-l.JNAX 
GX(J)>X(J,l) 

ioo GY(ji-r(j,i) 
CALL   31NITT 

80 CALL   OLIftX   (AXMIN,AXnAX) 
CALL   DLIHY   IAYniNtAYMAXI 
CALL   SLINK   U50t300l 
CALL   SLIMY   (50.700) 
CALL   NPTS   (JNAX) 

85 CALL   XFRN   (2) 
CALL   YFUN   (2) 
CALL   CHECK   (GX.CY) 
CALL   OSPLAY   (GX.CY) 
CALL   TSENO 

"JO CALL   BELL 
CALL   ANMOOE 
M«ITE    (6,130) 
CALL   TSENO 

j CALL   RECOVR 
95 CALL   VCURSR    (ICH.XX.YY) 

GXniN-XX 
CYNIN-YY 
CALL   ANflOOE 
WRITE   (6,l<.0) 

100 CALL   RECOVR 
CALL   TSENO 
CALL   ANNOOE 
CALL   VCURSR   (ICM,XX,YY) 
GX^AX-XX 

105 GYMAX-YY 
CALL   TSEND 
IC3UNT-IC0JNT*! 
CALL NEWPAG 
GO TO 10 

110 110 CONTINUE 
CALL NEUPAG 
RETURN 

120 FORMAT 15A10) 

15 ISO   FORMAT   (30H   POSITION   CURSOR   FOR   XMIN.YMIN) 
1*0   FORMAT    (IH0,30H   POSITION    CURSOR    FOR    XMAX.YMAX) 

ENO 
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