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- ABSTRACT

The XYZ Potential Flow Program is a FORTRAN
program which computes approximate solutions to problems
of flow about three-dimensional bodies of arbitrary shape.
The surface of the body is approximated by a set of
plane quadrilaterals. The solution is constructed in
terms of a source density on the surface of the body.

The integral equation for the source density is approximated
by a matrix equation on the assumption that the source
density is constant in each quadrilateral. The matrix
equation is solved by an iteration procedure. A problem

with 500 quadrilaterals requires about 15 minutes of computer
time when run with a CDC 6400 processor and costs about
$50. A detailed discussion of the preparation of the input

and a sample problem are included. Additional routines

which compute streamlines on or off the body are described.

ADMINISTRATIVE INFORMATION

This work was sponsored by the Naval Ship Systems Command
originally under Subproject SR 003 1001, Task 11572 and more
recently under Subproject SF 14532 106, Task 15325.




I. INTRODUCTION

The XYZ Potential Flow Program is a computer program for
the computation of irrotational, incompressible potential flow about
three-dimensional bodies of arbitrary shape. This program,
originally coded for the LARC computer, has been converted for use
with the IBM 360-91 and the CDC 6700 computers. All the coding is
in standard FORTRAN. |

The method is essentially that used in the Douglas Aircraft
Programl’ Zu The body surface is approximated by a set of plane
quadrilaterals and the solution is constructed in terms of a source
density on the surface of the body. The integral equation for the source
density is approximated by a matrix equaticn on the assumption that
the source density is constant in each quadrilateral. The source density
in a quadrilateral is chosen so that the normal component of the velocity
is zero at one point in the quadrilateral. The matrix equation is
solved by a simultaneous displacement iteration scheme with a two-
eigenvalue extrapolation procedure to speed up convergence. A problem
with 500 quadrilaterals takes about 15 minutes of computer time when
run with a CDC 6400 processor.

The input description was arranged to minimize the difficulty of
preparing input for sequences of problems in which only part of the
body is changed. Several checks are made on the input to reduce the

chance that input errors will go undetected.

1 Hess, John L. and A. M.O. Smith, ""Calculation of Non-Lifting
Potential Flow About Arbitrary Three-Dimensional Bodies, " Douglas
Aircraft Company Report No. E.S. 40622, March 1962.

2 Hess, John L. and A.M.O. Smith, "Calculation of Potential Flow
About Arbitrary Bodies, " Douglas Aircraft Company Engineering Paper
3327, published in The Pergamon Press Series "Progress in
Aeronautical Science,' volume 8, 1966.
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There are two versions of the XYZ Potential Flow Program

(XYZ PF). VersionlI is the standard version. VersionII is a special
program designed for problems with inlet pipes. Chapter IV deals
with the special features of Version II. The remaining chapters have
been written for Version I but generally apply to Version II as well.

II. BRIEF DESCRIPTION OF THE METHOD

The problem to be solved involves a stationary, three-dimensional
body in a moving ideal fluid. The fluid is assumed to have a uniform

velocity at infinity (V“), The velocity potential satisfies the following

equations:
v2o =0 in the fluid (1)
g% =0 on the surface of the body (2)
o= -X. V@ -y Vm -7 Vc° at infinity ’ (3)

X y z
where n indicates the direction normal to the surface. A solution
_ to these equations is constructed in the form of a source density (S)
on the surface of the body,

o= [ 5@ 15 A x-V, Y, 2V, (9

Body Surface y z

where r(p, q) is the distance between the point p and the point q on
the body. Note that Equations (1) and (3) are satisfied by ¢ as defined

by Equation (4). The boundary condition on the body, Equation (2), can
be applied to obtain an equation for the source density (S).
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Of course this equation is good only when the normal vector n is
defined for every point on the surface. According to Hess and Smith%
convex corners do not cause trouble in practice, but concave corners
do. Thus, concave corners should be rounded. The problem of
concave corners is discussed in the description of Version II in
Chapter IV,

The surface of the body is approximated by a set of plane
quadrilateral elements which are generated from the input. The source
density is assumed to be constant in each of these elements and is
computed by satisfying Equation (5) at one point in each of the quadri-
laterals. The point chosen is the one at which the velocity induced by
the guadrilateral itself is zero. This point is called the null point.
(The centroid can also be used.) Thus, the integral Equation (5) is

approximated by a matrix equation

5, = ?cij 8+ V, | ' (6)
where Ci: = L I —a—r-?v %——) dA
) Quad. j i ij
.. = 0, and
ii
\'4 :———l—(nv +n V +n V )
i 2r 'x = ® Z

y Z

Equation (6) is solved for Si by the iterative procedure described

on page 6., Then the velocity components at each null point are



computed from the following equations:

VX, = T Vli]. 5+, | (7)
] X
VY, = I Vzi]. S]. +V (8)
j y
VZ, = L V3;;5,+V, (9)
] Z
where Vli' = - IJ‘ —a—% (;1—-)dA
) Quad. j ij
v, = - [/ -a—a—(}l—)dA, and
] Quad. j %Y Tyj
1
Quad. j ij

The pressure is then computed from the velocity.

An integral over a quadrilateral is evaluated by one of three methods,
| depehding upon the ratio of the distance of the ith point from the
quadrilateral to the maximum dimension of the quadrilateral, If the
ratio is greater than 4.0, the quadrilateral is approximated by a
monopole (as if it were concentrated at one point). If the ratio is greater _
than 2.0 and less than or equal to 4.0, the quadrilatefal is approximated -
by a quadrupole. If the ratio is less than or equal to 2.0, the integrals
are evaluated exactly. The approximate methods are used because they
require much less time than the exact method. The evaluation of ther
integrals is extensively discussed by Hess and Smithl’ Z. ,

The velocity at points off the body is computed from the source
terms (S) by equations similar to Equations (7), (8), and (9).

h Points on an off-body streamline are computed by a Runge-Kutta

integration with respect to time of the velocity. The velocities are




computed in the same way as at other off-body points.
Points on an on-body streamline are computed by assuming that

the velocity in a quadrilateral is constant and equal to that at the null

point.

III. SPECIAL FEATURES AND DIFFERENCES FROM
THE DOUGLAS PROGRAM

XYZ PF differs from the Douglas prcgram in several respects.
These differences and special features are: _

(1) The input to XYZ PF is arranged to facilitate the preparation
of input for a series of problems in which only one part of the body is
changed. Also, a numbef of checks are made on the input to help
detect errors. Details are given in the description of the input.

(2) An option was added for the recomputation of the source
density: and velocities for only part of the body when only small changes
are rhéden This option also provides for the use of the sblution of one
problem as an initial guess for the solution of another problem.

(3) The matrix of influence coefficients is condputed column by
column instead of row by row. This column arrangement was used for
the original LARC computer version because it required much less high-
speed memory. The computation of the coefficients is also about 109
faster this way than with the row-by-row arrangement.

(4) A simultaneous displacement iterative scheme is used to
solve the matrix equation for the source density. This scheme is slower
than the successive displacement (Gauss-Seidel) scheme used in the
Douglas program, but it can be carried out using the matrix column by

column instead of row by row.




(5) When possible, an extrapolation procedure is used to reduce
the number of iterations required for convergence. Assume that n
iterations have been completed and let Si(P) be the source density at
point P for iteration n-i. If there is only one dominant eigenvalue A

and n is sufficiently large, Si(P) may be approximated by

S,(P) ~ Sf(P)+E(P)>gn'i , (10)

where Sf(P) is the exact solution and E(P) is the eigenvector associated
with A. For X #1,
A +(1-A) =0 (11)

Now Equation (10), withi =0,1,2, can be solved for a value of A at

each point P.

A(P) = (5,(P) - 8,(P))/D(P) (12)

where D(P) = SO(P) = ZSI(P) + SZ(P)° Since, in general, A(P) will

change from point to point, a weighted average A over all the points is
used. For the weighting function the absolute value of D(P) is “chosen,
because D(P) may be very small or zero at points where the dominant
eigenvector is very small or zero. The value of A(P) at these points
may be greatly different from that at most other points. Thus, for A

Max P

le (Sl(P) - SZ(P))(Sign of D(P))
A= Max P (13)
z |D(P)|
P=1



After every fifth iteration a new A is computed. If 7{ has not
changed by more than 0. 02 from the last A, the solution is extrapolated

The extrapolated solution S (P) is
5,(P) =K B+ (1-B)s,(B) (19
The procedure is different when there are two dominant eigenvalues

instead of only one. Then

5,(P) ~ S(P)+ El(mg”“” + EZ(P)xgn"i) (15)

For Xy and }\Z#lg

B A2+Bﬂ'x+ (1-B,-B

9 = 0 (16)

2) "
which has roots Ay and Ay - |
The solution for Bl and B‘2 at each point P ig obtained from
B (P)= ([5,(P)-84(P)3 8,(P)-28, (P)s5(P)1-3,(P)-S,(P))
| B Y SRR 8 szumslw 1/0(P)
B,(P)= - (18,(P)-5,(P)] [8 (P)-25,(P)+5, (P)1-S,(P)-5,(P)]
[S4(P)-S3(P)“SZ(PHSI(P)j /D(P) - (1)
D(P) = [S,(P)-28, (P)+S, (P)+S,(P)] [S 4(P)-28,(P)+8,(P)]
- [5,(P)-5,(B)-S, (P}+s,(P) 12
As with A(P), a weighted average of BI(P) and BZ(P) is obtained
using the absolute value of D(P) for the weighting function. If the
weighted averages _]571 and 1‘3'2 do not change from Ohé set of five

iterations to the next by more than 0. 02 (Iﬁll + IEZI ), then the

solution is extrapolated and



S, (P) =§ZSO(P) + E‘lsl(p) + (1-§1-T3'2)sz(1>) (18)

For many problems the dominant eigenvalues are complex and thus
the solution can be extrapolated only by such a two-eigenvalue method.
Extrapolation is very effective; the number of iterations is often

reduced by a factor of 4.

IV. VERSION II, INLET PIPES AND CONCAVE REGIONS

Version II of XYZ PF was designed expecially for problems involving
~ deep concave regions. For these problems Version I produceé a
solution with an excessive amount of leakage through the walls because
~the boundary condition is satisfied at only one point in each quadri-
lateral. Thus, if the normal component of the velocity changes with
position in the quadrilateral, there may be a net flow through the
quadrilateral. For most external flow problems there is not enough
leakage to cause trouble. However, in problems with deep concave
regions the effect is devastating. Even the external parts of the body
leak as a result of the strong source on the concave part.

To eliminate this leakage, the net flow through the quadrilateral
must be eliminated by setting the integral over the quadrilateral of the
normal component of the velocity equal to zero. Since this integration
- cannot be performed analytically, a five-point quadrature formula is
used. The five points are the centroid and the four surrounding points
computed from weighted averages of the four corner points as shown in
Equations (19).

XQ(1) = ALxXC(1) + A2*(XC(2)+XC(4)) + A3*xXC(3)
XQ(2) = A1xXC(2) + A2x(XC(3)+XC(1)) + A3xXC(4)




XQ(3) = AI*XC(3) + A2%(XC(4)+XC(2)) + A3*XC(1)
XQ(4) = A1¥XC(4) + A2*(XC(1)+XC(3)) + A3*XC(2) (19)

where XQ(I), 1=1,2,3,4 are the quadrature points
XC), 1=1,2,3,4 are the corner points
Al = 0.736222
A2 = 0.105556
A3 = 0.052778

The Y and Z .coordinates of the quadrature points are found in a
similar manner. The weights for the points are then found so that the
quadrature formula will correctly mmpute the integrals of a constant,
X, Y, Xz and Y2 Despite efforts to find a way of computing the
quadrature points so that more functions would be correctly 1ntegrated
no method was found that would work for every quadrilateral. However,

RE
for a square this quadrature formula w1ll correctly nntegrate XY X3

XZY XY2 Y3 and (X +Y)

Since the integration over the quadrilateral is not exact, th_ere will
still be some leakage, but it is usually much less than with Version I.
However, unless care is used in the arrangement of the quadrilaterals,
the errors may be very large. Although the choice of quadrilateral;
size and arrangement is still largely an art, the following rules are
uSeful,z

(1) The quadrilaterals must fit together tightly in the concave
region without any gaps. Such a fit may reguire the use of "triangular
| guadrilaterals™ inlsome places. A "“triangular quadrilateral’ is formed
when two corner points coincide or when three corner points lie on a
line.

‘ (2) The angle formed by the normal vectors of two adjacent

quadrilaterals in a concave region should not be greater than 30°.

10



(3) The length of a quadrilateral in a cavity or pipe should
not be greater than 1/6 of the diameter of the cavity or pipe.

V. ORGANIZATION OF THE PROGRAM

The XYZ PF program is divided into seven sections. Section 1
reads the input cards, computes the descriptive parameters for each
guadrilateral, and checks for errors. Section 2 computes the matrix
elements in the matrix equations for the source density and the velocity
‘for points on the body. Section 3 solves the matrix equation for the
source density. Section 4 computes and edits the velocity and pressure
for boints on the body. Section 5 computes the velocity and pressure at
points off the body. Section 6 computes points on streamlines that do
not touch the body surface. This section replaced an earlier one
programmed by Jorgen Strom Tejsen. Section 7 computes points on
streamlines on the body surface. Figures 1 through 7 show the flow
charts for these sections. These sections are outlined on the following

pages.

SECTION 1
A. Read, store, and edit the problem title and the control parameters.
B. Read the first point card and set the section indicator.
C; Store the coordinates of the point and a point indicator in four
(40 by 70) arrays in the positions indicated by the M and N indices on
the point card. ‘
D. Read the next point card and check the section number against
the section indicator. If they are the same, return to C. Otherwise,

continue to E.

11




E. Set up DO loops to sweep point indicator array.

F. Have the four corner points (N,M; N,M+1; N+l1, M+1;

N+1, M) been specified? If not, skip to the end of the DO loops. If so,
continue.

G. Fit a plane quadrilateral to the input points. Compute the
normal vector, area, new corner points, second and third vectors of
the quadrilateral system, centroid, and null point.

H. Store the normal vector, null point, and area in one array
designated by T. Store the other quantities in a second array designated
by B. )

I. Test for errors in the input. One test is for large deviations of
the four input points from a plane. The second is for normal vectors
not pointing away from the origin. The third is for long thin quadri-

| laterals. If d test fails, a warning message is printed out. The solid
angle subtended at the origin by the quadrilateral is computed and
added to a partial sum for later testing. None of these tests will stop
the program. _ ‘

J. Edit and print the following information on the guadrilateral:

N and M for the first corner point |
P - the number of the quadrilateral

X1,Y1,Z1 - the coordinates of the M, N input point
X2,Y2,Z2 - the coordinates of the M+1, N input point
X3,Y3,Z3 - the coordinates of the M+1, N+1 input point
X4,Y4,Z4 ~ the coordinates of the M, N+1 input point.
XP,YP,ZP - the coordinates of the null point.

XN, YN, ZN - the componénts of the normal vector.

- D - the distance that the input points were moved to make
a plane quadrilateral.

A - the area of the quadrilateral.

12




K. Test the B-array index to see if the B-array is full. If so,
write out the B-array on file 4 and reset the B index. Also increment
the index for the T-array.

L. End of the DO loops for sweeping }:he point indicator array.

M. Set the section indicator for the next section. Test for the
end of the input. If there are no more sections, continue to N, otherwise
return to C.

N. Test the number of quadrilaterals against the number of
quadrilaterals indicated in the input, If they are different, print out an
error message and stop. Test the solid angle subtended at the origin.
If it is very different from both 47 and 0, print out a warning message.

O. Write the parameters and the T-ai'ray on file 3. Transfer to
Section 2.

13
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SECTION 2 ‘

A. Read the parameter block, the T-array, and the first block
of the B-array.

B. Set up a loop to sweep the B- and T-arrays for all quadrilaterals.

C. Compute the lengths of the sides, the quadrupole moments, the
maximum diameter of the quadrilateral, and other quantities needed
for future use.

D. Set up a loop to sweep the T-array for all null points of the
quadrilaterals.

E. Compute the distance between the quadrilateral selected by
loop B and the null point selected by loop D. Test the ratio of this
distance to the maximum diameter of the quadrilateral. If this ratio is
greater than 4, transfer to H. If less than 4 and greater than 2, transfer
to G; otherwise, continue.

F. Compute the m-atrix coefficients for the influence of the
quadrilateral on the null point by the exact equations, and go to I.

G. Compute the matrix coefficients by the quadrupole equations and
go to I.

H. Compute the matrix coefficients by the monopole equations.

I. 1If not all the reflections in planes of symmetry have been used,
reflect the null point and return to step E. Otherwise, continue.

J. Add the contributions of the different reflections to obtain the
composite influence coefficients.

K. Test the storage areas for the various velocity influence
coefficients to see if they are full. If they are full, write out their contents.

L. Test for completion of the loop over the null points. If not
completed, return to D. Otherwise, continue.

M. Read the next block of the B-array if it is needed.

15




N. Test for completion of the loop over the quadrilaterals. If
not completed, go to B. Otherwise, continue.
O. Write out remaining coefficiéents.

P. Transfer to Section 3.

16
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SECTION 3
A. Set the initial conditions for a flow at infinity of <1 in the

x~direction.
B. Compute the initial approximation to the source density.
Set the partial sum vector of the induced normal velocity to zero.
Read the first two blocks of coefficients.
Set up a loop over the quadrilaterals.
‘Pick up the source for the quadrilateral:

“Set up a loop over the null points to step five points at a time.

e R mEUa

Compute new partial sums for next five null points.

I. Check for the end of the coefficient block. If the end has been
reached, read the next block of coefficients.

J. Increment the index and test for the end of the loop ovér the
null points. If the loop is completed, continue. Otherwise, return to
step H.

K. Increment the indices and test for the end of the loop over the

quadrilaterals. If the loop is completed, continue. Otherwise, return

to step F.

L. Compute the new source density.

M. Test for convergence of the iteration schéme. If the iterations
have converged, go to O. Otherwise, continue.

N. If a set of five iterations has been completed, compute A, '131,

B,. Otherwise, returnto C.

2° ,
If A has converged, perform an A extrapolation and return to C.

Otherwise, continue.
It El and §2 have converged, perform a B extrapolation and

return to C. Otherwise, just return to C.
O. Write out the source density.
P. Test for the last flow. If this was the last flow, transfer to

Section 4. Otherwise, set conditions for the next flow and go to B.

18
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SECTION 4
A. Read the control parameters and source density from file 3.

B. Read the first block of velocity coefficients for each of the three
onset flows and start reading the second block. '

C. Set up a loop over the quadrilaterals.

D. Pick up the source densities for all three flows for the
quadrilateral.

E. Set up a lgop over the null points.

F. Compute the partial sums for the three velocity components for
each flow.

G. Check to see if the next block of coefficients is needed. If it is
needed, check for completion of the last tape read, and start reading
the next block of coefficients. '

H. Test for the end of the loop over the null points. If the loop is
not finished, return to ¥. Otherwise, continue.

I. Test for the end of the loop over the quadrilaterals. If the loop
is not finished, return to D. Otherwise, continue.

J. Compute the absolute values of the velocities and the pressures
for the three flows.

K. Edit the velocities etc., and write them on the output tape.

L. Check to see if all flows have been edited; if so, stop.
Otherwise, continue.

M. Compute velocity and pressure for the next flow. v

N. Edit the velocity and pressure for the flow and write them on

the output tape. Return to L.
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SECTION 5
A. Read the input giving the coordinates of the off-body points.

B. Read the problem identification, control parameters, null point,
normal vector, area, and source densities of the quadrilaterals from
file 3.

C. Read the first block of other quadrilateral information (corner
points, quadrupole, moments, etc.) from file 4.

D. Set the velocity at the off-body points to the free-stream velocity.

E. Set up a loop over the quadrilaterals.

F. Pick up the three source densities and compute such coefficients
as may be useful for computing the velocity induced at the off-body
points by this quadrilateral.

G. Set up a loop over the off-body points.

H. Determine the method of computation to be used by computing
the ratio of the radial distance between the quadrilateral and the off-
body point to the length of the longer diagonal of the quadrilateral. If
this ratio is greater than 4, go to K. If-it is greater than 2.5 but less
than 4, go to J. If it is less than 2.5, contirue to I.

I. Compute the induced velocity by means of an equation derived
from exact integration over a quadrilateralln Then go to L.

J. Compute the induced velocity by means of an equation derived
from a quadrupole expansion of the integral .

K. Compute the induced velocity by means of an equation derived
from a monopole expansion of the integrallo

L. Check for the last reflection in a plane of symmetry. If this
was not the last reflection, reflect the point and return to H. Otherwise,
continue.

M. Add the induced velocity to the velocity already computed for
the point.
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N. Test for completion of the loop over the off-body points, If
it is not completed, return to H. Otherwise, continue.

O. If the next block of quadrilateral information (corner points,
guadrupole moments, etc.) is needed, read it from file 4.

P. Test for the end of the loop over the quadrilaterals. If the
loop has been completed, continue. Otherwise, return to F.

Q. Compute the pressure at each off-body point. -

R. Edit and print the output.

S. Test for last flow, If the last flow has been edited, stop.
Otherwise, continue.

T. Compute the velocity and pressure for this flow. Write out the
edited output, Returnto S. |
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SECTION 6

A. Read the problem identification, control parameters, the T-array,
and the B-array.

B. Read the input giving the number of streamlines in this group,
the number of time steps to be taken along them, the length of the time
step, the components of the free stream velocity, and the coordinates
of the starting points.

C. Set indices for the first step of the Runge-Kutta integration of
the first time step.

D. Compute the velocity at the current point of each streamline.

E. Check for"the end of the Runge-Kutta integration step. If it is
the end, skip to G. Otherwise, continue.

F. Compute the next point on each streamline. Return to D.

G. Edit and write out the current point and the velocity for each
streamline.

H. Reset the indices for the next Runge-Kutta step.

I. Test for the last time step. If this was the last time step,
continue. Otherwise, returnto F.

J. Test for the last set of streamlines. If this was the last set,

stop. Otherwise, return to B.
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SECTION 7 | » .
"A. Read the quadrilateral parameters and the three basic velocity
solutions from tapes 3 and 4. '

B. For each quadrilateral compute the square of the radius of a
circle about the centroid which encloses the quadrilateral with 10% to
spare.

C. Read the number of streamlines, the numbers of the starting
Quadrilaterals , the coordinates of the starting points, and the velocity
at infinity.

D. If the number of streamlines is zero, go to STOP, Otherwise,’
start the loop over the streamlines. ‘

E. Set the direction indicator to +1 so that the streamline 1s L
tracéd in the direction of positive velocity. '

F. Set the starting point to the projection of the specified startihg
point on the starting quadrilateral. Set the quadrilateral number to the
starting quadrilateral number.

G. Compute the velocity at the quadrilateral. Compute values of a
stream-function at each corner point. The stream-function is chosen S0
that it is zero at the last point of the streamline. (This can be done
because the velocity is constant in the quadrilateral.) {

H. For each side of the quadrilateral perform the following steps:

1. Test the side for a zero of the stream-function. If the
stream-~function is not zero on this side, skip to the next side.

2. Compute the coordinates of the point at which the stream-
function is zero.

3. Check to see if the point is in the right direction in relation
to the velocity.

4. Compute the square of the distance from the last point on the

streamline to the point just computed.
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If points on more than one side satisfy tests 1 and 3, take the point
farthest from the last point on the streamline. If no pointé satisfy
tests 1 and 3, skip to step M. Otherwise, continue.
I. Store the point just found as the last point on the streamline.
Store the quadrilateral number as the last gquadrilateral number. Set
a quadrilateral index I equal to 1 and prepare to search for the next
quadrilateral through which the streamline passes.
J If I is equal to the last quadrilateral number skip to step M.
Otherw1se continue.
| K If the radial distance from the last point on the streamline to
the centr01d of the quadrilateral is greater than the radius of the
circle enclosmg the quadrilateral, skip to step M. Otherwme, continue.
L. Check to see if the last point of the streamline is close to one
of the sides of the quadr1latera1 by comparing the sum of the dlstances
bbetween the last streamline point and two adjacent corner pomts with
the length of the side. If the point is close to one of the sides, go to
step G. Otherwise, continue. | '
M. Add one to the quadrilateral indicator I and, if I is less than or
equal to th“é total number of quadrilaterals,; return to step J. Otherwise,
continue. | -
N. Write out the points on the streamline, and the velocity and
the pressure coefficient between the points.
O. Change the sign of the direction indicator. If the sié‘n is now
positive, continue.,.‘ Otherwise, return' to step F. |
~ P. End of the loop over the streamlines. If this was the last

streamline, return to step C. Otherwise return to step E.
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VI. PREPARATION OF INPUT

DESCRIPTION OF THE BODY

The surface of the body is divided into sections. Each section is
described separately from the other sections so that the description
of one section can be changed without requiring changes in the
descriptions of the other sections. Standard sections can thus be
described and various combinations of these sections can be used in
many problems with changes introduced as needed.

Each section is subdivided by two sets of lines, more or less at
right angles to each other. The input consists of the X, Y, and Z
coordinates of the points at the intersection of the lines and the indices
N, M to indicate the lines. The indices for the lines should be chosen so
that, when viewed from outside the body, N increases to the right when
M increases toward the top. Any rotation of this arrangement is also
permitted but a reflection will result in an inward-pointing normal
vector. Of course, if a left-handed coordinate system is being used,
N and M must be interchanged. See Figures 8, 9, 10 and also the
sample problem sphere in Figure 11.

The plane quadrilaterals which make up the approximation to
the surface are generated from the point data. A quadrilateral will be
generated only when the four corner points N, M; N, M+1; N+1, M+1;
and N+1,M are given. Thus, a section with a hole in it or a section
with two parts can be specified. The advantage of this arrangement is
that part of a body can be changed or more accurately represented

without requiring that all the points be renumbered.
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Right-Handed
System

Y

Left-Handed
System

Z

Figure 8 — Correct Indexing of Lines in Right and Left Handed
Coordinate Systems
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M=5
M:
M:
M:
M:
M:
M:
M=1
M= N=7 N=8 N=9
M=1
N=1 N=2 N=3 N=4 N=5
Part 1 with a hole Part 2 to fill fhe hole

Figure 9 — Example of a Section in Two Parts with a Hole in One Part
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N=1

Section 1
N= =]

= Section 2 Section 4 ©M=
M= \ M=1

M= N=1, 2
le M:
N=1,2, 3, 4, 5, 6,
Section 3 M=
M=1
N=1,2, 3, 4

Figure 10 — Representation of a Submarine
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ORGANIZATION OF THE DATA AND FORMATS OF THE CARDS

The input consists of an identification card, a parameter card,

point cards, and cards for additional flows. The identification card,

placed first, contains in columns 2 through 60 information to identify

the problem.

The parameter card is second and contains the parameters listed
below. The FORTRAN format for this card is (614, F8.4, 3I4). All

integers must be right justified as blank columns are interpreted as

zeros. Other numbers must include a decimal point.

Parameter Column
NQE 2-4
NSE 6-8
MIX 10-12
MIY 14-16
MIZ 18-20
ISM 24
EPS 25-32

Description

Number of quadrilateral elements to be
specified by the point cards. The
maximum value permitted for NQE is 650.

Number of sections‘usedu

Maximum number of iterations to be
performed for the X flow. A smaller
number of iterations will be performed
if the convergence test is passed.

Maximum number of iterations for the
Y flow.

Maximum number cf iterations for the
Z flow.

Number of planes of symmetry

0 indicates there are no planes of
symmetry

1 indicates that Y=0 is a plane of
symmetry

2 indicates that Y=0 and Z=0 are
planes of symmetry

3 indicates that Y=0, Z=0 and X=0 are
planes of symmetry

Convergence criteria used in testing the
convergence of the iterations.
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Parameter Column

- IUCT - 36
IPS 38-40
IPF . 42-44
ISP 47-48

Description

Centroid indicator. If IUCT > 0, the

centroid is used in place of the null point.
If IUCT is blank or: zero the null point
is used.

Quadrilateral numbers used when small
changes are being made in a previous

‘problem. The values of IPS and IPF

are obtained from the edit of the previous \
problem. New values of the source density
are computed for the quadrilaterals

_IPS through IPF. The values of the source

density from the previous problem are
used for the values of the source density
not computed and as an initial guess

for the values of the source density
being computed. The new problem may
have a greater or lesser number of
quadrilaterals than the previous problem
only when the part being changed is at
the end of the input. When there is no
previous problem, IPS and IPF should
be left blank.

Option indicator for SECTION 1.
+1 stops the problem at the end of
SECTION 1 so that any input
- errors can be found and corrected
with a minimum use of computer
time. . . SRR

0 indicates a normal run.

=1 Dblocks the writing of file 3. It is
used for restarting a problem -
when file 4 must be regenerated but
not file 3. - o

Each point card contains the fql_lowing information f&r oné point' on
the body surface. The FORTRAN format for this card is (3F12.5,

414, F12.5).

XI 1-12
. YI 13-24

X-coordinate of the point.-

Y-coordinate of the point.

35



Parameter

YA\
NI
Ml
NS

NE

VN

Column

25-36
39-40
43-44
45-48

52

53-64

Description

Z-coordinate of the point.
N index of the point. NI < 71
M index of the point. MI < 41

Section identification number. Any
positive integer from 1 to 9999 may be
used. In general each section should
have a unique section number. However,
two sections can have the same

number if they are separated by another
section.

Change indicator for the direction of
the normal vector. When NE on the
first card of a section is not blank or
zero, NI and MI are interchanged for
that section to change the direction of
the normal vector. On other cards NE
is ignored.

Normal component of the velocity at the
body surface. Usually blank or zero.
For bodies with inlet pipes however, a
nonzero VN is desirable on some
sections. The value of VN from the
first card in a section is used for the
entire section.

All point cards for one section must be together, but within the

section they may be in any order.
Cards for additional flows to be edited follow the last point card for

the last section. A maximum of 18 flows may be edited. The FORTRAN

format for these cards is (3F12.5), On each card are specified the

three components of the free stream velocity for one flow as follows:

VXI
VYI
VZI

1-12

13-24
25-36

X-component

Y-component

Z-component

A blank card must follow the last flow card.
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OFF-BODY POINTS

Computation of the velocity and pressure at points not on the body
is carried out separately from that for the points on the body. This
arrangement was convenient for the programming and also allows
computation of the velocity and pressure at additional off-body points
at any time, provided that files 3 and 4 from Sections I through 3 have
been saved. File 4 may be easily regenerated by rerunning Section 1.

The first card of the input contains the number of off-body points
in columns 2-4. (FORTRAN format (I4) ). v

Each of the remaining cards contains the X s Yy 2 coordinatés of one
off-body point, the X-coordinate in columns 1-12, thé Y-coordinate in
columns 13-24, and the Z-coordinate in columns 25-36. (FORTRAN
format (3F12. 5) ). A maximum of 500 off-body points may be specified.

STREAMLINES

Off-body streamlines are computed by SECTION 6. Files 3 and 4
from SECTIONS 1 through 3 are required just as they are for}SECTION 5.
The following input is required for each set of off-body streamlines:

.The first card contains the following quantities in a FORTRAN
format (314, 4F12.5), -

NOBP 2-4 Number of streamlines in this set of
streamlines. The maximum number is
100. ‘

NST 5-8 ‘ Number of time steps to be taken. The

slowness of the computation is the only
limitation on NST. ‘

IEND 12 Indicator to signal the last set of
streamlines. When IEND is blank or
zero, another set of streamlines will
be expected. When IEND is 1, this set
will be the last.
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DT . 13-24 Time step; may be positive or negative,
depending on the direction in which the
streamlines are to be traced.

VXI 25-36 X-component of the free stream velocity.
VYI 37-48 Y-component of the free stream velocity,
VZI 49-60 Z-component of the free stream velocity.

Each remaining card in the set contains the X, Y, Z coordinates
of the starting point for one of the streamlines. The X-coordinate is
in columns 1-12, the Y-coordinate in columns 13-24, and the
7-coordinate in columns 25-36. (FORTRAN format (3F12.5) ).

On-body streamlines are computed by SECTION 7. File 3 from
SECTIONS 1 through 4 is reguired. The following input is required for
each set of streamlines. The FORTRAN format for each card of this
input is (3F12.4, 14).

The first card for a set of streamlines contains the components
of the free stream velocity (VXI in columns 1-12, VYI in columns
13-24, VZI in columns 25-36) and the number of streamlines in the
set NLIN in columns 39 and 40.

The remaining cards in the set contain the coordinates of the
starting point (X in coAlum»ns 1-12, Y in columns 13-24, and Z in
columns 25-36) and the quadrilateral number of the starting quadrilateral
(NSP in columns 37-40). The quadrilateral number is the value of P
in the output from SECTION 1. (See page 12.)

A blank card must follow the last set of streamlines.

CHECKS MADE ON THE INPUT

SECTION 1 of XYZ PF makes several checks on the input while it

constructs the plane quadrilateral elements used toc approximate the
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body These checks are:

1. LARGE D. Since four points do not generally lie in a plane, it
is necessary to move the corner points a d1stance D in constructmg
the plane quadrilateral. If D squared is more than . 002 times the
area of the quadr11ateral a warning message is printed out. This test
helps in detectmg keypunchmg errors m the point cards. However, | a
quadnlateral may sometimes fail this test when there is ’no error in
the input, so the test does not stop the program. | '

2. INWARD NORMAL. To obtain the proper solut1on, it is
necessary to have the normal vectors pointing outward from the body.
Most (but not all) outward pointing vectors will also point away from
the origin. A check is made for normal vectors pointing toward the
origin and a warning message is printed out if a normal vector points
toward the origin. This test will not stop the program.

3. LONG THIN QUAD. Long thin quadrilaterals can result from a
point that is out of position but is in the plane of the quadrilateral. To
detect such points, a check is made of the ratio of the square of the
circumference to the area of each quadrilateral. If this ratio is greater
than 36 (as for a rectangle 7 units long and 1 unit wide), a warning
message is printed out. This test will not stop the program.

4, CROSSED QUADRILATERAL. This message is printed when
the diagonals of the quadrilateral do not cfoss. This test stops the
program at the end of SECTION 1. »

5. NUMBER OF QUADRILATERALS; A check is made of the
number of quadrilaterals generated from the input againstithe number
specified by NQE. If they are different, an error message is printed

and the program stops.
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6. SOLID ANGLE. The surface of any body that encloses the origin
will subtend'a sohd angle of 4r. If the body does not enclose the origii{,
the solid angle W111 be 0. The solid angle is computed and, if it
differs from 47 or 0 by more than . 05 a warning message is prlnted
out. The calculation of the solid angle is fairly crude so that a
problem may fail this test even if there is no error in the input,
especially if the body is crudely represented or if the surface passes

close to the origin. This test will not stop the program.

EXAMPLE OF INPUT

The input for a sample problem of flow around a sphere is given
here to clarify the description on the preceding pages. To save space

very few quadrilaterals were used in this problem.
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Section 1

Section 3

Figuro 11 — Representation of a Sphere
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vil. OUTPUT

The edited output includes the following information: (See Appendix A
for a sample of edited output.)

1. The problem identification and information from the

parameter card.
2. Information on each of the quadrilaterals specified by the
input, This includes |

a, Warning messages about possible errors,

b, M,N - the indices for the first corner point,

¢, P - the quadrilateral number in the total array of
quadrilaterals,

d. X1, Y1, Z1 - the coordinates given for the first corner
point. (Point M, N). '

e. X2, Y2, Z2 - the coordinates given for the second
corner point. (Point M+1,N).

f. X3, Y3, Z3 - the coordinates given for the third corner
point. (Point M+1,N+1).

g. X4, Y4, Z4 - the coordinates given for the fourth
corner point. (Point M, N+1),

h. XP,YP,ZP - the coordinates computed for the null point.

i. XN,¥YN,ZN - the components of the normal vector.

jo+ D - the distance the corner points must be moved to
make them all lie in the same plane.

k. A - the area of the quadrilateral.

3. Information about the convergence of the iterations for

computing the source density. This information includes

44




. The sum of the absolute values of the changes in the
source density from the last 1teration. | _
b. A, B1, and B2 - the extrapolation coeff1c1ents computed
from the last five iterat1ons. (Once every five 1terat10ns.) ’
c. A message indicating extrapolation has been performed.

4. The edit of the final solution includes, for each of the three
basic flows,

a. The point number - the same number as the P in
Part 2. ¢ of the output. I

b, X Y Z - the coordinates of the null point.’

. VX,VY,VZ - the components of the’ velomty at the null
point. “ - ‘

d. ABS:V - the absolute value of the velocity. *

e. CP - the pressure coeff1c1ent CP =1 - V /Vz' . |

f, The source density.
g The normal component of the velocltyo

b, The edit of the solution for each add1tiona1 flow includes the
same items as for the three basic flows except that 1tems f. and g. are
omitted.

- 6. The edited output for the off-body points 1nc1udes for each
basic ﬂow and for each additional flow,
a. X,Y,Z - the coordinates of the point.
b. VX,VY,VZ - the components of the velocity.,
¢c. ABS:-V - the absolute value of the veloc1ty

d. vCP - the pressure coefficient.

7. The edited output for each off -body streamline 1nc1udes the

coordinates of the points and the components of the velocities for the
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streamline at each time step.
8. The edited output for each on-body streamline includes

the coordinates of points on the streamline plus the components

of the velocity and the pressure coefficients between these points.

VIII. OPERATING INSTRUCTIONS

COMPUTER REQUIREMENTS )
The XYZ Potential Flow Program is designed to run on the CDC

6700 computer and uses about 50,000 words of computer memory and
about 6,000,000 words of mass storage. The program shotlld be
compiled and stored on a permanent disc file. To prepare the control
cards necessary to run the program the user must be familiar with

the NSRDC CDC 6700 computer system.

STANDARD OPERATION S
For a standard run the program is set up as shown in Figure 11 and
Appendix A. Note that file 3 (TAPEO03) and file 4 (TAPE04) are saved

on permanent disc files for use in subsequent runs ‘These permanent

files must be purged when they are no longer needed. File 01 uses
a scratch tape rather than a disc to avoid exceeding the maximum
allowable disc storage. For small problems (under 500 quadrilaterals)

file 01 could be a scratch disc.

RERUNNING SECTIONS 5, 6 AND 7 -
SECTION 5 can be rerun at any time, prov1ded that f11es 3 and 4

from SECTIONS 1 through 3 have been saved. If file 4 has not been
saved, it can be easily generated by rerunning SECTION 1 with ISP
set to -1 (see page 35). SECTION 6 or SECTION 7 can be rerun for

46




6/7/8/9 End of File
7/8/9 End of Record

Streamline Data

7/8/9 End of Record

Off-Body Points
7/8/9 End of Record

Description of the Body
7/8/9 End of Record

Control Cord's |

Figure 12 — Deck Setup for Standard Run
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additional streamlines by using a similar deck setup. The deck setup
for a rerun of SECTIONS 5, 6, and 7 is shown in Appendix C.

RERUNNING A PROBLEM WITH SMALL CHANGES
When a number of very similar preblems are to be solved, it may

be desirable to solve for the flow over the entire body 'only once and
then to assume this solution for most of the body and obtam a new
solution only in the region contalmng the part that Was changed (See
page 35 for changes in the input.) The setup for such _problems is the
same as for a standard run ‘éxcept that f11e 3 (TAPE03) of the original
problem is mounted as file 12 (TAPE12). '

STOPPING AT THE END OF SECTION 1
For large pfbbi'éfﬁé where the probability of at least one error in

the input is high, it is advisable to stop at the end of SECTION 1 and
examine the ed1t of the quadrllaterals A 1 in column 48 of the
parameter card will cause the program to stop at this point. (See

section on input, page 35.)

ESTIMATING COMPUTER TIME -
The :computer time required to sojl%ze a problem will depend on the

number of quadrilaterals used to represent the body and to a lesser
extent on the number of planes of symmetry and the shape of the body.
An estimate of the computer time required for SECTIONS 1 through 4
as a function of the number of quadrilaterals is given by Figure 13.
Most of this time is spent in SECTIONS 2 and 3.

The CDC 6700 computer at the Naval Ship Research and Development
Center has a 6400 Processor and a 6600 Processor. The 6600
Processor is about three times faster than the 6400 Processor. To

simplify the bookkeeping, all times are given in equivalent 6400
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*Based on the low priority rates for the CDC 6700 at NSRDC as of March 1972,

49



Processor minutes. (One 6600 Processor minute eguals three

'6400 Processor minutes.) The cost algorithm was designed so that a
problem will cost about the same amount with either Processor. An
estimate of the cost for SECTIONS 1 through 4 is also given in
Figure 13.
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APPENDIX A
DECK SETUP FOR A STANDARD RUN OF SAMPLE PROBLEM SPRERE

JORMNAME s CHM13utiuus THUL P2 * HISERS JOB CARD #
CHARGE s CXXX s PPPPPPPPP sCCols * 1JSFRS CHARGE CAPN *
REMIESTsTAPFEN3 9o #PF, :
REQUESTyTAPE U 4 o #PF o
ATTACH(PF 1 »CXXXPF101) * CXXX 1S USFRS ID %
ATTACHIPF23CXXXPF201)
ATTACH(IPF3 yCXXXPF301)
ATTACH(PF&4»CXXXPF40])
ATTACHIPFS sCXXXPF501) * PPPPPPRPP IS5 USERS JOR NUMBER #
ATTACHIPF&sCXXXPF&0OT )
ATTACHIPF79CXXXPFT 1)
RFL#65U0u
SETCORE(INDEF9ADDR)
PFlae VFERSION 1
RFL»750QC
SETCORFIINDFF+ADNRY
PF2 VERSTON 1
RFL 55000 .
SETCORE{INDFFoADDR )
PF3e VERSION 1
RFL#65000
SETCORE(INDEF s ADDR)
PR4e VFRSION 1
CATALOGITAPEC3 ¢ CXXXT U3 IN=PPPPPPPPP)
CATALOGITAPEGLsCXXAT 4 9 IN=PPPPPPPPP)
RFL965000 S
SETCORE(INDFF’ADHR)
- PF5e - VERSION 1
RELT500) ,
SETCORE(INNEFADNR)
PF&e VERSION 1
RFL»130000 e
SETCORFE(INDEFANDRY)
PF7e VERSION 1
EXITe
NMP 913000
CATALOGITAPE 3 sCXXXTU3 s ID=PPPPPPPPP)
CATALOG(TAPEN4 s CXXXTC4 s ID=PPPPPPPPP)
! 7/8/9 END OF RECORD
SAMPLE PROBLEM SPHERE
12 3 150 150 150 3 D001

1.0 : 00 o i 1 1 1
092388 o0 038268 1 ? 1
» 70711 20 70711 1 2 1
«92388 038268 0. 2 1 1
+88808 032504 «32504 ? ? 1
«67383 ¢30320 «67383 ? 3 1
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-

+ 70711 070711 o0
267383 067383 30320
«57735 ¢57735 0577357”
0 . ... . 1e0O . . o0 . .
e38268° 492388 40
» 70711 e70711 s 0
0 092388 238268
32504 ~ +88808 032504
«67383 467383 30320
o0 e 70711 e70711
30320 067383 267383
¢57735 ¢57735 . #57735
o0 e0 140
0 038268 «92388
o0 e e, 070711 L. 670711 o
«38268 o0 ' 092388
032504 932504 +88808
30320 067383 267383
«70711 o0 + 70711
067383 +30320 067383
«57735 57735 ¢57735
«57735 057735 ¢57735
7/78/79 END OF RECORD
4 .
0999 +888 0777
1500 o0 -1.0
240 340 0
0 00 200
7/8/9 = END OF RECORD
3 4 0 +15000 e70711
o0 160 le0
1.0 1.0 o0
140 o0 160
3 4 1 =el5 ¢ 70711
) 160 1.0
1.0 140 o0
1.0 o0 1.0
17879 END OF RECORD
10 o0 140
71 045 045
17 017 095
7/8/9 END OF RECORD
6/7/8/9 o

END OF FILE
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APPENDIX C
DECK SETUP FOR RERUNNING SECTIONS 5, 6, AND 7

JORNAMF s CM130000,T400+P2,4 * USERS JOB CARD *
CHARGE s CXXX 9 PPPPPPPPP 4CCoB * USERS CHARGFE CAPD *
ATTACHITARPEO3sCXXXTN3)

ATTACH(PF1sCXXXPF101) * CXXX IS USFRS ID *

ATTACH(PFS5 sCXXXPF501) * PPPPPPPPP 15 USERS JOR MUMBER +
ATTACHI{PF& sCXXXPF601)

ATTACH(PF79CXXXPF701)

RFL965000,

SETCORE{ INDEF s ADDR)

PFla VFRSION 1

RFL»65000,

SETCORE(INDEFsADNDR)

PF5e VERSION 1

RFL»75000,

SETCORE{(INDEF +ADDR)

PF&e VERSION 1

RFL»s130000

SETCORE(INDEFsADDR)

PF7e VERSION 1
EXIToa
DMP 130000
' 7/78/9 END OF RECORD
SAMPLE PROBLEM SPHERE
12 3 150 150 150 3 L0001 -1
160 o0 o U 1 1 1-
«92388 o0 ¢38268 1 2 1
e 70711 o0 ¢ 7C711 1 3 1
«92388 238268 ol 2 1 1
« 88808 032504 «32504 2 2 1
«67383 «30320 267383 2 3 1
« 70711 70711 o 3 1 1
«67383 067383 e30U320 3 2 1
«e57735 057735 ¢57735 3 3 1
«0 160 o U 1 1 2
«38268 92388 oV 1 2 2
«70711 70711 e U 1 3 2
o0 ¢92388 038268 2 1 2
«32504 ¢88808 032504 2 2 2
«67383 e67383 e3U32C 2 3 2
«0 . e 70711 ¢ 7C711 3 1 2
«30320 +67383 «67383 3 2 2
«57735 ¢57735 «57735 3 3 2
o0 o0 lev 1 1 3
o 0 038268 «92388 1 2 3
«0 e 70711 e 7UT11 1 3 3
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+38268 . o0
+32504 032504
30320 067383
¢ 70711 20
«67383 30320
57735 e57735
‘57735 e57735
' 7/8/9 END
44
" 2999 ¢888
1540 o0
20 340
o0 o0
t 77879 END
3 4 0 +15000
o0 140
140 1.0
140 o0
3 4 1 =el5
o0 le0
1«0 1.0
1.0 o0
' 7/78/9 END
1.0 o0
o 71 045
017 e17
' 7/8/9 END
t 6/7/8/9 END

092388

¢88808
067383
270711
+67383
¢57735
+57735
OF RECORD

o777
~140
o 0
240
OF RECORD
¢« 70711
140
o0
1,0
e 70711
140
o0
140
OF RECORD
140
e45
¢ 95
OF RECORD
OF FILE
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