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ABSTRACT

NUMESH is a computer program for the numerical
generation of boundary-fitted coordinate systems for
two-dimensional regions. A numerical transformation
maps a doubly-connected region bounded bv arbitrary
curves onto a rectangular computational ficld with a

- square mesh. Numerical solutions of partial differential
equations may be obtained from the computational field
without interpolation regardless of boundary shape. The
mathematical procedure and the use of the program are
described. Two types of meshes can be produced which
are useful for solving problems such as flow past a
submerged body in a channel or under a free surface.

The use of interactive graphics permits a mesh to be
generated, viewed, and regenerated with slight alterations,
until a suitable mesh definition is obtained. Meshes

are shown for several configurations involving circular
and arbitrarily-shaped bodies.

INTRODUCTION

The value of finite-difference schemes for solving partial
differential equations has been demonstrated by their wide-spread use in
many areas of applied mathematics, particularly in the field of fluid
dynamics. The usual problem is one in which a partial differential
equation or system of partial differential equations is to be solved on
some bounded region. Many of the available schemes are limited by
complicated geometries which give rise to difficulties stemming from
inaccurate numerical representation of boundary conditions. The boundary
conditions are usually best represented when the boundaries themselves
are coordinate lines. As a result, much use has been made of "natural"
coordinate systems such as cylindrical and spherical coordinates,although
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the practical usefulness of such systems is restricted to a few specialized
cases. A general method was needed which would give a boundary-fitted
curvilinear coordinate system for any specific geometric configuration,
such as that of an arbitrary body shape under a free surface.

This report describes NUMESH, a computer program for the numerical
generation of such a coordinate system for an arbitrary two-dimensional
geometry. NUMESH uses a procedure developed by Thompsonl which leads to a
numerical transformation mapping a set of grid points in the physical
region under consideration to a square mesh so that each boundary is
coincident with a grid line or portion of a grid line. The numerical
solution of a partial differential equation in the physical region may
then be calculated on the square mesh without interpolation, regardless of
body shape or mesh spacing.

In Thompson's early work,1 he describes a mapping in which a body in
the interior of a physical region is mapped to one side of the rectangular
transformed plane and the outer boundary is mapped to the opposite side.
The remaining two sides of the calculating region are the images, under
the transformation, of a cut running from the outer boundary to the body.
The type of coordinate system thus created has many of the characteristics
of polar coordinates and appears to be suitable for problems in which
there is only one important boundary, such as fluid flow about a body in
an infinite fluid.

Thompson also presents2 a transformation in which the body is mapped
to a slit within the rectangle and the outer boundary of the physical
region is mapped to the sides of the rectangle. This type of coordinate
system is more rectangular than the one first described and seems suited
to problems in which there is more than one important boundary, e.g., flow

Thompson, J.F., F.C. Thames and C.W. Mastin, '"Automatic Numerical
Generation of Body-Fitted Curvilinear Coordinate System for Field Con-
taining Any Number of Bodies,'" Journal of Comp. Physics, vol, 15 (1974),
pp. 299-319.

2 Thompson, J.F., F.C. Thames, C.W. Mastin and S.P. Shanks, 'Use of Numer-
ically Generated Body-Fitted Coordinate Systems for Solution of the Navier-
Stokes Equations,' Proceedings of AIAA 2nd Comp. Fluid Dynamics Conf.,
Hartford, Conn. (1975).
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about a body in a channel. NUMESH can produce this type of mesh, known
here as Type 1. ‘

For the problem of flow about a hydrofoil beneath a free surface,
Thompson suggests3 another configuration in which the transformed region
is made up of two adjacent rectangles. Here the body, the outer boundary,
the free-surface, and the cut running from the free surface to the body
are all mapped to the exterior of the transformed region. The resulting
mesh is used by Thompson for the hydrofoil problem in a fluid of infinite
depth.

NUMESH can produce a new type of mesh, referred to as Type 2, which
has some characteristics of all three of the above configurations. The
Type 2 coordinate system, described in detail in this report, was designed
in part for the problem of an arbitrary body under a free surface in a
fluid of finite depth. Because it is polar near the inner boundary and
rectangular near the outer one, the Type 2 system allows the user to

refine the mesh in the vicinity of the body with little change elsewhere
in the field.

DESCRIPTION OF THE METHOD

The brief discussion of the mathematical formulation of the method,
presented here, and the notation, follow those given by Thompson1’2’3 and

provide background for the development of the finite difference scheme
used in NUMESH.

We wish to transform a two-dimensional, doubly-connected region of
arbitrary shape in the physical plane into a rectangular region. The
transformation functions from the physical plane (x,y) to the transformed
plane (£,n) are generated by solving an elliptic system with boundary

Thompson, J.F., F.C. Thames, J.K. Hodge, S.P. Shanks, R.N. Reddy, and
C.W. Mastin, "Solutions of the Navier-Stokes Equations in Various Flow
Regimes on Fields Containing Any Number of Arbitrary Bodies Using Boundary-
Fitted Coordinate Systems,' V. International Conf. on Numerical Methods in
Fluid Dynamics, Enschede, The Netherlands (1976).




conditions such that one of the transformed coordinates is constant on
each of the physical boundaries. A convenient choice for the elliptic
generating system is the Poisson equation because the inhomogenecous terms
allow for some control over the generated coordinate system. Let the
generating cystem be

p / 2 2
G * by 7 G 6 {-/ e (np?} = Pl
(1)
. J 2 2
o Ty * I Dy O {-/ e (2} = QCem)
with
or £ = const. (2)
n = const.

on each boundary.
Since all computations are to be done on the square mesh in the
transformed plane, the dependent and independent variables are interchanged

giving
- = - 2
SRy - 2Em t X, S - PP &)
& (3)
aYee- 28)’5“* i P (PYE iy )
where
- 2 2
a xn + Yn
e xﬁxn : yﬁyn
5 : (4)
i
R Ry

The boundary conditions are the physical coordinates of mesh points on the
boundaries.

The ability to alter the spacing of the grid lines in the physical
plane is necessary to improve the accuracy of the numerical solution of the
partial differential equation of ultimate interest. Since the physical
coordinates of the points at which the grid lines intersect the boundaries




PR e e m g

are input to the procedure, some control of spacing near the boundaries
can be achieved by adjusting this input. Further control of the mesh
configuration in the field is achieved by varying the P and Q functions in
the generating system. The £ and n lines may be attracted to or repelled
from the specified points (&i,ni) in the field through proper choice of
the C; and Di'

The approximation of Equations (3) and (4) using second-order,
central differences for all derivatives yields

S e
= 1 =
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Equations (5) and (6) may then be solved on the rectangular trans-
formed field. NUMESH uses an accelerated Causs-Seidel iteration scheme
to obtain this solution, although other methods may work as well. R, the
relaxation factor used to speed the convergence, must be chosen between
0 and 2. The computation is said to have converged after the kth iteration

when 1 L
-1

B e el | 5.3 l

and {575
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for all i,j such that

k
l Gl e
ax‘d ey A dr aa (8)
k
l £ ' 5y

There is an optimum value of R, RO’ in the range 0 to 2, which causes
the scheme to converge in the minimum number of iterations. Experimentation
with various meshes has shown that this value is often about 1.6. A
choice of R greater than R0 may cause the iteration scheme to diverge. The
iteration procedure is halted after the computation has converged or
after a maximum of 50 iterations. If the convergence criterion has not
been met after 50 iterations, the calculation may be converging slowly or
may be diverging. The printed output, described in the following section,
should be an aid in determining which is the case. If the computation
appears to be slowly converging, the relaxation factor could be increased.
Additional iterations can be done by using the current results as input for
another program run. If the calculation appears to be diverging, all user-
supplied input, especially the relaxation factor, should be examined to
determine the cause. Available interactive graphics routines are
particularly helpful in locating errors in the boundary input data.

As stated earlier, NUMESH generates two types of boundary-fitted
meshes when the physical region is doubly-connected, being bounded by two
arbitrary non-intersecting curves. The exterior curve is mapped to the
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perimeter of the computation region and the interior curve, hercafter
referred to as a body, as in fluid flow problems, is mapped to a slit
within the region.

Type 1: All grid lines connect either two points on the outer
boundary or a point on the outer boundary and a point on the body. See
Figure 1.

Type 2: A predetermined number of grid lines encircle the body and
close on themselves. Special computer code is needed to calculate grid
points near the body for this type of mesh. See Figure 2.

Both types of meshe: are suitable when accuracy is needed near both
the exterior and interior poundaries such as in problems involving the
flow of a fluid past a submerged body in a channel or under a free
surface. A Type 2 mesh seems to be useful when high accuracy is
particularly important near the body.

Examples of the Type 1 mesh are given by Figures 3, 4, 5, and 6.
The Type 2 mesh is illustrated by Figures 7, 8, and 9. The input parameters
discussed in the following section, which were used to generate these

examples, are summarized in Table 1.
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TABLE 1 - INPUT AND CONTROL PARAMETERS

Parameter Fig. 3 Fig. 4 Fig. 5 Fig. 6 Fig. 7 Fig. 8 Fig 9
MAX| 22 22 22 20 a8 a8 48
MAXJ 2 2 21 51 4 41 41
ISLT " 1" n 10 24 24 24
AT 8 8 8 27 18 18 18
JRT 14 14 14 41 24 24 24
E1 .01 01 01 .01 01 01 01
E2 .001 .001 .001 001 001 001 001
R 16 16 1.6 1.6 16 16 16
PLT 0.0 20.0 20.0 25.0 0.0 2x10° 2x10°
PRT 0.0 20.0 300 25.0 0.0 2x10° 2x10°
aLT 0.0 20.0 20.0 25.0 0.0 2x10° 2x10°
QRT 0.0 20.0 30.0 25.0 0.0 2x10° 2x10°
MESH 1 1 1 1 2 2 2
INTL 0 1 0 0 0 1 0
NCRIB - - - = 3 3

6400 CPU

TIME 5 sec. 4 sec. 7 sec. 25 sec. 54 sec. 34 sec. 61 sec.

17
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USE OF THE PROGRAM

INPUT

All input to the program is given in the form of 80-colum card
images with variables in free format.

The variables MAXI, MAXJ, ISLT, JLT, JRT are specified on the first
data card. See Figures 1 and 2.

Variable Description
MAXI Number of mesh lines in n-direction (50 max.).
MAXJ Mumber of mesh lines in g¢-direction (50 max.).
ISLT n line to which upper portion of body is mapped.
JLT, JRT Extremities of body on £ axis.

The variables El, E2, R are specified on the next data card.
Variable Description
El Maximum percent change in values allowed for

convergence. ¢, in Equation (7).

E2 Minimum absolute value of x and included in

convergence test. in Equation (8).

[
2
R Relaxation factor,

The variables PLT, PRT, QLT, QRT are specified on the succeeding data

card.

Variable Description

PLT Parameter controlling £-line attraction to
points (JLT,ISLT) and (JLT,ISLT+1).

PRT Parameter controlling £-line attraction to
points (JRT,ISLT) and (JRT,ISLT+1).

QLT Parameter controlling n-line attraction to
points (JLT,ISLT) and (JLT,ISLT+1).

QRT Parameter controlling n-line attraction to

points (JRT,ISLT) and (JRT,ISLT+1).
The variable MESH, control variable for the type of mesh to be
generated, is specified on the next data card. Setting MESH=1 results in
a Type 1 mesh; MESH=2 produces a Type 2 mesh. If MESH=2, the variable

18
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NCRIB, the number of grid lines completely encircling the body, is given
on the card following. The NCRIB data card is omitted if MESH=1.

The control variable for mesh initialization, INTL, is specified on
the succeeding data card. If INTL=0, boundary input data follows
immediately. If INTL#O, the mesh is initialized by reading the previously
generated mesh coordinates from input file device TAPE44. The boundary

Arput data cards, if needed, specify the x- and y-coordinates of the

boundaries. Each card has an x value followed by a y value; the
coordinates are read in the sequence given in the following table.
(Refer to Figure 1 for Type 1 mesh and Figure 2 for Type 2 mesh.)

Type 1 (Figure 1) Type 2 (Figure 5)
1) AtoB 1) AtoB
2) DtoC 2y Eto D
3) AtoD 3) AtoE
4) BtoC 4) BtoD
S) E to F (upper) S)Kito L
6) E to F (lower) 6) N toM

The following table summarizes the user-supplied input needed to
generate each type of mesh:

Type 1:
Card No. Variables

1 MAXI, MAXJ, ISLT, JLT, JRT

Z El, E2, R

3 PLT, PRT, QLT, QRT

4 MESH

5 INTL

6ff. boundary input data (if needed)
Type 2:

1 MAXI, MAXJ, ISLT, JLT, JRT

2 El, E2, R

3 PLT, PRT, QLT, QRT

4 MESH

5 NCRIB
. 6 INTL

7ff boundary input data (if needed)

19




OUTPUT

The printed output consists of all the input parameters, the number
of iterations performed, and ERROR. ERROR is the maximum percent change
in the x- and y-values that occurred during the last iteration. This
output may be used to check the accuracy of the input data and the
convergence of the iteration scheme. The arrays X, Y, SI, TA are written
in free format to the output file device TAPE33 in a form suitable for use
as initialization input to a subsequent NUMESH run. Initialization in
this way usually results in fewer iterations when a mesh is desired which
is little changed from the previous one.

Variables Description
X, Y Physical coordinates of mesh points.
SI, TA Parameters needed for potential flow solution
on generated mesh.
R | Transformed coordinates of the mesh points.
CONTROL CARDS

It is usually desirable to save and catalog the output from NUMESH
for future use. The control cards and deck structure needed for
execution on the CDC 6700 are as follows:

J@B card
CHARGE card
FTN.
RENWEST , TAPE33 ,*PF.
+ ATTACH,TAPE44 , [previous output {iie name],ID=CXXX.
LGR.
CATALOG,TAPE33, [output file name], ID=CXXX,AC= .
7/8/9
source deck
7/8/9
data cards

%/7/8/4

+
This card is omitted if mesh is not to be initialized from a previously
generated mesh.

20
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GRAPHICS

In order to obtain an accurate numerical solution to the partial
differential equation under consideration, a suitable mesh must be
generated. It is therefore desirable to have a means by which the output
from NUMESH may be displayed graphically. Plotting routines with this
capability such as IMAGE (documentation will be available in the near
future) are available in the Computation, Mathematics, and Logistics
Department. For details on the use of these programs, contact Code 1843.

COMPUTER REQUIREMENTS

NUMESH is designed to run on the CDC 6700 computer system and requires
about 75K octal words of storage. It is difficult to estimate the
running time because of the large number of factors involved. The computer
time required for NUMESH depends on the number of mesh points, the
attraction parameters, the convergence criteria, and the geometry of the
problem. FExecution times for the figures are given in Table 1. NUMESH
compiles in under 15 tP seconds on the CDC 6400 processor.

PROGRAM LISTING

A program listing is given on the following pages.

21
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PROGRAM NUMESH (INPUT,0UTPUT,TAPFI 3, TAPELL, TAPF S zINPUT)
COMMON X (22 469)4Y (229690 4P (22049) 4012244690 JMAXT,4AXJ NIT,ACRP,
1 ELoE20ISLT RySTU224469)¢TAL22,69) 4JLTIRT,MESH,NCRIA

THIS PROGRAM NUMERICALLY GENERATES A BOODY-FITTING 4ESH

CALL INPUY

IF (MESH.EQ.1) CALL COMPUTY

IF (MESH.EQ.2) CALL COMPUT2

CALL OouTPUT

END

SUBROUTINE INPUT

COMMON X (22 4,4L9),Y1(22,049)4P(22,69),0(22,49) MAXT ,MAX ) NIT, ,AERP,
1 EL1oE24ISLToRST(22449) ¢TA(22,69) ,JLTJRT,MESH,NCIB

THIS SUBROUTINE READS INPUT DATA AND COMPUTES TH=T
ATTRACTION FUNCTION VALUES

READ(S¢®) MAXIMAXJ,ISLY JLTY,JRTY

MAX ML= MAX -1

MAXIML=MAXT -1

READ(S,°%) E1,E2,R

PRINT 102,MAXI MAXJ ISLT JLTGJRTEL,E24R

FORMAT(/® MAXTI=®I5,5XOMAX J=®]5,5XOISLT=*[5,5%® ) T=*
1 IS¢SX®URT=C[5,5XCE1=°F7,3,5X%C2=%F7,3,5 ®2=9F5,1/)
READ(S+*) PLT,PRT,OLT,QRTY

PRINT 100,PLT,PRT,QLY,QRY
FORMAT(/1X®PLT=%F10.,2,5X*PRT=®F10,2,5X%0LT=°F17,2,5X*NRT=%F1(,2)
READ(S,®) MESH

PRINT 105,MESH

FORMAT (/11 X®MESH=*T13)

IF (MESH.EQ.1) GO YO 19

READ(5,%) NCRIB

PRINT 200,NCRIB

FORMAT(/1LX®NCRIB="*13) -
READ(S.®) INTL

PRINT 101, INTL x
FORMAT (/11X ®INTL="13) .
ISLYP1=ISLT+1

TFCINTL.EQ.O0) GO TO 29

00 9 I=g1,MAXI

00 9 J=i,MAXJ

READ(LLo®) XU(ToJ) oY I oI oST(IeJ)oTA(I4J)TOUMIOUM
PRINT 1064

FORMAT(/10X*® MESH INITALIZED FROM PREVIOUS RUN®)
GO 10 30

IMITIALIZE GRIN

PRINT 103

FORMAT (/10X ® MESH INITIALIZED FROM INPUT DATA®)
IF (MESM.EQ.2) GO TO 70
ISLTPL=ISL T+

ISLTYP2=ISLT+2

00 1 J=1,MAXY

READ (5,°) X(1,J),Y(1,J)

D0 2 J=i,MAXJ

READ (S5,°) X(MAXI,J),Y(MAXI,J)
00 3 I=1,ISLY

READ (S¢®) X(Ie1d,Y(I,1)
XC(ISLTPL 1) =X(ISLT,1)
YOISLTPL 1) =Y (ISLY,1)

00 & I=ISLTYP2,MAXI




Mﬁ

p——— e

S1

52
60

70

71
1£4
73
731
732
T
Tel

TW2

75

76

C ®es

30

18

READ (S,°) X(I.1),Y(Ie1)

N0 S I=g1,ISLY

READ (S5¢%) XTI MAXJ),Y(I,MAXD)
XOISLYPL JMAXJ) =X (ISLY 4MAX J)
YOISLTPL JMAXJ) mY (ISLT MAX )

00 S1 I=ISLTYP2,MAX]

READ (S5,°) X(I MAXY),Y(TI,4AX))
N0 7 J=2 ,MAXJUMY

DO 7 I=2,MAXIN}

N (T V=X (1,))

Y(ToJI¥=Y(I,1)

00 52 J=JLTJRT

READ (54°) XCISLV U)o Y(ISLT,J)
00 60 J=J LT, JRY

READ (S¢°) XUISLYPL,J),Y(ISLTPL,))
GO YO 30

I17P=ISLT-NCRISB
IBM=ISLTONCRIBey

[TPH{=[TP-

IBMPL=[BMe

N0 71 Jsi,MAx

READ (5,°) X(1.,J),Y(1,.))

00 72 J=i.,MAXY

READ (S5,°) X(MAXI,J) Y (MAXI,J)
DO 73 I=1,17PNy

READ (S+°®) X(l,1),Y(T,s1)

00 731 I=[TP,18M
X(Tl,10=Y(I,1020,

D0 732 I=IBMPY ,MAXI]

READ (5,°) X(I,1),Y(1,1)

DO 76 I=1,1TPMY

READ (5+°) X (I MAXJ) YV (T,MAXJ)
DO 7431 I=ITP,I8M

A(T MAXY)=Y (T, MAXY) =0,

00 762 I=IBMPLMAXI]

READ (S5,°) X(I MAXJ) V(I ,MAX))
DO 8 J=2,MAXJUMY

00 8 I=2,MAXINY

X(IsJ)2X(1eJ)

Y(leJd)=Y(I,1)

DO 75 J=JULT,URT

READ (S5,¢°) X(ISLT4J)oY(ISLY,))
00 76 J=J T4JRT

READ (S4°) X(ISLTPL,J),Y(ISLTPL,))

INITIALIZE P AND Q ARRAY

JLTL=0LY

JRY1=JRT

TATTL=ISLY
IATT2=ISLTPY
ISTART=ISLY 2
TEND=ISLY-1
JSTART=2
JENO=MAX UMY

IF (MESH.EQ.1) GO TO 18
JLTL=JLT=2
JRT1=2JRT +2
IATTL=ISLT -NCRIB+1
IATT2=ISLVeNCRIB
ISTART=ISLTONCRIBe?2
IEND=ISLT-NCRIB-~1
JSTART=JLT

JEND= JRY

00 6 I=1,MAXI

00 6 Jsi,MAXY




C %o

C %8s

1

c

C ®%% SAVE OLD X AND Y VALUES FOR CONVERGENCE CHECK

c

11

12

16

15

PlI.J)=Q(I,J)=0.
CONTINUE

READ ATTRACTION PARAMETERS AND COMPUTE VALUES

JCTR= (JLTeYRY) /2
ISLYML=ISLT-}
ISLTYP2=ISLV 2

00 11 I=2,IEND

RI=1I

00 11 J=JSTART,JCTR
PLYL=PLY

IF(JGT.JULTL) PLTL==PLTY
RJ=J

PlIe )P (T4 JI¢PLTLCEXP(-SQRTI(RI-TATT])®®2s(RY-JLT1)**2))
Q(TIeJI=QUIsJ)I-QLT EXP (~-SQRT((RI-TATTL1)®®2+(RJ-ILTL)®*2))

N0 12 I=2,1END

RI=1

00 12 J=JCTR,JEND
PRTL=PRY

IF(J.LT.URTL) PRTi=-PRTY
RJ=J

PlIsJI=P(I4J)-PRTLC®EXP(-SART((RI-TATT1) ®®24(RY-JRT1)**2))
Q(TeJ)=Q(I 4 J)-QRTOEXP (-SQART((RI-IATTL1)®®2+(RY-JRT1)®*2))

00 16 I=ISTART ,MAXIM]

RI=T
DO 14 J=JSTART,JCTR
PLTL=PLY

IF(JGTLJLTL) PLT1=-PLTY
RJ=J

P(IoJIzP (I J)¢PLTLCEXP(-SQRT((RI-TATT2) ®22¢(RY-JYLT1)**2))
Q(IsII=Q(I JICQLTCEXP (-SART ((RI-TATT2)®%2+(RJY-ILTLI)®*2))

DO 15 I=ISTART ,MAX MY

RI=1I
N0 15 J=JCTR,JEND
PRT1=PRY

IF(J.LT.JRTL) PRT1=-PRTY
RJ=J

P(IeIIZP (T4 J)=-PRTLCEXP(=-SART ((RI-TATT2) ®*24 (R Y-J2Wy) **2))
QUIoJI=Q(I4J)*QRTCEXP (=SQRT((RI=-TATT2)**2+ (RY-JRPT1)**2))

RE TURN
END
SUBROUTINE COMPUTYH

OIMENSION X0(224,49),Y0(22,69)
COMMON X (22 469)4Y(22,69),P(22¢%9) ¢N(22,069) 4MAXT,4AXJNITLAZRR,
EL1eE2 e ISLT RyST(22467) 4TA(22,L9) qJLTLJRT MFSH,NCRTA

MAXTMI=MAXI~-1
MAXJM1=MAXJ=~1
ISLTMLI=ISLT~-1
ISLTPL=ISLTe1
ISLTP2=ISLT+2
JLTML=JLT-1

JRTPL=JRTe

THIS SUBROUTINE COMPUTES THE X AND Y COORINATFS NF THE MESH TYPF

NIT=0

00 310 I=1,MAX]

00 10 J=i,MAXY
SI(IoJI=TA(IJI=0.
CONTINUE

00 1 ™=1,50
NIT=NITVeq

e




00 2 Isi,MAXI
00 2 J=i,MAXJ
XO(T M aN(T, N
YO (Il JIa¥Y(I N}
CONTINUE

CALCULATE X ANO Y FOR UPPER MALF OF REGION

OoOO0OMN
L d
L ]
L]

00 3 t=2,ISLTNL

00 3 Js2.MAX M}

XXz (XtToJol)-N(IJ-1))/2,

NE=(X{I-1oJ0)-XN(Ie1,U00))/72,

YXS(V(IoJel)-YI(IJ-1))7/2,

YE=IV(I-1,J0)-YI(Ie1,00)07/2.

ALSXESXECYECYE

BE=XX®XE ¢V X®YE

GA= XX®XXoVYX®YX

AJ2= (XXCYE-XESYX)®®D

X(ToJIZAL/Z2.7CALOGAI® (X (ToJeideX(T,J-10V0-3E/(ALCGA)®
(X(I=1eJ01) =X (T=1oJ=1)-N(TO1oJe1)eX(Te1,J-1))/6.,
SGA/2 7 IALAGAI S (X (T=1 JdeX(Te14J0)
*AY2°P (T,J) *XAX/2, /7 (ALSGA)
*AJ2%Q (T, J)®XE/2./7(ALSGA)

YUToJVZAL/Z2./7CALSGRI P (V(ToJetdeY (T, J-1))-0E/(ALS%A)"
(Y(I=1oJet) =Y (T-10J-1)=Y IO JerL)eY(Is1,0-1))/0,
CGA/ZZ2./7(ALAGAILIY(I=-14J)0Y(Is1,J))
CAJ2OP (14 J)®YX/2,/7(ALSGA)
CRY2°QUIGJICYEZ2,./7 (ALSGA)

XTI J)=XOUI o DI OR®IXN(TLJ)-XO(T,J))

YULoJ)2YOUI o ) eR®(Y (I, J)-YO(IJ))

SItleJ)=AY2°%°Q(I . N

TA(I,J)=2AJ2°%P(1,J)

CONTINUE

P N

&F N

CALCULATE X ANMD Y ON SLIT AHEAD OF ROOY

OO0 -
.
.
.

I=ISLY
00 & Jz2,JLTH1
AAAN(ToJeL)=X(LoJ-10)72.
XE=(X(T=-19J)=X(T¢2400)72,
YX=(Y(LoJeld-VY(IoJ-22)72,
YEZ(Y(T=1,J0=Y(1¢2,J0)72,
AL=XE®XE+YE®YE
BE=XX®XE+YX®YE
GA=XX®XXeYX®YX
AJ2=(XXCYE-XESYY)®*®D
X(ToJ)ZAL/2./7CALOGAI® (X (ToJt1) X (ToJ~1))-85/(ALGGAI®
1 (C(T=14J01) =XUT~1,J=1)~XUT02,001)8X(182,J-1))"70,
2 CGA/2.7 (ALSGAI® (X (T-1J) X (T02,9))
3 *RJ2%P (1,J)®XX/2./ (AL+GA)
. *AJ2°Q(T4J) ®XE/2, /7 (ALSGA)
YOIoJ)=AL/2/7(ALSGA)® (Y (T 4Je1)eY ([ J~1))-TE 7 (ALGGAY®
(Y(I=1 o)1) =Y (I=14J-1)=-V(Te2,J0iheV(l42,)-1))/0,
SGA/2 7 (ALOGARI®(Y(T=1oJ)eY(TI02,0))
CRJ2°P (T4 J) *YX/2./7(AL*GA)
“AJ2°Q (T4 J)PYE/2 .7 (ALSGAY
K(ToJISKO(T o) *R® (XTI GJ)=XD1IJ))
Y IoJdV=YOUI gJ)R®(Y(I o U)=YOI(I,J))
SI(I,J)12A02%0(1,J)
TALT N =AJ2%P (T, J)
XCISLTPL W) =X, )
YOISLTPL,J) =V (T,J)
SI(ISLTPL, J)=AJ2%Q(ISLTPL,J)
B TACISLTPL,J)=AJ2°P(ISLTPL,J)
5 " CONTINUE
3

£ @ N

9
|¥2 ]

RS




R o T

C *®° CALCULATE X AND Y ON SLIT BEWIND 8DNY

c

DO S J=JRTPY MAXINY

XXs(X{leJel)-N(1,0-1))/2,

XE=(X([=-1eJ)-X{[02,J0)/2,

Y= (Y (T J01)-Y(TI,J-20072.

VES(Y(I-1,J)-Y(Ie2,00)/2,

AL=XECXEOYESYE

RE=XXCXE+YX®YE

GAsXX®XXeVYXOYX

AJ2= (UXCYE -XECYX)**2

XOT oIV =AL/2 /7 (ALOGAI® (X (T Sethex(ToJ=-1201-2E/ (ALSGA)"®
IXEI=14J00) =N UT=10J=1)-X(T02,J0 )X (Te2,4~1)0/4.
SGA/2 . /7IALSGAI S IXNITI-1, 000X (T02,0))

CAJ2°P (1o J)oXN/2.7(ALOGA)
*AU2°Q(TI,JI*XE/2.7 (AL 2GA)

YULoJIAL/ 2./ (ALOGAI® (Y (T JeldeY(ToJ~2) -0/ (ALSGA)®
(Y(T=1,J00)=-V(T=10J=10=V(T02, 0100V (Te2,U-10)/0b.,
CGA/2./7IALSGAICSIYIT-1,U00V (102,40
CRAJ2®P (T4 JIPYXNI2,7 (ALSGA)

CAJ2°Q(L,J) PYE/2.7 LAL4GA)

XML o0V =XO0(T o J)eR®IN(T o JI=-XO(TIJ))

YT =Y0UT 4 J) ¢R®(V (I LJI=YO(T,J))

SI(IJ)=R02°Q(T, )

TA (I J)=2J2°P(]I,))

XOISLYPL U =(I, U}

YOISLYPL ) =Y (T, U0

SICISLTPL,J)I=AJ2°Q(ISLTPL,J)

TALISLTPL,U)=A 2P (ISLYPL . )

CONTINUE

F aamN -

& an -

CALCULATE X ANO Y BELOW 300V

Ooown
.
L
k3

D0 6 I=ISLYP2,MAXIM]

D0 & J=z2.MAXIMY

A= (X (TeJetV=-N(I,J-2D)/2,

XE=(A(I-1,J)=-X(Tel,JVV/2.

YX=(Y(IeJe1)=-Y I, U-1))/2,

YE=(Y(I-1,0)=Y(Ie¢1,J0))/2.

AL=XECXEeYESYE

BE=XX®XESYX®YE

GAz XX®XXeYX®YX

AJ2= (XX®YE~XE®VYX)®®2

X(ToJ)=AL/2./7CALSGAI®PIXN(T o Je ) eX(T,J-1)1-8E/(ALSGA)®
IX(T=1,J01) =X (T=1oJd=1)=X(T0L1 J0t)oN([0g,y=-10)/0b.
SGA/2.7(ALAGAI(XIT-1,0)eX(Te1,0))
CAJ2oP(T,J)2XN/2.7 (AL SGA)
*AJZ*Q(TJ)OXE/2 2 LALCA)

YUToJV=AL/2./7CALOGAI® (Y (T o ell eV I U=100-AC/7(ALOGA)®
(Y(I=14J01) =Y I=1oJ=1)=Y (IO, JelideV(Tot, U~1))"/0.
SGA/2.7(ALAGAI (Y (TI=1,J) eV (TI0L1,00)
CAJ2*P T JIYXN/2./7ALSGA)
SAJ2%Q(LJ) P°YE/2.7 (AL SGA)

XL od)=X0(T o) ¢R® (X(T 4 JV=XO(TIoJ))

YITo D) =YOUT o U) eR®IY (I JI=YOU(TIJ))

SItI«JI=AY2°Q(1I. )

TAIT s M =AY2°P(I. N

CONT INUE

Fwumn -

& N

——

CHECKING CONVERGENCE — ~——

aoo>
.
.
.

AERR=Q.

00 7 I=t,MAX)

00 7 J=JLT JRT
IF(ABS(Y(I,J)).LELE2) GO TO 8
ERA=ABS (YO Lo~V T did/ VT 3%

20




SRR ST 1

IF(ERR,GT.AERR) AERRSEQR

8 IF(ABSIX(I.J)).LE.E2) GO TO 7
ERRABSLIXO(IJ)=X(I,J))/XNI114I))
IF(ERR.GT.AERR) AERR=ERR

14 CONT INUE

IF (AERR,.LE.E1) GO TO 9
1 CONTINUE
9 RETURN

END

SUAROUTINE COMPUT2

DIMENSION X0(22,49),Y0(22,69)

COMMON X (22469)4Y(22,069),P(22,69),N022,69) MAXT,MAXJ,NIT AFERP,
1 E10E2¢ISLToReSIN22,09)¢TA(22,69)3JLT,JRT,MESH,NCRIB
ITP=ISLY-NCRIB

IBM=ISLYONCRIB1

MAXIMi=MAXT~1

MAXJMLisNAX J~1

ISLTML=ISLT~1

ISLTPL=ISLT 1

[TPHLisITP-1

ITPPLI=ITPe}

IBMPL=[BMe 1

IBMMIeIBN-1

JRTPL=JRTe}

JLTML= L T=-1

C ®®% THIS SUBROUTINE COMPUTES THE X AND Y COORINATES OF THE MESWH TYPf 2

NIT=0

D0 200 I=1,MAXI

00 200 J=1,MAXJ

SI(IoJI=TA(L,JI=0,
200 CONTINUE

00 1 W=1,50

NIT=NITeq

C ®%% SAVE OLDO X AND Y VALUES FOR CONVERGENCE CHECK

00 2 I=1,MAXI
DO 2 Js=i,MAXY
X0(IodV=X(I, )
YOU(l e =Y(I,D)
CONT INUE

®s% UPDATE OUMMY VALUES

00 10 Jsi,JLTMY

X(ITPoJ) =X (IBMPL,J)

YUITP o J) =Y (IBNPL,J)
10 CONTINUE

00 11 J=JRTP1,MAXY

X(ITPoJ) =X (TBNMPL, J)

YIITPGJI =Y (IBMPL,J)
11 CONTINUVE
c
C ®%% CALCULATE X AND Y FOR UPPER HALF OF REGION
c

00 3 I=2,ITPNM1
00 3 Js2,MAXJIML
AX=(X(ToJel)=X(ToU-1))7/2,
XE=(X(I=14J)=X(I01,J0072,
YA (V(IoJel)-Y(Ieu-1)072,
YE=(V(I=1,J)-=Y(I*1,00)72,
ALSXESXESYESYE
BE=XXSXE Y X®YVE
CAs XYOXXOVYXOYYX

o
~3




OO0 w

12
c

13
16

c

16

AJYZ=XX®YE-RE®YX)®*®2
XAToDI=AL/2.7CALOGAI S (X IT s o) eN (T oJ-10)=-RE/7(ALOGAY®

(N(T=1oJ0) =N (I=1oJ=-1)~N(LeloJoldeN(Iog,y-1))/0.

CGA/2. 7 (ALAGAIO (X (T=-1oJ)eX(TeloJ))

CAJ2°P LTV J)CUAN/2 .7 (AL *GA)

*AJ2%Q(TJ) ®XE/2.7 (AL *GR)
YUToJV2AL/2./7CALSGARAI® (Y (ToJot) oV T J=-2))=-9E/(ALOGA)®
1 (VOI-1¢Jet) =V (I=-2oJ=-10~VII01oJ01)oVI(I01,0-1))"0,
2 SGA/2. /7 LALOGRIBIY(I-1,J)0V(]101,0))
3
L)

& -

CRJ2OP (T JIOYR/2./71ALSGA)
CRJ2°QUILJICYEZ2.7 (AL SGA)
XUTeJ)=NOUI4J)oR®INITJ)=-N0ET,0))
YU(IoJ)aYOUIJ) ORIV IILJI=-YO(I,J))
SItI,NN=A)2%Q(T, I
TALI ) =A02°%P (], )
CONT INUE

UPDATE OUMMY VALUES

N=Q

00 12 I=ITP,IBM

NzNey
NAToJLTML) =X (TAMPL =N, JLTH
X(T JRTPL) 2N ([BHPL =N, JRTY
V(I oJLTML) =YV (IAMPL =N, JLT)
Y(IJRTPII =Y (IANPL =N, JRT)
CONTINUE

CALCULATE X AND Y AROUND THE BODY

00 16 I=ITP,IBM

IF(I.EQ.ISLT.OR.T.EQ.ISLTP1) GO YO 16

DO 13 J=JLT,URT

XN (N, Je1)-N(L,0-10)7/2.

XEz (X (I~1,J0)-N(Te1,J))/2,

YXz (Y Iy Jel)~-Y(I,J-1))7/2,

YE=(Y(I~-1,J)=Y(Iel,d))/2,

AL=XECXESYECYVE

BESRXSXESYXCYE

GA=RX®XXeYXOYYX

AJ2=2 (XX YE-XESYX)I®®2

Y(IoJVZAL/2.7(ALOGAI® (X (ToJeldeX(T4J-200-92/7(ALOGA)®
(X(T=1oJol) =X (T-1oJ~1D=X(TI0t JeldeX(I01,0-1))/0.,
SGA/2./(ALSGAI®(X(T-14J)eX(T02,U))
¢AJ2°P (1o JI®XX/2,./7 (ALSGR)
¢RAJ2°Q (T JIPXE/2.7 (ALMGA)

YOI oJIZAL/2.70ALGAYO (Y (T,061)0Y1],0-1))-0%/(ALGGA)®
(VET=14J01) =Y T=1,0~1)0=Y(Ie1,00100V T01,0-10)"/b,
CGA/2./7(ALSGAI IV (TI~1, )Y (Ie1,I))

SAJ2°P (T, 0)%YX/2 .7 (ALSGA)
*AJ2°Q (T4 J)OYE/2.7 (ALSGA)Y

X0IoD)=XO(LoJ) eR®(N(T L J)=XO(IeJ))

YEI o D)=YOUT o ) ¢R®UY (I U)-YO(TLJI))

SIt(TJUV2AY2%N(T,J)

TA(Y 4 J)=AY2°P (I, )

CONTINUE

CONT INUE

&S N -

& w@N >

UPODATE OUMMY VALUES

00 16 J=1,JLTHL
X(IBM U =X (ITPML, )
V(IBMaJ) =Y (ITPML,J)
CONTINUE

00 15 J=JRTPL ,MAX)
X(IRM,J) =X (ITPMY, J)




SN V0 YO g

13

c eoe

o000 e

~

DO

17

19

18

VUIBM VY (ITPMY ,J)
CONTINVE

CALCULATE X AND Y BELOM B0OY

D0 6 I=IBNPYL MAXINY

00 6 J=2,MAXJNY

AR (X (Todel)-N(L,0-10)72,

RE=(X(I-LeJ0=NI201,J0)/72,

YXs (VY (I Jel )=Vl J-40072,

VEs (Y([=1,J)-V(Iegl MV ) /2,

AL=sXE®NEeVE®YVE

BEsXXCXECYNOVE

GAsXX®XXoVXOYX

AJ2= (XX®VE-XE®YN)®**2
RCTeJIRAL/Z2.,7CALOGA)CSIR(T 00D 0N (T ,0=~2))=9E/(ALOGAY®
1 (N(T=1oJd0tl)=N(Tetlodot)=NlTogo 000N T0L,0-1))"/0,
? SCA/R7IALOGAI O (X T=-1oJ) 0N (T01,J))

3 CAJ2OP (T, J)ORX/2.7 LALOGA)

[ SAJ2°QITI,L JIORE/2.7 (AL SGA)
Y(IeJISAL/Z2.7CALOGAICIY (T 010 eV (T J~1))=-8E/(ALOGA)®
1 (V(I=1sJe1) =V (IotlyJ=t)=V(logoJotdoviIet,J-1)0)/b.
2 SGA/2./71ALAGAI (Y IT=1J)0Y(T01,9))

3 SAI2OP (1,J)°VYXN/2.7(ALSGA)

& CAJ2°Q (I J)PVE/2.7 (ALSGA)
XK(ToJISXO(R o J) OROINUIT 4 J)-XO0(I,4J))
YOI oJI=VYOUT o ) eR®(IYVUII L U)-YOULIVI))
SI(I.J1=AJ2%Q(LI, N
TA(LIJI=AJ2%P (I )

CONTINVE

CHECKING CONVERGENCE

AERR=0,

00 7 Is2,MAXIMNY,2

00 7 JsJLT,JRT
IF(ABSIY(IJID.LELE2) GO TO 8
ERREABS ((YO(L N =Y (I UN)/V (I, U))
IF(ERR.GT.AERR) AERR=ERR
IF(ABSIXITIJ)).LE.E2) GO TO 7
ERR=ABS ( (XOUL o N =X(T4 D)) /XTI
IF(ERR.GT.AERR) AERR=ERR
CONTINVE

IF(AERR.LE.E1) GO YO 9

CONT INVE

UPDATE DUMMY VLAUES

N=0

00 17 I=17TP,IBN

LELLY
R(IoJLTML)sX(IBMPL=-N,JLT)
(I, JRTPL) s X([BMPL-N,JRT)
YIToJLTHL) sV (IBNPL-NJLT)
Y(I JRTPL) =Y (IANPYL =N, JRT)
CONTINUVE

JLYM23 L T-2

JRTP22JRTe 2

00 19 I=ITPPL,IBMMY

00 19 J=i, JLTM2

X(l,J1s0,

YileJdi=0,

00 18 [=[ITPPL,IB8MNML

00 18 J=JRTP2,MAXY
X(I,Jd0=0.

Vil J)=0.
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RETURN

END

SUBROUTINE OUTPUT

COMMOM X (22,890 oV(22,09),P(22,09),Q(22,89) HAXTMAXY NIT,AERR,
1 E1oE2 ISLTRyST(22,69),TA(22:469) oJLTJRT(MESH,NCRIB

see THIS SUBROUTINE PRINTS OUTPUT DATA AND MRITES X AND Y TO FILE

PRINT B, NIT AERR,EL,E2

FORMAT(//® ITERATIONS=®IS,5X°ERROR=®F10.,6,5XE12%F6, 3,5XE2=2F6,3)
00 30 I=1,MAXI

00 30 Jsi . NAXJ

MRITEI33:%) XCGIoD) oV I J)oSI(Iod)oTALLIoI)oI0)

CONTINUVE

RE TURN

END
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RN ING MR oo e s

DTNSRDC ISSUES THREE TYPES OF REPORTS

(1) DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, RECORDING INFORMA.
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION.

(3) TECHNICAL MEMORANDA, AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES

REPORTS; NOT FOR GENERAL DISTRIBUTION.
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