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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, O-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 & and n in the physical x-y plane as indicated in Figure
9a. Corresponding uniform values of £ 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 Ej K and nj K are known in the physical plane as a

function of X5k and Yj, ks or conversely, once X3k and Yj,k are determined in
the transform plane. The metric quantities Ex, Ey, Ny s and ny needed in the

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 1is suitable for axisymmetric or n-invariant“ flow
calculations. A three-dimensional grid can be formed by rotating the grid
about the axis and defining constant lines in 6. 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 £ = 0 and £ = ¢ x lines. The inner and outer boundaries corres-

pond ton =0 and n = Mmax®

ma

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 n = 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. Steger, J. L., "Implicit Finite-Difference Simulation of Flow About
Arbitrary Two-Dimensional Geometries", AIAA Journal, Vol. 16, July 1978,
pp. 679-686.

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

3. Schiff, L. B. and Steger, J. L., "Numerical Simulation of Steady Super
sonic Viscous Flow", AIAA Paper No. 79-130, 1979.

4. Nietubica, C. J., Pulliam, T. H., and Steger, J. L., "Numerical Solution
of the Aazimuthal-Invariant Thin-Layer Navier-Stokes Equations", AIAA Paper
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 £ 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 = Rk boundary. Here we

restrict &£ =0 and £ = gmax to be vertical or horizontal straightline rays in
order to simplify programming logic, thus the endpoints of the Mnax CUrve must
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 = Nmax boundary, and the interior clustered grid, will
be described.

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; < X
X. = x_+ ap. + byp2 + cyd o 73 °f o))
J 0 J J J : : :

‘]0 <J < Jf‘

where W= (j—jo)/(jf-jo) and j is an index value such that points j, to js
lTie in the interval x, to xf and x; = x

Jo o
as a function of j as indicated in Figure 1l1. The user

while Xjo = X Equation (1) is
used to cluster X3
determines the shape of the clustering function by specifying the initial and
final increments of x, that is



bx, = x\].0+1 - on (2a)

VX

X. = X.
f Jf Jf-l

Since x, and x¢ are also specified, a, b, and ¢ are determined

0

(g}
n

{fo + ax = 2h(xe-x )}/ (h - 3h2 + 2h3)
b = {Axo - h(xe=x ) - c(h3 = h)}/(h2 - h)

a = Xe - x0 -b-c
where h = (j¢ - jo)~ 1.

The amount of clustering at each point is determine by the specified
values of Axo and fo. Moreover, because AX and Vxs are specified, the user

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 Ax0 is too small and fo 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
interpolation®. 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 points along the sting or
cut.

5. Dahlquist, G. and Bgjorck, A., "Numerical Methode". Prentice-Hall,
Englewood Cliffe, 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 = T 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,
8 =90°, 6, = 6 = 0° or 180° 'and 6, = 90°,
a b c d
The data x,y,0 at each endpoint determines the shape of the parametric
curves

X = x o+t ayt?
" 0<txl (4)
Y=Y, + Blt e th
which are equivalent to a cubic
= s -y )2 = 03
Y= ¥yt v xex )+ vy (x=x )%+ vg(x=x ) (5)

The parametric cubic is used because the condition %% = o can be specified,

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

The solution of the parameters a5 Gy Bl, and 82 are given by

o‘1 o mo
a = (x¢ = X)) = o (6)
B1 B no

11



where

_ dx _ dx
- dy _d
o —'Hf‘ " _'H%‘
o} 1
and
o dy = O
N, =M 3 or m, no73§ )
- dy -, X
ng=m o5 g or m = ny 3y .

The solutions for n,, my, n;, and m are conditional insofar that infinite-
slopes are avoided. Then the regular solutions are

i) If .Yx|o < x_y|0’ -Yx|1 < xyll’ and .Yx|1 i yx'o
m = 2 [(xf = .YO) = (xf = XO) .YX|0]/(.Y)(|1 - .YX|0)

My = 2 {x§ = x5) - m

(7a)
g = My ¥xlo
ny = m vyl
1) If yxlo < Xylos xyl1 < yxl1s and xylyyxlo * 1
my = 20(x¢ - x5) = (yf - ¥o) Xy|1]/(1 o xy|1 Yxlo)
np =2 (¥¢ = yg) - my ¥ylo (7b)
o = Mo ¥xlo
m =M xy|1
111 I xy o < yxlos ¥xl1 < xyl1s and yylixylo # 1
ng = 2L{yf - ¥o) - (xf = xo) yx[13/(1 - yxl1 xylo)
m =2 (xf - xo) - ng xylg (7¢)

My = ng xy|o

np=m yylq

12




111) IF xy 0 < yylos xyl1 < xlis and xyly # xyfg

np =2 [{xg -~ xg) = (¥f - ¥o) xy|o]/(xy|1 - xy|o)

ng =2 (yg=yo) - M

My = Ng xy|0

m=mn Xyll

Whenever the third constraint is violated (for example in case (i), if
Yxl1 = ¥xlo) @ linear curve is used. In this case a, = B8, = 0 and

a] = XemXgo Bl = Y Yor The segments ab, bc, and 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 £ = 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 B boundaries. Two

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

In the first case, lines of constant & (i.e., the rays emerging from the
body) are formed by simply connecting straight lines from points along n =0

to points along n = "max® The spacing in n along each such line is either

uniform or is determined by the relation

bs, = Aso(l + e)k-l

’ , k=1,k -1 (8)

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

parameter € is determined by a Newton-Raphson iteration process so that the
sum of the above increments matches the known arc length between the

n=20andn = O 3 for points which have the same values of &. Figures 13a

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 Xj k and Yi.k:

_ 42 s
X p - ZBxgn W = -J (ﬁxg + an) (9a)
9 = "
ay,, - 2By, +yy = -J" (Py_ + Qy ) (9b)
— &g En nn & n
_ 2 2 _ . 2 2 _
WS Ky By s BE MRXG¥ Y T EX # Yg o 8 Xe¥n = XWYe
and
= _ -a{n-n_) -a(n-n__)
P = Po e o/ + Pm e max ¥

Q=0 gl Q o-blneng. )
) m
Here PO, Qs Pps Qs @ and b are prescribed clustering parameters. Along
the n =0 and n = LU boundaries, Xi,k and Yi,k have been previously
prescribed. Along the §& = 0 and & = Emax? which are either vertical or hori-
zontal 1lines 1in the physical space, the following boundary conditions are
enforced: either

x is given and Yg = 0 (10a)
on a vertical boundary, or

Xg = 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-Dimeneional Bodies". dJournal of
Comp. Physics, Vol. 15, 1974, pp. 299-319.

8. Sorenson, R. L. and Steger, J. L., "Simplified Clustering of Nonorthogonal

Grids Generated by Elliptiec Partial Differential Equations'". NASA
M 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

)(g = (Xj+1,k - Xj_l’k)/(ZAE)

X, = (xj,k+1 - Xj,k-l)/(ZAn)

i 2
g = (Xje1 e m P T X510/ (08) ()

Xen = 501 fert = % k1 = Xgudlped ¢ X5.1,k-1)/(44E4n)

) 2
Xom ™ (X5 ka1 = 205 4 ¥ Xy 1)/ (8n)

while derivatives of y are treated identically. The Jacobian J is formed with

central differencing. The right hand side companion terms to P and Q,
_however, are backward or forward differenced depending on the sign of
P and Q. If P is positive, Xg and Ye are forward differenced. The terms

Xys ¥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
J2xg 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 line 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 £ = constant line are
then redistributed along this line as a function of arc length. The cluster-
ing function Eq. (8) 1is 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 & Because
of the boundary condition, Eq. (10), the elliptic equations can be joined to a
straight ray along any vertical or horizontal boundary 1line in &. Figure 15
shows details of such a procedure used in the previous tubular projectile
case. Here the &-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.

[1I. 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 toc define the outer boundary and along this curve points are
uniformly distributed. Solution of Eg. (9) with no additional reclustering
completes the grid generation problem. Note that Eq. (10b) is well satisfied
along the £ = 0 and € = & 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 &. 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 1is 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

16



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 O-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.

17
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LIST OF SYMBOLS

J index value in & direction

k index value in u 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

€ clustering parameter in n direction

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

£,N computational coordinates in the axial and radial directions

4 model length

Subscripts

f final -value

0 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 formy , as a function of the
distribution arc Tength 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 &. 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 tob, b toc, 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
Tines 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 TRIB 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 Eg. (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 tc 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 s 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 MAIN (INPUT,OUTPUT4TAPES=INPUT,TAPE6G=OUTPUT,TAPEI,TAPELD)

CHECK FOR 30 GRID

COMMON JMAX, XMAXe JM, KM, N8OOs JBOO

COMMON /30UQY/ XX(100)s YY(100)s XS(100), YS(1003, SS(100), S(100)

1 + T(100), TS(100)
COMMON /COMP/ X(100)s Y(10I)

READ (5+60) 1304NOsLMAX
WRITE (6+50) 130,NO,LMAX

OISTRIBUTE POINTS ALONG INNER BOUNDARY
WRITE (6470)
CALL 800Y
REAQ (5+60) NFLAG
IF (NFLAG.LT.0) GO TO 40
READ (5,60) NCGROsNCART
WRITE (6+80) NCGROsNCART
IF (NCGRO.GT.0) CALL STYING (NCGRD)
IF (NCART.GT.0) CALL CARYS (NCART)
JNAX=JBDO
JMe JHAX=-1
WRITE (6+90) JMAX
IF (NCGRD.GT.0.0R.NCART.GT.0) G0 TD 10
G0 70 30
10 WRITE (6+100)
00 20 J=1,JmAX
HRITE (641100 JoXX(JI)oYY(J)
20 CONTINUE
30 CONTINUE

FORM OUTER BOUNOARY
HRITE (64120)
READ (5+60) NSEGS,I10UTO
WRITE (6+9130) JMAX4INSEGS
CALL QUTER (NSEGS,I10UTO)

GIRD GENERATION
4RITE (64140)
CALL ALGRO ((STOR)

FORm 30 GR1O. LMAX IS CIRCUMFERENTIAL OIRECTION
IF (130.€Qe1) CALL GSPIN (I30,NDsISTORGLMAX)

40 sTOP

50 FORMAT (1HO+11H(304NOsLMAX315)
60 FORMAT (815)

70 FORMAY (lHly36Heessseeeee INNER BOUNDARY ++0sctecss)

80 FORMAT (1HO+13H NCGROJNCART ,215)
90 FORMAT (LlHO+21H FINAL VALUE OF JMAX o1

100 FORMAT (1HO.43H FINAL VALUES OF JyXoY ALONG INNER BOUNDARY)

110 FORMAT (LH +15+2F13.6)

120 FORMAT (1HL437H ¢sssseeess JUTER BOUNDARY secccscccs)

130 FORMAT (1HD ¢ LOHIMAX INSEGS+215)
140 FORMAT (1HL439H seessseese GRID GENERATION see0s¢0e9s )

END

5)

S

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
RAIN
MAIN
MAIN
MA(N
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
RAIN
MAIN
MAIN
MAIN
RAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA(N

MAIN
MAIN
MAIN
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SUBRDUTINE ALGR) (ISTDR)
CDMMDN JMAXy KMAXse JMe KMs NBOO, JBDD

CDYMON /BDUDY/ XX(1DD),y YY(IDD)s XS(LDD)y YS(1IDO)s SS(1DD), S(10D)

s T(LDD), TS(1DD)
CDMMDN /GRID/ x(8D+6D)y Y(8D46J)

CDMMDN /ARRAY/ A(1OD)s BC1DD}s CC(LDD), D(LDD),

F{1D0) s H(L1DD)

FDRM ALGEBRAIC GRID DR ELLIPTIC EQ. GENERATE] GRID

READ (5+415)) KMAX9ITERMyIPERyNCLUSsISTDRJELLI
WRITE (64150) KMAXy ITERMoIPERGNCLUSs ISTDR,JELLI

KMsKMAX=-1
READ (54170) DS+DMEGA
WRITE (69130) DS.DMEGA

STRAIGHT RAY GRID USED IF ITERM .LE. O

1D

20

30
4D

OTHERWISE USED AS INITIAL GUESS

DO 4D J=1l,JMAX

X0=XX(J)

X1=x5(J)

YO=YY( J)

Y1=Y5(J)
R=SORT((XL=~XD)#$2+(Y1=YD14¢2)
£PS=D.

IF (ITERM.LT.Ds) GO TD 1D
DD=R/{KMAX-1)

GD TD 2D
EPS=EPSIL(R4DssDS+<MAX30,0DD0292D+4)
DD=DS’

X(Js1)=XD

Y(J,1)=YD

TR=0.

DD 3D K=2, ¢MAX
TReTR+DD#(1, +EPS)#8 (K=2)
TY=TR/R

X(JeK) =XO+{X1=XD)STT

YOSy K) =YD (YL=YD)#TT

CONT INUE

CONTINUE

IF (ITERM,.T.D) GO TD 70

ELLIPTIC P.De€Ee GRID GENRATIDN SCHEME

50

IF (JELLI.GE.1) GD TD 50

CALL RELAX (ITERMsIPERsLsJMAX+IMEGA)
GO YD 70

DD 6D LL=1l.,JELLI

READ (54153) JI+JF

WRITE (6413D) J14JF

6D CALL RELAX (ITERMsIPERyJI+JF40MEGA)
70 CDNTINUE

CLUSTERING DPTIDN

IF (NCLUS..T.D) GD 7D 13D
DD 12D J=1, JMAX

T(1)=0.

DD 8D K=2,<MAX

(&3]
C

ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRO
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD

VOE~NOWVIPWN

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
ED)
31
32
33
34
35
38
37
38
39
4D
41
42
43
44
45

47
%8

50
51
52
53
54
55
56
57
58
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8 TIKIeT(K=1)oSORTCIX(IoKD=X{JoeK=1)DCO20(Y(JoK)=Y{Jo¥=1))002)
EPSeEPSILITIKMAX) 4Da sDSoXKMAX+sD.DODO24+2D+J)
St1)=0.

Ne=-1
DD 90 Ke2 {MAX
NeNel

90 SIK)I=S{K=1)eDS®(L.0EPS)OeN
DO 100 K=l o4KMAX
XX{K)=X{JeK)

1DD YY(K)=YJe4)
CALL CSPLIN (SeXSeToXXgAgBeCoDeFoHe2okMoleKMAX)
CALL CSPLIN (SeYSeToYY A eBeCoDeFoHo2ZoKMoloNAX)
DD 110 K=2,KM
Xt JoeKD=XS(K)

110 Y(JeKDI=YS(K)

12D CDNTINUE

130 CDONTINUE

SURPRESS THE PRINTOUT
K = KRAX/2
DD 20 J=1l.JRAX
WRITE(64603) X(Je2) oYU Je2)oXUJs3DeY o3 oXUJob)oeYlIet)y
L XUJeK) oY {JeK) o Xt JeXKRD oY IeKN)
603 FDRMAT(LIH 41DF12.5)
20 CONTINUE

DPTIDNAL STORE OF DATA
1F (1STDR.LE.D) GO TO 140
NRITE (9) C(X(JeKDoJuLloIMAX) yKeLoKMAXD o U (Y{JoK) vImLoJRAX] s&k=ly
1 KRrAX)
140 CONTINUE
RETURN

150 FDRMAT (815)

160 FDRMAT (1HO.® SUB. ALGRD PRINTDUTseee KMAXsITERM,IPERINCLUS,ISTOR,
1 JELLI®4/+815) .

170 FORMAT (8F10.0)

180 FDRMAT (1HD+11H DSs DMEGA +2F13.5)

190 FDRAMAT (1HDy26HELLIPTIC GCRID FORMED FROM 413,54 7O +13)
END

ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRO
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
ALGRD
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SUBROUTINE BODDAN IISEGS)

COMMON /CALC/ X0y XATF, BSs ICPs FLAGy POYDX, FXF» RFN
COMMON /INPS/ X1y X2y X3 X&y 2AD, DYDXy CHORD, FUSE,
COMMON JMAX, KMAX, JM, KM, NRDO, JBOOD

AS»

RADS

COMMON /BDUDY/ XX(100), YY(100)s XSIL00)s YSILOO)y $SI100), SC100)

1 » TU(L00), TSULOO)

READ [5+100) TAUNFLAG
WRITE (64110) TAUYFLAG
JHRIT=JBOD

ICT=0

(F (FLAG.GE.las) CALL SCALC
CALL BDODIS ((SEGS+JMRIT)
00 10 J=1.,3800

XX(3)=SLI)

ANALYTIC BDOY SHAPE

IF (FLAG.GE.O.) GD TD 30
00 20 J=1,JB0D
XXUJI)=SUJI/SLIBOD)

PARABDLIC ARC

20

30

YY(J)m2, 6TAUSXX (JI®(La=-XXTI))
GO 70 90

CONTINUE

IF (FLAG.LE.O.) GD TD 40

CALL SECANT

GO TD 90

PROJECTILE WITH TANGENT OGIVE,CYLINDER,BOATTAILy CIRCULAR CAP

40

READ (55100) XLeX29XIsX&4RADyTHETA,CHORD
THETA=THETA® 0174533

OYOX=TANITHETA)

BASE=RAD*(X4=X3)¢0DYDX
XE=BASE®(DYDXeSQRT(1.+0YDXG®2))

XS5axX4+XE

NONDIMENSIONAL DPTION

50

60

70

80

IF (CHORD.GE+«Oe) CHORD=X5-=X1
CHORD=A8S{CHORD)

MRITE (691200 X19X29X39X&yRADs THETA+CHORD
RCH=1./CHORD

X1aX1®RCH

X2=X2%RCH

X3=XISRCH

X4nX4ORCH

X5sX56RCH

BASE=BASE®RCH

XE=XESRCH

RAD=RAD®RCH

00 BO J=1,JB0D

(F (XXUJV.GE.X2) GI TOD 50
XDG=x2~X1

XBAR=(XX(J)=X1)/XDGC

YLAN=XDG/RAD

VSJaYLANSS?

RBAR=VSQ+.25
RADI=1.=VSA®(1l.-XBAR)®®2/(2BARCS2)
YY(I)=(1e=2.%RBARC( L1, ~SORTIRADIID)GRAD

6D TO 80

IF (XXIJ)1.GEexX3) G TD 60
YYLJ)=RAD

GO TD 80

IF (XXIJ).GEJX4) G) TD 70
YY(J)=RADS(XXTJ)=X3)¢DYDX
G0 TDO 80
RS=IBASE®S2)6(1.+07DXG¢2)
XBARSIXXIJ)=X4)
RAQL=RS=(XBAR-BASESDYDX) ¢&2
YYIJ)=SQRTI(RADI)

CONT INUE

END OF PROJECTILE

90

102
110
120

CONT INUE
RETURN

FORMAT (BFL0.0)

FORMAT LLHOsBHTAUsFLAGI2FL14e5)
FORMAT (L1HD29H XlpXZpX3vX§.RA3pTHEYAvCHDRD 2/ 7F14.5)

END 40

ANDAN
BOOAN
BDDAN
BDDAN
BDDAN
BODOAN
BODAN
BODAN
BODAN
BODAN
BNDAN
3DDAN
BOOAN
BODAN
BODAN
B00AN
300AN
BODAN
BDDAN
BO0AN
B0ODAN
BODAN
BOOAN
BODAN
BODAN
BODAN
BODAN
B0DAN
BODAN
BDDAN
8 00AN
BODAN
BDDAN
BODAN
BODAN
BODAN
BOOAN
BODAN
BODAN
B0DDAN
BODAN
BNDAN
80DAN
BNDAN
BDDAN
BODAN
B0DAN
BODAN
B0OCAN
BDDAN
BODAN
BODAN
S0D0AN
BODAN
BDOAN
BDDAN
BNDAN

BODAN
BDDAN
BODAN
BODAN
BODAN
BDDAN
BDDAN
BODAN
BODAN
BODAN
80DAN
BODAN
BDDAN
BDOAN
BODAN
300AN
BODAN
300AN
BODAN
Annan
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SUBROUTINE BODIS (ISEGSeJWRIT)

COMMON /CALC/ XOs XATFe BSy ICTe FLAGs POYDXs FXFs RFN

COMMON JMAXs KMAXe JMe KMo NBDDs J30D

COMMON /BOUDY/ XX(100}s YY{L00)}s XS{100}s YS(100}s SS(L00). $(100}
¢+ T(100), TS(100}

S OISTRIBUTION ON B80DY

10

20
3o
40

00 10 [=1¢ISEGS

READ (59200 JEeJFeXIeXFeDXIeDXF
WRITE (6930) JIeJFeXIoXFoDXIyDXF
CALL CLUST (JIsJFeXIeXFoOXIeDXFoS}
CONT INUE

WRITE (6¢40) (SUJ)ed=leJWRIT)
RETURN

FORMAT (215+6F10.0)

FORMAT (1HO¢21lH JI¢JFeXI oeXFeOXIsOXF +21544F12.5)
FOUMAT (1H ¢+10FL1.5)

ENO

41

800Is
800IS
a001s
8001S
800%S
8001S
8001S
8001S
8001S
8001S
8001S
8001S
800§S
8001S
8001S
8001s
8001
800IS
800%S
8001S
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SUBROUTINE BODY

COMMON JMAXe KMAXy JMy KMy NBODs JBOO

COMMON /BOUDY/ XX(LOO)s YY(LOD)s XSCLOODy YS(100)s $SSC100)s SC100)
L » TE100)s TS(LOO)

COMMON /ARRAY/ A(LOC)y 8(L00)s C(LOO)s DCLODDy F(100)y H(100)
COMNON /COMP/ X(1D00)y Y(100)

REAQ (5+110) NBDD+JBODs IXDRS4ISEGS
WRITE (69120) NBDOD+JBODs IXDRSsISEGS.
IF NBOO IS NEGATIVEs ANALYTIC SHAPE IS USED
IF (NBOO.GE.O) GD TO 1O
N80D=-NBDO
CALL BOOAN (ISEGS)
GD TD 90

L0 CONTINUE
WRITE (6+130)
REAQ (54150) CHORD
WRITE (6+140) CHORD

READ CAROS IN CLOCKWISE NOSE TD TAIL
00 20 J=1,NBOO
REAC (5+4150) X(J)sY(J)
WRITE (691600 JoeX(J)eY(J)
X¢J)=X(J)/CHORD
Y(J)=Y(J)/CHORO

20 CONTINUE

COMPUTE NORMALIZED ARC LENGTH TD USE AS A MONOTONE PARAMETER
$S(1)=0.
00 30 J=2,.,N300

30 SSCJ)=SSCEI=L)+SQARTC(X(I)=X(I=L) )B2e(Y{J)=Y(I=1))%82)
00 40 J=2,NBOO

40 SSCJ)=55(J)/SSINBOD)

COMPUTE A NORMALIZED CLUSTERED PARAMETRIC FUNCTION FOR OISTRIBUTUCN

DF B8D0DY POINTS
JWRIT=J800
CALL BDOIS (ISEGSeJWRIT)
SAVY=S(l)
Stl)=0.
DD 50 i=2,4300
SOEL=ABS (ST J)=SAY)
SAV=S(J)

50 S(J)=S(J-1)+SDEL
00 60 J=1,4300

60 S(J)=SC(J)/SCJIBDO)

DPTION WHETHER TD SET X EQUAL TO S OISTRIBUTION
IF (IXORS.LTL,0) GO TD 70
CALL CSPLIN (SeXX93S9XeA9BoeCeOsFrHelsJBODs14NBOO)
CALL CSPLIN (SeYY9535S9Y9AsBsCe0sF HsleJB00414NB0OO)
GO TO 90 -

70 CONTINUE
D0 80 J=1,J300

80 XX(J)=X(1)eSCJI)SI(X(NBOO)=X(L))
CALL CSPLIN (XXoYY9XoYoAsBoCoDoFoHelyeyJBODsLsNBOD)

90 CONTINUE

WRITE (6+170)

00 100 J=1, 4800

WRITE (69160) JoeXXCJ)eYY(J)
100 CONTINUE

RETURN

110 FORMAT (415)
120 FORMAT (LHD+22HNBDD ¢ JBOC+IXDRSy ISEGS +415)
130 FORMAT (LHO+38H XoY INPUT DEFINING 800Y... SUB, BD0OY )
L40 FORMAT (LHD¢32H NORMALIZIING CHORO LENGTH INPUT ,F13,5)
150 FORMAT (2FL0.0)
160 FORMAT (LH o+16H JeXsYy ON BODY 4I542F14,5)
170 FORMAT (1HL+32H J AND BOOY DISTRIBUTED X AND Y )
END
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SUBROUTINE GSPIN (IJDyND4ISTDR.LMAX) £
COMMON JMAXe KMAXy JMy KM, NBOD, JBDD
COMMON /GRIO/ X(8Ds60)s Y(30462)

COMMON /GRI030/ X3(420+60)s Y3(42D96D)y 23(420,460)
LEVEL 2+X34+Y3,23

PI=gq #ARCTAN(L,)

DS=PI/(LMAX~3)

NlsKMAXSLMAX

0D 10 K=loKMAX

QT=~2,%0S

DO 10 L=ly_MAX

OT=DT+DS

KL=(K=1)®N) oL

00 10 J=lyJMAX

YI(KLyJYaY(JeK}®SIN(DT)
LI(KL+J)=Y(JeKI}®*COS(OT)

XI(KL2J) =X oK)

13 CONTINUE

IF (ISTOR._E.OQ0) GO TD 40

RE®INO 9

WRITE (9) ((X3{KLsJ)oKLoLgNL}oJoLlgJMAX) g ((YI(KLsJ)oKLmLgNL}yJml,
1 JMAX)o((Z3(KLeJ)sKL=LgNL)sJmlyJINAX])

REWRITE 30 DATA FDR 29 PLDVTING

DD 30 J=l,JMAX
DD 20 KL=29N1lsLMAX
N=1l+{(KL~2)/ND
X({JeN)}=XI(KLoJ)
Y{JoNI=Z3(KL s J)
20 CONTINUE
30 CONTINUE
WRITE (10} ((XTJoN) 9Jul o JMAX) gNwL o MAX) o (Y (JgN) gJoLl o JNAX ) gNu]l,
1 XRKAX)

42 CONTINUE
WRITE (6490}
00 60 L=2,LMAXe3
00 60 K=loXMAXy4
KL=(K=1)*ND+L
WRITE (6970) LoKolLoKel
KL2=K¢ND+L
00 SO J=lysJMAXe2

50 WRITE (69801 JoXIUKLoJIoYIUKLI)9ZIIRL oI odoXI(KL2Z9I)oYIIKL20J)y
L Z3(KL2Z+J)

60 CONTINUE
RETURN

70 FORMAT (LHI¢S5M J  42HK®y1243H L=s 129X 9 LHX 10X 91 HY 912X e LHZ 413X,
1L 3H)  s2HKmg[243H Lmel295XelHX910XsLHY gL1Xe1M2Z)

80 FORMAT (1H ¢I13918X9FL0e593XsFL)e593XsFL0eS59IX9I2914XsFL0059+2XsFLD.
15942X+F10.5}

90 FORMAT (1HKl)
END
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SUBROUTINE OUTER (NSEGS,I0UTO)
COMMON JMAXe KMAXs JMy KMy NBODy 4800

COmMMON /BOUQY/ XX(1003)y YY(100)e XSC1000)s YS(100)s SS(100)s S(100)

1 5 T(100), TS(1OOY
COMMON /CONP/ X(100)s YC(100)
COMMON /ARRAY/ A(100), B(100)s C(100)y D(100)y F(100)s H(100)

THIS PROGRAM FORMS AN OUTER GRID 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 OEGRESS. PARAMETRIC
CUBICS WUSEOD YO PERMIT ANY SLOPE (THETA = 90, ~90, ETC). INITIAL
LOGIC OETERMINES CUBIC COEFFICIENTS OF EACH SEGMENT. REMAINING
LAOGIC OISTYRIBUTES POINTS ALONG OUTER BOUNOARY USING ARC LENGTH

AS OISTRIBUTION FUNCTIONe THUS T40 PARAMETRIC YARIABLES ARE USEOQ.
FINDING X.Y SO CUBIC SEGMENTS CAN BE OISJOINT IN SLOPE IS MESSY

A SINGLE SPLINE INTERPOLATION CANNOT BE USEQ OVER THE COMBINEOC
SEGMENTS BECAUSE OF POSSIBLE SLOPE CISCONTINUITY.

CIMENSION JA(B), JB(B)

DIMENSION CAO(B)s CAL(B)s CA2(8)s CBO(B)y CBL(B)s CB2(B)s CARC(S)

00 110 N=1.NSEGS
POINTS ANO SLOPESes =90 JLE.. THETA .LE. 90 OEGREES USEOQ
REAQ (5+240) XOsYOsXLleYLsTHO,THL
WRITE (64250) XOsYOoeXLaYLeTHOs THL
RTHO=0.017453292¢THO
RTH1=0.017453292¢TH1
XI=X1-X0
ETA=Y1-Y0

SET MFLAGy LOGIC CHIEFLY USED TO AYOID INFINITE OY/0Xy USES DX/0Y=0

TA=SIN(RTHO)
T8=COS(RTHO)
TC=SINC(RTHL)
TO=COS(RTHL)
IF (ABS(TA),GT.ABS(TB)) GO VO 12
MFLAG=1
IF (ABS(TC) «GT.ABS(TO)) MFLAG=2
G0 Y0 20
123 MFLAG=]
IF (ABS(TC)oGT.ABS(TO)) MFLAG=4
20 CONTINUE
DETERMINE COEFFICIENTS FOR PARAMETRIC CUBICS
SET UP LINEAR COEFFS. FIRSY. INOCEFINITE CUBIC DEFAULTS TO LINEAR
Al=XI]
A2=0.
Bl=ETA
B2=0.

GO TO (30:40+:50+60)9 MFLAG
30 DYOXO=TA/T3
0YOX1=TC/T)
TEST=0YOX1-0Y0OX0
IF (ABS(TE5T).LT.0,0005) GO Y0 ac
SM1=2,¢(ETA~OYOXO®XI)/TEST
$M0=2,¢XI~-5M1
SNO=SMO*0YD X0
G2 10 70
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40 0YOXO=TA/T8
0X0YL=TO/TC
TEST=1.~0Y0X0*0X0Y1
IF (A8S{TEST}.LT.0.0005) G3 TO 80
SHMO0w2.*{ XI~0OXOYL$ETA)/TESY
SNO=5SM0*0YOXO0 .
G0 TO 70

5) 0x0YO=T8/TA
0vox1=7TC/70
TEST=1.-0YOX1*0X0Y)
IF (AB8S(TEST).LT.0.0005) GO TO 80
SNO=2,¢{ETA-DYOXL®XI)/TEST
SMO=SNO*0X0YO
G0 TO 70

60 DX0YO=TB/TA
0xoY1=710/7C
TEST=0X0YL-0XO0Y0D
IF (ABS{TEST).LT.0.0005) GO TO 80
SN1=2.%{XI-0OXOYO*ETA)/TEST
SNO=2,%ETA~-SN1
SMO=SNO*0X0YO

73 Al=SMO
A2=X[-SMO
81=SNO
82=ETA-SNO

80 CONTINUE
JNBR =25

COMPUTE NUMERICAL ARC LENGTM AS A PARAMETER( EXACT ARC LENGTH IS

POSSIBLE BUT INVERSE PROCESS IS NOY
00 90 J=14JNBR
TTsJNBR~1
TT=(J=1}/7T7
X(J)uXOeTTH{ALOA2STT)
90 Y(J)=YO+TT*(B81+82¢TT)
SARC=0,

NOTE «+.COULO USE SUM OF SQUARES AS PARAMETER RATHER THAMN ARC LENGTH

IN THIS WAY ONE CAN AVOIO SQUARE ROOT CALCULATION
WHERE

00 100 J4=2,JNBR
100 SARC=SARC*SORTI(X(JI=X{J=1))82¢(Y(J)mY(J=L))os2)
OATA FOR EACH CUBIC SEGMENT
CAL{N}=aAl
CA2{N)=A2
C81(N)=81
CB2{N})=82
CAO{N)=X0
CBOIN}=YO
CARCIN)=SARC
WRITE (6+260) XO9sAleA24Y0481l482+SARC

110 CONTINUE

CUBICS OETERMINEO. NOW OISTRIBUTE POINTS
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TOTAL OUTER ARC LENGTH
SARC=0.
00 120 N=1,NSEGS
120 SARC=SARC¢CARC(N)
WRITE (64270) SARC

OEFINE A UNIFORM OUTER OISTRIBUTION ARC LENGTH
RH=1l./7(JNAX-1)
00 130 J=1l,JMAX
130 SS(J)=(J=-1)*RH

OPTIONAL USE OF CUBIC SEGMENTS TJ) CLUSTER
IF (10UT0.LE.O) GO TO 150
CALL BOOIS (IOUTO,JMNAX)
00 140 J=1,3MAX
140 SS(I={S{I=-SILII/(SCIRAXI=5(1))
150 CONTINUE
WRITE (64+280) (SS€J)e3=lsJNAX)

NORMALIZE OUTER ARC LENGTH SEGNENTS TO SCALE OF DISTRIBUTION ARC LEN

CA=Q.
00 160 N=1,NSEGS
CA=CA+CARC(N)/SARC
160 CARC(N)=CA
WRITE (6+290) (CARC(MN)¢N=1sNSEGS)
FING J INOICES LINITS WITHIN A SEGMENT
N=l
JA(N) =1
00 180 J=2,JMAX
IF (SS(J)SLELCARCINID GO TO 17)
NeNe ]
JA(N)=2
170 JB(N}=J
180 CONTINUE
00 190 N=1,NSEGS
WRITE (653001 JA(N)»JI8(N)
130 CONTINUE

FORM PARAMETRIC ARRAVS,FRON OISTRIBUTEC PARANETRIC ARRAY,

USE IT TO OETERMINE XoY WITHIN A OUTER SEGMNENT CURVE.
SPLINE REQUIRES ABOUT S5 POINTS IN AN INTERVAL
S(1)=0.
RT=1./¢JINBR=1}
00 220 N=14NSEGS
Tt1)=0.
IF (NeGT.1) S(1)=CARC(N-1)
X{1)=CAO(N)
Y(1)=CBO(N)
00 200 J=2,JNBR
TT=(3=1)#RT
T(I)=TT
X(J)oCAO(M)+TTS(CALINI+TTSCAZ(N)?
Y(3)=CBO(N)+TT#(CBLIN)&TTSCB2(N))
0S=SARTUIX(II=X(I=1))8824(Y(J)=Y(J=1))022)
S{3)=S(J=11+0S/SARC
ARITE (642801 TUJI)aX(J)sY(IDeS5C3)
200 CONTINUE
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J1=JA(N)
J2=JB(N)

CALL CSPLIN (SSeTSeSeTsAsB8sCe0sFaHsILle 241y INBR)

00 210 J=J1,J2
TT=TS¢J)

XStJ)=CAOUN)*TTS(CALIN)*TTSCA2(N))
YStJ)=CBOUIN)+TT*(CALIN)*TTeCR2(N))
ARITE (6+280) TSUJIeXSUID,WYSLY)

CONT INUE
CONTINUE
00 230 J=1,JMAX

WRITE

CONTINUE

RETURN

FORJIMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(8FL0.0)

(1HD 321H XOs Y09 X1eV1yTHOs THL
(1HOs23HXO0sALl9A29Y098L9829SARC +/+7F13.5)
(1HO+42H OQUTER BOUNOARY NONDIMENSIONAL ARC LENGTH

(1H

218F12.5)

(1HO +6H CARC

(1H +7H JA,J8

(1H

s6HXS 4 YS

(6+310) XS(J)e¥YSLI)

16F13.5)
0215)
22F15.6)

26F13.5)
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SUBRDUTINE RELAX (ITERMyIPER,JI ¢ JFoDMEGA)

COMMON JMAXy KMAXy JMy KM, N8DDy JBODD

COMMDN /GRID/ X(8Ds60)s Y(8Dy5d)

COMMON /ARRAY/ A(120)s 8(1DD)s C(LDD}y D(L0D)y F(1DO), H(LDO)
DIMENSION IP(L42)s [R(142)

DIMENSION G(1DD)

COMMON /SDURCE/ P(8Ds2)y D(BDs2)y PFAC(2)y OFACL2)

SLOR SDLUTIDN OF ELLIPTIC GRID GENERATIDN EOS.

1)

OEL XI AND DEL ETA = 1,0

Ji=1

J2=JMAX

IF (IPER.GT.0) GD TD 1D
Jl=Jjle}

12=JdF-1

CONTINUE

CaLL INIPOQ

ITER =0
K=K MAX=1

SET PERIDDIC INDICES

00 20 J=1,JMAX
IP(J)wJe}

20 IR(J)=3-1

IPCIMAX) »])
IR(L)=JMax

FORM DIFFERENCE EXPRESSIONS AND TRIDIAGONALS
3D ITER=ITER+]

RSUM=D, X

0D 160D KK=24KM

KaKMe2-KK

KP=Kel

KR=K=1

CPL=EXP(IL=-K)#PFAC(L))
CP2=EXP(IK-KMAX)*PFAC(2)})
COL=EXP([1=K)*OFAC(1))
CQ2=EXP({K-KMAX)®DFAC(2))

0D 4D Ji=31,42

P=1P(J)

JR=IR( 1)

XXD=(X(IPs K )=X(JIRy<))®,5

XED=(X{ JyKP)I=X(JsKR))®,5
YXD=(Y(IPosK)I=Y(IRyC))®,5
YED=(Y(JoKP)=Y(JysKR))®,5
AD=XED®*42¢YED*#2

8De=2,%( XXD*XED+ YXD#YED)
GO=XXD*42¢YXD##2
XXED=o258(X(JPoKP)I=X(IPyKRI=X(JRsKP) ¢X( JRyKR))
YXED=o25%(Y(JPoKP)=Y(JPyKRI=Y(JR4KPI*Y( JR,XR))
Al(J1)=AD

8(J)==AD=A2=GD=GCD

Cliy=aD
FU1)==BO#XXED=GO*(X(JsKP)I+X(I9CR))
ClJI)==8D¢YXED=GO*(Y(JsKP)+Y(Jy<CR))

SDURCE TERMS
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0JAC=(XXO®YEO=XE 0*YX0)

05Q=0JAC**2

COFA=0SQ®(CPLSP(1s1)¢CP20P(1+2))

COFB=0SQ*(COL#Q(Js1)eC02%Q(+2))

FOBX*SIGN(.5+COFA)

FOBE=SIGN(.5+COF8)

A(J)=A13)=COFAS(,5-F0BX)

B(J)=B(J)=2.#(COFASFOBXeCOFB*FOBE)

C(J)=C(I)*COFA®(.5¢F0BX)

F(J)=F(J)=COFBO((.5oFO0BE)SX{IsKP)=(o5=FOBE)*X( J4KR))

GUI)=GlJI=COFB®((5+FOBENSYL JoKP)=(.5=-FOBEI®*Y(JyKR))
40 CONTINUE

IF (IPER.GT.0) GO TO 130
SET B.Ce AND INVERT

X1 MIN ANO MAX PLANES MUST BE X 3R Y CARTESIAN PLANES

QUTFLOW B C ON X
TEST WHETHER XI PLANE IS X OR Y e CONSTANT PLANE
IF (ABS(Y(JFsKMAX)=Y(JFy1)),LT.0,001) GO TO 50
OUTFLONW XI=-PLANE TAKEN AS X=CONSTANT PLANE
ACIF)=0.
B(IF)==1.
C(IF)=0.
FUIF)m=X(JFyl)
G0 T0 60
OUTFLOW XI=-PLANE TAKZN AS Y= CONSTANT
50 A(JF)=1l,
8(JF)==1,
C(IF)=0.
FUIF)m(=X(JF=1yK)oX(JF=24K})/3,
60 CONTINUE
INFLOW 8 C ON X
IF (ABS{Y(JIsKMAX)-Y(JIs1))eLT.0.001) GO TO 70
INFLOW XI-PLANE TAKEN AS X = CONSTANT PLANE
A(JI)=0.
atll)==1,
Ctil)=0.
F(II)==X(JI41)
GO TO B0
70 CONTINUE
INFLOW XI-PLANE TAKEM AS Y = CONSTANT PLANE
A(II)=0.
B(il)=-1,
Ctil)=l,
F(II)m(=X({JIoLloK)oX{1]02:K})/30
B0 CALL TRIB (A9yBysCoe0sFoeJIsIF)

Y B.CoAND -INVERSION

IF (ABS(Y(JFoKMAX)=Y{JFs1)).LT.0,001) GO TO 90
DUTFLOW XI-PLANE TAKEN AS X=CONSTANT PLANE

A(JF)=1,.

B(IF)==1,

C(JF)=0,

GUIF)I=(~Y(JF=1sK) ¢V (IF=-2,K))/3,

GO0 TO 100
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DUTFLDW XI=PLANE TAKEM AS Y = CONSTANT PLANE

90 ACJF)=0.
B(JF)==1,
C(JF)=D.
GUJF)==Y{JF,ol)

INFLOW

100 IF (ABS(Y(JIoKMAX)=Y(J1+1))elT00.001) GO TO 110

INFLOW XI=PLANE TAXEN AS X = CONSTANT PLANE

A(J1)=D.

BtJl)==1.

ctil)=1.
GUJI)m=(Y(JIelak)=Y(J122,K)) /3.
GD TD 120

INFLOW XI-PLANE TAXEN AS Y = CONSTANT PLANE

110 ACJI)=D,
8(Jl)==-1.
ClJI)=0.
GlJI)e=Y(JI,1)

_ 12D CALL TRIB (A38+CeDsGad1oJF)

2 X121

[z X 8]

GD TD 140
130 CONTINUE

PERIDDIC B.C.
CALL TRIP (AyBoeCoFoeDoHol o JMAX)
CALL TRIP (A4BoCoGoDoHslyINAX)
140 CONTINUE

RELAXATIDN UPDATE
DD 150 J=JI,yJF
YCaG(J)=Y(JsX)
XCaF(J)=XCJsK)
X(JoK)eX{JoX)+DMEGA®XC
Y(JoK)oY (JeK)+OMREGA®YC
150 RSUM=RSUM+ABS(XC)+ABS(YC)
160 CONTINUE

IF ((ITER/1D)I®1D.LT.ITER) GD TD 179
WRITE (6418D0) ITERsRSUM
170 CONTINUE
IF (ITERLLT.ITERM) GD ¥D 30
RETURN

180 FORMAT (1H »26H ITERATIDN NBR AND RSURM
END
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SUBROUTINE INIPQ

COMMON JMAXy KMAXs JHy KMo NB0ODOs JB800

COMMON /SOURCE/ P(80+2)s Q(8D+2)» PFAC(2)y QFACI2}
QIMENSION PC(2}s QCt2}

REAQ (5,20} PFACIL) +QFACIL)sPFACI2)4QFAC(2)
READ (5,20) PCLL1)+ACILI4PC(2)43CL2)

MRITE (6+30) PFACI1)9QFACIL)yPFACI2)QFACI2)
WRITE (6+4Q) PCL1),0C{L)PCL2}+QC(2}

DO 10 N=1,2

D3 10 J=1l.JMAX
PLJyN}=PCIN)
QUJsNI=QC(IN)
RETURN

FORMAT (8F10.Q)

FORMAT (1HD.* EXPONENT COEFFICIENTS FOR SOURCE TERNSyPFACIFAC
4/ 94F1345)

FORMAT (1HOs18H PC1,Q0Cl,PC2,QC2 14FL13.5)

ENO

SUBROUTINE CLUST tJIsJFeXI+XFoDXIsDXF9S)
DIMENSION S(1}

XFXIaXF=XI
Hele/(JF=J1)
H2=H®H
H3=H2¢H

Ca(OXFeOXT =2 *HEXFXI )/ (H=3,0H2¢2.0H3)
Ba(QXI=HeXFXI=-C®*(HI=H})/ (H2-H}
A=XFXI-8-C

D0 1Q J=JI.JF
X=()=JI)*H
S(J)aXIoxXE(AeX(BICOX))
RETURN

END
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FUNCTION EPSIL (FMXoFMINsOFMoNPTFPCCoICCoNCALL)

THIS SUBROUTINE APPLIES A NEWTON=-RAPHSON ROOT=FINOING
TECHNIQUE TO FIND A VALJE OF EPSILON FOR A PARTICULAR USE
OF THE EXPONENTIAL STRECHING TRANSFORMATION.

FMX IS TOTAL ARC LENGTH ALONG COOROINATE
FMIN IS STARTING YALUE OF ARC LENGTH SUCH AS 0.0
OF IS SPECIFIEO INITIAL INCREMENT OF ARC LENGTH
NPT IS NUMBER OF POINTS ALONG COODROINATE
FPCC IS ITERATIVE ERROR 30UNOsy E.G.O( 0.00002)
ICC IS MAXIMUM NUMBER OF ITERATIINS
NCALL IF NCALL=l INITIAL GUESS FOR EPS IS USEOD
IF NCALL .GTe ls PREVIOUS EPS USEO AS INITIAL GUESS

FrXL=F MK
FMINL=FMIN
OFML=0FM
FPCCL=FPCC
ICCL=ICC

FNPTM2eNPT-2
IF (NCALL.EQel) EPS=(FMKL/OFMLI®®(1,0/FNPTN2)=1.0

00 10 NIT=1,1ICCL
EPLSEPS+1.D
EPLYN=EPLES#FNPTN?
REPS=1,0/EPS
DFMOE=DFML*REPS
FafFMXL=F4INL-OFMOE®* (EPLTN®EP1~1.0)
IF (ABS(F).LT.FPCCL) GO TO 20
OFMOE2=0OFMOE*REPS
FPN=QOFMOE2¢ (1, 0+EPLTNS(EPSOFNPTN2~1.0))
EPS=EPS+F/FPN

10 CONTINUE

EPSIL=EPS
WRITE (6430)
RETURN

20 EPSIL=€EPS

SURPRESS THE ESPIL PRINTOUT
WRITE(6+601) EPSILSFoNIT
RETURN

30 FORMAT (/42H EKCEEJEO MAX. NO. OF ITERATIONS IN EPSILe)
ENO
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SUBROUTINE CSPLIN (XXoYY XY eAsB8sCe0eFeHsNLIN29J14J2)

OIMENSION XX{Ll)e YYU1)s X{1l)s YUL)s A{L)s BUL)y CULl}s DULl)s FULl),

40D

CUBIC SPLINE INTERPOLATIDN

XoY ARRAYS ARE TO 8E INTERPOLATED

YY ARE FOUND INTERPOLATES CORRESPONOING TD XX
Jleed2s ARE INOICE LIMITS ON XY

Nle N2 ARE INJDICE LIMITS ON XX [ ALSO YY)

DIMENSION OF ARRAYS CARRIED IN FRDM OUTSIOEs XUJ} MUST 8E MONOTONE

FORMULA FROM NUMERICAL METHODS BY JAHLQUISTs8JORCKsANOERSON

10

20

JLS FE8. 77

ROUNDING ERROR PROTECTION CAUTION MAY MASK ERRDR IN LOGIC
IF (XXINL)oLToX{JL}} XXUNL)=XUJL}
[F (XXIN2).GTaX{JI2)) XXUIN2)=X(J2}

FIRST FINO OERIVATIVE LIKE TEIMS THAT ARE COEFFICIENTS
JA=Jlel
J8=J2-1
00 10 J=JAsJ2
HUJ)eX{J)=X{J=1)
0UJII=lY(I)=YLI=1))/HI
00 20 J=JAsJ8
AlJ)=H{J+1)
BUJI=2,*(HIJ)*H{I+1))
FLIImI S ({HIIIS0L L) +HI I+ 1)01J))
BlJl)=2,
H{J1l)=1,
FLJLYI=3, %01 JA)
A{J2)=1.
8lJ2)=2.
FLI2)=3.%0042)
CALL TRIB (AsB4HeCeFeJIl0J2)

INTERPOLATION 4 X(J) ARRAY MUST BE MONOTONE

30

49

50

60

70

R0

90

J=Jl

I=sjlel

00 80 N=NlsN2

IF (XUJ)eLEoXX{N) ANOX{I)<GELXX{N)) GO TO 70
IF (XUI}=XXIN)) 40+40,50

JeJel

I[=]el

IF (1.6T.J2) GO TO 60

GO TO 30

JeJ-1

[el=1 .

IF (JeLT.J1) GO TO 60

GO TO 30

WRITE (6+90)

STQP

To{XX{N)=XTJ})/HUI)

TTele=T
YYUNISTOY(I)eTTOY L) ¢HUIIOTOTTSLLFIII=DIINIOTT=LFIII-0C(I))OT)

CONTINUE
RETURN

FORMAT (1HD920H ERROR IN CSPLIN }
ENO
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SUBROUTINE TRIB (AsBeCeXoFeNLINUY
DIMENSION A(21, BU2)y C(2)s X(2)s FL2)
X(NL)«C(NL}/BINL)
FINL)eFINL}/B(NL)

NLPL=NLel i

00 10 JsNLPLlsNU
Z=1.7(B(J)=ALJYOX(J~1)}
X(Jy=CtJ)oZ
FUJY=s(F(JI=ALJI¢F(J-1))02
NUPNL=NUeNL

00 20 J1=NLPL,NU

JusNUPNL=J1

F(J)eF(J)=X(J)*F(Je1l)

RETURN

cun

SUBROUTINE TRIP (A9BeCyFe04S4J1¢J2)
OIMENSION A(3)s 8(3)s CU3}y FU3I)y Q(3), S(I)
JA=Jlel

FNeF(J2)

JRAARD ELIMINATION SWEEP
Q(J1y==C(J1)/B(J1D
FLJlleFLJ1}/B80J1)
SUJ1y==A0J1¥/80J1)

00 10 J=jA,J2
Pel./(BULIYCALJI®Q(J=1))
QUdrs=ClJ)oP

FO2)=(FLJI=AUJI*FLJ=1))sP
SUJy=—AUJ)eSUJ-1)¢P
CONT INUE

ACKAARD PASS
JJ=Jl+J2
QtJ2i=0.

StJ2)s=l.

00 20 I=Ja,J2
J=JJ-1
SUJ)=S(J)ed0IIOSUIe1Y
QCJr=FLJ)+20J290Q0Jel)

FUJ2)e(FN=CUJ2)00(J1)=-A0J2)000J2=-12)/(C(J2)08S(J1)+A(J2)¢50J2~]1)

1 «8(J2))
BACKWARD ELIMINATION PASS
00 30 I=Ja,J2
JeJJ=1
FUJ)sF(J2)9SUJ)+QL I}
RETURN
END
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SUBRDUTINE SCALC
COMMON /CALC/ X0+ XATFy BS, ICTy FLAG, PDYDX, FXF, REN
COMMON /INPS/ X1+ X2+ X3+ Xéy RADs DYDX, CHDRDs FUSEs AS, RADS

THIS SUBRTN CALCULATES VALUES NEEJED IN THE
EQUATIDNS SOLYING FDR Y VALUES IN SBRTN BDDAN

T0

READ (5+10) X14X2¢X39X49RADy THETAsCHORD
READ (5+10) RADSFJSE.AS
THETA=THETA$.0174533

DYOX=TANITHETA)

CHDRD=ABS{CHDRD)

FUSE=FUSE/2

FIND THE Y VALUE (8S) OF CIRCLE USED IN

THE SECANT OJGIVE CALCJULATIDNS

T0

T0

T0

10
20
30

XBAR=AS-X2
YS=RADS®42-XBAR®E2
YSS=SORTUIYS)
BS=RAD~YSS

FIND THE X VALUE (XATF) AT THE FUSE

YR=ABSUIBS)¢FUSE
YRR=RADS¢¢2-YR$4?
XSS=SORTIYRR)
XATF=AS=XSS

FIND THE SLODPE

PDYDX=IXATF=AS)/ (FUSE=BS)
PDYDX==PDYDX

FIND THE X VALUE (XD) AT THE NOSECAP

XSQ=SO0RT{1.+PDYDX)

RFN=FUSE®*XSQ

FXF2uRFN®G2-FUSE*e2

FXF=SQRTIFXF2)

XS=RF N~F XF

XQ0=XATF=XS

NRITE (69200 XL9X2+sX39X49RADy THETASCHORD
HRITE (6+30) RADSoFUSEWASsBSeXD9XATF
RETURN

FDRMAT (8F10.0)

FORMAT (1HO 9 27HX 1 9X29X3 s X4 sRADy THETA9CHDRD 9/ ¢ 8F14.5)
FORMAT (1HO+23HRADSyFUSE9ASeBS9sXO9XATF9/6F1445)

END
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PROJECTILE WITH NOSECAP+SECANT TGIVESCYLINOERsBOATTAIL

1

SUBROUTINE SECANT

COMMON /CALC/ XOe XATFs BSs ICTs FLAGs POYOXe FXFs RFN
COMMON /INPS/ Xle X29 X34 X&y 240, 0OYOXs CHOROs FUSE,

COMMON JMAXes KMAXe JMs KM, NBOIOs JBOO

ASo

IADS

COMMON /B0UOY/ XX(LOO)s YY(LO00)s XS{100)y YS{LOO)s SS{(100), S(100)

s T(100)s TS(LOOY

RCH=1./CHORD
X1=X1*RCH
X23X2%RCH
X3=X3I*RCH
X4=X4*RCH
RAQ=RAQ*RCH
FUSE=FUSE®RCH
RADS=RAOS#RCH
XATF=XATF®RCH
AS=AS®*RCH
85=8S#RCH

00 40 J=1,J800
IF (XX{J).GELXATF)Y GO 7O 10

COMPUTE Y YALUES FOR NOSECAP

XBAR=XX({J)=( XATF+FXF)
RAJI=RFN&#2-XBARSS?
YY(J)=SQRT(RADI)

GO TO 40

10 IF (XX{J).GE.X2) GO YO 20

COMPUTE Y YALUES FOR OGIVE

XBAR=XX{ J)=AS
RADIS=RAQDS #¢2-xBARS*2
YY{J)=BS ¢+SORT(RADIS)
GO TO 40

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

COMPUTE Y YALUES FOR CYLINDER

YY(J)=RAD
GO TO 40

COMPUTE Y YALUES FOR B30ATTAIL

a0
40

50

YY{J)I=sRAD#(XX{J)=X3)e0YOX
CONT INUE
WRITE (6450) POYOXeRFNeFXF
RETURN

FORMAT (LHOsLIHPOYOX4RFNoFXF¢S5Xs3IFL4,5)
END
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STING INPUT AS A SEPARATE 80DYs J=l4NCGRD.osBOOIS DATA STARTS AT 1
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SUBRDUTINE STING (NCGRD)
COMMON JMAXs KMAXy JMy KM, N8OD, JBDO

COMMON /80UQY/ XxX(100)s YY(1DD)y XS(LOD)s ¥YS(100)s SSC10D)y SCLDO)

» T{L100), TS(100)
ING ASSUMED ALIGNED WITH X CODRDINATE

READ (542D0) ISEGS

WRITE (6+3D0) ISEGS

REAQD (5+40) XMINsYMIN9XMAXsYMAX
WRITE (6+50) XMINoYMINgXMAXeYMAX
CALL BDOIS (ISEGSeNCGRD)

DD 10 JJ=24NCGRD

J=JB00+JJ-1
SUJJ)I=(SCJII=SILII/(S(NCGRD)=S(1))
XX{J)=XRINGS(IJI*{XMAX=-XRIN)
YYCJ)oYRINGS(JI)S{YRAX=YMIN)
J80D=JBDD+NCGRD~1

WRITE (6+60) (XX(J)yJd=l,JBDD)
RETURN

FORMAT (15)

FORMAT {1HO435H STING PART OF PROGRAMecsccs ISEGS =415)

FORMAT (BFlD.0)

FORMAT (1HO921H XMINsYMIN:XMAXsYMAX 44F13.5)
FORMAT (1lH +8F12.5)

ENO

SUBRDUTINE CARTE (NCART)
COMMON JMAX, KMAX, JM, KM, NBOD, JBOD

COMNON /BOJOY/ XX(LDD)y YY(LOD)s XS(1DD)y YS(10D)s S$SS€100), S(100)

s T(L00)s TS(1D0)

READ (5430) ISEGS

WRITE (6+40) ISEGS

READ (5+50) XMINoYRINsXMAXeYMAX
HRITE (6+60) XMINsYMINyXMAX,YMAX
IFT PDINTS

00 10 JS=1,JBDD

J=JBOD#NCART=-JS

JJ=JBDD+1-JS

XX{J)=XX{JJ)

YY{J)=YY(JIY)

J800=JBOO+NCART=-1

CALL BOOIS (ISEGSs+NCART)
NCM=NCART-1

D0 20 J=1.NCH
SCII=(S(JII=-ST{LII/ISINCART)I=S (1))
XXCJ)=XMINeSC(J)*(XNAX-XMIN)
YY(J)=YMIN®S(J)*(YMAX-YMIN)
RETURN

FORMAT (IS)

FORMAT {1HO+33H CARTB PART OF PROGRAMeceeeISEGS=415)
FORMAT (8F10.0)

FORMAT (1HO421H XMINoYMINsXMAXsYNAX +4F13.5)

ENO
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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. A1l input formats are either I5 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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[3D, ND, LMAX

INNER BOUNDARY

*3L5*

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.
NBOD, JBOD, IXORS, ISEGS *4]5*
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$

CHORD R0
A1l x,y data is normalized (i.e., divided by) CHORD. CHORD may be set
ko I, .

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.

JI, JF, XI, XF, DXI, DXF *215,4F10.0*

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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8a.

In the
JI =
JF =
XI =
XF =
DXI

DXF

notation of the text
Jo
It

Xo

Xf
A
XO

VXf

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

increas

ing or decreasing

$ Read cards 6, 7, 8 iff NBOD .LT.0 $

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.
JI, JF, XI, XF, DXI, DXF *215,4F10.0*
see card 5
$ iff FLAG .GE.0$
X1, X2, X3, X4, RAD, THETA, CHORD *6F10.0*
X1 = 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 = 1if CHORD .GE.O, body length normalized to one.
Note:

a spherical cap is added to boattail so the body length is
not X4-X1. .

61



8b. RADS, FUSE, AS %8R0 0

$ iff FLAG .EQ.1$

RADS = radius of secant
FUSE = fuse height (at nosecap)
AS = value of x at secant-origin
9. NFLAG *[ 5%

Option to exit program after body clustering data is printed out.
NFLAG .LT.0, STOP

10. NCGRD, NCART *215*

Parameters that allow addition of sting/rear cut and a front cut.
NCGRD .GT.0, NCGRD points added for rear cut or sting

NCART .GT.0, NCART points added for front cut (or lower cut of C-
grid)

$ Read cards 11, 12, 13 iff NCGRD .GT.0$
11. ISEGS ‘ *]H*

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 *215,4F10.0*
see card 5

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

14. ISEGS *] 5%
15. XMIN, YMIN, XMAX, YMAX ' *4F10,0%*
16. JI, JF, XI, XF, DXI, DXF *215,4F10.0*

Front cut data like sting data
\
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1%

18.

19,

20.

2l

NSEGS, IOUTD *215%

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)

X0, YO, X1, Y1, THO, TH1 *6F10.0*

X,Y,0 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 8 is in degrees, and is
defined in the usual way. See discussion of Fig. 12 for examples
of 8.

$ Read cards 19 iff IOUTD .GT.O0$ .
JI, JF, XI, XF, DXI, DXF *215,4F10.0*

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

KMAX, ITERM, IPER, NCLUS, ISTOR, JELLI *615*

KMAX

number of points in n-direction

ITERM

number of iterations used to relax Eq. (9)
If ITERM .LT.0, straight ray grid is generated

IPER.... set IPER .GT.0 if periodic grid generated
NCLUS... NCLUS .LT.0 means grid is not reclustered using Eq. (8)
ISTOR... store grid on computer disc storage if ISTOR .GT.O

JELLI... If JELLI .GE.1, Limits JI and JF are set on the elliptic grid
domain.

DS, OMEGA *2F10.0*

DS = s, (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. JI, JF *215*

JELLT such cards read in. Limits of £ min to & 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.

65



WoRdw"® WiaHu" sy AUUY NO *Acx*r

SEREw” S9aYH" 'y AUUbB NO *AcXxer
ERAZe" WhihaH" LY © AUOB NU *A*X*
171 E%" E2soe” 2y Allus NO *A*x*r
S1GE%* bibbL® 1v AUQH NO *ACXx°r
LG¥Ew*® fiwae® 0 AUUY NO *atxer
OgeEw* blvwg® (1% AUUL NO *A*X°P
Bimee® S9E95" yt AGUY NU *ASxer
DinD%e" E&DGe" Le AUOYB NO *A‘X*P
DeglE" e0L2E" 9t AUUD NO *Atxsp
609 YE" Lolw2® st AUQb NU *ACXSr
LeglOE" yolal® (1% AUUH NO *ASx*P
sgpE2" Wigal® (4% AUQB NO *ACxer
wgyE2" Twwwp® et AUQOEB NO *ASYePr
2iwHle Slv2e® 1t AUOH NO *A*X*r
Gecdl" Ivloo*® ot AUQB NO *A*acl
LinOl® voouu*o b¢ AUGE NQ *A*xer
CEETFR 191o0" '3 AU0B NO *A*aer
qyggadu" Siv20" L< AUUE NO *A*Xx*r
E9ae0*= Lewyp* 9¢ AUO" NU *A*xe
EscL0®= Bio2l* s¢ AGUY NU *ASXer
HaGaD "= *oig1" ve AUUl NG *A*X*r
0riél*= Lalw2® €¢ AQUE NO *A‘xer
E21%1*= bO22E" 2¢ AUOB NO *Acx*p
LELL N R Ledsy” 1¢ AUOY NO *ASxer
ESpul*= Y9Les” 0< AUUbB NO *A°XSP
Togui== Blwwy" 6l AUOE NO *Axer
Gaadl = TiweL® vl AUDB NO *A*Xx*P
Hopkl* = BilbeL® L AUOY NO *A'xer
91161°= E2son® Yi AUUE NO *A®xer
Hy[hT*= SSE4SH” sl AUOY NO *A*xer
161 "- LT vl AOUY NU *A*xer
IR R R wicea® €l AUObL NO *Ac*Xxer
2961 *= T T el AUOY NO *AtXePr
isqil*= veLalti T AQUB NO *Atxer
129581°= dEBW2" | ol AGOY NO *aAtx*r
ZOEEl== Evare*| 6 AUOE NO *A*ger
WEROT*= v l9* [ ] AUQbB NO *A®x*r
T92u0*= EsfaL*i L AUQb NO *aA*Xx*r
25950 %= LSZER"1 9 AUQb NO *ACXSP
GEREN*= dYEBD" ¢ s AOUE NU *ASXx*r
sialoe= Slwil®e L AUUE NO *A°Xx*P
GH 0D "= LaHEE & € AOOE NO *ASXSP
w2q0d"= Eduvd"d 4 AUOL NU ®*A*x*(
oppoo*n bops2e 1 AOUB NO *Acxer

bopLe*e LNANT HLI9N3 1 UYOHI ONIZITwne0?

AUUE "BAS **°A0UH “ININI 330 LINANT A*x
> 1 (R4 LS SY4SI*SHUXI*0OBr*COLN
tesecevreee AHYONNHOE HINN] eevessesse

0l ol 1 XVRICON'GE]

66



00000°1
26(28°
00sto0°
SE98S°

00066°
0009y°
STLY0"
56949°

16056 "
00uos*
98260
La1o0L*

2AETL "
000%E"°
LS89
cy69L°
0vo020°

00090°
00s10°~

00090°~

24694 °
Yyui92*
1Love*
ooo2e*
ovo090°

00410°
00090°~

00020°~

000¢8°
€vlol®
1Lsee*
20699 °
ovoo00°

000yY"*
00000°

0000Y"°

s9glLle

otLete

(1208 8

H19L0°*

9190°

995%0°

0celo°

Yyge20°-
05090°~
y59490° -
v09L0°-
Y2¢cH0° -
91480°-
YREHO* -
€26L0° =
St1L0
SL190°~
€0290°~
Y2Yl* -
962€0
1€920°~-
99910°~
bENl0® =~
¥Ge00
00000°y

65955L°
tewit®
0009E"
2atle*
1 0000+°

00000°0
0 0000%°
n0000° 1

00000°0n,
%10%0°
999L0°
HQTYI®
v0n02°
T169<e*
0622E°
9g99E "
*"400%°
yri12%°

96591 °
22260°
¢Y9€0*
Q2L00°
4g100°
20000°
CI R RV
€0tlv0*
16%60°
94651 °
Yyguee”*
LeL62”
Le2ve*
toyar*
0EELY"®
2109s°
LEY2Y*
10lo9"*
ydeSL®
ICTACH
0LEYY"®
v2010°
L1086°
LCY-Y3- N
ooovo°l

AUOb
AUUY
AULE
AUUb
Auve
AULY
AuOY
Adub
AUOY
Adute
AUOE
AUOY
AUud
Aoud
AGUY
Auub
AOUY
AUOY
AUVb
AQQu
AUt
AUUb
AuoY
AUQY
AUOE

MO
NO
NO
NO
NU
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NQ
NO
NU
NO
NU
NO
NU
NO
NO

.>.w._-
.>.i.—..
.>r-ﬁ
.>.l.q‘
AKX
sAtxer
*Axel
*ACxel
*AtXC°l
*ACX*l
tACXST
SAtxer
sAexer
*Atxer
*Atxe
sAdxer
Al
Atxel
SACKl
*AC Xl
sACxSl
AR
*A°xl
*ASxSC
sACxcl

A UNV X 031NHTHISTU AUUY UNY

L2LoL”
AATAT M
0000v°
T6use”
oy

e
12
€1l

000492°2
selLlee
29£60°2
152€6°1
€uteLct
CRIRE AN
Evorn°®l
FI DA
v€Ldl°1
be996°

w2
12
€1l

SGYY9°
oosio*
oouve*
00dY6*

9t ybs*
00000°0
cules*
00000°1
Ax0¢IXU I x4l

4X0* IXU® sx*IX*4retr

JxoeIxutdxetixssrs v

Qe IxucaxeIx*areir

1Y
[ 3]
[ ]
2%

AUUk.

AUOt
AUOb

NO
NO
NO

AUOH NU
AUO% NO
AUOb NO
AUUY NO
AUOB NO
AU0oB NO
AUOY NU

Y
*Atxt”
SACx
*ACxl
sACXSl
(FEF OIS
saexer
sacxr
sasxe
satxel

67



00006°S

ulien*sy
oovoon-l
298%9°
22¢e60°
986S1°
Tole9*

BLL28°"

G2908°y
20du6 "
HlvHg*
299¢€0°*
9yu22°
*HEGL"

S290H°E
00

00ou0n°*Q

fERGgE
CLEGH®
1eulge
€Ll00°
tRih2®
yH0LB*

€EusHy*2 24900°

oot°t 00s20°

oonon°g

00000°1

Y6900°€
uH9le*
2L2%y"
#8l00°
LE29E"
0Led9y”

2 eosi2°t
o0ovo0°L

00o0o00*®

000000°0 TTllvert [
vovuoo*n Ll9s49° 1 )
oveo0o00°0 0005L2°¢ t
ouvooo°*o *96900°€ 9
00V000°0 CEEYSH °E s
opunoo°o 0S<CY0L"Y )
govoov°*o BLLL24"s t
000000°0 000006°9 2
0obuo00n*0 o00vo0y°e 1

AHVUNNOY WINNL1 ONOVY A¢X°r 40 S3INTIVA VAl4

0y XYW 40 3NTIVA vNl 4

00000°y XYHACXYHXONTHACNIRY

ovonon*o

00%5L7°*2
ATELR®
ToHYE®
20000°
3 T4N
£€2016°

00000°0

1

00000°0
so110°
662¢0°
Se8E€0°
SoLS0°
TgeLos.
€6hn60°
Eyr20°
ar2el-
Liyvle
0oGLl"
289491 °
69061°
Tego61°
cooo6l*

29449 °
n0vo00°0

1

=S9IST°****wWYnYNHd 40 LUVYd HLIEV)

0000V g vovle*Y
294989°1 QS L TN 005¢0°1
2ye2y® Tv69l® tvotre*
a0492€" 0G699¢° a6s91°
wEo(0"* €olyo® Tevou®
OtEny*® 21u9n° LEYL9"*
L10%96" T66L6° oovoo°t
0000U"*L
QST 00%¢0* 0o000*w
14 1 AxgeIxytaxslxcareir
oovoo°t KVPUASXY X NInA®NIRDY

® SO3S1°****HVEYOHd 40 ldV¥d YUNILS

[0 1 LUVIN® UL IN
oooo00°*1 vy AUOY NO *Atacr
co2ue* 1% AUOY NU *aA’xerl
ELEHe" 8t Adud NO *A*xer
LT AC- Lt AUOY NO *A°x°(
vlgLu® yE AQUY NU *A*x°M
2uEeB”* St AUQB NO *A*»*r
Tyo9L" (2% AUOb NO *A°Xx*l
ICT AP (X% AUOE NO *A*xer
29499° 43 AUOY NO *A*x°r
CACZ T 1t AUOL NO *Acx°r
1581%° ot AUUY NO *ACXCr
2124%" 6¢< AUOb NO *A®Xx*r
Tyyve* ye AUUE NO *A*axc*r
S0v2¢€"* 1< AUOQb NO *A*x*(
0syve* 9¢ AUOY NO *Acxel

68



YUvuyu Ty
Quooo00°Q
0vUuo0°0
0ub000°0
¢uvoo0°0
Ogvonoo®o
covonnco
0v0000°0
000v000°0
ouvonoon®o
svello®
266220°
CATYTY
osulS0”
eluiio®
Lte660°
geoletle
dyleel®
€Ltuyt®
6o6vLl"®
Hiveygle
Hu4061°
9utESLL”
L¢0061°
gy9tLl®
LovLvl®
#ps il
Y49.920°
2v919¢°
649959%0°
SuEelo®
€yyylu*-
1osus0°-
9t $990°~
lyoulo®~
SEcEHO®~
951GH0 =
l9¥E"U "=
yEcoLlU®~
0sllLv®-
87.190°=~
leveso -
6522v0° -
€962€0°~
2lev20 -
L5v91ly°=-
loeEOly*~
9€5%00°~
0vuo00°0
vouvoo*o

LTEELTRSY T
Bllleu®y
BSe90m"y
LEEwbu* €
LTI TR
onnSLE"e
LivhEw"l
[RE LT AR
oposzn*l
pobuBnn*t
22ulvn"*
ECikus*
yRuYle®*
sLlEiW®
Sleeeu*
LRI LT
so9ulL®
12vuvy "
Bl lves"
bl ls®
LlL2sw"
TR T
ByOveL™®
EuGuwe*
SenSyl”
[ FEFIN
al9vgo "
o%LiuD®
Seuion*
Bluvgu*
Siioiu*®
iEolvo*
woavou®
2daLl*
T
vEuled"
TLEEYE™
L2o9ew"”
LT
elloys”
wLE92e"
9001lew"
SEudLL "
Sruliv”
davkbbg”
Hedule®
&9 luSn*
Ghbblo®
oodude® |l
Dhusn* L

69




65626°SE
E9IR26°H2
LA S ALY
oos€s®Ll
6LE6H 6
00S26°9

tLvE8"®
2vlog*
seLoL®
9G5EG°
solsg”
%90¢2°
SLsLte
66628°vE
69€06° w2
169y1°92
09L69°91
€SBlE°
666EL"9

00000°¢C

00000°0

00000°06

00900°081

€oloy*
€I96L"
1Lu89 "
1811s°
v00€E"°
Leilee
ygosl®
Ly9G1°tE
9IRE6LB2
SGu€0° Y2
v0vyg° Ll
66S96L°%8
gsel€*9
0o

00

00

00000°y

0n0000°0

s9281°21

00000°06

v09vL°2

000007081

00000°F1

00000°061

96090 °
El8yL®
90699°
glagney®
(T4 015
Lef0e?
L6RET?
v69€L°2¢€
BLEDSQ° Q2
028ee2°¢e
20210°s1
6L0EL"E
005¢L°S
ootl*t 0

s20° 0

s20° ]

00000°0

00000°8

00000°6-

00000°89

0005t °1

oo0ono0*0

00000°0

0009t *1

a2ves
9¢e6LL
Yvuv9
9999y
21262
86861
L2st1
20L9L° 1E
%06€€° w2
50625°22
10961°91
LyL2e* L
J0€66°Y
0s20°

0520°
ovol°1l
]

ooynoco

00000

00000°91

anoco

00000°

00000

09000°0

- 00000

0ouo9E° 1~ LIvgRy* [ SA®Sx
goouv9t = ovvg2*e SA*Gx
00009€E° I~ $70900°¢ SASX
00009€° L~ 2tEUGYTE SA*Gx
voooveE* I~ 052908°Y SACSY
voov9E* I~ 8LLL2Y"*S SACS
00009€° [~ 000006°9 SACSX
vooosve° 1~ 0V0000°8 SA*SX
oo0voo°! o9 * ¥56€E6° [lrre*
> 9921ln° ITTY A Lisomu’ Lyv0s"®
1l cle9Le glggL” YyoyL” LtyveL”
o 20L249° Yy v09° L1285° 106585 °
= 660949 EuLle” 2166E° 662LL "
3 1FSLe" 9L662° 2uned” Lylee®
¥ €6s61° €Byol® €Elyel”® 9oLBIl*
e 64HB 0" 9v090° 290€0° 00000V
€96E6°0¢ 69tV2°0E [lvl9°62 (YA BT 69€%96°ue
22100°u2 lolbs L2 oLeetl L2 91019°9y¢ V6L U ye
g92eL*12 1991602 19%40°02 60lv2°61 6900t *6 1
¥9009°€1 6v0E9°2l yl068°11 glymie (1 1eL1scol
S9065°L 1692€°¢L €y 1L 00n20°L 000v0°L
L91YI®y SLE6l e 222L1°2 [T AR 00000°0
69826° &€ 69R26°8¢ 0% 0S ERCABS CEFERAS A ¥y Iy
696826°62 00000°L 0s 1 AXQs IXye Axeixsareir
00000°¢L 00000°0 1t 1 XU IxyeIxsIxsdrelr
89626°5¢ HI9N3T J8Y TVNOTSNIWTUNON ABVUNNOd 83L1N0
vovon°e veo00v°o 00000°9 o0LVoo-uL
VS22 lbe0AZVelwspy
] 00000°k 00000°0 LHISO0HL* TA*TX VALY
00000°0 oguvo0°L 00000° vuLLo°L-
VS eszE U O0A 2V IveOY
°0 00000°0 00000 L~ IHEsOHL*TA®IX*0A®0X
0009¢g° 1~ 00000°2 00000° v~ 00000°5-
quvSe2ust Ty oa*evelveOX
*L- 0000g° 1~ 00000°S~ THP*OHL*TACTX UASOX
0o09g° 1= o0vov*o 00000°t 1= 00000y
Juvse2yslutuAevelveox
°Gg= ovo0uf° = 00000°u LHLIPOHL LASTX®0A%OX

v 0y

SO ISne YNl

etss00eere AHVANNUY HILINU ®*eeeeceess

70



000000°Y
000000°%
000000°y
000000°Y
000000°y
000000°y
000000y
0U0U00° Y
000000°Y
000u00°y
000000°y
000000°Y
000000y
000000°%
000000°®
u0uuo00‘y
00v566°L
€192L0°L
12¥lile°L
SY91EY°L
Zlyduy°L
b2L9Lly*L
SvL081°¢L
EETLUYL" Y
votoul*y
2uvley°*s
4$40200°s
LYy6sS52°Y
Eylysvy e
9vo0E€9°¢
PRI TYRA
A TR
Y00¥60"°
*9200L°~
Ty2Sul° 1=
02uvyeE* 1~
00009eE° (-
00ou9e° L~
00009¢E° 1~
0vou9E 1~
gogoue L=
ououYr L=
0oyovE* I~
ovovyE° 1~
00u0yeg* L~
[TV o
ouoove“ i~
s0ou9t L~
0vo09E [~
QuouYE* T~

00U000°Y
000006°9
wlil2u®s
02904y
yEEHGY L
SY6400°€E
ouusLet¢e
Livge9° 1
2illyert
ouusgo*lt
oouvoouo°t
000SLo*
PR AT
g80sL9*
97t60Y*
6<¢%2L0°
YeILE -
oLiseL’=
(TS 1Y Rl O
tevery® 1=
2ltgeve~-
699221°¢€~
2UrEYL e~
viloeyE® v=
Lloo9io®y-
83%005° G~
SodyYYL Gy~
Loy Iyt y=-
(113 FE-AATS
2velil®y-
2ull06®y=-
Hudylio® Y-
[EL66b°y=
2ululv®y=-
ylugll®y=-
9LLD0Y* S~
SUvYDEY Y-
6tl06y° L~
yylegl*t-
Lucl1s®2-
foubypl -
OwL0EE® -
6chdln”®
PRI /E Ad
BwusL9°
8¥¥149u*
QuisLe®
ouu0Qo*1
ovus2o-1
glltyet

SA*SY
SA*SX
SA*SX
Sa°Sx
SA*HX
SA*Sx
SA*Sx
SASSy
SAeSy
SASY
SA°SX
SAC5X
SA*sX
SA*SX
SA*Sx
SA®Sx

‘SA*SY

SA*SX
SA®SX
SA*SX
SA*SX
SAtSY
SA®Sx
SA®SX
5A°Sx
SA*SY
SA*S)
SA*SX
SA*SX
SA°8x
SA°*Sx
SA®SX
SA*SX
SASY
SA*SX
SA*SX
SA*Sx
SA*Sy
SA®Sx
SA*SY
SA°Sy
SAtsx
SA*hx
SAesx
SA*SY
SA°SX
SA*SY
SA*LHY
SA°Sx
SAtey

71



. . .
MM““M. NMNM“.M mmmua.w 65 00000°9 00000°0 00006°9 . 6%
S ot ‘oeou.m MM nnnnnuo 00000°0 G290b°Y LS
. . . < 0 00000°0 v6900°€ sy
TR U o Sihems  bewees  eaeeet i
L Sodooen oa_ao. 15 00000°¢g UL000°0 00%20°1 Iy
T Sco mzt_m. 6y mo_mo. 00000°0 202u6"° 6w
o s X Ly G68¢0° 00000°0 gy9le” Ly
shat oo mmm.p. (1) T8L10° 0v000°y 2u€en Sy
GE091° 00000°0 60985° £y gy et UOICE DOt or
8t vols by s 1y LTo9T. 00000°0 CAR TN Iy
il o o 6€ 2vyyle 000000 21259 o€
SR T T LR Mm 1€Lol e 00000°0 5092€° L€
pos S e e €E S9ELL 00000°0 56591° S€
oo e e €€ 6STILe 00000°0 299€0° (4%
e PO e—c_“. 1€ ¥9190° 00000°0 gufo00° 1€
SR R B 62 0€EELO" 000000 vEOTO® 6
(€580°~ 00000°¢ v229¢° €2 o.mmo.- ocoon.n Mmmmn” s
] . i - 29¢€ (%4
mwwwn.- MMMM“.N Mmmw“. 12 £2610°- 00000°0 0ECEY*® 12
ve2¥%0°- 00000°0 v1251° M" ) mwwwn.- M“unn.u i i
L 1 1 L *- * L UTA T L1
WMNWM.- NMMNM.“ MNMMM. st 1Ev2pe- 00000°0 0LEYE"® €l
M Ly AN O €l 6€010°= 00000°0 . L1066° Ll
[ 00000°9 00000°0 00000°1 1t
02000°~- 00000°0 trrseet O *
: 2 ¢ 00000° 00000°0 T2t )
“MMMQ.” ococe”o 00512°2 Tl 0u000°g guoou*o 0052c*2 L
o. 00000°0 LEHSELE 9 00000°p 0u000°0 €E€uSB°E €
02000°~ 00000°0 §Lley*s € 00000°0 000UL*o wLl2n°G 3
02000°~ 00000°0 00000°Y . . )0°
0 t 00000°9 00000°0 00000°y 1
b4 A X 2 =1 2 =x 7 A X 1 =72 =ax ¢
203L%6U1° 0¥ nNSH UNV HuN Nullvdsll
20+3%€E252° Ot nNSd ONV BuN Nollvasill
20+3E6YWL® (¢ HNSYH ONV duh NOLLlwb3il
20e3uS6¢E* 01 WNSa ONV sbh NOLLVHILT
00000°0 0000070 000v0°0 0v000°0 220°¢J4° 12010y
00000°0 v0000°0 00000°0 00000°0

Jv30°aVvId*Shy3Ll 3DUN0US HO4 SINITOTI4300 ININUexs
0S 01 1T wWOud U3nn0d Ule9 DT1lalNM s
000S55°1 02000° v93n0 °SUuL

1 1 } 1] Uy 113
1730 *BOLSTeSNIINHAGT * nEILT XVWN **°*L1I0LNTHy GBIV "bNOS

tesceserte NOLIVHANID Uldy *eeesersee

72



gYSEQ°*~
911v0°~-
S0EY0°~
L96E0°~
19920°~
€LE10°~
$6200°~
gello*
6eLlo0°
wevlo®
Lt9L10°
gLE10°
v9600°
S9500°
GE€200°
you00°
Y0000°
¥0000°
%0000°
¥0000°
%0000°

11e91e
11291
tieyte
slaLte
SL961°
¥92€e°
voeLe*
2a1u0¢”
2yeee"
09v1¢c*
GE682°
Lyv22°*
69%21°
20900°
98160°=
glLesle=-
6909 1°=
oleglr*-
619€(°~
SL901°-
oYtHO® =
yoliog*~
Lyt90°~
L9E90°~
LYEYO®~
LYE9D®~
L9€90°~
LYE90°~

€EYST®
SEOBT®
09481°
€%691°
9o801°
wio9o*
leclo*
CE6Y0 =
029L0°~
Li€go*~
ly2ro°=~
LE0S0°~
LETIYO0*~
8BE20°~
leoto°~
61000°~
61000°~
6lovo°~-
ol000°~
ol000°~
61000°~-

novvp*o
oouon®y
ouvouo*o
00000°0
0onuoo*a
00u0U*0
000V00°0
00000°0
00000°0
00000°0
00000°0
00v00*0
00000°0
00000°V
00000°V
00000°0
00000°¢C
00000°0
000v0*0
oo0ouu*uy
ououo°*o
00000°0
00000°0
00y00*0
000u0°*0
00000°0
oovvo*y
00000°0

60Y8G°
1925y°
16€2¢°
08E91"*
€s9¢€0°
nLioo0*
gloto0°*
€L960°
0L6822°
v22ve"*
RIE6Y"*
g2929°
v129L°
19F98°
60056°
00v00°1
11ive*1
oosie2*e
EEUSH €
BLLCB®S
00000°8

2A000°L
FALTTLASY
0ns2o°l
€919¢6°
1lvin*
Hew9L®
L19%9°
92606°
&9L9c”
[eegtee
00€s0°
221L0°~
€EBEL’ -
€009 °~
lEuy0 =
geell®
youL2*
[yveEY*
66€HG*
€902L°
22Lty”’
2€626°
000c0°1
11921
00sL2°2
CEYSY°E
4L128°S
00000°*8

2 =71 9 =y

~a

1287 2 =y

r

¥959€0°~
€ll90°~
10€v0
*98¢0
€Hv20
2LETV -
96200°-
v2itue
LELIU®
SoUlo0*
€9Ll0"
yLEL1O0®
0v600°
1v500°
1€200°
00000°0
pUVOUQ
00000°0
00000°¢
00000°0
0v000°0
z

usdele
HGdlele
[ETXA 0
yilele
LTy &
ls961°
Hisge*
2elz2.
2¢062°
Yooz
GeElge*
L0lo02°
€eotte
0vv00°
Lloko® -
€L9€l
L21sl
glenl
L£021°=
YYEHL =
vylL0°=
61650°~
le0s0° -
18090°-
LY¥0S0 -
LHUGO -
1¥050° -
LyUS0° -
4

91961°
gloetl®
99881°
62691°
6l801°
01090°
Le210°
€2690°~
¥09L0°=
20€EH0°~
$2LL0°~
04090°~
ve2lyo’~-
0LECO
€toto°~
00000°0
ovo0o0°u
00000°0
00000°0
ouvouo*o
00000°0
A

yguovco
TNV
Vuouo*o
0povL*o
00u0V°0
vouLo®o
00U000°V
000UVU°0
00000°0
VuouL*o
00V00°0
0ouvo0L®0
Ho00°0
00000°0
oUuLo°®o
(LA
voveo0®o
ouuvoy
00000°0
ououL*o
ovovo*o
00000°0
00000°V
ououo0°0
00000°0
ovouo°o
000UO0"0
000060°0
A

glons®
2129%°
S0veE’
S6591°
299€0°
ggloo®
geoio®
16%60°
LECT4-A
lE29€”°
0EE6Y*
LEY29°*
vHy2aL®
0LE98°
L1066°
voooo*t
t1ive*t
00si2*2
EEYSL E
eLL2y*s
00000°H
X

Yo900°t
e¢r5yy°l
00s20°1
64SY6"°
0StHu®
€514L°
vy199°
SLL12S°
Y2YHE"®
vioge"®
€L080°
Y96090°=
91y01°~-
L9€0l "~
guelo®=-
602%1°
lige2*
cogyey®
SlE6S"°
level*
L1228 ®
682€6°
v0000°1
trryect
oosi2°2
LtEHGH E
HL128°%
nnooo0°y
X

1 =19 =X

02=71 ¢ =M

De—rr o -

73



6LS40°
€¢uto*
L0220°
€9600°
gloou*
gl1000°
wlooo*
sl1000"*
v1000°
#lo000°

LuyEOD°* =
L09E0° -
LOSEO* -
LOYEO =
109¢0°~
T€YE0"~
GlEY0°~
L1150°=
91090°~
9E€690° =

90210°-

tooto°-
6t ¥90° -
S66%0°~
SLl2o*-

6L100°=
g1120°
00%€0°
Q1L€0°
609€E0°
l€oco"
siceo*
9s810°
18sto°
2lvi0°
2ls10°
2lslo°
2lv10°
2lslo0°
FAS AN M

*0000°=
%0000°=
%0000°=
%0000°-
%0000°-
05200°=
11800°=
9EL10*-
90120°~

Lu92¢*
Teslo*
tyulo*
6S%00°
60000°
60000°
60000°
60000°
60000°
60000°

POHY T
"0uul*
*04Ys1°
Yousl®
Y0851 °
€aL91”
28lel”
lvyee*
0299¢2°
15662°
0lsicg”
2ls0¢€"*
oleue"
iyl
Istete
2uioo0°*
(9G60°~
SeHY [~
€959 1°-
€les(*-
Y4 9 B
A0Y¥QI°-
(€lvo*-
92690° =
810~
L4190°=
18190°=
Ly190°~
ALY AR
19190°~

AT000°
6l000°
elono*
61000°
6l000°
ye010°
91k€o0"
%0510°
9sel1"

g292¢*
vjesL”
1815 1°Ad
60056°
voooo°t
Trivet
onsieee
€E¥SB L
alleg*s
6o00vo°Y
Y 2 z7 Ol=x

0vbue*Y
S290RK°y
264900°c
2ysu9°l
00s20°1
€9194°
Tlsiy*
HowudL*
1199y °
92604 *
69EYE
tectle:e
00EuQ°
2elLg*-
EEYEL "=
€00%[°~
TE¥Y0
H6ELL("*
'*H2°
199€y°
66€YS"
€v02:.°
22LlEy"
2€6¢26°
00000°1
Tlive*t
vosieee
€EEBSH°E
vl128°S
00000°¥

X 237 9 =y

00005°9
s2908°
Y6900°t -
2944¥9°1
00s20°1
661de*
€Yy le®
slEes”
€s010,2°

el
11
€l
[

—_ MmN~

(19
¢
s¢
€S
[§3
(1)
i
(3}
Ly
18]
(1%
LE
SE
EE
1€
ee
12
s
€2
12
€l
L1
sl
€l

—_ AN~

65
1<
€S
€y
1s
6y
Ly
S
€y

€£96%0°
108€0°
0el20°
SE600°
00000°0
00000°0
00000°0
00000°0
00v00°0
ovo00°*0
2

Hel20®=
weilene -
Heleoe -
4<l2o°® -
Heleys=
S4620°-
Slsfoe=-
¢2€y0°-
192%0°=~
V€090 -
0Yv4Y0° =
6Ctyne =
Yylygo*=-
YL¥%0°-
€5920° -
20100°%-
Re610°
€90€0°
99€€0"
R02€0°
61920
0w020°
oeslo®
yoeElo®”
2ello"
2¢€lt0°
2€llo"
2eltoe
2ElTp"
¢elioe
z

00000°0
00000°0
00000°0
00000°0
000000
9%200° =~
19400° =
1€210°=
20,20~

6l920°
scolo®
sSulL°®
19%00°
0uovo*0
ououu*ty
[OT A
ovuvo*oQ
voovo‘*o
00000°0
L

[Soll*
Tsell®
1sell”
1sell®
1qe6tl 1"
Yy6el®
(IR 1Y i
Eyouyl®
1d62¢”®
29%49¢ "
Yutye®
teee*
04vSe*
E0Yel"*
LA TN
Ryv00°
2SLY0°~
UEEET* =
LYLyI -
L9091~
9eLI -
[{1l60°=
H90950°~
1€L50°=
0Y690° -
096%0°~
096%0°=
09090 °=
096%0°=
096%0°~
A

0u000°0
voooov°*o
00vo00°0
vuuo0*o
000000
LLoto®
l6LE0°
94%20°
wEWTL®

LEY2Y"®
YueseL®
0LLYY®
L10S6°
00000°1
[ARCTAR
voste*e
LEUSHE
YiLlew®S
voogu°y
X

0ovle*9
S2YO0R°Y
¥6900°€C
2ys4y9°l
vnsao°*t
6RS96°
USFuY*®
€sluys’
CRAC A
Slles”®
Yeoyt®
vietce*
€L060°
Y60%0°~=
Slv01°~
L9€01° =
€H2l0°~-
602%1°
TLd6R"
00HYY"®
SlE6S®
1692L"
Li2yy*®
oHlte "
00000°1
trige*t
oosie*2
€€usB° €
¥ilLey*s
00000y
X

ovove*s
S2904y°y
v6900°¢C
2y549° 1
00s20°1
20266°
HB916°
ZHeey *
tyoler*

T =7 0)=n

2= v

=a

74



S09%1°-
€09y °=
S09y [~
S05y1°-
S09v(°~
01ssi*-
LeLLie-
0g602°-
009y2°~
61512°~
SiL162°=
SYEHR* -
0L092°-
y2202°-
veali-
€2L00°~
L1v80°
EL YIS
byest®
[ALA A0
Tze2l®
ul4éeo0°
y1s520°
00%90°
wliLso*
glLso0°
wilso*
glLso0°
ulL50°
8lLso’

gloop*
alooo°
glooo°*~
%1000°~
wl000°-
€lolo°-
92¢€0°*~
120L0°~
L5601°~
Lyevl®-
19891°=
62eli’-
6s9Si°~-
0L00(°~
195%0
gollo*~-
855%0°

2%0L0°

949L0°

yglL0°

Ye0L0°~
YENlO°®~
v 0L0°~
yE0Ll0°~
v€0L0°~-
699l0°=
LESYO®°~
26001°=
Loglle=
0EEETL"~
0sSuele=-
0SSE[°~
66621 °-
6€L60°=
olysne=
6yt 00°~
992%0°
42%90°
29€L0°
LE0L0°
606%0°
2EYYO"°
ol9€0°
2H0€0"*
¥sL20°
¥SL20°
*sL20°
¥SL20°
¥5120°*
¥s120°

60000°
60000°
60000°~
60000°~
60000°~
Yd%00°=
86910°~
YAEED -
Lli2%0°~
15690°=
92090°~
Y6€60° =
0%s5.0°~
6YHY0°~
81920°~-
SLS00
soli2o°
letco.
[0L€EO0"*
SY%0°

00006°Yy
G290y
v%6%00°¢t

.2y5489° 1

00s20°1l
€919s°
1SS TN
Bow9L*
L1999
9260%°
69€9¢"°
t2egte”
00€SO°
221L0°-
(211 Rl
€00%(°*~
1EYy0°~
gatlle
ySuile*
lyvee®
66€HS"®
€vo2Le
22LtQ°*
2€626°
00000°t
Tttge°1
0nsL2e
€EWSy°E
0LL28°S
0u000°®

00006°9
S2I08°Y
¥6900°€
29589°1
00s20°1
661v6*
€u9l6°
SL€28°
g€soise
60%us°
[92s9¢°
loEde"
0HS91°
€s9¢t0°
0L100°
siotio*
€LY60"
0ld2e*
¥229¢°
alE6y”

X

12=7 0lay

1]
Lt
ss
€S
1s
6
Ly
<y
EY

13
LE
SE
€€
13
62
Le
se
(x4
| T4
€l
L
Sl
€1

~ T~

6S
LS
ss
€S
1s
6
Ly
Sy
EY
1y
6€
Le

k13

€€
1€
(T4
Le
ce
€2
12

*oulle-
*9011lea
*9011°-
*9011°a
y90[1°=
€96lie=-
1€yl e=-
¥eSLle=-
€912t -
SY942°a
LS192°-
L2962 =
LysE2®-
9llyle=-
1E660° =
¥1900°=-
6Y060°
6le2le
029€1°*
16021°
QYHole
0<ZvHO "
0vv90°
L6250
[
fH9v0 "
[ R
fFUSY0°
€4SY0
EuSv0°
Z

00000°0
00000°0
00000°0
00000°0
00000°0
S6600° -
6USED =~
1leLoe-
09601°-~
T€vole-
16991 °=
CAS FR AT
SY9S1° -
Y5001 °=-
95560° -
66110
055%0°

1€020°

2L9L10°

6ELLO"

olgsu -
ulEwo°*=
6lEuw0* -
olgs0®=
olfal®-
19490° =
9890° -
LIS 2T A
vE20l°-
LIt -
l6s921°=
lyg2l*=-
oscll*=-
¥2Ll40° -
€YLvo°®~-
66100°~-
SobED*
€EO6LU°
£94990°
962%0°
€een0*
S50v0°
lulego*
18%20°
10220°
Lo220°
Louceo®
L0220°
Lueeo®
L0220°
A

00000°0
00000°0
00000°0
00000°0
Y0000 0
6L900°~
06910°~-
GLEED® =
69250° -
05690° =~
olobo®~
lyey0°® -
v€SL0°-
29890° =~
siveu°~
11500° -
[6ico*

9HEEO®

S69€0°

HEYLO®

o006y
S290b°Y
Y6900°¢C
2y5u9°1
ooseo°l
6HysS96°
UstdL ®
€siuL’
Hvi99°
s1128°
929yE *
vL0€2°
€L000°
Y960%0° -
CAR IR R
Lt9€ot°~
€w2io*-
60291°
LT
(AL
slEes”
teyeL®
L12%y°®
6ylte®
00000°1
1reget
vosi2°e
EEULH L
BLL2¥°S
00000°Y
X

00006°9
G290y Y
96900°¢
29549°1
00s20°1
TN
Yyd916°
2utdy®
19o1zs°
CAST:T-N
2Lése®
sovce*
Sos9l”
299€0°
T
HEOTO®
Toveo*
LT
LER9E"®
oceey*

02=1 0l=y

75



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. A1l 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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10

15

20

'25

i 30

40

45

PROGR AN [GP 76/ OPT=l RDUNOD=e=8/ FTN 6.8+518

PROGRAM IGP (INPUT,QUTPUT+TAPESsINPUT4TAPES=NUTPUT,TAPES 4PL34KBI
COMMON /GRIOC/ GXMINs GXMAXy GYMIN, GYMAXy X(100+50)y Y(100,50)
COMMON /HOR/ TITLE(S)

.

Ceess4GRIP-PROGRAM TD PLIT THE COMPUTATIONAL GRID ABDUT AN

[ AERQOOYNAMIC BOOY DR AIRFOIL SECTIONS#ssse

[

Ceeeo8 [NPUT SECTIDNS®s$s

Ceess8CONTROL PARAMETER INPUT

C#eNADD=~1 SUPPRESSES LISTING OF PLOT OATAWNADD=l ALLOWS IT

COBIMAX 9 KMAX=NUMBER OF JoK POLINTS

C#$HEAQ~ALPHANUMERIC INFORMATION OESCRIBING THE

[ CONFIGURATION BEING PLOTTED

CALL CONNEC (5LTAPES)

CALL CONNEC (SLTAPES)

CALL TERM (1ls1D24)

CALL SETBUF (3)

CALL ANNMOOE

READ(5410)HEAD

@0

WRITE (6410}
READ (54%) 1BO
180=180/10

CALL INITT (18D}
CALL BINITT

©

WRITE (6420)
READ (54%) JMAX,KMAX

MRITE (6430)

READ (5+%) GXMINyGXMAXoGYMIN,GYMAX

WRITE (6,401}

READ (5+50) TITLE

CALL NEWPAG
-
C#*SREAD IN X ANO Y VALUES

READ (8) CIXEJaKY 9 )L g JMAXY o KuL o MMAX Y s ( (Y (JoK) g mle JMAX) yXuloKMA
Cossss PLOT THE GRI0 sssse

CALL GROPLT (JMAX+<MAXs1BO)
CHsSTERNINATE PLOTTING

CALL FINITT (0,700}

sToP

L0 FORMAT (194 WHAT IS BAUD RATE?)
20 FORMAT (20H WHAT ARE JMAXoKMAX?)
30 FORMAT (30H WHAT ARE XMINoXMAX,YM{N,YMAX?)
40 FORMAT (28H ENTER TITLE - UP TOQ 50 CHAR)
50 FORMAT (5A10)

END
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SUBRDUTINE GROPLT %776 DPT=l RDUND=e=#/ FIN 4,805118

1 SUBROUTINE GROPLT [JMAXXMAX,13D)
COMMDN /GRIDC/ GXMINy GXMAXy GYMINy GYMAX, XILDOD+50)y YI100+50)
COMMON /HDR/ TITLEIS)
DIMENSION GX(128)y GYI128)
5 c
Ces4EADJUST PLOT LIMITS IN ORDER TJ AVOID STRETCHED PLDTS
ICOUNT=Q
10 XMAX=GXMAX
XMIN=GXMIN
10 YMAX=GYMAX
YM[N=GYMIN
XDIF=XMAX=XMIN
YOIF=YMAX~-YMIN
: IF IXDIF.LT.YDIF) 50 TD 20
15 XDIFH=XDIF*0.5
YMIDm{YMAX*YMIN)#*0,5
YNX=YMID+XDIFH
YMNsYMID=-XDIFH
YA XmYMX
20 YMIN=YMN
GO0 TD 30
20 YDIFH=YDIF¢0,.5
XMID=IXMAXSXMIN)®D,S
XMX=XMIDeYDIFH
25 . XMN=XMID=-YDIFH
XMA X=X MX
XMIN=XMN
30 CONTINUE

a0

30 PLDT THE LINES
IF CICDUNT.GT.0) GO TD 4D
AXMIN=XMIN
AXMAX=XMAX
AYMIN=YNIN
35 AYRAX=YMAX
40 CONTINVE

CALL BINITY
CALL NPTS [Jmax)
4«0 CALL ANMDDE
WRITE 164120) TITLE
CALL XFRM [2)
CALL YFRM [2)

[aXal

45
CALL OLIMX IXMINsX1AX)
CALL OLIMY TYMINyYHAX)
CALL SLIMX [150,800)
CALL SLINY [50,700)

20 [+
DD 70 K=1l.<MAX
DD 50 J=l.JMAX
GXIJ)=XIJeK)

50 GY(J)=Y(J4K)
55

(2]

IF {(X.GT.1) GD TQ 50
CALL CHECK (GX+GY)
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60

.65

70

75

80

85

90

95

Ltoo

L0S

110

.15

SUSRDUTINE GRDPLT 76775 DPTsl ROUND=¢-t/

60
70

80

30

100

130
140

CALL DSPLAY (GX4GY)
CALL CPLODT (GXoGY)
CONTINUE

CALL NPTS (K4AX)
00 90 J=1yJMAX

0D B0 K=lsKMAX
GX{K)=X{JoK)
GY(K)=Y(JsK)

CALL CPLOT (GX4GY)
CONT INUE

CALL BELL

CALL TSEND

CALL TINPUT (II)

IF (11.EQ.33) GD TO 110

CALL NEAPAS

CALL TSEND

0D 10D J=1,JMAX
GX{J)=X(Js1)
GY(J)=Y(Js1)

CALL BINITT

CALL DLIMX (AXM{NysAXMAX)
CALL OLIMY (AYMINysAYMAX)
CALL SLIMX (150,800)
CALL SLIMY (50,700)
CALL NPTS (JMAX)

CALL XFRM (2)

CALL YFRM (2)

CALL CHECK (GX+GY)

CALL OSPLAY (GXeGY)
CALL TSEND

CALL BELL

CALL ANMDDE

WRITE (64+130)

CALL TSEND

CALL RECOVR

CALL VCURSR (ICHoXXoYY)
GXMIN=XX

GYMIN=YY

CALL ANMDODE

WRITE (641401

CALL RECOVR

CALL TSEND

CALL ANMDODE

CALL VYCURSR (ICHXX,YY)
GXMAX=XX

GYMAX=YY

CALL TSEND
ICJUNT=ICOUNT»1

CALL NEWPAG

GD TD 10

CONT INUE

CALL NEWPAG

RETURN

FORMAT (5A10)
FORMAT (304 POSITIIN CURSOR FDR XMINSYMIN)

FORMAT (1HO,30H POSITION CURSDR FOR XMAX,YMAX)
END

FTN 4,3¢518
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place

in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name :

Telephone Number:
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