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1. INTRODUCTION

During the past five years the microcomputer has developed into

a powerful computational aid to the engineer. Currently, Z80-based
microcomputers are capable of performing most day-to-day numerical-
fluid-mechanlics tasks such as data preparation/reduction, two-di-
mensional boundary-layer computations with very fine finite-differ-
ence grids, and many other practical computations including, on
relatively crude finite-difference grids, time-averaged Navier-Stokes
solutions. With the exception of the latter example, these compu-

tations usually can be done as fast on a microcomputer as running on ‘ﬁi‘
a scientific mainframe computer, if you include the time required
for transmitting the input data and final printout via a terminal
interface.

This is true because of the overall real time spent using a main- ;4:1
frame computer with the microcomputer as a terminal, typically only R
5% is devoted to the actual ezxecubtion of the program. The cther _;_f
95% consists of signing on, transmitting input data, and eventually iﬁiﬁ

transmitting the final printout. Obviously the time distribution ?_”ﬂ
varies depending on the overall execution time and the amount of R
print taken. However, our experience over a two-year period has

shown a 5%-95% split to be quite representative for numerical-fluid-

mechanics applications.

On the basis of the great power of modern microcomputers, this pro-
ject has been undertaken with the overall aim of developing a micro-
computer-based computational procedure for predicting viscous flow
about a ship hull. The theoretical foundation of the procedure is
(a) classical thin-ship theory1 for the inviscid velocity distri-
bution on the ship hull and (b) a three-dimensional boundary-layer
program, EDDY3, which incorporates the Wilcox-Rubesin2 two-equation
turbulence model. In a straightforward manner, the computational
procedure corrects for boundary-layer displacement effects. With
the exception of the boundary-layer computation, all phases of the
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procedure are accomplished on a TRS-80 Model II (Z80-based) micro-
computer. While the boundary-layer computations could also be
done on the TRS-80, run times are too long (30 hours) to render
such runs useful in a design environment. '

With the exception of a plotting routine (SPLOT) and an inter-
polation routine (INTERP), all programs have been developed in
FORTRAN (ANSI-66) and, with trivial modificacions, can thus be run
on virtually all scientific computers.

In Section 2 we first present an overview of the computational pro-
cedure. Next we describe the various programs including input and
output (program listings are located in the Appendix). Then, we
present results of two sample computations.

Section 3 summarizes and discusses results of the project.
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2. ANALYSIS

2.1 OVERVIEW OF THE COMPUTATIONAL PROCEDURE
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In devising the computational procedure, our plan has been to

create a method which lays the foundation for a ship designer to i
effect design modifications in an interactive mode. Because we :ﬁF
are creating the foundation, the procedure has been developed in j
several discrete modules each of which performs a straightforward i
task.

Our starting point is a disk file containing the three-dimensional b
F} hull coordinates from bow to stern. This file presumably has been Lg?f
o created by the designer. As 1llustrated in Figure 1, we first use 'ff
%j program PRMESH to generate a preliminary orthogonal, rectangular ;;i;
’ mesh for use in computing the inviscid velocities on the hull. T
Before proceeding to computation of the hull velocities, program o]
SPLOT can be used to visually inspect the coordinates via the micro-

computer video display. Thils step provides an opportunity to spot Ig;;
obvious input data errors. Once we are confident the input data :
are satisfactorily smooth, we use program SHIP to compute the in-
viscid velocltles on the ship-hull surface. This completes the
inviscid phase of the computational procedure.

The second (viscous) phase of the brocedure begins with program
SHPMSH which generates a nonorthogonal finite-difference grid for
use in the 3-D boundary-layer computation, including all required .;
geodesic curvatures and metrics. Then, using program VELOC we I
interpolate the inviscid veloclties onto the nonorthogoral grid. ]
At this point, all required input data for program EDDY3 have been 1
prepared. The final step in the viscous phase is execution of N,';
program EDDY3 which computes boundary-layer development over the —
hull. “'"}
1
=
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Upon completion of the viscous phase, the designer can opt to in-
clude effects of boundary-layer displacement. Should this option
be selected, a disk flle 1s avallable from EDDY3 which containes
the computed displacement thicknesses on the nonorthogonal grid.
Program INTERP interpolates the contents of this file onto the
rectangular grid used by program SHIP. The complete computational
sequence is then repeated.

Certainly visual inspectlon of the inviscid velocities, nonorthogon-
al grid coordlnates, final output from EDDY3, etec. would be help-
ful, if not essential, in a design application. Simple modifica-
tions to SPLOT, for example, would provide the vehicle for such
inspectlion. Even more powerful microcomputer graphics techniques
are avallable for both video and hard-copy displays and there seems
little point to golng to great lengths at this point to rival exist-
ing software. Thus, we have not devised the needed modifications
because of the preliminary nature of thls project which has been,

tc some extent, a feasiblility study. MNevertheless, the capability
for inspection of the input data has been included to give an in-
dication of the practicability of a microcomputer-based approach.

2.2 PROGRAM INPUT/OUTPUT

We turn now to the input and output of the seven program modules.
The Appendix contains complete listings of each program. In the
interest of clarity, for each program, we reiterate its overall

purpose below.

2.2.1 Program PRMESH

The purpose of this program is to generate a rectangular finite-
difference grid for use in computing the inviscid velocity com-
ponents.

Program input data consists of two disk files, viz, MESH and PRMESHIN.

The first of these two files contains the coordinates x, y, z of

I
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the ship (Figure 2), where the coordinates are most conveniently
supplied in nondimensional form (normalized, for example, by hull
length, L). Note that flow past the hul' 1s toward positive X,
positive y is to starboard, and z increases as we move from keel
to waterline.

In disk file MESH, the coordinates are presented on constant-x

0). In its current form, program PRMESH

sectlions with each line glving two pairs of coordinates.
mat is (3F10.5,1X,3F10.5).

Note that points on each section are input from keel
to waterline (where z

Layers. Thus, a few typical lines of data assume the followir
form:
SAMPLE 'MESH" INPUT DATA
X v z X v z
-0.,40000 -0,.13152 -0.07847 =0.40000 -0.13425 -0.06825
-0.40000 -0,13603 -0,.05375 ~0.40000 -0,136468 -0.03680
=0,40000 =0 1T70% =0, 01272 =0, 40000 -0, 1327208 Q. 00000
-0. 35000 0.00000 =-0.11808  -0.33000 -0.006%0 -0.11303
-0,.35000 -0.01498 -0.11790 =0.,35000 -0,02537 -0.117467
-0.335000 -0,03952 -0.11732 -Q,35000 -0,05698 ~-0,11468

(where y = 0)

The for-
Note that the space between coordinate
pairs (the 1X) is included for consistancy with the input data
format specified for the 1980 ITTC/SSPA Workshop on Ship Bounc¢

R Pt ,VJ een

-y
s

o

:

ey

e

will accept data on up to 50 sections with a maximum of 20 (y,z)
pairs per section. One restriction on the input data 1s that an
even number of (y,z) pairs must be prescribed. Note also that the
input coordinates must defline the ship hull from bow to stern; a
partial mesh 1s insufficient.

The second input disk file, PRMESHIN, contains the following data:

IMAX = Number of sections (constant x) in the computed
rectangular mesh (cannot exceed 41).

JMAX = Number of points per section in the computed
rectangular mesh (cannot exceed 20).

NXTL = Number of sections in the input mesh of disk flle
MESH (cannot exceed 50).

NZTL = Number of (y,z) pairs per section in the input mesh

of disk file MESH (cannot exceed 20).
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Figure 2. Schematic of ship-hull coordinate system.
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X = Specified streamwise (x-coordinate) array for the
computed rectangular mesh (a total of IMAX values).

Z = Specified vertical (z-coordinate) array for the
computed rectangular mesh (a total of JMAX values).

The input format for this disk file has been designed to resemble
NAMELIST input. For IMAX, JMAX, NXTL and NZTL, the format 1s
(1X,3A4,1I4) while for X and Z it is (1X,3A4,E13.6). A typical in-
put file is shown below:

SAMPLE 'PRMESHIN' INPUT DATA

IMAX = S
JMAX = 4
NXTL = 40
NZTL = 20
X{1) = -0.500000E 00
X(2) = —0,250000E 00
X(3) = 0.000000E 00
X<(4) = 0,250000E Q0
X (3 =  0.300000E 00
(1 =  0.000CGOCE GO
Z{(2) = -0.030000E 00
(%) = =0.065000E 00
2(4) = =0.100000E 00

As 1llustrated, the (1X3A4) part of the format permits input of
the variable name. Unlike NAMELIST input, all variables must be
input and the order of input cannot be mixed. An exception to this
is that only IMAX (JMAX) values of X(Z) must be input; the unused
parts of these arrays needn't be defined.

Program output is (1) a printed listing of input disk file PRMESHIN
and (2) a disk file named MESHPR containing the coordinates of the
computed rectangular mesh. Inspection of the latter can be accom-
plished with program SPLOT described in the next Subsection.

2.2.2 Program SPLOT

The purpose of program SPLOT is to permit section-by-section visual

inspection of the rectangular mesh generated by program PRMESH.
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Such an inspection will aid in identifying smoothness of the mesh
as well as input data errors.

The program is written in BASIC, makes use of speclal features
of the TRS-80 Model II, and cannot be readily adapted to another
machine. However, for reasons noted in the Introduction, it has

been included for demonstration purposes and is not essential in ‘;’lJ
the overall computational procedure. Input to the program consists '
of (1) prompted requests for IMAX and JMAX and (2) disk file MESHPR.

Also, as the visual inspection proceeds, additional prompted requests
are made as will be discussed below. —w

All input and output appears on the video display. Upon execution
of SPLOT, the program will print "IMAX=?". In response, the value
of IMAX used 1in running PRMESH must be entered. Next the message
"JMAX=?" is displayed. Again, the value used in running PRMESH
must be entered.

The program will now proceed section by section. On each section

it will print the streamwise section number and the value of x on
the sectlion. This will be followed by a printout identifying the
maximum and minimum values of ¥y and z on the section. The program
then requests the appropriate plotting range, viz, the desired values
of gﬁin’ §hax’ Eﬁin’ Eﬁax’ After the first section has been in-
vestigated, the program first asks 1f the same plotting range used
for the previous plot 1s desired. Entering "Y" obviates the need

ii to reenter yﬁin’ etc. Entering "N" permits changing the plotting

. - range. This feature has been included to permit viewing all sections

on the same scale.

The plot for a given section will be displayed untll a character S
is entered. The following options are available:

Cc = Continue inspection on this sectlon;
N = Next section - proceed to same;
..1
For any other ASCII character, the run terminates. The "C" option T

permits changing the plotting range. This might be done to expand

-9- .
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...........................................................

s the scale in a particular region for closer inspection. Note

. that if this is done, the entered iﬁin’ etc. become the new

1! plotting range for all following sections. Hence, returning to

1 the original plotting range requires the appropriate input once
the user proceeds to the next section. The "C" option can be used

- as many times as deslred on each section.

! ot
o ! : -
!.4_ et

- |
. 4
f VSIS |

o

As a safeguard against incorrect entries, the program asks if "ANY
ERRORS ?" have been made each time —ﬁin
plotting-range errors have been made, enter "N" and the program
;‘ continues. If an error has been made, enter "Y" and the correct
‘ values can then be typed in. Finally, any points which are off

o scale will be indicated in the lefthand margin of the plot.

» ete. are entered. If no

When the user is satisfied the mesh is sufficiently smooth and free
of errors, he/she is ready to proceed to computation of the inviscid
flow. This end 1s accomplished with the program described in the
next subsection.

2.2.3 Program SHIP

The purpose of program SHIP is to compute the inviscid velocity

components on the surface of the ship hull. As an auxiliary out-
put, the program computes the wave drag.

Input to program SHIP consists of two disk files, viz: (1) file
MESHPR created by program PRMESH; and (2) disk file SHIPIN. The
latter file has again been created in a format similar to NAMELIST.
The input data are:

FR = Froude number defined by F_ = U/v/gL where U is free-
stream velocity, g 1is grav{tational acceleration and
L is the length scale_used to nondimensionalize the
ship coordinates x,y,z.

IMAX = Number of sections (constant x) in the rectangular

mesh (same value used in disk file PRMESHIN - cannot
exceed U41);

JMAX = Number of points per sectlon in the rectangular mesh
(same value used in disk file PRMESHIN - cannot
exceed 10);

#! =10~
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MINT2

Number of points used in Chebyshev quadrature to
evaluate an integral whose dimensionless wave-
number range is 1 to « (cannot exceed 80);

MINT3 = Number of points used in Chebyshev quadrature to —=
evaluate an integral whose dimensionless wave- L
number range is zero to 1 (cannot exceed 80);

NZOT = Print flag. For zero the cell geometry and velocity i#;#

components are printed. Otherwise, only the wave C i
drag 1is printed. E

As with disk file PRMESHIN of Subsection 2.2.1, the format is -
(1X,3A4,E13.6) for FR and (1X,3A4,I4) for all integer input quan- L

tities. A typical input file is as follows ;f}j
SAMPLE 'SHIPIN' INPUT DATA 1}?

FR =  2.500000E-01 e

IMAX = 5 o

JIMAX = 4 e

MINT2 = 20 S

MINTS = piv) RS
NZOT = 0 5]

L

Note that the maximum value of JMAX allowed has been limited to Ej
10 to keep executlon times on a TRS-80 Model II within practical _'&H
limits. Y

Output from program SHIP consists of: (1) video messages indicating
when each of three stages of the computation is completed; (2) print-
ed output depending on the value assigned to input flag NZOT; and o
(3) a disk file named UEWE containing mesh coordinates and computed T
velocity components. :

The first part of the printout is diskfile SHIPIN. This provides

an immedliate check that Input data have been correctly entered. ——
Printed messages during the computation appear on the video display :ﬁ
upon completion of calls to subroutines VELOC1l, VELOCZ2 and VELOC3. o
The message after completing a call to VELOCn is "VELOCn COMPUTATIONS K4
A j&
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COMPLETE". These messages permit the user to monitor the progress
of the run.

The next part of the printout depends upon the value assigned to
NZOT. If NZOT is zero the program prints: the three coordinates
of the rectangular cell centroids; the computed dimensionless
velocity components u/U, v/U, w/U; and the dimensionless total
velocity q/U. The print proceeds section by section including
incremental wave drag on the section and total wave drag computed
up to the section.

The final part of the printout is the total dimensionless wave
drag (RWAVE) defined in terms of the drag R by

RWAVE # (1)
pU“L

where p is density, while U and L are as defined above.

Finally, diskfile UEWE 1s written for use by program VELOC described

in Subsection 2.2.5. Upon completion of this phase of the computa-
tion, we have determlned the inviscid velocity components on an
orthogonal rectangular mesh.

2.2.4 Program SHPMSH

The purpose of this program is to generate a nonorthogonal finite-
difference mesh for use by the three-dimensional boundary-layer

program EDDY3 (Subsection 2.2.6). The program generates least-
squares cubic-spline fitsu to accurately and smoothly compute all
required geodesic curvatures and metric coefficients.

Input data for SHPMSH consists of two diskfiles, viz, MESH and
NAMLIST. Diskfile MESH is the original file containing the ship-
hull coordinates. In the interest of economy, this file needn't
cover the entire hull. Rather, it need only cover the part of the
hull over which the boundary layer is to be computed. Diskfile

-l2-
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NAMLIST contains the following input data:

ISYM = Symmetry flag. To force mesh symmetry (dy/dz=0)
at the waterline use ISYM=0. Otherwise the program
automatically infers the appropriate value of dy/dz
at the waterline.

JUl1 = Logical unit number for input diskfile MESH.

IU2 = Logical unit number for temporary diskfile SCRATCH1.
IU3 = Logical unit number for temporary diskfile SCRATCH2.
IU4 = Logical unit number for output diskfile GEOMETRY.
IUS = Logical unit number for final printout.

IMAX = Number of sections in the input mesh of diskfile MESH
(cannot exceed 40).

JMAX = Number of (¥,z) pairs per section in the input mesh
of diskfile MESH (cannot exceed 40).

NXTL = Number of sections in the computed nonorthogonal
mesh (cannot exceed 40).
NZTL = Number of points, per section in the nonorthogonal

mesh (cannot exceed 21).

JPZ = Number of key points used for the least-squares

cubic-spline fit in the girthwise directicn (cannot
exceed 30).

Lz = Array of indices of the key points to be used in the
girthwise direction.

JFX = Number of key points used for the least-square cubic-
spline fit in the streamwise direction (cannot
exceed 30).
LX = Array of indices of the key points to be used in the
streamwise direction.
PSIZ = Nondimensional distance (measured from the bow) of o
the most upstream section in the nonorthogonal mesh. ~"
XSTART = Value of x at the most upstream section in the g
nonorthogonal mesh. S
XEND = Value of x at the most downstream section in the
nonorthogonal mesh._ o
DX = Array of streamwise stepsizes, Afi, for the nonorthogon- g
al mesh (cannot exceed 10). - —
NX = Array of indices indicating the number of times Afi .
is repeated, viz, the mesh will have AX=DX(1l) for B
the first NX(1) stations, Ax=DX(2) for the next NX(2) R
Stations, etc. S
N
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= Array of girthwise stopsizes, Az,, for the non-
orthogonal mesh (cannot exceed 16). Note that the
mesh 1s constructed so that Z=0 on the keel and Z=1

NZ =

As in programs PRMESH and SHIP, the format for integer quantities

on the waterline.

Array of indices indicating the number of times
A23 1s repeated.

p 1s (1X,3A4,I4) while floating point variables use (1X,3A4,E13.6). 2
. Sample input 1is as follows: :
E SAMPLE 'NAMLIST' INPUT DATA o
%‘ ISYM = 1 DX (S) = 0.000000E 00 f?ﬁ
o 1U1 = 7 DX (&) = 0.000000E 00 R
“ 1U2 = 8 DX (7) =  0.000000E 00 I
e I1U3 = 9 DX (8) = 0.000000E 00 B
L ig; = ig DX (9) =  0.000000E 00 S
= DX (10) = 0.000000E 00 A
T' IMAX = 30 NX (1) = 5 ”"J
- JMAX = 18 NX (2) = 2 s
NXTL = 15 NX (3) = 7 ]
NZTL = 11 NX (4) = 0 S
JF2 = 8 NX (5) = o e
LZ(1) = 1 NX (&) = 0 g
LZ(2) = 3 NX (7) = 0 .- o

LZ(3) = 5 NX (8) = o]
LZ(4) = 7 NX (9) = 0 F
LZ (=) = 10 NX (10) = (o] o
LZ (&) = 12 ZSTART =  0.000000E 00 .
LZ(7) = 15 ZEND = 1.000000E 00 ~ g
LZ(8) = 18 D2 (1) = 1.000000E-01 -
JFX = 12 DZ(2) = 0.000000E 00 Sl
LX(1) = 1 DZ(3) =  0.000000E 00 L
LX¢(2) = 3 DZ (4) = 0.000000E 00 T
LX(3) = 6 DZ(S) = 0.000000E 00 o
LX(4) = 9 DZ (&) = 0.000000E 00 (3
LX(S) = 12 DZ (7) =  0.000000E 00 ~
LX (&) = 15 DZ (8) = 0.000000E 00 T
LX(7) = 18 DZ (%) =  0.000000E 00 R
LX(8) = 21 DZ(10) =  0.000000E 00 S
LX(9) = 24 NZ (1) = 10 R
LX(10) = 26 NZ(2) = o v
LX(11) = 28 NZ (3) = o —
LX(12) = 30 NZ (4) = o e
PS12 = 3.000000E-01 NZ (5) = o R
XSTART = =7,000000E-01 NZ (&) = 0 ]
XEND = 9,000000E-01 NZ(7) = 0 A
DX (1) = 1,000000E-01 NZ(8) = 0 =2
DX(2) = 1.500000E-01 NZ (9) = o —
DX (3) = 1.000000E-01 NZ(10) = 0 T

DX (4) = 0,000000E 00

~14- .
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OQutput from program SHPMSH consists of: video display messages
indicating when various phases of the computation are complete;
printed output of computed quantities; and diskfile GEOMETRY

for use by programs VELOC (Subsection 2.2.5) and EDDY3 (Subsection
2.2.6).

The first printed output is a listing of diskfile NAMLIST which
permits checking for input data errors.

Three messages are then printed on the video display during the

run to permit monitoring the progress of the run. The messages
are:

1. "All Section Data Smoothed and Differentiated";

2. "Geometrical Parameters Computed for J=j";

3. "d(Theta)/dz Computed for All Sections".

The second message 1s repeated for each girthwise station where J
varies from 1 to JMAX.

The next output is the computed guantities along each girthwise
station. This information is routed to the printer 1f IU5=2 of
saved on disk provided IU5 1s greater than or equal to 7. The
data 1s saved on diskfile FORTu5/DAT where "u5" 1s the numerical
value of IUS when IU5>7. This option permits reiterating to in-
clude displacement effects via program INTERP (Subsection 2.2.7).

The final output 1is diskfile GEOMETRY which 1s used by programs
VELOC and EDDY3.

2.2.5 Program VELOC

The purpose of this program is to interpolate the inviscid velo-

cities onto the nonorthogonal coordinate mesh for use in the three-

dimensional boundary-layer computation.

Input data for this program consists of three diskfiles, viz,
NAMVEL, UEWE and GEOMETRY. Diskfiles UEWE and GEOMETRY are creat-
ed by programs SHIP and SHPMSH, respectively. Diskfile NAMVEL

-15-




O

contains the

ISYM

10Ul
IU2
IU3
U4
IU5
IMAX

JMAX

NXTL

NZTL

JFZ

LZ

JFX

LX

Note that

following input data:

Symmetry flag. To treat the waterline as a symmetry
plane, use ISYM=0. Otherwise, the program will
automatically infer velocities at the free surface.

Logical unit number for input diskfile UEWE.

Not used.

Logical unit number for output diskfile VELOCITY.
Loglcal unit number for input diskfile GEOMETRY.
Logical unit number for final printout.

Number of sections in the input mesh of diskfile
UEWE (cannot exceed 40).

Number of points per section in the Input mesh of
diskfile UEWE (cannot exceed 19).

Number of sections in the nonorthogonal mesh of
diskfile GEOMETRY (cannot exceed 40).

Number of points per section in the nonorthogonal
mesh of diskfile GEOMETRY (cannot exceed 21).

Number of key points for the least-squares cubic-

spline fit in the girthwise direction (cannot exceed 30).

Array of indices of the key points to be used in
the girthwlise direction.

Number of key points used for the least-squares cubic-
spline fit in the streamwise direction (cannot
exceed 30).

Array of indices of the key points to be used in
the streamwlse direction.

because program SHIP does not provide keel or waterline

veloclities, this program computes both. In so dolng, the program
replaces JMAX by JMAX+2. Also, JFZ, JFX, LZ and LX needn't be

the same as used in program SHPMSH. As in all similar input data
files of preceding programs, the format is (1X,3A4,I4) for integer
input quantities and (1X,3A4,E13.6) for floating point data. A
typical 1listing of diskfile NAMVEL follows.

-16-
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SAMPLE 'NAMVEL'

I1SYM = 1
Iul = 7
Iu2 = 8
U3 = 9
1U4 = 10
I1US = 2
IMAX = 31
JMAX = 17
NXTL = 15
NZTL = 11
JFZ = 8
LZ(1) = 1
LZ(2) = 3
LZ(S) = S
LZ4) = 7
LZ(S) = 10

Program output consists of:

specific phases of the computation are complete; printed output

LZ (&)
LZ(7)
LZ(8)
JFX

LX¢1)
LX(2)
LX(3)
LX(4)
LX (S
LX (&)
LX(7)
LX(8)
LX(D)

LX(10)

LX¢(11)
Lxa2)

INPUT DATA

12
15
18
21
24
27
29
X

video messages indicating when

listing interpolated nonorthogonal velocity components; and
diskfile VELOCITY for use by program EDDY3.

The first output 1s a printout of input diskfile NAMVEL for in-

spection to insure no input data errors have been made.

The next output phase consists of the following messages on the

video display:

1. "Section Data Smoothed & Differentiated for I=i";
2. "All Section Data Smoothed & Differentiated".

The first message 1s displayed for each section where 1 ranges

from 1 to NXTL.
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The program then provides printed output for all computed
velocity components and for 3w/3Z on the keel and waterline.

Finally, diskfile VELOCITY is written for use by program EDDY3.

2.2.6 Program EDDY3

The purpose of this program is to compute three-dimensional
boundary-layer development on the ship hull. While all of the
other programs listed in the Appendix are shown in their forms
appropriate to the TRS-80 Model II microcomputer, the listing of
EDDY3 1s appropriate to a UNIVAC 1108 computer. Required changes
for CDC or IBM computers are confined to SUBROUTINE STORIT and are
included via Comment lines.

Input data for program EDDY3 consists of: diskfile GEOMETRY;
diskfile VELOCITY; three NAMELIST files, viz, NAME, DATA and
STRT; and twq lines of card-type data. Diskfiles GEOMETRY and
VELOCITY are created by programs SHFMSH and VELOC, respectively.
The rest of the lnput 1s described bhelow.

The first line of input is read from unit TAPEIN which has a
default value of 5. This input 1is the title of the case to be
run which can be up to 54 characters long (format 9A6).

The next segment of the input is also read from unit TAPEIN and
i1s in NAMELIST format. The data are as follows:

NAMELIST/NAME/: This namelist includes primary parameters defining
the grid, print logic, etc.

DETA = Array of An values; only the An nearest the surface
need be input. Note that n is the conventional
Levy-Lees-type normal coordinate.

EPS = Convergence criterion for turbulence-model equations
(DEFAULT=.01).

EPST = Convergence criterion for crossflow momentum equation
(DEFAULT=.01).

EPSV = Convergence criterion for streamwise momentum equation

(DEFAULT=.01).
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ETAE

ICHORD
IFLOW

IFPRNT

IPX

IPZ

ISPAN
ITMAX
NPT

NTR

-as

NXSTRT
NXT

NZSTRT
NZT

TAPEIN

TAPEOT
TAPEGP

TAPEPF

TAPEDT

TAPEVL

r"v‘.rY z—-ryv‘r,v* Yrs-v”*rt T ' b e e
'Y \-'l‘l‘i - o DR N N A . . . . .

VGP
ISHORT

Boundary-layer edge value for n at initial station
(DEFAULT=8).

Not used (DEFAULT=1).

Flag indicating crossflow integration direction.
IFLOW=1 for integration from keel to waterline and
IFLOW=2 for integration from waterline to keel
(DEFAULT=1).

Print flag. IFPRNT=0 deletes printout of contents
of diskfiles GEOMETRY and VELOCITY. Otherwise the
contents of these two input files are printed
(DEFAULT=0).

Intervals at which profiles are printed in stream-
wise direction, e.g., IPX=10 means print every
tenth step.

Intervals at which proflles are printed in girthwise
direction.

Not used (DEFAULT=1).
Maximum number of iterations allowed (DEFAULT=20).

Maximum number of mesh points allowed normal to
hull (must not exceed 101... DEFAULT=101).
Laminar/turbulent flow flag.
profiles use NTR=0. Otherwise, start from turbulent
profiles (DEFAULT=1).

Index of initial section.

To start from laminar

(must be 1).

Index of final section to which computation proceeds.

Index of initial girthwise line (Must be 1).

Index of final girthwise line to which computation
proceeds.

Logical unit number for subsequent NAMELIST input
(DEFAULT=5).

Logical unit number for printed output (DEFAULT=6).

Logical unit number for input diskfile GEOMETRY
(DEFAULT=16).

Logical unit number for temporary diskflle-this is
a very large file (DEFAULT=17).

Logical unit number for temporary diskfile
(DEFAULT=18).

Logical unit number for input diskfile VELOCITY
(DEFAULT=19).

Geometric progression ratio for normal grid.

Flag for slightly abbreviated print. ISHORT=0
deletes details of convergence parameters. Other-
wise all details are given (DEFAULT=0).
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RFTRB

RFVEL

Relaxation coefficient for turbulence model equations
(DEFAULT=.8).

Relaxation coefficient for momentum equations
(DEFAULT=1).

NAMELIST/DATA/: This namelist defines the various turbulence-

model closure coefficients.

SALFA
SALFAS
SBETA
SBETAS
SLAMDA
SSIGMA
SSGMAS
USTOP

ZIOTAE

ZIOTAL

RW2

The closure coefficient o« (DEFAULT=1.11111).
= The closure coefficient ao¥* (DEFAULT=.3).

= The closure coefficient 8 (DEFAULT=.15).

= The closure coefficient B* (DEFAULT=.09).

= The closure coefficient A (DEFAULT=.091).

= The closure coefficient o (DEFAULT=.5).

= The closure coefficient o*¥ (DEFAULT=.5)

= The value of u+=u/u below which turbulent dissipation
rate is analyticall§ prescribed (DEFAULT=4).

= Dimensionless value of turbulent mixing energy at
the boundary-layer edge (DEFAULT=3.75-10"%).

= Ratio of turbulent length scale to boundary layer
thickness (DEFAULT=.09).

The closure coefficeint Rw (DEFAULT=4.).

NAMELIST/STRT/: This namelist provides input parameters needed

to define

 ALAMI

CFXI
CFZI
DELTAI
THETXI

THETZI

turbulent starting profiles.

= Array of values at each girthwise station for ratio
of turbulent mixing energy to the corresponding
flat-plate value.

= Array of streamwise skin friction, Cfx=rwx/(%pU2),
at each girthwise station.

Array of crossflow skin friction, sz=1w2/(%pUz),
at each girthwise station.

Array of boundary-layer thickness at each girth-
wise station.

Array of streamwise momentum thickness at each
girthwise station.

= Array of crossflow momentum thickness at each girth-
wise station (NOTE: This array must be the same as
THETXI in the present form of the program.).

=20-
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The final input 1s a line defining the freestream velocity, static

pressure and kinematic viscosity. These quantities are dimensional

and the format is (3El2.4).

Printed program output is mostly self explanatory and will thus
be described only briefly here. The first part of the printout
lists all input parameters. Then, on every section, key integral
parameters such as Cfys Cf,> 6x*, 8,%, 6,, 8, are given at all

girthwise stations. At the specified IPX and IPZ intervals, velocity

and turbulence parameter profiles are printed.

The program also writes a special diskfile (use logical unit
number 9) containing computed displacement thickness. This disk-
file is used in prcgram INTERP (next Subsection) to allow re-
peating the computation with displacement effects included.

2.2.7 Program INTERP

The purpose of this program is to inverpoiate the computed dls-
placement thickness distribution onto the orthogonal rectangular
coordlnate system used by program SHIP. The whole computational

procedure can then be repeated to account for displacement effects.

The program is written in BASIC and uses an extremely efficient
MACHINE LANGUAGE interpolation routine referred to as USR1l in
the program.

The first two inputs to the program are prompted by the video
messages "NXTL=?" and "NZTL=?"; the values of NXTL and NZTL used
in running EDDY3 must be entered. The next input is prompted by
the message "FILE NAME FOR NONORTHOGONAL MESH ?"; the response is
the name given to the print file generated by program SHPMSH,
viz, FORTuS5/DAT. The option is included to enter the file name
in case the user opts to rename the flle after running program
SHPMSH. The final input 1s prompted by the messages "IMAX=?" and
"JMAX=?"; the values of IMAX and JMAX used in running program
PRMESH must be used.
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Program output is a revised diskfile MESHPR containing the modifi-

ed ship-hull coordinates. The original MESHPR is renamed MESHPR/

OLD. The contents of the new MESHPR diskfile can be examined

using program SPLOT (Subsection 2.2.2). Then, the entire computation-

al sequence is repeated to determine the effect of including dis-
placement thickness in the inviscid-flow computation.

2.3 APPLICATIONS

In this section we exercise the computational package to exhibit
accuracy and capabilities for two test cases. We first compute
the inviscid flow past a very simple hull investigated by Michelll.
Then, we do both inviscid and viscous computations for the SSPA 720

ship hulld.
2.3.1 Michell's Example

Our first test case is the sinusoidal hull form investigated by
Michell. The hull coordinates are defined by

y=-.02[1+cos (2nx)][1 + cos (10m2)] (2)

Michell found that for a Froude number based on hull length of
0.25, the wave-drag coefficlient is

c. = —B 2 9.60.107" (3)

R ~ ;EDUZLZ

In our computations we use 10 equally-spaced mesh polnts in the
vertical direction. The number of points used in the streamwilse
direction has been varied to determine the number needed to achieve
acceptable engineering accuracy. Agaln using equally-spaced
points, computations have been made for 11, 21 and 41 points.

Table 1 summarizes total wave-drag coefficient.
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Table 1. Predicted Wave Drag

No. of Streamwise 1ouc
Mesh Points R
11 0.49
21 0.52
41 0.56
Michell 0.60

Figure 3 provides an interesting view of the rate of convergence

of the method. The figure shows the local drag coefficient as a
function of distance along the hull. Note that the peak values
near 2x/L = -0.25 and 2x/L = +0.25 are almost an order-of-magnitude
larger than CR‘

As a test of the sensitivity to vertical-mesh-point spacing., we

have repeated the ll-streamwise-point computation with only 6 points
in the vertical direction. The predicted C, is 1.3% lower than

the value listed in Table 1.

R

Based on results obtalned in these computations, accuracy accept-
able for preliminary design (10%) can be obtained on a mesh of
ahout 15 streamwise points by 6 vertical points. Such a run takes
about 45 minutes on a TRS-80 Model II microcomputer.

2.3.2 SSPA Model 720

Turning now to the SSPA Model 720, we exercise both the inviscid
and the viscous segments of the computational package. However,
for reasons which become evident below, we do not exercise the dis-
placement-thickness correction phase for this hull.

Figures 4 and 5 show computed streamwise veloclity distribution near
the free surface and along the keel, respectively. In all cases
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the finlte-difference grid consists of 41 points in the stream-
wise direction and 11 points girthwise. Each figure shows velocity
distributions for Froude numbers based on total hull length of
0.15, 0.30 and 0.60. Also shown in the figures are corresponding
velocity distributions obtained from a Douglas-Neumann5 "double-
hull"” computation.

Near the waterline the Fr = 0.15 distribution is quite oscillatory,
a feature characteristic of thin-ship theory in the limit of small
Froude number. In the region between 2x/L = -0.30 and 2x/L = 0.20,
the Fr = 0.30 distribution has a strong adverse gradlent which
almost certalnly would lead to boundary-layer separation. For Fr =
0.60, the near-waterline distribution corresponds to flow accelera-
tion over the first 70% of the hull. In contrast to all of the
thin--ship-theory predictions, the "double-hull" computation in-
dicates a more-or-less symmetrical distribution with nearly constant
velocity over the central 40% of the hull. Figure 5 indicates
similar trends along the keel with the exception that no oscillations

appear for the Fr = 0.15 computatioi.

Because the Fr = 0.60 distributions appear to be the least likely e
to cause numerical difficulty in running EDDY3, we have selected
Fr = 0.60 as most appropriate for the test case (the actual value
is not available in our literature on this hull).

Figure 6 compares computed and measured momentum thickness, 6.
The figure also shows computed results obtained using Douglas-
Neumann velocities. Lines A, B and C lie along the keel, about
15% of the way between keel and waterline, and about midway between -
keel and waterline, respectively. As shown, the most notable :
difference is the rapid increase in 6 along Lines A and B downstream
of 2x/L = 0.20. We predict boundary-layer separation at 2x/L = 0.36
over a significant portion of the hull. Although this result at rer oA
first appears inconsistent with the velocity distributions of Figures D
4 and 5, there 1is no contradiction. The predicted crossflow veloc-
itles are quite large (w/U~0.25) and along streamlines we indeed
predict relatively large adverse gradients approachling 2x/L = 0.36. -
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Flgure 6. Comparison of computed and measured

momentum thickness for the SSPA Model 720.

=28~

B aune e s e 2 auneeaay- o aveney —— ———

LA

.

, 4
Bk A

etk

'
A




- - r——— ————————p— T s - = - 1

. A
Because the numerilcal predictions fail to cover such a large region

of the hull, there is little point in reiterating to account for
displacement effects at this time.

Absl

. i . . . °
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3. DISCUSSION

The foundation has been developed for a microcomputer-based inter-
active design procedure for general ship hulls. Typical computing
time for all but the boundary-layer computation are of the order
of 3 to 4 hours on a TRS-80 Model II microcomputer. Using a
16-bit microprocesser, these computing times would be reduced to
less than a half hour. Typically, EDDY3 runs in about 20 minutes
on a UNIVAC 1108 which translates to about 3 hours on a 16-bit
microcomputer. Thus, the computational package constitutes a
practical "numerical towing tank" which can be used to effect and
test design modifications in a single workday.

On the one hand, the weakest 1link in the computational package is
program SHIP which determines the inviscid velocities. Based on
classical thin-ship theory, its limitations are well known. On
the other hand, program EDDY3 embodies one of the most tested and
validated turbulence models available. The model has even been
shown to accurately predict properties of "thnick" boundary layers
typlcal of those near the stern of a ship hu116.

Research in the immediate future should focus upon improving the
ability to predict the inviscid velocities. The formulation of

Noblesse and Dagan7

, which amount to a coordinate transformation
using the thin-ship velocity potential, should be incorporated in
program SHIP. Also, normal pressure gradient in the boundary-layer
computation should be accounted for to provide accurate predictions
when the boundary layer becomes "thick". These two steps alone
would yield a computational package which could be immediately
applied by serious hull designers. To further aid the designer, a

master program should be devised to coordinate input data prepara-

tion for the various program modules. Additionally, available graphics

packages should be adapted to the computational procedure to per-
mit more-detailed display and examination of calculated mesh and
flow details.
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Long range research topics should include: (a) numerical studies
to ald development of a more-accurate integral-method treatment

of the boundary layers, and (b) development of an approximate
engineering-oriented procedure for treating hulls on which the
boundary layer separates. The modular structure of the computation-

al package developed in this project 1s readily adaptable to such
advanced developments.
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APPENDIX: PROGRAM LISTINGS

This Appendix contains listings of the seven program modules which
constitute the computational package. In the listings, the number
zero appears with a slash to distinguish it from the letter "O".
The various programs are located on the following pages:

PROGRAM NAME PAGES
PRMESH: cccceeeescecscacnans ceseessansns 34-35
SPLOT.:ccceereecesaccsosonnssnas cecees 36-38
SHIP. ... coveeuecennsosans cessensscsns .39-45
SHPMSH. . e ceevvvvcoannns cesnsenee ceeene k6-55
VELOC. .cveeereneocnseresccennsnnnssnns 56-62
EDDY3........ creecccscnne tesacersasnns 63-96
INTERF.e..0ns ceseeas cosesne . veeene ST
=33~
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20100
20200
20320
204002
20300
20600
20700

20600
20900

21000
21100
21200
91320
21400
21508
21600
01700
218002
21900
22000
22100
22200
02300
02400
22500
02600
Q2700
22800
azeopn
23200
23100
23200
23300
23400
23500
23600
23700
03800
23900
84000
24100
04200
24300
84400
84500
04600
Q4700
24800
24902
25000
235100
85200
25300
23400
@550
254600
93700
23620
95900
06000

C

PROGRAM PRMESH
B33 332 T6 I3 36 3633633 I I I I I I I I I I I T I I T I I I I I T I I I I I X

€C CREATE RECTANGULAR MESH FOR USE IN PROGRAM SHIP

C

¢

11

12

13

15

20

30

40
10

003 3 TP I U T IE I TEIE I I I I I I I IE I I I I I I 6 I I T 266U
DIMENSION XB(58)yY(41+20)»YBR(S0y20),YI(50y20)yZE(20)
COMMON/DATA/ X(41)+Z(20)

COMMON/NDATA/ IMAXy» IJMAXsNXTLsNZTL

CALL NAMIN
NZTLM=NZTL-1 '

DO 10 I=1sNXTL

READ(9,100) XB(I)sYB(IWNZTL)»yZB(NZTL) s YE(IINZTLM)»ZB(NZTLM)

DO 1 J=3yNZTLMs2
JJI=NZTL-J+1
JM=J-1
READ(9+110) YB(I+JJ)sZB(JIJI)sYB(I+JIM)»ZB(IM)
JN=1
JS=2
IN=ZB (1)
25=7ZB(2)
DO 5 J=1,JIMAX
IF(Z(J).LT.ZS.0R.2ZN.EQ,.ZS) GO TO 3
YICI»I)=YRB(IvIJNIH(YB(I+JIS)=YB(I+IN)IN(Z(JT)I—ZN)/(ZS-ZN)
GO TO 5
JN=JIN+1
IF(IN.GE.NZTL) GO TO 4
JS=JS+1
IN=ZE (JIN)
ZS=7Ze(JS)
0 To D2
YI(I+J)=0.
CONTINUE
CONTINUVE
IW=1
IE=2
XW=XB(1)
XE=XB(2)
DO 15 I=1,sIMAX
IF(X(I).GT.XE. OR. XW.EQ.XE) GO TO 13
DO 12 J=1., TMAX
YCIsII=YIC(IWsI)H(YI(IEsT)-YIC(IWtI)IH(X(I)=XW)/ (XE-XW)
G0 TO 15
IW=1IW+1
IE=IW+1
XW=XE(IW)
XE=XB(IE)
GO TOo 11
CONT INVE
DO 20 I=1,IMAX
WRITE(8,200) X(I)
DO 30 J=iysJMAX
WRITE(8y200) Z(J)
DO 40 I=1, IMAX
DO 4@ J=1yJMAX
WRITE(8y200) Y(I,J)
@ FORMAT(3F10@.5,11X,2F13.5)

110 FORMAT(10X+2F10.5+11Xy»2F10.5)

20

@ FORMAT(1PE13.6)
END

SUBROUTINE NAMIN
A2 E XL LTI E SIS SRS RS SIS LIS LSS EL RS

-34-
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Lanoanacs o SEERA 00 oo e s Jam o
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361002
06200

Q56300
26400
846500
Q6600
Q6700
246800
06700
07000
07100
97200
Q7300
27400
@750
974600
Q77202
27800
27900
28000
28100
28200
28320
08400
28500
28602
98700
28802
257900
Q9000
2%120
29200
29300
29420
o950e
Q94600
29722
29800
09900
12000
10100

OO0 OOO0O00O00

OO0

Ww

READ INPUT DATA FILE
AU T AT NI I I NI

DESCRIPTION

OF *PRMESHIN® INPUT DATA:

IMAX. . .NUMBER OF POINTS IN STREAMWISE
JMAX...NUMBER OF POINTS IN VERTICAL DIRECTION:
NXTL...NUMBER OF POINTS IN STREAMWISE
NZTL...NUMBER OF POINTS IN VERTICAL

X(I)...SPECIFIED

STREAMWISE COORDINATE ARRAY!
Z(J)...SPECIFIED VERTICAL COORDINATE ARRAY:

DIRECTION:

DIRECTION:
DIRECTION:

OUTPUT
OUTPUT
INPUT
INPUT

ouUTPUT
OUTPUT

336363 B B2 I I I I J NI T F I N 6T W I I I I I I A I3
COMMON/DATA/ X(41)+Z(2@)
COMMON/NDATA/ N(4)

CALL OPEN(7,’*PRMESHIN ’,1)
CALL OPEN(8,*MESHPR *s1)
CALL OPEN(?y"MESH ’,1)

DO 1 I=1»
N(I) = @

4

CALL NAMLST(7y2yN(I)»DUMMY)

IMAX=N(1)
JMAX=N(Z)
DO 2 I=1,

IMAX

CALL NAMLST(73s2+13X(1))

DO 3 J=1,

JMAX

CALL NAMLST(7+2+1+2Z(J))

RETURN
END

SUBROUTINE NAMLST(IIsIOYNyX)
F I I I I I I W I I T W I I I I I I I WX
READ VARIABLE NAME AND VALUE
WA T I I T J A I I I I T I I F I I I I I I I I I N W

DIMENSION A(3)

IF(N.NE.B) GO TO 1

READ(II+2) A(1)+yA(2)1A(3)N

WRITE(CIO,
RETURN

2) A(L)YsA(2)yA(3)sN

READ(II3) A(1)2yA(2)1A(3)s X

WRITEC(IO,
RETURN

3) A(1)sA(2)1A(3)s X

FORMAT (1X1s3A4s 14)
FORMAT(1Xy3A4y1PE13.6)

END
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10
20

30

40

50

&0

70

80

90
100
110
120
130
140
1508
16@
170
1802
190
200
210
220
230
240
250
260
270
280

“IOFA

300
319
320
33a
340
350
360
370
380
390
400
410@
420
430
440
459
460
470
480
490
500
51@
528

530
540

550
560
57Q
S5ee
390

REM 30053 3603090 0030056 3630030 269610306063 9696 3606369696396 28 3696066 36 363696 96963696 36 363616 36 363696 26 36 36 "J
REM #xxx%xsuxs  PLOTTING ROUTINE FOR SHIP SECTIONS ###%%%%%%% ;

REM 396 % 3 36 9 36 3% % % DISK FILE *MESHPR®

DIM X(41)yY(20)4Z(20)
NZ=70

NY=20

NL=9

I1C=0

OPEN *"I"y 1» *“MESHPR"
INPUT "IMAX ="3; IM
INPUT “JMAX =35 JM
FOR I=1 TO IM
INPUT#1, X(I)

NEXT I

FOR J=1 TO JM
INPUT#1, Z(J)

NEXT J

IC=IC+1

IF ICXIM THEN 1600
FOR J=1 TO JM
INPUT#H#1, Y(J)

Y(JI==Y(J)

NEXT J

GOoSue 620

CcLs

PRINT *I =*3 ICs " X(I) ="35 X(IC)
PRINTIPRINT

PRINT “ZMIN = "3 ZLs3 * IMAX = %3 ZU
PRINT

PRINT "YMIN = "3 vL3; *® YMAX = "3 YU

PRINT:PRINT

PRINT "SPECIFY PLOTTING RANGE"
PRINT

IF IC=1 THEN 430

PRINT "SAME RANGE ?*

QAE=INKEYS

IF @s=*" THEN 380

IF LEFT$(Q$,1)<>"Y" THEN 430
GOSUBR 1550

GOTO 510

INPUT "ZMIN =%3 zZL
INPUT "ZMAX =%3 ZU
INPUT "YMIN ="3 YL
INPUT "YMAX ="35 YU
GOSUB 1490

PRINT

INPUT "ANY ERRORS": Qg

IF LEFT$(Q%s1)="Y" THEN 340
cLs

GOsuve 770

GOSUE 1060
GOosSuUBE 1130

At=INKEYS$

IF As="" THEN 550
IF A$="C" THEN 260
IF A$="N" THEN 280
END

-36-

CREATED BY
REM 9336 3 3 ¢ 3¢ 3% 3% % PROGRAM PRMESH
REM BT IE NI I I I I TN N I IE T I I T6 36 I I 6163636 902 06 96 96 3 96 996606 56 36 96
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name aae 4

M e

REM ##xxwnxxn% FIND MIN & MAX VALUES
REM ——- MIN VALUE ---

ZL=1.E20

YL=1.E20

FOR I=1 TO JM

IF Z(I)<ZL THEN ZL=Z(I)
IF Y(I)<YL THEN YL=Y(I)

NEXT I

REM -—— MAX VALUE -——-
ZU=ZL

YU=YL

FOR I=1 TOo JM

IF Z(I)>2U THEN ZU=Z(I)

IF Y(I)>YU THEN YU=Y(I)

NEXT I

RETURN

REM *xxxx%x%%x% DRAW AXES AND TIC MARKS

Z=ZU-ZL.
YY=YU-YL
REM —-—- Y-AXIS TIC MARKS ---
IYZ%=1
FOR I=1 TO S

PRINTA(IYZsNL—-2)y CHR$(95)3
PRINT@(IYZ%yNL—1)» CHR$(95)
IVZ=1IY%+5

NEXT I

REM ——~— DRAW THE Y-AXIS ——-
I1YZ%=2

11=NY+1

FOR I=IYZ TO II

PRINT&(IsNL)>s CHR$(156)

NEXT I

REM —-—— Z-AXIS TIC MARKS —--
II=NZ+NL

IS=NZ/5

FOR I=NL TO II STEP IS

PRINTA(NY+ZsI)y CHR$(156)3

NEXT I

REM —--- DRAW THE Z-AXIS --—-
II=NZ+NL-1

NN=NL+1

FOR I=NN TO II

PRINTA(NY+141I)y CHR$(95)

NEXT I

RETURN

REM ®xnaxxxu4t% | AREL AXES 36333 9 3 % 9% %

PRINT3(@+@) +» YU:

PRINT3(NY+1,@3) » YL}
PRINT(NY+3sNL-2) +» 2ZL3
PRINT3(NY+3sNZ+NL-6) » ZUs
PRINTA(@yNZ/2+NLL-4)y "X ="35 X(IC)?
RETURN

I3 I I 6 I W W W

L2222 X 2 L Lk

REM %3 55 % 9% %% %% PLOT THE POINTS A I

1D=0

FOR I=1 TO JM
C=NL+INT(NZ*(Z(I)-ZL)/ZZ+.5)
R=NY+1-INT(NY®*(Y(I)=YL)/YY)
IF CO>(NZ+NL) THEN 1270

IF C<NL THEN 1270

AR A




1190

1200
1210

1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
13409
1350
1360
13702
1380
1390
1400
1410
1420
1430
14409
1450
1460
1470
1480
1490
1500
i51e
13520
1530
15409
1550
1560
1570
1580
1590
1600

IF R>(NY+1) THEN 1270

IF R<1 THEN 127@

GOSUB 13460

IF GC=160 THEN 1240
PRINT3(RsC)» CHR$(GC)}
PRINTQ(R+1+C)y» CHR$(2&6)+CHR$(GC)
PRINT CHR$(25)3%

GOTO 1280

ID=ID+1

NEXT I

PRINTa(7+1)y ID3%
PRINTA(8+0)y "POINTS";
PRINT3(?y1)s "OFF"3
PRINTa(10+83)y "SCALE":
PRINT CHR®(02)3

RETURN

REM *%%xxx%x%% INTERPOLATE WITHIN BOX #3463 %%%
RR=R— (NY+1-NY*(Y(I)~-YL)/YY)
GC=154

IF RR<.2 THEN RETURN
GC=155

IF RR<.4 THEN RETURN

R=R-1

GC=160

IF RR<.46 THEN RETURN
GC=152

IF RR<.8 THEN RETURN

REM %%x%%x%%% SAVE PLOTTING RANGES %3335 3% %%
XL=ZL

XU=2zy

WL=YL.

Wu=YU

RETURN

REM »xxx%%x%%%% RETRIEVE PLOTTING RANGES %335 %% %% %
ZL=XL

ZU=XU

YL=WL

YU=WU

RETURN

END
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00100
20200
20300
20400
22500
20600
20700
20800
20909
01000
21100
21200
21300
21490
21500
21600
21700
21800
21922
22000
2100
02200
222292
82400
22500
22600
22700
22800

D788

23000
231029
23200
23300
23400
23502
23602
23700
23800
23902
24000
94100
04200
24300
34400
24500
04600
04700
24800
049020
230002
25100
25200
25300
05400
05500
23600
95700
23800
25900
06000

o000

PROGRAM SHIP
W36 3T T B I I I T I I DI I I I I I I I g

THIS PROGRAM USES LINEAR SHIP THEORY TO COMPUTE THE WAVE DRAG
AND SURFACE VELOCITY COMPONENTS FOR AN ARBITRARY VESSEL.
A3 3T I A I T AT I T I I I I I T I I I I I I T I I I I I I NN

COMMON/COORD/ XB(41)3sYB(41,10)+ZB(10)yFB(40,9)

COMMON/DATA/ FRy IMAXs JMAXsMINT2yMINTI»NZOTy IMAXMy JMAXM

COMMON/QUADRA/AM(82) » RSAV(808) 1 TSAV(80) s WM

COMMON/VELO/ U(40+9)W(40+9)

CALL NAMIN

FR2R=1./FR%»2

DO 1 I=1,IMAX

READ(7y100) XB(I)

XB(I)=FR2R*XB(I)

DO 2 J=1y»JIMAX

READ(7,100) ZB(J)

ZB(J)=FRZR*ZB(J)

DO 3 I=1,IMAX

DO 3 J=1,yJMAX

READ(7+100) YB(I»J)

YE(I+J)=FRZIR*YBR(I+J)

CALL GEOM(IMAXsJIMAX)

RWAVE=0Q.

DO 4 I=1sIMAXM

DO 4 J=1,JMAXM

U(l,J)>)=0.

W(l,yJ)=0.

CAaLL VELOC1

WRITE(i+31@)

cALL VELOCZ2

WRITE(1,520)

CALL VELGC3

WRITE(1+53@)

DO 18 I=1,IMAXM

CALL DRAG(DRWAVESsTI)

RWAVE=RWAVE+DRWAVE

IF(NZOT.E®.@) CALL QUTPUT(I)

WRITE(Zy 400) DRWAVE» RWAVE

CONTINVE

WRITE(2y2080) RWAVE

WRITE(1y20@) RWAVE

120 FORMAT(E13.6)

200 FORMAT(//////y1X18HCOMPUTED WAVE DRAG///4X7HRWAVE =, 1PE12,4)

408 FORMAT(//s1Xs ' INCREMENTAL WAVE DRAG ON THIS SECTION IS ',1PE13.4/

» »1Xy *TOTALL DRAG COMPUTED UP TO THIS SECTION IS'+E13.4)

518 FORMAT(1Xy’VELOC1 COMPUTATIONS COMPLETE®')

520 FORMAT(1X,y'VELOCZ COMPUTATIONS COMPLETE')

53@ FORMAT(1Xy’VELOC3 COMPUTATIONS COMPLETE')

000

END
FUNCTION ACOS(X)
LR Z ST S SIS IS S22 ST RS S IS LSS L B R LR R e
THIS SUBROUTINE COMPUTES THE ARC COSINE
A2 2T 222 LTSS LTI PSS ELSFI LIRS SN FLTZ EEFT EFEE TR FRTT LT TY Y s
DATA PH/1.957079632468/
ACOS=PH-ASIN(X)
RETURN |
END
FUNCTICN ASIN(X)
a2 S22 2222 22T RSS2SR SIS SIS LTSS TL LR T LY R L Y T AT RF FAER 2
THIS SUBROUTINE COMPUTES THE ARC SINE

-39~
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06100

26200
26300

26400
26300
V6600
26700
26800
06900
297000
27100
Q7200
@7320
07400
@7302
07600
@7700
27800
27902
28000
28100
28200
28300
2e4e0
285002
08600
98720
28800

CRNENCD
i T

07000
271020
29200
29300
29400
2950@
29690
29700
@9800
Q9920
10020
121002
10200
10300
10400
10500
10600
10720
19800
10900
11000
11100
11200
11300
11400
11300
11600
11700
11800
11900
12000

c

o000

oo

10

10

OO0

10

------- MU*Z IS ZERO —=—————m— - -1

T I T EILEEEEEE ST LSS L E LRSS L AR LS S E PSSR L Y RS A R L L R R L Y
DATA ADYA11AZ2/1.5707963050)—. 214598808164, . 0889789874/
DATA A3+1A43AS/—.0501743046y .0308918810y~.0170881256/
DATA Ab1A7yPH/.0046670B901)—.0012624911+1.5707963268/ :
Y=ABS(X) RS
ASIN=PH-SQART (1.-Y)# (AD+Y* (AL1+Y*# (A2+Y% (A3+Y* (A4+Y* (ADS :

» +Y % (AL+Y#AT)I)I)I)I))) ‘_IJ
IF(X.LT.0.) ASIN=—ASIN : -]
RETURN L
END 3

SUBROUTINE DRAG(DRWAVEs 1) o
36 96 3 3 3 I 6 W U6 W I I I I I I I I W I I I W I I I IS I I I I I I I I IIEN IR -
THIS SUBROUTINE COMPUTES THE WAVE DRAG -9
ii*********************{*******************************************i-,4

COMMON/COORD/ XB(41)1YB(4111B3)yZB(10)+FE(40+%) o]

COMMON/DATA/ FRy IMAXyJMAXyMINTZ2sMINT3INZOTy IMAXMy JMAXM

COMMON/VELO/ U(40+9)1W(40»9)

DRWAVE=0.

DX=XB(I+1)~-XB (1) -

DO 1@ J=2,JIMAX 2

DZ=ZB(J-1)-28(J)

DRWAVE=DRWAVE+U( 1y J-1)#FB(IsJ~1)%DX%DZ .

DRWAVE=4. *DRWAVE*FR* %4 .

RETURN o]

END ‘®

SUBROUTINE GEOM(IMAXsJMAX) 7
LI I ST TTETTIEERES LTRSS SRR SR LSRR S SRR YRR LR L R YR R R Y R R
THIS SUBROUTINE COMPUTES CELL SLOPE ‘
AR AN AARAAREREAAAA AR AR AT AARATARAARARRETRRRATREARRTARARRARXRRRERE R

COMMON/COORD/ XB(41)3YB(41+110)1ZR(1B)1FR(4019) L]

DO 10 I=2y IMAX _'4

DX=XB(I)-XB(I-1) ]

DO 1@ J=2yJMAX

FR(I-11J~1)=.5#(YB(I+J)+YB(IyJ-1)=YB(I-1,J)-YB(I~1+J-1))/DX

RETURN

END

SUBROUTINE INTK@(Gs Zs RMU)
I 3 3 W I W I I I I I 6 I W I W 6 I I W I I I I S I I I I I I I I I I I W I I I I I A IS
THIS SUBROUTINE APPROXIMATES THE BESSEL FUNCTION INTEGRAL WITH A oo
GROUP OF CLOSED FORM ANALYTICAL FUNCTIONS. -
L2222 T2 T L2 TR LR R L XTI RS LTSRS Y EL L 2L L L Y X L X ]

ZMU=Z *RMU °

IF(ZMU.LE. D) GO TO 20

IF(ZMU.LE..5) G=ZMU#*(1.-ALOG(ZMU))

IF(ZMU.GT..S) G=1.2#SRRT(ZMU)

ZMU2=ZMU*RMU

IF(Z.LT.3.) GO TO 40 .

XI=3,/2 o

GMAX=1,+,571%#(1.=XI)#(.37+.63*EXP(—10.#XI)) -

IF(GMAX.LT.G) GO TO 10 o]

RETURN .

]
1

- 9

K3

G=GMAX
IF(Z.GE.1@.) GO TO 80 |
GO TO 60 o]

G=0.
RETURN
——== 2 BETWEEN @ AND 3 -===-
RMUT=1.+1.114%2%%(~,66666467)
IF(RMU.GE. RMUT) GO TO 35 . o

l
-40- ]
1
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12100 IF(Z.GE.1) GO TO 4%

12200 ZP25=Z#%,25

12300 GM=,83%ZP25

12400 RN=, 62+1.68%#2P25

12500 GO TO 50

12600 45 GM=.83+(Z—-1.)%(.12-.02%(Z-1.))

12700 RN=2,+,3%#Z

12800 50 G2=GM/ (1.+.25#ZMU**RN)

12900 GO0 TO 100

130600 55 G=SART(1.5707963/ZMU)#EXP(-ZMVU)/ (RMU-1.)

13100 RETURN

13200 C ————- Z BETWEEN 3 AND 10 ————-—

13300 60 RMUT=1.+1.114%Z%%(~, 6666667)

13400 IF(RMU.GE.RMUT) GO TO 65

13500 XI=,1%(Z-3.)

13600 A=1.38+XI*(.76~.54%#X]) o
13700 RM=, 68+XI%#(.53—.41%X]1) o
13800 G2=A*EXP (—RM*ZMU2) - d
13900 GO TO 100 .

14000 65 G=SQRT(1.5707963/ZMUY#EXP(-ZMU) / (RMU-1.)

14100 RETURN

14200 C ——~—— Z GREATER THAN 10 ——=—=—-—

14300 80 G2=0. |
14400 IF(RMU.LT.1.) G2=(1.571+ASIN(RMU) I*EXP(-ZMU2) _1.*
14500 »* /SART (1. -RMU*RMU) )
14600 100 IF(G2.LT.G) G=G2 '

14700 RETURN -4
14800 END C
14900 SUBROU T INE NAMIN "
15000 C 363 33 33 3 3 I 3 3 636 3 3636 I 3 I6 36 36 36 I 3 3636 I 36 36 36 36 3¢ 3 6 36 I 3 36 3 36 I6 3696 36 I 36 I 36 36 36 6 ¢ 36 I 3 3 9 9 % n\'*
15180 C READ INPUT DATA FILE

19200 C 3333633939 3 36 96 363 6 96 3 9 96 ¥

15300 C DESCRIPTION OF 'SHIPIN' INPUT DATA:

13400 C FR.....FROUDE MUMBER = U/SQRT(Gx»L)

15500 C IMAX...NUMBER OF MESH POINTS IN STREAMWISE DIRECTION

15600 C JMAX. . . NUMBER OF MESH POINTS IN VERTICAL DIRECTION @
15768 C MINT2..NUMBER OF POINTS IN QUADRATURE... INFINITE INTEGRAL - 1
15820 C MINT3. .NUMBER OF POINTS IN QUADRATURE.....FINITE INTEGRAL

15903 C NZOT...® TO PRINT CELL GEOMETRY AND VELOCITY COMPONENTS

16800 C e e s OTHERWISE PRINT ONLY THE WAVE DRAG

16100 C 338333333 336 3 36 3 3 3 3 33 3 3 36 33 3563 3 I 36 336 3 36 3 3 33336 3 36 363 A3 3 I 3 33 3 I 36 3636 3¢ 363 3¢ K
16200 COMMON/DATA/ FRIN(5) s IMAXMy TMAXM ".‘
163020 CALL OPEN(7:’MESHPR *4+1) -4
16430 CALL OPEN(8,"'SHIPIN *,1) :
16500 CALL OPEN(?s"UEWE '+1)

16600 CALL NAMLST(B8s2y1+FR)

16700 DO 1 I=1+5 .
16800 N(I) = @ 2
16900 1 CALL NAMLST(8y2+N(I)+DUMMY) =
17000 IMAXM=N(1)-1

17100 JMAXM=N(2)~-1

17200 RETURN

17300 END . o
17400 SUBROUTINE NAMLST(II+10sNsX) X
179500 C (2T IR 2222 EE A SRS ES LS SRS ST Y Y R YR =
1760208 C READ VARIABLE NAME AND VALUE »:
17733 C 43333039933 36333 T3 363 3636 3 I 3 I 2633 I 33336 3436 I I 3 I3 363 3630 3 36 3 9 3 96 M I 33 :
17600 DIMENSION A(3) J
17900 IF(N.NE.Q) GO TO 1 o
18000 READ(II+2) A(1)+1A(2)+A(3)WN LN

-41-
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18100
18200
18300
18400
18500
18600
18700

186800
18900

19000
19100
19200
19300
19400
19500
19600
197008
19800
19900
20000
20100
20200
20300
20400
20500
20600
20700
20800
289U
21000
21100
21200
21300
21400
21500
21609

21700
21800

21900
22000
22100
22200
22300
22400
22509
22600
22700
22800
22900
23000
23100
23200
23300
23400
23500
234600
23700
23800

23900
24000
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WRITE(ION2Z2) A(1)1 A(2)1A(3)sN ‘
RETURN :
READ(II3) A(1)2A(2)+A(3) X
WRITE(IOs3) A(1)yA(2)3A(3)» X
RETURN
FORMAT(1X+3A4y14)
FORMAT (1X+»3A%y1PEL3. &)
END ”
SUBROUTINE OUTPUT(I)
BT I I T IE I T I IIE I IEI T I IE I TEIE 6T I 6 I I I I I T IE I I I U IS I 3 I I I U3

THIS SUBROUTINE PRINTS SURFACE VELOCITY COMPONENTS AND CREATES DISK

FILE "UEWE®' FOR PROGRAM VELOC
B T L T T R T T
COMMON/COORD/ XB(41)+YB(41+10)+7B(1Q)2vFR(40+9)
COMMON/DATA/ FRy IMAXs JMAXsMINTZ2yMINTIINZOTy IMAXM» IMAXM
COMMON/VELO/ U(48+9)yW(48+.9)
FR2=FR*FR
XI=.,5#FR2*# (XB(I)+XB(I+1))
WRITE(2y100) XI
DO 1 J=1sJIMAXM
JI=IJMAX-J
ZETA=.S5#FRZ* (ZB(JJ)+ZB(JJ+1))
ETA=.S*¥FR2#(YB(I+JJII+YB(I+JJ+1))
UP=1.+U(I,JJ)
VP=FB(1yJJ)
WP=W(IsJJ)
WRITE(2,200) JyZETAYUP VP WP
A=SQART (UP#*UP+VPxVP+WP*#WP)
ur=yUP /o
VP=VP/Q
WP=WP/Q
WRITE(9y1003) XI+ETA»ZETAYUP»VPYWPIQ
@ FORMAT(/3+1XZ8HCOMPUTED VELOCITY COMPONENTS ALONG X =+1PE12.4//
» 4XIHT s 7X4HZ(T) 9 11X4HU(T) » 11IX4HV(T) s 11 X4HW(JT) /)

200 FORMAT(IS, 1P4E15.4)

10

C
c
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Cc
15

@0 FORMAT(3F108.5+4F10.6)
RETURN
END
SUBROUTINE aUAD(M)
LA 22X 2L 2T E LI LI R E LR LR RS E L YL 2 B B R T F R R R R R R R R R T Y
THIS SUBROUTINE COMPUTES QUADRATURE WEIGHTS AND ARSCISSAS
W 3 I I A I I NI WA I W I I I I W I I I W I N AW IE I W W I I I I A T I I I W I N
COMMON/DATA/ FRyIMAXs JMAXyMINT2yMINTIINZOTy IMAXMy IMAXM
COMMON/QUADRA/AM(B8R) + RSAV(B80D) » TSAV(BB) s WM
DATA PI1/3.14159265/+CON/.2026423/
EQUAL WEIGHT CHEBYSHEY INTEGRATION FOR DU3 AND DW3
IF(IM.EQ.2) GO TO 15
COEF=PI/ (4. %FLOAT(MINT3))
WM=2. #CON*COEF
DO 10 I=1+MINT3
RI=FLOAT(I)
AM(I)=COS((2.#RI—-1,)%COEF)
RSAV(I)=SQRT(1.-AM(I)%%2)
TSAV(I)=ACOS(AM(1))+PI
RETURN
EQUAL WEIGHT CHEBYSHEV INTEGRATION FOR DU2 AND DW2
COEF=PI/ (4. #FLOAT(MINT2))
WM=2, # CON%COEF
DO 20 I=1yMINT2

RI=FLOAT(I)
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q 24100
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26300
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26500
26600
26700
26800
26900
27000
27100
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28000
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268200
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. 28600
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b 29200
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AM(I)=COS( (2, #RI-1.)%COEF)
EM2=AM( I ) #%2
RSAV(I)=SQRT(1.-EM2)/AM(1])
ARGLOG=1./AM(I)—-RSAV(]I)
TSAV (1) =ALOG(ARGLOG)
RETURN

END

SUBROUTINE VELOCH

La 2t Attt st it sttt il a2t d el ettt a2ttt 2t E L S ‘,JF

THIS SUBROUTINE COMPUTES THE CONTRIBUTION OF THE SOURCE~-LIKE TERMS
TO THE SURFACE VELOCITY COMPONENTS

LA 2 23ttt d eI RS I eIt BT A L L R X IR L L X EuY E AJ

COMMON/COORD/ XB(41)yVYR(414+10)+2B(10)+yFE(40+9)
COMMON/DATA/ FRyIMAXy IMAXyMINT2yMINTIINZOTy IMAXM» TMAXM
COMMON/VELO/ U(40:9)1W(40+F)

DATA PI/3.14159265/

————————— INITIALIZATION ———e——————

DO 4G I=1,IMAXM

XI=,5#(XB(I)+XB(I+1))

DO 4@ J=1,JMAXM

ZETA=,S*# (ZB(J)+ZB(J+1))

UINT=@.

WINT=0.

DO 30 II=1,yIMAXM

DO 30 JJ=1,»JIMAXM

XP=XB(II>)-XI

XM=XB(II+1)—XI

ZP==(Z2ETA+2B(JJ+1))

IM==—(ZETA+ZB (JJ))

Z1P=2B(JJ+1)-ZETA

Zi1M=2B(JJ)-ZETA

RA=SQRT (XP*XP+ZP%ZP)

RE=SQART (XM XM+ZP*ZP)

RC=SQART (XM XM+ZM*ZM)

RD=SGQRT (XP*XP+ZM*ZM)

R1IA=SORT (XP*XP+Z1P*Z1P)

R1B=SQRT (XM XM+Z1PxZ1P)

R1C=SQRT (XM*XM+Z1M*Z1M)

R1D=SORT (XP#XP+Z1M*Z1M)

UINT=UINT+ALOG( (R1A=Z1P)*(R1C~-Z1M)#(RD+ZM)* (RE+ZP)
» /((R1B-Z1IP)I)®(RI1D=Z1M)# (RC+ZM) % (RA+ZP) ) I *FR(I11+JJ)
WINT=WINT+ALOG( (R1A=XP)*(R1C-XM)% (RD-=XP)% (RB-XM)
* /C(R1ID=XPI# (RI1B-XM)# (RC-XM) % (RA-XP) ) )*FBR(II1+yJJ)
CONT INUE

UlI+I)=U(T+T)+.S#UINT/PI

WCIsI)=W(IsyT)+.SHWINT/PI

CONTINUVE

RETURN

END

SUBROUTINE VELOC2

LAt i 222222 222 222 T2 2L 2RI AL S Y Y R Y L R BN R

THIS SUBROUTINE COMPUTES THE CONTRIBUTION OF THE INFINITE INTEGRAL
TO THE SURFACE VELOCITY COMPONENTS

(22222222l 22t a2 s 22t Xl i 2ttt R Y 2 Y Y L XL L

COMMON/COORD/ XB(41)+1YB(41+110)+ZB(1Q)+FR(40,9)
COMMON/DATA/ FRy IMAXy IMAXsMINT2Z2yMINT3sNZOTy IMAXMY JMAXM
COMMON/INTG/ TCOS(41)+TSIN(41)+TEXP(9y10)ysTRES(9+1@)

COMMON/QUADRA/AM(8Q) s REAV(EB) » TSAV(B0) » WM
COMMON/VELO/ U(40+92)1W(40+9)

DATA PI1/3.1413926%/
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30100 € ———————ee INITIALIZATION A
30200 CALL QUAD(2)
3o3eae DO 108 M=1,MINT2
30400 EM=AM(M) J
30500 EM2=EM*EM 4
30600 DO 10 J=1y IJMAXM
30700 ZETA=.5% (ZB(J)+ZB(J+1)) '_!4
30800 DO 1@ JJ=1,JMAX ' : B
30900 ZED=-(2ZB(JJ)+ZETA) i
31000 EMR=1./EM
31100 CALL INTK@(G» ZEDy»EMR) . K
31200 TBES(JyJJ)=G*RSAV (M) L]
31300 10 TEXP(JyJJ)=EXP(-ZED/EM2) L
31400 C ————~ COMPUTE FOURIER INTEGRAL ————— C
31500 DO 40 I=1, IMAXM
31600 XI=,S*(XB(I)+XB(I+1))
31700 DO 20 II=1i,IMAX
31800 TCOS(II)=COS((XB(II)=XI)/EM) L
31900 =20 TSIN(II)=SIN((XB(II)-XI)/EM) i
32000 DO 40 J=1,JIMAXM '
32100 UVINT=0.
32200 WINT=0.
32300 DO 30 II=1,IMAXM .
32400 COSXOM=TCOS(II)-TCOS(II+1) ;T.q
32500 SINXOM=TSIN(II)-TSIN(II+1) : )
32600 DO 3@ JJ=1,JMAXM
32700 C=(TEXP(Js JT+1)=TEXP(J» JI)I*#FE(IIyJJ)
32800 D=(TRES(Js»JI+1)-TBES(IyJI) I *FB(II,JJ)
327060 VINT=UINT+Cx (PIASINAOM+TSAV M #COSX0M I —D¥*COSXOM Teeow
33000 3@ WINT=WINT+(C*# (PI*COSXOM~TSAV (M) *#SINXOM)-D*SINXOM) /EM li.q
33100 UCIsI)=U(IyJ)+WM*UINT
33200 W(I»I)=W(IyJ)+WM*WINT
33300 40 CONTINUE
33400 108 CONTINUE
33500 RETURN
33600 END e
33700 SUBROUTINE VELOC3 o9
33800 C 222X LTL LSS E ST ELLLEL LSS S LT L ERERE L L X2 L IF T 2820 ¥ 0N Q
33900 C THIS SUPROUTINE COMPUTES THE CONTRIBUTION OF THE FINITE INTEGRAL R
34900 C TO THE SURFACE VELOCITY COMPONENTS g
34100 C 335323333 33233 I I3 36 I I3 I I I I I I J I T W I I I I I I I A i
34200 COMMON/COORD/ XB(4132YR(41410)y2B(10)FR(40+9) o
34300 COMMON/DATA/ FRs IMAX» JMAXyMINTZyMINT3yNZOTy IMAXMy TMAXM - 1
34400 COMMON/INTG/ TCOS(41)sTSIN(41),TEXP(9,10):TRES(910) o
34500 COMMON/QUADRA/AM(E@) y REAV (E3) » TSAV(8@) » WM
34600 COMMON/VELO/ U(4@:9) W (4019)
34700 C -~——————m INITIALIZATION ———————m———e L
34800 CALL QUAD(3) [ J
34900 DO 100 M=1,MINT3 - e
35000 EM=AM(M)
35100 EM2=EM*EM
35200 DO 1@ J=1+JMAXM
‘ 33300 ZETA=,5#(ZB(J)+2B(J+1)) :
fe 33400 DO 10 JJ=1JMAX v
2 35500 ZED=-(ZB(JJ)+ZETA) T
- 35600 CALL INTKQ(Gs ZEDy»EM)
i 35700 10 TEXP(JyJJI)=TSAV(M) #EXP(~ZED*EM2) +RSAV (M) %G
! 35800 C -—---— COMPUTE FOURIER INTEGRAL -——--
i 35900 DO 40 I=1, IMAXM _
9 36000 XI=.S5#(XB(I)+XB(I+1)) .
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36100
36200
36302
36400
36500
346500
36700
36800
346900
37000
37100
37200
37300
37400
37500
37600
37700
376800
37900

20

30

40
1aa

DO 20 II=1,IMAX
TCOS(II)=COS((XB(II)=XI)*EM)
TSINCII)=SINC(XB(II)=XI)*EM)

DO 4@ J=13JMAXM

UVINT=@.

WINT=0.

DO 3@ II=1,IMAXM
COSXMU=TCOS(II)-TCOS(II+1)
SINXMU=TSIN(II)-TSIN(II+1)

DO 3@ JJ=1+JIMAXM
C=(TEXP(JyJJ+1)~-TEXP(JrJI) I *FB(II,JJ)
UVINT=UINT-C*COSXMU/EM
WINT=WINT+C*SINXMU
UCIsJ)=UCTyJ)+WM*UINT
WCIsJ)=W(IyJ)+WMRWINT

CONT INUE

CONT INUE

RETURN

END
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20100
2200
20300
Q04020
20500
20602
00723
20800
207020
21000
81100
81200
213002
01400
21500
014600
21700
21800
21200
ozeo0e
22100
22200
22300
22400
22500
02600
22700
22800
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23000
23100
23200
Q3320
23400
23500
83600
23700
23800
83900
24000
04100
04200
Q4300
04400
845900
84600
24700
24800
04920
25000
23100
23200
253020
03400
2550
25600
25792
23800
25900
060020

OO0On

PROGRAM SHPMSH
L Z a2 2 2R IS LTI PSSR St R RIS R S SRS L LY S 2 A

THIS PROGRAM CALCULATES METRIC AND CURVATURE PARAMETERS FOR ARBITRAR

SHIP HULLS AND WRITES A DISK FILE FOR USE BY PROGRAM EDDY3

I3 I I W I W I I I W WA W W I I I I I I W W W W I W W I I I WA W W R

COMMON/COORD/ Z(4@)

COMMON/COORDB/XB(40@)»YB(40)»ZR (40)

COMMON/ INTRP/ XI(40):21(40)

COMMON/GEOMP/ H1(40)+yH2(4D)»THETA(4D+40)+CK1(40)+CK2(43)»
* CK12(48)+»CKZ1(40)+PSI(40)

COMMON/TEMPZ/ DYBDZ(48)D2YEBDZ(4B)+DZBDZ(40)D2ZBDZ(40Q)

COMMON/TEMPX/ DYBDX(4@)D2YEDX(40)+sDZEBDX(49)sD2ZEDX(40)

COMMON/DTHET/ DTHDX(4@)sDTHDZ (409)+s THET(40)+LT(30)

COMMON/ XDATA/ PSIZyXSTARTy XENDsDX(10)3sNX(10)
COMMON/ZDATA/ ZSTARTYZENDIDZ(1@3)1NZ(1Q)

COMMON/NDATA/ TULy IUZ2y IU3y IU&4s TUSy IMAXs JMAXsNXTLINZTLIJFZsLZ2(3D)

COMMON/MDATA/ JEXsLX (30)
COMMON/LDATA/ ISYMs ISET
CALL OPEN(&r NAMLIST *11)
CALL NAMIN
CALL OPEN(IU1ly'MESH ’»1)
CALL OPEN(IUZ,’SCRATCH1 *»12)
CALL OPEN(IU3,’SCRATCHZ *»28)
CALL OPEN(IU4:’GEOMETRY *1»32)
SET UP COMPUTATIONAL GRID
CALL GRID
JMAXM=TMAX-1
DO 1 I=11IMAX
ISET-C
READ SECTION COORDINATES
READ(1U15100@) XB(I)1YB(1)sZB(1),YB(2)yZB(2)
DO 2 J=3,JIMAXM,2
JP=J+1
READ(IU1»1108) YB(J)3ZB(J) s YB(JIP)»ZB(JIP)
COMPUTE AND RESCALE LOCAL ARCLENGTH
CALL ARC(DYDX1)
SMOOTH SECTION DATA AND COMPUTE D/DZ

IF(ISYM.EQ. 1)

ISET=1

CALL SMOOTH(Zs YRy L ZyIJFZyJJMAXs 1y NZTLy IUZsZI+@sDYDX1)
CALL SMOOTH(Z»ZByLZyJFZsJIJMAXs 1yNZTLs IU2+21+0+0.)

CONTINVUE
WRITE(1,200)
REWIND IU2Z2

DO & J=1yNZTL

READ SMOOTHED DATA FOR CONSTANT Z

CALL READYZ(J)

SMOOTH ALONG Z=CONSTANT AND COMPUTE D/DX
CALL SMOOTH(XBEsYRIL Xy JFXs IMAXs@yNXTLy IU3y X1y 1yDUMMY)
CALL SMOOTHU(XEy» ZBsLXvJF Xy IMAX+ @y NXTLs IUZy XIy» 2y DUMMY)
CALL SMOOTH(XBsDYBDZyLXsJFXs IMAX @y NXTLs IU3s X144 DUMMY)
CALL SMOOTH(XBsDZEBDZ»LX+ JFXs IMAXy @+ NXTL» IU3y XIy Sy DUMMY)
CALL SMOOTH(XByDZYBDZyLXs JFXs IMAXs @y NXTLy IU3s X1y &y DUMMY)
CALL SMOOTH(XBsD2ZEDZs L Xy JFXs IMAXs @y NXTLy IU3yXIyv 7y DUMMY)

COMPUTE H1+H2y THETAY K1 K2
CALL GEOMET(J)
WRITE(1,300) J
REWIND 1U2
CONT INUVE |
COMPUTE DERIVATIVES OF THETA ON EACH SECTION
REWIND 1U2
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26100
26200

06300
26400
@s500
06600
26700
26800
06900
@7000
27100
@7200
07300
Q7400
27500
@760202
07709
27800
07900
28000
081020
a820a
28320
084020
28500
286020
28700
28600
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11

12
102
200
300
400
1000
1100
1200

L 20ndl St TR R A

JFT=NZTL/2+1

LT(1)=1

JUP=NZTL-1

LL=1

DO 8 J=24JUPW2

Lli=LL+1

LT(LL)=J

LT(IFT)I=NZTL

DO @ I=1+NXTL

DO 7 J=1+NZTL

THET(J)=TRETA(I+J) .

CALL SMOOTH(ZIyTHETLTyJFTyNZTLsBsNZTLy IU2yZI+8y DUMMY)
CALL SMOOTH(ZIWDTHDZ+L T+ JFTINZTLy @By NZTLy IUZ2vZ1+0yDUMMY)
CONTINUE

WRITE (1, 400)

REWIND IUZ

REWIND IU3

JET=NXTL/2+1

LT(1)=1

IUP=NXTL~-1

LiL=1

DO 13 I=2+1UP»2

Li=LlL +1

LTLL)=]

LT(IFTH>=NXTL

DO 12 J=1+NZTL
AD D(THETA)/DZ FROM DISK FILE FOR CONSTANT Z

CALL READTH(J)
COTH ITHEIA ALONG Z=CONSTANT AND COMPUTE D/DX

DO 1@ I=1.+NXTL

READC(IU3) YR(IDsZBRB(ID)yHI(I) s HI(II»THET(I)+»CKI(I)s CK2(I).
CALL. SMOOTH(XI sy THET LTy IFTyNXTLyQsNXTiLy IUTy XI» 3y DUMMY)
MPUTE K12 AND K21 THEN WRITE FINAL DISK FILE

WRITEC(IUS, 1280@) Z1(J)

PSI(1)=PSIZ+H1(1)%DX (1)

DO 11 I=1sNXTL

IFC(ILLT.NXTL)Y) PSI(I+1)=PSI(I)+. 5% (HI(I)+HI(I+1)) % (XI(I+1)-XI(I))
FACT1=CKI1(I)+DTHDX(I)/HI (1)

FACTZ=CKZ(IN+DTHDZ ()Y /HZ(I)

SINTH=SIN(THETA(I J))

COSTH=COS(THETA(I«J))
CK12¢(I)=(—FACT1+COSTH*FACT2)/SINTH
CK21(I)=a(~FACT2+COSTH*FACT1)/SINTH

WRITEC(IU4) HIC(I)yHI(I)yCKICI)sCK2(I)2aCK12(I)y
» CK21(I) s THETA(I+J)sPSIC(I)

WRITE(IUS»180) I+ XICI)sYB(II I ZEB(IDIyHIC(IDvH2(I)»THETA(IJ)
» CKI1(I)yCK2(I)s CK12(I) s CK21(I)+PSI(I)
CONT INUE

REWIND U2

CONTINUE

FORMAT(I4+3Xy1P11E11.3)

FORMAT(1Xs A1l Sectionon Data Smonthed & Differentiated®//)
FORMAT(1Xs'Geometrical Parameters Computed for J = "413)
FORMAT(/1Xy'd(Theta)/dz Comeuted for all Sections’'/)
FORMAT(3F10.5+11X+2F10.53)

FORMAT(1BXy2F1A.5+ 11Xy 2F10.95)

FORMAT(//1Xe*2Z = *4F7,3/3X1HI+ 10X2HXB Yy PX2HYBy 9X2HZE
» PA2HHL » FX2HH2 s BXSHTHETA s 7X2HK 1 s FX2HK2y

.

* IXIHK12+BXIHK21H» OXIHPSI)

END
~47-




W»Tvrrv
L)

—

B e caes

12100
12200
123020
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
156800
15920
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
17000
17100
17200
17300
17400
17500
17600
177002
17600
17920
18000

O0O00n

c
c
o

Cc
c
C

S]

]

\

SUBROUTINE ANGLE(COSTHs SINTHs THETA) ")

WU AT T T A I e SIS TN I IS I e T I I I eI I NI

THIS SUBROUTINE CALCULATES AN ANGLE IN EITHER THE FIRST OR SECOND

QUADRANT GIVEN THE COSINE OF THE ANGLE

AT I BTN TN 66 T I T I I I I I IE I T I I I I N K
IF(COSTH.EQ.@.) GO TO 2

IF(COSTH.GT.D.) GO TO 1 N B

SINPHI=~-COSTH
COSPHI=SGORT (1.-SINPHI*#2)
TANPHI=SINPHI/COSPHI
PHI=ATAN(TANPHI)
THETA=355./226.+PHI
SINTH=COSPHI
RETURN
SINTH=SGRT (1. -COSTH**2)
TANTH=SINTH/COSTH
THETA=ATAN(TANTH)
RETURN
SINTH=1.
THETA=355./226.
_RETURN
END
SUBROUTINE ARC(DYDX1)
f A E 2 L2 LI LI L LT LI PSS S LIS LIS LSS IIIL LIS ELIIIE S LI LR L 2L L LN
THIS SUBROUTINE COMPUTES LOCAL ARCLENGTH AND RESCALES TO UNITY
b2 AR 22 X2 L R LT L LT SIS EELLLLELT LT L ELEE L L L2 R 2 E L LR E L L TN
COMMON/COORD/ Z(4@)
COMMON/ COORDE / XB (40) s YE(4@) + ZB(4D)
COMMON/MDATA/ TU1Ls TUZy TUZs [U&y TUSs IMAX s JMAX s NXTL«NZTL: JFZ+L.Z (30)
2(1)=0.
DO 1 J=2, JMAX
JM=J-1
DYB=YE(J)~YB (JM)
DZB=2ZB.(J)~ZB(JM)
DZ=SGRT (DYE*DYB+DZB*DZE)
Z(J)=2(JM)+DZ
ZSCALE=Z (JMAX)
DO 2 J=2,JMAX
Z(J)=Z(J)/ZSCALE
DYDX1=-2SCALE
RETURN
END
SUBROUTINE GEOMET (J)
3 J F I I I W I I I I I I I I I I I I W I I I W I I I W I I I I I I WD I A I I I I I I I I I I I ¥ S
THIS SUBROUTINE CALCULATES THE METRIC AND CURVATURE PARAMETERS
t L 2L 2 22 22 2R R Xl 2 B R a2 R 2l Ra X 2 R SRS L R EL L L L L L L L B
COMMON/COORDE/ XB (4@) » YB(4D) » ZB (4°
COMMON/GEOMP/ H1 (4@)yHZ(4B) s THETA (401 48) s CK1 (40) » CK2(40) s
» CK12(4@)»CK21(48)y PSI (40)
COMMON/TEMPZ/ DYBDZ(4@)»D2ZYEDZ(4@)+DZRDZ(4@) s D2ZEDZ (4D)
COMMON/TEMPX/ DYEDX(4@)yD2YBDX (4@)+DZBDX(4@)yD2ZBDX(40)
COMMON/NDATA/ TU1, IUZ2y TU3s IU&» IUSs IMAX s JMAX s NXTLyNZTLy JFZsLZ (30)
DO 3 I=1.NXTL
H1(I)=SQART(1.+DZEDX (1) #*2+DYEDX (I)%%2)
H2(I)=SGRT(DYEDZ(I)%**2+DZEDZ (1) *%2)
COSTH=(DYBDZ (1)#DYEDX(I)+DZEDX(I)*DZBDZ(I))/(H1(TI)*H2(I))
CALL ANGLE (COSTHsSINTHy THETA( T+ J))
FACT1=DYBDZ(1)#DZEDX(1)-DYEDX(I)*DZBDZ(I)
FACT2=DZEBDX(1)#D2YEDX (I)-DYEDX (1) *D2ZEDX (1)
FACT3=DYEDZ(1)#D2YBDX(I)+DZRDZ(1)*D2ZBDX(1)
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@ 18100
18220

18300
18400
18500
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
197920
19800
19900
20009
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
21400
\ 21500
E 21600
, 21700
i 21800
21900
22000
22100
22200
22300
22400
22500
22600
22700
)¢ 22800
s 22900

23000

23100

23200

23300
@ 23400

23500

23600

23700

23000

23900
q 249000

ey a2 Ane SN Sc Sum
& .

Cc

C

00

DENOM=H1 (I ) ##4%H2(I)*SINTH -
CKI(I)=(FACT1#FACTZ2+FACT3)/DENOM
FACT2=DZEBDZ(I1)=*D2YBDZ(I)-DYEBDZ(I)>*D2ZBDZ(I)
DENOM=H1 (I ) #HZ (I ) *#4%SINTH

CK2(1)=-FACT1*FACT2/DENOM

WRITEC(IU3) YBC(I)yZB(I)yHI(IDyH2(I) s THETA(I1J)s CKI1(I)» CK2(T)
CONT INUE

RETURN

END

SUBROUTINE GRID

LA T2 S22 s I LI LTS L L SRS LI LT LIRSS L E L EL L L LT 22 B F 2 ¥

C THIS SUBROUTINE SETS UP THE COMPUTATIONAL GRID
30 I I I NI I I I I I NI H I I I 6N I I I I I I I I I TN I KT I I A

1002

<20

COMMON/ INTRP/ XI(4@),Z1(40)

COMMON/ XDATA/ PSIZs XSTART XENDsDX(1@)sNX(18)
COMMON/ZDATA/ ZSTARTHYZENDYDZ(1@)sNZ(10)
COMMON/NDATA/ IU1yIUZ2s IU3y IVU4y TUSy IMAXy JMAXIsNXTLINZTL»JFZyL.Z(30)
XI(1)=XSTART+DX (1)

K=1

MCUT=NX(1)

NXTLM=NXTL~1

DO 1 I=1)NXTLM

IF(I.LE.MCUT) GO TO 1

K=K+ 1

MCUT=MCUT+NX (K}

XICI+1)=XI(I)+DX(K)
IF(ABRS(XI(NXTL)-XEND).GT.. 1*DX(K)) GO TO 7
XI(NXTL)=XEND

ZTI(1)=2START

K=1

MCUT=NZ (1)

NZTLM=NZTL-1

DO 3 I=1+NZTLM

IFCILLE.MCUT) GO TO 3

K=K+1

MCUT=MCUT+NZ (K)

ZICI+1)=21(1)+DZ(K)
IF(ABS(ZI(NZTIL)-ZEND).GT..1#DZ(K)) GO TO 8
ZI(NZTL)=ZEND

DO 4 I=1»NXTL

WRITE(IU4) XI(I)

DO S I=1+NZTL

WRITE(IU4) ZI(I)

RETURN

WRITE(IUSy 100> XI(NXTL)sXEND
STOP

WRITE(IUS,20@) ZI(NZTL) s ZEND
STOP

FORMAT(/1Xs*STEPSIZE ARRAY IMPLIES XEND =',1PE13. 6"
#' WHICH DOES NOT MATCH THE DESIRED VALUE...'H»E13.6)
FORMAT(/1Xy'STEPSIZE ARRAY IMPLIES ZEND =',1PE13. 61
®#’ WHICH DOES NOT MATCH THE DESIRED VALUE...'+E13.6)
END

SUBROUTINE INITL(XyYsN:L+JFsISTARTsDYDX1)

S ZZZITRETI RIS EEE SR Y R T Y R R R R A R R YT TR YRR )
THIS SUBROUTINE SETS UP INITIAL VALUES FOR THE VARIOUS ARRAYS
LI IE SRR TR s R I IR R R R L RSN T Y Y Y 2

DIMENSION X(4@)yY(4B),L(30)

COMMON/QUAN/ A(30)1B(203)y PHOPHA(ZB) » PHOPHI1 (3Q)
» PHAPSO(33) s PIHOPS1 (33) s PHIPH1 (33)yPHIPSB(30)

~4g-
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24100
24200
24300

24400
24500
24600
24700
24800
24900
25000
25100
25200
25300
25400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26600
26700
26800
265066
27000
27100
27200
27300
27400
27500
27600
27700
27800
27900
28000
281020
28200
28200
28400
28500
28620
28700
28800
28900
29000
29100
29200
29300
29400
29500
29600
29700
29800

29900
30000

O00N 0

8]

X %

PH1PS1(30)sP1(3@)+P2(3D)1PI(3@)+1Q1 (3@),
Q2(30)2B3(30) s XI(30) YPHIO(30) s YPHIL(3D) s
H(30)

COMMON/DIMN/ JFM

COMMON/LDATA/ ISYMy ISET

JFM=JF-1

Yi=Y(1)

YN=Y (N)

IF(ISTART.NE.@) GO TO 2

X3IZ=X(3)=X(2)

XIL=X(3)-X(1)

X21=X(2)-X(1)

AA=—(X21+X31)/ (X21%X31)

PE=X31/(X21%X32)

CC=—X21/(X31%X32)

DYDX1=AA*Y (1) +BE*Y (2)+CC*Y(3)

X32=X (N-2)~X (N—1)

X31=X (N=-2) =X (N)

X21=X(N—1)=X(N)

AAE=—(X21+X31) /7 (X21%X31)

BB=X31/(X21%X32)

CC=—X21/(X31%#X32)

DYDXN=AA*Y (N)+BE.*Y (N~1 }+CC*Y (N=2)

IF(ISET.E®.0) GO TO 3

DYDXN=0.

YN=—(BBxY (N~1)+CC*Y (N-2) ) /AA

ISET=0

P1(1)=Y1

Fz(ii=0.

P3(1)=0.

®1(1)=DYDX1

@2(1)=0.

@3(1)=0.

A(JF)=YN

B (JF)=DYDXN

DO 1 J=1,JF

K=L(J)

XI(JI)=X(K)

PHOPHQO (J) =0.

PHRPH1 (J) =0.

PHOPSB(J)=0.

PHOPS1 (J) =0.

PH1PH1 (J)=0.

PH1PS2(J)=0.

PH1PS1(J)=0.

YPHI® (J)=0.

YPHI1 (J)=0.

CONT INUE

RETURN

END

SUBROUTINE INTERP(IsJsXXs IU2y IFLAG)

i

y D)

-*.*.-4

L2 2T I T IS R 22 S22 it i i Rt X R X L R X} h

THI

DAT,

S SUBROUTINE USES THE SPLINE FIT TO INTERPOLATE THE ORIGINAL

A AND ToO COMPUTE ITS FIRST AND SECOND DERIVATIVES

***********:}***?***l-**************%*********************************_

%k Kk %

COMMON/QUAN/ A(Z0)+B(30)+ PHRPHA(3Q@)» PHAPHL (30)

PHRPSQ(30)+ PHOPS1 (30) s PHIPHLI (20) 4+ PHIPSB(30)

PHIPS1(3@)yP1(30)2P2(3D)+sP3(30)+R1(30)»
QR2(32)+ Q3 (3D)y XI(30) YPHIB(3@)y» YPHI1 (30
H(302)

-50-




30100 COMMON/TEMPX/ DYBDX(43)s»D2YEDX(4@)s»DZEDX (40)+D2ZEDX(40)
30200 COMMON/TEMPZ/ DYBDZ(40)yD2YEBDZ (4@)yDZBDZ(48)»D2ZBDZ (40)
. 30300 COMMON/ COORDB/ XB (40)+YB (40) 4y ZB(40)
1 30400 COMMON/DTHET/ DTHDX(4@)sDTHDZ (4@)y THET (4@)+LT(30)
. 30500 COMMON/DIMN/ JFM
. 30600 IF(XX.LE.XI(I+1)) GO TO 1
‘: 30700 I=I+1
\ 30800 IP=I+1
‘ 39900 DX=(XX=XIC(I))/H(I)
- 31000 DXP=(XI(IP)=~XX)/H(I)
. 31100 PHI1=(3,-2, #DX ) #DX#**#2
. 31200 PHI@=1.-PHI1
| 313020 PSI1=—H(I)*DXP*#DX%*2
F! 31400 PSI@=H(I)*DX*DXP*x2
g 31520 PHI1P=6. #DX*(1.~DX)/H(I)
. 31600 PHI@P=-PHI1P
t 31700 PSI1P=—DX#* (2. %DXP-DX)
. 31800 PSI@OP=DXP* (DXP-2.%DX)
?‘ 31900 PHIPP=6.%(1.=2.%DX) /H(I)%%2
‘ 32000 PHOPP=~PH1PP
32100 PS1PP=2, # (2. %DX~DXP) /H(I)
32200 PS@PP=2.#(DX~2.#DXP) /H(I)
32300 YY=A(I)*#PHIQ® +A(IP)*PHI1 +P(I)*PSI® +B(IP)*PSI1
32400 YP=A(I)#*PHIBP+A(IP)*PHI1P+B (1) *PSIQP+B(IP)*PSI1IP
32500 Y2=A(1)%PHBPP+A(IP) *PH1IPP+E (1) %*PS@BPP+B(IP)*PS1PP
32600 IF(IFLAG.GT.®) GO TO 2
32700 WRITE(IUZ) YYsYP,YZ
32800 RETURN
32900 LF(IFLAG.GT.2) GO TO 4
33000 IF(IFLAG.E®.2) GO TO 3
33100 YR(J)=YY
33200 DYEDX (J)=YP
33300 D2YBDX(J)=Y2
33400 RETURN
33500 ZB(J) =YY
334600 DZBDX(J)=YP
33700 DZZBDX(J)=Y2
- 33800 RETURN
} . 33900 IF(IFLAG.E®.3) DTHDX(J)=YP
[ 34000 IF(IFLAG.E®.4) DYBDZ(J)=YY
. 34100 IF(IFLAG.E®.S5) DZBDZ(J)=YY
L. 34200 IF(IFLAG.EG. &) D2YEBDZ(J)=YY
¢ 4300 IFC(IFLAG.E®.7) D2ZEDZ(J)=YY
1 34400 IF(IFLAG.E®.8) DTHDZ(J)=YP
34500 RETURN
34400 END
34700 SUBROUTINE NAMIN
t; 3480@ C 2 T2 EZIL LI LI SIS SIS LSS TSI SRS SIS L LT L LRSS R SRR SR L YL L L
_‘ 34900 C THIS SUBROUTINE COORDINATES READING OF INPUT DATA
IA 35@0@ C I J6 I HE I 3 I 6 I I I I T F I I I I I H I W I IE I NI I W I W I I I T I I 6 I I I I W I I WP I IE I WA IE I
3 35100 COMMON/NDATA/ MN(4@)
{ 35200 COMMON/MDATA/ M(31)
3 35200 COMMON/LDATA/ ISYM, ISET
i. 35400 COMMON/XDATA/ X(13)sNX(10)
- 35500 COMMON/ZDATA/ Z(12)1NZ(1@)
35600 1SYM=0
35700 CALL NAMLST(&y2y ISYMy DUMMY)
35800 DO 1 I=1,10
35500 N(I)=0
e 36000 CALL NAMLST (&9 2yN(I) s DUMMY)
. =51~
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36100 IUP=10+N(10) . N A

36200 DO 2 I=11,1IUP A
36300 N(I)=0 -
36400 2 CALL NAMLST(&69y2yN(I)sDUMMY) »f
36500 M(1)=0 - 4
36600 CALL NAMLST(46+29M(1) s DUMMY) ) " 1
36700 IUP=1+M(1) L)
36800 PO 3 I=2,1UP r
36900 M(I)=0
37000 3 CALL NAMLST(&6y2+M(1) s DUMMY)
37100 DO 4 I=1+13 . :
37200 4 CALL NAMLST(632y14X(1)) ]
37300 DO 5 I=1,1@ ®
37400 NX(I)=0 R
37582 S CALL NAMLST (&) 2y NX (1) DUMMY) E
37600 DO & I=14+12 'ﬂrq
37700 6 CALL NAMLST(&6y2+149Z(1)) 1
37800 DO 7 I=1+10 o
37908 NZ(I)=0 Ad
38000 7 CALL. NAMLST(6+2yNZ (1) DUMMY) . :
38100 RETURN
38200 END
383C0 SUBROUTINE NAMLST(II»IOsNsX) .
38400 C ***************%*********%*****************************************i;?.A
38502 C THIS SUBRROUTINE READS INPUT DATA .4
38600 C L 222X T LT L LS LSS ES LTS L S AR L SIS LT SIS SIS SES LTSS R Y LT N .
38700 DIMENSION A(3) ]
38800 IF(N .NE. @) GO TO 1 f
3870V READ (1192) A(l)vACLIsA(S3)IIN .o
32000 WRITEC(IOY2) A(1)+yA(2)+A(3) N u'J
39100 RETURN L
39200 1 READ (I1+3) ACL)sA(2)I1A(3) v X
39300 WRITE(IO.3) ACL)sA(Z2)1A(3)e X
392400 RETURN =
39500 =2 FORMAT (1X3y3A4y14) ]
3926608 3 FORMAT (1X+3A4+1PE13.6) L“i*
39700 END L
39800 SUBROUTINE READTH(J) x"i
3PBD C 353333 I I I He I K I I I I I I I W I I I I I I I I I I I I I I I I I I I 6 I I I I I I I I IE IR
40080 C THIS SUBROUTINE READS D(THETA)Y/DZ ON A SECTION FROM DISK _.'
40100 C 6 96 36 I I 3 e I I I 36 K I I F I I I I KNI I I I NI I W I I I I I I I K I I I I I T I I I I K S .
40200 COMMON/DTHET/ DTHDX(4@)DTHDZ (40@)s THET (42):L.T(32) » GW
40300 COMMON/NDATA/ IU1y IUZy IU3y IU4s JUSy IMAXs JMAXsNXTLINZTLIJIFZyLZ(30) - 1
40400 DO 3 I=1,NXTL '._%
40520 DO 1 JJ=1+J _-?
435600 1 READ(IU2) YYsDsD | 3
40700 DTHDZ(I)=YY ‘
40800 IF(J.ER.NZTL) GO TO 3 v
40900 JP=J+1 - 1
41000 DO 2 JI=JP+NZTL
41100 2 READ(IUZ) DsDsD 3
41200 3 CONT INUE 1
41300 RETURN
41400 END L 4
41500 SUBROUTINE READYZ(J) B 1
41600 C L2222 2 L E RS2 2R RS SRS SR RS2 RRSSAS S SR R S R E RN R RN YN ¥ XN R NN W R 1
41700 C THIS SUBROUTINE READS SMOOTHED SECTION DATA FROM DISK AND FILLS
41802 C ARRAYS IN PREPARATION FOR SMOOTHING IN THE STREAMWISE DIRECTION
41999 C IZXIT I I RSS2SR SRS SRS SRS PSR SIS SSS S TSRS L SR SE IS LRSS SRR Y Y] 1
42000 COMMON/ COORDEB/XB(40)yYB(40)+ 2B (40) .1
=52~
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42100
42200
42300

42400
42500
42600
42700
42800
42900
43000
43100
43200
43300
43400
43500
43600
43700
43800
43900
44000
44100
44200
44300
44400
44500

446020
44700

44800
44700
45000
45100

45200
45300

45400
45500
45600
45700
45800
45900
46000
46100
46200
46300
44400
46500
46600
46700
46800
46900
47000
47100
47200
47300
47400
47500
47600
47700
47600
47900
48000

COMMON/TEMPZ/ DYEBDZ(4@)+D2YEDZ(4@)yDZBDZ(4B)+D2ZBDZ (41)

COMMON/NDATA/ IU1» TUZy TU3s TU%4y IUSs IMAX s JMAXaNXTLINZTLIJIJFZ2L2(30)
DO & I=1,IMAX

DO 1 JJ=1+J
1 READ(IU2) YVY,YPyY2
YB(I)=YY
DYBDZ(I)=YP
D2YBDZ(I)=Y2
IF(J.EQ@.NZTL) GO TO 3
JP=J+1
DO 2 JI=JPyNZTL
READ(1IUZ2) D«DsD
CONTINUE
DO 4 JJ=1+J
4 READ(IUZ) ZZ+ZPyZ2
Ze(1>)=2Z
DZEDZ(I)=ZP
D2ZBDZ(I)=22
IF(J.EQ.NZTL)Y GO TO 6

DO 5 JJ=JPsNZTL
5 READ(IUZ) D»DsD

6 CONTINUE
RETURN
END
SUBROUTINE SMOOTH(XsYsLyJFsNs ISTARTyNNs IUZ2s XTs IFLAGyDYDX1)
Ea T T T T LI XL T L L L XL L LR L el st XA 2 Bttt R L L L L 2L L L X L L
THIS SURROUTINE FITS A TABULATED FUNCTION WITH CURIC SPLINES USING
LEAST-SQUARES ERROR MINIMIZATION
e FE R R T e K I e FE A I I I I I I I I I eI I I I K I I I I I I I IE I I I IE I IE I I I I I I I I I W I I I I A I I
DIMENSION X(4D)sY(4D)+L (30> XT(40)
COMMON/QUAN/ A(3D)+B(30) s PHOPHB (32 ) +» PHRPH1 (38) .
PHBPSD(3@) PHRPS1 (30) PHIPH1 (30)y» PH1PSA(30)
PHIPS1(33)+P1(3D)H»P2(ID) 1 PI(TB))» N1 (30 »
R2(3D)s3(3A)+ XI(3IB)y YPHIB(3D)s YPHIL1(30)
H(30)
COMMON/DIMN/ JFM
C INITIATE THE COMPUTATION
CALL INITL(Xy»YIyNyI »JFs ISTART»DYDX1)
CALL SUMUP(XsyYsNsL s JF)

C COMPUTE THE P’'S AND &’S
DO 1 J=2.JFM
M=J-1

C COEFFICIENTS IN THE ORIGINAL EQUATIONS
Al1=PH@PHL (M) .
Bi=PHIPHL (M) +PHDBPHA(J)
C1=PHOBPH1 (J)
Di=PHIPSO(M)
E1=PHIPS1 (M) +PHAPSA(J)
Fi=PHDPS1(J)
Gi=YPHI1 (M)+YPHI® (J)
AZ2=3, /H(M) #x2
B2=3.# (1. /H(J)#%2~1,/H(M)#%2)
C2==3, /H(J)#x2
D2=1./H(M)
E2=2.#(1./H(J)+1,./H(M))
F2=1./H(J)
G2=0.

C MODIFIED COEFFICIENTS
B1S=R1+A1#P2(M)+D1#Q2(M)
E1S=E1+AL1*P3(M)+D1#Q3 (M)
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T

48100
48200
48300
48400
48500
48400
48700
48800
48900
49900
49100
49200
49300
49400
49500
494600
49700
49800
49900
50000
50100
50200
50300
50400
50500
50600
50700
52800

- e re
- DT eI

51000
51100
51200
51300
51400
351500
51600
51700
51800
51920
52000
52100
52200
52300
52400
52500
52600
52700
52800
52900
53000
53100
33200
53302
33400
53509
334600
33700
53800

33900
34000

GiIS=G1-A1%P1 (M)~-Di*31 (M)
B2S=B2+AZ*P2(M)+D2#Q2 (M)
2E8=E2+AZ2%P3 (M) +D2*O3I (M)
Q2S=G2-A2%P1 (M)-D2#01 (M)

C THE P'S AND @&’S
DEL=1./(B1S*E2S~-B2S*E1S)
P1(J)=(E2S*GIS-E1S*G2S)*DEL
P2(J)=(E1S%C2 —-E2S#C1 )*DEL
P3(J)=(E1S*FZ -EZS%*F1 )*DEL
1 (J)=(B1S*xG2S~-B2S*G1S)*DEL
Q2(J)I=(B2S%C1 —-P1S*C2 )#*DEL
QR3I(J)I=(B2S*F1 —-B1S*F2 )#DEL

1 CONTINVE

C SOLVE FOR THE A'S AND B'S
K=JFM
KP=JF
DO 2 J=1+JFM
A(K)I=P1(K)+P2(K)*A(KP)+PI3(K)*B(KP)
B(K)=Q1 (K)+Q2(K)*A(KP)+Q3(K)*E (KP)}
KP=K
K=iK—-1

2 CONTINUE

C INTERPOLATE TO DESIRED MESH
I=1
DO 3 J=1+NN
CALL INTERP(I+JsXT(JT)y IU2y IFLAG)

3 CONT INUE

RETURN

P

SUBROUTINE SUMUP(XsYsNsLyJF)

WEIGHTING FUNCTIONS

s el s Nel

DIMENSION X(4@)yY(4@)y1_(320)

COMMON/QUAN/ A(32),8(30)y PHOPHD (33) » PHBPH1 (30) s
PHRPSQ (30} PHRPS1 (32) 3y PHIPH1 (30)» PHIPSO(30)
PHIPS1(Z@)»P1(30)sP2(30)+P3I(3D)»Q1(33),
QR2(22)H»QRJ(3D)yXI(3@)y YPHIA(IZB) s YPHIL1(30),
H(309)

COMMON/DIMN/ JFM

DO 2 J=1,JFM

H(J)=XT(J+1)~-XI(J)

KL=L (J)

KU=L (J+1)

DO 1 K=KLiKU

DX=(X(K)=XI(J))/H(J)

DXP=(XI(J+1)=X(K))/H(JT)

YY=Y(K)

PHI1=(3.-2, *DX)*#DX %2

PHIO=1.-PHI1

PSI1e~H(J)%*DXP#DX%#2

PSI@= H(J)*DX#DXP#*%2

PHOPHR (J)=PHOPHB (J)+PHID#*PHID

PHOPH1 (J)=PHOPH1 (J)+PHIQ@»PHI1

PHBPSO(J)=PHOPSA(J)+PHIO*#PSIO

PHOPS1 (J)=PHBPS1 (J)+PHI@#PSI1

PHIPH1 (J)=PH1PH1 (J)+PHI1#PHI1

PHLIPSB(J)=PHIPSA(J)+PHI1»PSIO

PHIPS1 (J)=PHIPS1 (J)+PHI1#PSI1

-5~
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THIS SUBROUTINE PERFORMS SUMMING OPERATIONS ON THE CUBIC-SPLINE
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54100 YPHIB (J)=YPHI@ (J)+PHIQ#*YY. ”"j‘
54200 YPHI1 (J)=YPHI1 (J)+PHI1*YY C s
34300 1 CONTINUE C
54400 2 CONTINVE
34500 RETURN
54600 END
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00102

00200
20300

20400
Q0522
00400
22720

00800
20920

21000
21100
21200

01300
81400

21500
01600
21700
01800
21900
22000
92100
0z200
a22aa
02400
22500
82600
22700
22800
V2270V
03000
231020
23200
23200
03400
23500
83600
23700
23800
283900
04002
24100
04200
84300
844900
04500
V4600
Q4700
04800
04900
25000
25100
25200

253020
23400

23500
034622
237ee
93800

939002
046000

OO0O00

C

C

C

C

3

12

4

PROGRAM VELOC

U6 I I I 226N I U I DI I I I I T I IE I I I I I I NI I I T I B I KN
THIS PROGRAM SMOOTHS AND INTERPOLATES BOUNDARY LAYER EDGE VEILOCITY
COMPONENTS ONTO A RECTANGULAR GRID IN TRANSFORMED COORDINATES AND

WRITES A DISK FILE FOR USE BY PROGRAM EDDYZ
B IE I I I I T I I I I TEI I I T I I AN T BTN NI NN RNRNNNN

COMMON/ COORD/

Z(40)

COMMON/COORDB/XB(4@), YR (40) )y ZR(40)

COMMON/DERIV/
COMMON/ INTRP/
COMMON/VEL/

COMMON/VELI/

COMMON/NDATA/
LOMMON/MDATA/

COMMON/LDATA/

DYEDZ(4@)»DZEBDZ(40)yDWDZ1(40)+yDWDZN(40)
XI(40):2Z21I(40)

UE(4Q)yVE(40)yWE(40)

UEI (40 40)'WEI (401+40)

IUL1y TU2y TUJ» TU4y TUSy IMAXy JMAXsNXTLINZTLyJFZy L Z(30)
JFX s LX(302)

ISYMy ISET

CALL OPEN(6s ' NAMVEL. *+1)

CALL NAMIN

CALL OPEN(IU1,’UEWE ’4+1)
CALL. OPENC(IU3y'VELOCITY ’:8)
CALL OPEN(IU4,'GEOMETRY '»32)

DO 1 I=1sNXTL

READ(IU4) XI(I)

DO 2 I=1.NZTL

READ(IU4) ZI(I)

JMAX=JMAX+2
JMAXM=JMAX~1
DO 4 I=1,IMAX
ISET=0

READ SECIION VEILOCITIES

READ(IU1, 1200)

VE(2)=xCX
VE(2)=Q*CY
WE(2)=0»CZ

DO 3 J=3y JMAXM
READ(IU1,1100)

UE(J)=a»CX
VE(J)=Gax%CY
WE(J)=QxC2

XB(I)sYR(Z)1ZB(2)3CXaCYICZs @

YEB(I)I»ZB(J)»CXsCY1CZHy @

COMPUTE VELOCITIES ON KEEL AND FREE SURFACE

CaLL ENDS

COMPUTE AND RESCALE LOCAL ARCLENGTH
CALL ARC(DYDX1)
COMPUTE TANGENTIAL VELOCITY ON SECTION

IF(ISYM.EQ. 1)

ISET=1

CALL SMOOTH(ZyVYByLZyJIFZysIJMAXyY 1y IMAXs Zy6sDYDX1y IDUM)
CALL. EMOOTH(ZH» IRy L2y JFZs IMAXy 19 JMAX2Z+71@.» IDUM)

DO 10 J=1,yJIMAX

H2=SQRT(DYRDZ(J)*%#2+DZBDZ (J)*%2)

QZ=UE(J) ##2+VE(J) #%2+WE (J) #52
WE(J)=(VE(J)#DYRDZ(J)+WE(J)®DZRBDZ(J) ) /H2
VE(J)=SORT(GI-WE(J)#%2)

C SMOOTH AND INTERPOLATE ORTHOGONAL VELOCITIES

CALL SMOOTH(ZyUEWLZyvJIFZyIMAX s Ly NZTL+yZ1+@+3.+1)
CALL SMOOTH(ZyWEsLZyJIJFZy IJMAXyBsNZTLZIv1DUMMYy 1)

WRITE(1,150)
CONT INUVE
WRITE(1,200)

C SMOOTH AND INTERPOLATE DATA ALONG Z=CONSTANT

DO & J=1+NZTL
DO 3 I=1,IMAX
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-4 06100 VEC(I)=UEI(I+J)
Y 06200 S WE(I)=WEI(IyJ)
- 06300 CALL SMOOTH(XBsUEsLXs»JFXy IMAXs @y NXTLy XIs2s DUMMYy IDUM)
Y 06400 CALL SMOOTH(XByWEsLXs JFXy IMAXs @1y NXTL s XI+ 3+ DUMMY s IDUM)
06500 C COMPUTE NONORTHOGONAL VELOCITY COMPONENTS
06630 CALL ROTATE(J)
06700 6 CONT INUE
04800 CALL SMOOTH(XByDWDZ1sLXsJFXs IMAXs @+ NXTLy XTI+ 4y DUMMYs IDUM)
06900 CALL SMOOTH(XByDWDZNyLXsJFXs IMAXs @y NXTL» XI+Sy DUMMYs IDUM)
©7000 C WRITE DISK FILE FOR SMOOTHED DATA ALONG Z=CONSTANT
87100 DO 7 J=1sNZTL
07200 WRITE(IUS, 1200) ZI(J)
27300 DO B I=1,NXTL
07400 WRITE(IU3) UEICI+J)sWEICIsu)
@7s00 8 WRITE(IUS»1@@) I»XICI)>UEICIvI) ' WEICIVJ)
07600 7 CONT INUE
07700 WRITE(IUS,250)
97800 DO 2@ I=1,NXTL
27500 WRITE(IU3) DWDZ1(I)yDWDZN(I)

28000 20 WRITE(IUS,100) I+XICI)sDWDZI1(I)sDWDZN(I)

08100 100 FORMAT(I4+5Xs1P3E11.3)

28200 150 FORMAT(1Xy’Sectinn Data Smoothed & Differentiated for I ="413)
28300 200 FORMAT(1Xs’Al)l Sectiosan Data Smoothed & Differentiated’//)
88488 250 FORMAT(//3X1HI»10X2ZHXE»BXSHDWDZ14+7X5SHDWDZIN)

28500 1000 FORMAT(3F10.5+4F10.6)

08600 1100 FORMAT(10Xs2F10.5+4F10. 6)
28780 1200 FORMAT(//1Xvy’Z = 'sF7.3/3X1HIv10X2HXEy IX2HUE » ?X2HWE)
288020 END

G500 SUBROUTINE ARC(DYDX1)

DF00D C 363336363 3 3 36 336 3 6 3 3636 36 36 336 36 I 6 I 36 I 36T 36 363 36 I I I I3 I 6 I I I 06 I IE IR
99122 C THIS SUBROUTINE COMPUTES LOCAL ARCLEMNGTH AND RESCALES TO UNITY -
D200 C 56366 3 336 3 36 36 6 33 3 I I 36636 6 3636363696 I 36 36 36 3 33636 36 36 369636 336 36 36 363696 963 3 36 96 36 36 96 3 96 96 96 5 I 3 6 36 9 96 96 5 % i :
29300 COMMON/COORD/ Z(48) 9
8400 COMMON/COORDRB/XB(4B) s YR (4D) 2R (40) }
29500 COMMON/MNDATA/Z TULs IUZs TU3y IU4y TUS s IMAX s JMAXSNXTLINZTLy JFZyLZ (3D) -
294600 2(1)=0. SR A
22700 DO 1 J=2yJMAX 1
29800 JM=J~-1 0
@9900 DYR=YR(J)-YB (JIM)

10000 DZIR=Z22(J)-ZR (JIM)

10100 DZ=SQRT(DYE=*DYR+DZE#DZE) -
18220 1 Z(J)=Z(IJM)+DZ A
103202 ZSCALE=Z (JMAX) M.
10400 DO 2 J=24 IMAX '
10562 2 Z2(J)=2Z(J)/ZSCALE

10600 DYDX1=—-ZSCALE B
10700 RETURN

10800 END e
109202 SUBROUTINE ENDS T . q
1100@ C (2 XTI LTRSS TS EL LSS SR SL LRSI ESE ST L LY R L FR FER L LA :
11100 € THIS SUBROUTINE COMPUTES VELOCITIES ON THE KEEL AND FREE SURFACE

11200 C (A 2L I LIRS RS2SRSS R YR LY LSRR R L LT E YRR R R AR Y A ]
11300 COMMON/ COORDB/XEB(4@)yYE(40) 1+ 2R (40Q)

11400 COMMON/VEL/ VE(4Q)+VE(40)WE(40) 2
11500 COMMON/NDATA/ IU1y IU2y IU3y IU4y TUSy IMAX s TMAXISNXTLINZTLYJIJFZHLL2(3Q) R
11600 Y25Q=YB (2) ##2 }
11700 Y3SQA=YB(J ) #%2 |
116800 D=1, /(Y380-Y25Q) ;
11900 VE(1)=(YISQRUE(2)-Y2SQ*UE(3) )»D 1

12000 VE(1)=0. —‘
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12100

12200
12300

12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800

13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
1400
15000
15100
15200
15300
15400
15500
15600
15700

158020
15900

16000
16100
16200
16300
146400
146500
16600
16700
16800
16900
17000
17100
17200

17300
17400

173002
17600
17700
17800

17900
18000

C L X 2
C THI
C EL L3

% %k %k %k

YB(1)=0,
ZB(1)=(Y3SQ*ZB(2)-Y2S0#ZB(3) )»D

IM1=JMAX~-1

IM2=JMAX-2

ZNM1=ZE (JM1)

INM2=2B (JIM2) K

D=1./(ZNM1-ZNM2) '

UE (JMAX)=( ZNM1 *UE (JM2) ~ZNM2#UE (JM1 ) ) #D

VE (JMAX) =( ZNM1%VE (JM2) —ZNM2#VE (JM1) ) %D

WE (JMAX)=0.

YB(JIMAX ) =(ZNM1*YE (JM2) —ZNMZ#*YE (JM1) ) #D —n ]

ZB (JMAX) =0. o

RETURN

END

SUBROUTINE INITL(XsYsNsLysJFy ISTARTsDYDX1)

t2 a2 22 L2 A s IS LI lTELIET ISR SIS T L L R SR LR TR RN )

S SUBROUTINE SETS UP INITIAL VALUES FOR THE VARIOUS ARRAYS - -

LI 22T L L LTI LI TLTSISLIEL S I IS PR L PSP LSS LY LR L L TR 2L L 2N

DIMENSION X (4@)»Y(40)L (30) "1

COMMON/QUAN/ A(32)sB(30)y PHBPHA(3D) » PHAPH1 (33) » '
PHOPS@(30)+ PHOPS1 (30) s PH1PH1 (30)y PHIPSO(32),
PHIPS1(30)+P1(3Z2)yP2(30)+P3(ID)»Q1(3B)
Q2(32) 1 Q@3 (3V) 1 XI(3D)s YPHID(3B)» YPHIL (3B)
H(32)

COMMON/DIMN/ JFM»NFS

COMMON/LDATA/ ISYM, ISET -]

JFM=JF-1 S

WE(1)=(YISORWE(2)-Y2S*WE(3) )*D ~'j
3

Yi=vY(1l)

YN=Y (N)

IF(ISTART.NE.®) GO TO 2
X32=X(3)=-X(2)
X31=X(3)-X(1)
X21=X(2)—-X(1)
AA=~(X21+X31) /7 (X21%X31) N
BE=X31/(X21%X32) .
CC=—X21/(X31%X32)

DYDX1=AA%XY (1)+PB*Y (2)+CC*Y(3)
X32=X(N-2)=X(N-1)
X31=X(N-2)=X(N)
X21=X(N=-1)~X(N)
AA=—(XZ1+X31)/(X21%X31) '@
BB=X31/(X21%X32) -y
CC==X21/(X31%X3I2) .
DYDXN=AA*Y (N)+BB#Y (N-1)+CC*Y (N-2)

IF(ISET.E®.0) GO TO 3 -
DYDXN=@. §
YN=—(PB#Y(N—1)+CC#Y(N~2) ) /AA ‘@
ISET=0 -1
Pi(1)=Y1 :
P2(1)=0. ;
P3(1)=0. -
Q@1(1)=DYDX1

02(1)=0. o'
Aa3(1)=0. -
A(JIF)I=YN ;
B(JF)=DYDXN '
DO {1 J=1+JF :
K=l (J) ;
XI(J)=X(K) v

SV




18100 PHRPHR(J)=0.

18200 PHOPH1 (J)=0.

18300 PHBPSA(J) =0.

184020 PHOPS1 (J)=0.

18500 PH1PH1(J)=0.

18600 PHIPSO(J)=0.

18700 PH1PS1(J)=0.

18800 YPHI® (J)=D.

18920 YPHI1 (J)=0.

19000 1 CONTINUE o
19180 RETURN "
19200 END ]
19309 SUBROUTINE INTERP(IsJvXXs IFLAGyII) LA
194008 C I I I I I I I eI I I I H I I I e F A I I I I I I I I I I I I I I I I I I I I AW I I I I I I % , k
19500 C THIS SUBROUTINE USES THE SPLINE FIT TO INTERPOLATE THE ORIGINAL ]
19600 C DATA AND TO COMPUTE ITS FIRST DERIVATIVE ’
19700 C L2 22X TSI TELILILILEILILTESISI RS S LS LSS LS LI LIS LEI LIS AL RS E L 2L XL 2 0 59

19800 COMMON/QRUAN/ A(30)B(30) PHOPHR(30) s PHBPH1 (30)

19900 » PHRPSO (30)+ PHBPS1 (30) ¢ PH1PH1 (30) 1 PH1PSO(30) s

20000 » PHIPS1(33)1P1(30)P2(30)»P3(30)r»1 (30},

20100 * Q2(30)y@3(3B) s XI(30)y YPHIB(30)s YPHIL1 (302),

20200 * H(322)

20300 COMMON/DERIV/ DYBDZ(40)sDZEDZ(40)sDWDZ1(40)+DWDZN(40)

20400 COMMON/VEL/ UE(40)yVE(48) s WE (40) :
20500 COMMON/VELI/ VUEI(40+40)yWEI (404 40) A
20600 COMMON/DIMN/ JFMyNFS

20700 IF(XX.LE.XI(I+1)) GO TO 1

20800 I=I+1 o
2eYv0 1 L[P=1+1 R
21000 DX=(XX-XICI))/H(I) Rppey
21100 DXP=(XICIP)~XX)/H(I) R
21200 IF(IFLAG.GT.S) GO TO 2 S
21300 PHI1=(3.-2.%DX)*#DX%%2 -
21400 PHI®=1.-PHI1 SR
21500 PSI1=—H(I)*DXP*DX¥*%2 o
21600 PSIB=H(I)*DX*DXP#*»2 @
21700 YY=A(I)#PHIQ+A(IP)#PHI1+B(I)*PSIQ+P(IP)*PSI1 SRR
21800 IFCIFLAG.ER.Q) UEICII»J)=YY C
21900 IF(IFLAG.NE.1) GO TO 3

22000 WEI(IIVJ)=YY

22120 IF(J.E®. 1.0R. J.EQR.NFS) GO TO 2 S
22200 3 IF(IFLAG.E®R.2) UE(J)=YY )
22300 IF(IFLAG.ER.3) WE(J)=VYY SO
22400 IF(IFLAG.E®.4) DWDZ1(J)=YY L
22500 IF(IFLAG.E®.5) DWDZN(J)=YY .
22600 RETURN -0
22700 2 PHI1P=6.%DX#(1.=DX)/H(I) .
22800 PHIDP=~PHI1P R A
22900 PSI1P=-DX#*(2.%DXP-DX) . - -
23000 PSIQP=DXP*(DXP~2.#DX) . j
23100 YPaA(I)XPHIQP+A(IP)#PHI1P+R(I1)*PSIOP+E(IPI*PSILP

23200 IF(IFLAG.EQ.1.AND.J.EQ. 1) DWDZ1(II)=YP :
23300 IFCIFLAG.EQ. 1. AND. J.ER.NFS) DWDZN(II)=YP )
23400 IF(IFLAG.EQ.4) DYBDZ(J)=YP !
23500 IFC(IFLAG.EQR.7) DZBDZ(J)=YP - R
23600 RETURN <
23700 END

23800 SUBROUTINE NAMIN

23900 C E2 222 LRI ISR RS2 TR R LN TN L EY TR R LR RN R g R R R gy Y A
24000 C THIS SUBROUTINE COORDINATES READING OF INPUT DATA L2
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24100 C W63 3603 A T 206 I 36 36236363633 336636060 I 36306060 0 I T 6600 TN NN NNy O

24200 COMMON/NDATA/ N(4Q)

24300 COMMON/MDATA/ M(31)

24400 COMMON/LDATA/ ISYMy ISET i

24500 ISYM=0

24600 CALL NAMLST (&64v2y ISYMs DUMMY) ]

24700 DO 1 I=1+10 9

24800 N(I) = O ) o

24900 1 CALL NAMLST(632:sN(I)yDUMMY) _{

25000 IUP=10+N(10) '

25100 DO 2 I=11,1UP

25200 N(I)=0 ol

25300 2 CALL NAMLST(6y29yN(I)+sDUMMY) o

25400 M(1)=0 )

25500 CALL NAMLST(6+2yM(1)y DUMMY)

2546400 IUP=1+M(1)

25700 DO 3 I=2+1IUP o

25800 M(I)=0 e

25900 3 CALL NAMLST(&6s2+M(I)s DUMMY) i

26000 RETURN B

26100 END

26200 SUBROUTINE NAMLST(II,IOsNy»X)

26300 C FI IS TSI L S ST L ERL TSI LT IIZLELILEL LI LSS E R EEEEE L LR T2 22

26400 C THIS SUBROUTINE READS INRPUT DATA %.4

%1 el S X EE T EEELRTEL LIS SIL LIRS SRR ELE T EFERELE LT 2R

26600 DIMENSION A(3)

26700 IF(N .NE. @) GO TO 1 :

26800 READ (II.2) ACLIIA(Z2) A(3)YIN 1

26900 WRTTF(IOL2) A(IYvAI2)yA(3I9N .

27000 RETURN ‘o

27100 1 READ (I1,3) ACL)IIA(2)yA(3) 9 X e

27200 WRITE(IOQ+3) ALY A(2) A(3) X .

27300 RETURN

27400 2 FORMAT (1Xy3A4y14)

27500 3 FORMAT (1 X»3A4y1PE13.6)

27600 END ~i~

27700 SUBROUTINE ROTATE(J) .

27800 C LA 22 222222 S E LIRS L LIS SIS S L L 2 2R R R L X E R X LR Y TIEEE :

27998 € THIS SUBROUTINE TRANSFORMS VELOCITY COMPONENTS TO THE NONORTHOGONAL - .

28000 C COORDINATE SYSTEM ' )

28106 C 36 3 I I A K I I J I M FE I F T I I W I I I I I I I NI I I I I I I I I I I I I I I I I IR

28200 COMMON/VEL/ UE(40)sVE(4Q)»WE(40) o

28300 COMMON/VEL I/ VUEI(40+40)yWEI (40,40) : j

28400 COMMON/NDATA/ TULy IU2y IU3y IU4y IUS» IMAXy JMAXSsNXTLINZTLIJIJFZLZ(30)

28500 DO 2 I=1.+NXTL

28600 READ(IU4) H1sAYAYAYAY Ay THETAYA

28700 CSCTH=1./SIN(THETA)

28800 COTTH=CSCTH*COS(THETA) L A

28900 VEI(I+J)=UE(]I)-WEC(I)®COTTH ’ }

29000 WEIC(I«JI)=WE(I)*CSCTH

29100 IF(J.EQ.1.0R. J.EQ.NZTL) WEI(I»J)=0.

29200 2 CONTINVE

29300 RETURN

29400 END L

29500 SUBROUTINE SMOOTH(X s YL s JFIy Ny ISTARTI NNy XTy IFLAGyDYDX1yI1) C

29600 C NN I H I TN I EW R

29700 C THIS SUBROUTINE FITS A TABULATED FUNCTION WITH CURIC SPLINES USING

29800 C LEAST-SQUARES ERROR MINIMIZATION

29900 C 3496 36 36 3 I 36 3 36 3 3 B I IS I IS I I I IS I I I H I I I I I NI IR I

32000 DIMENSION X(4@)sY(4D)sL(3Q)y XT(4Q) .‘
-60-



30100
30200
30300
30400
30500
30600
38700

306802
30900

31000
31100
31200
313002
314008
31500
31600
31700
31800
31900
32000
32100
32200
323e¢e
32400
32500

324600
32700

32800
32700
33003
33100
33200
33322
33400
335002
334600
33700
33800
33700
34000
34100
34200
34300
34400
34500
34600
34700
34800
34900
350002
35100
33200
33300
35400
35500
35602
35700
35800
JIH900
36000

COMMON/QUAN/ A(30),B(30), PHOPHD(Z3B) » PHRPHL (30),
PHOPSQA(33)y» PHOPS1 (30) 1 PHIPHL (3@) s PHIPSA(J0) »
PH1PS1(30)yP1(30)sP2(30)1P3(3B)»Q1(30)»
Q2(3B)»Q@3(3A)y XI(3Q)» YPHIA(32@) + YPHI1(3Q)»
H(30)

COMMON/DIMN/ JFMyNFS

C INITIATE THE COMPUTATION

CALL INITL(XsYsNslL+»JFy» ISTART»DYDX1)
CALL SUMUP(XsYiNsL»JF)
C COMPUTE THE P’'S AND @°S
DO 1 J=2yJFM
M=J-1
C COEFFICIENTS IN THE ORIGINAL EQUATIONS
Al1=PHOPH1 (M)
B1=PH1PH1 (M)+PHOPHO(J)
C1=PHOPH1 (J)
D1i=PH1PSO (M)
E1=PH1PS1 (M) +PHBPSB(J)
F1=PHOPS1 (J)

Gil=YPHI1 (M)+YPHI@ (J)
A=, /H(M) %2

B2=3.% (1. /H(I)*%2—1, /7H(M)%xx%2)
C2==3. /H(T )% #2

D2=1./H(M)

E2=2.%(1. /H(J)+1./H(M))
F2=1./H((J)

G2=0.

C MODIFIED COEFFICIENTS
Blo=R1+A1%PI(M)+D1LEL (M)
E1S=E1+A1*PI (M) +D1 %3 (M)
G1S5=G1-A1*P1 (M)~D1i*@1 (M)
B2S=R2+AZ*P2(M)+DIZ=xQ@2(M)
E2S=E2+AZ*P3 (M)+D2¥513 (M)
G2S=G2~AZ*P1 (M)-DZ*Q1 (M)

C THE P*S AND @S

% Xk &k %

DEL=1./(B1S*E2S-P2S*E1S)
P1(J)=(E25%G1S~E1S*G25) *DEL
P2(J)=(E1S%C2 —E2S#C1 )*DEL
P3(J)=(E1S*F2 —E2S*F1 )*DEL
P1(J)=(B1S*G2S-B2S*G1S) *DEL
@2(J)=(P2S*C1 —-P1S*CZ ) *DEL
A3 (J)=(P2C#F1 -B1S*F2 ) *DEL

1 CONT INVE

C SOLVE FOR THE A'S AND B'S
K=JFM
KP=JF
DO 2 J=1yJFM
AKI=P1 (K)+P2(K)#A(KP)+P3 (K)*B (KP)
B(K)=Q1 (K)+Q@2(K) *A(KP) +Q3 (K) *B (KP)
KP=K
Ke=K-1

2 CONT INUE

C INTERPOLATE TO DESIRED MESH
I=1
NFS=NN
DO 3 J=1+NN
CALL INTERP(I+JyXT(J)s IFLAGIII)

3 CONT INUE
RETURN
END
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36100
346200
36300
36400
36508
36600
36700

34800
36900

37000
37100
37200
37300
37400
375092
37600
37700
37600
37900
38000
38100
38200
38300
38400
38500
38600
38700
38800
agono
37000
39100
37200
39300
39400
39500
39600
39700

s e NeNe)

N o~

SUBROUTINE SUMUP(XsYsNsL»JF) N B

I IR Y I IR Y e R R R AL I B LTS T L R R
THIS SUPROUTINE PERFORMS SUMMING OPERATIONS ON THE CURIC-SPLINE
WEIGHTING FUNCTIONS

B A6 36 I S H I I I I H I I I I I W I I I NI I I I A6 I I I I I I W I K NI I I K I K '

DIMENSION X(4@)sY (40)yL.(29)

COMMON/QUAN/ A(30).B(38) PHOPHA(38)» PHRPH1 (30)
PHOAPSO(3B) +» PHRPS1(30)»PHIPHL (3Q)yPHIPEA(3A) s
PHIPS1(30)yP1(3@B)sP2(3D)sP3(30)+ 1 (30)»
QR2(30)+ 3 (TA)» XI(3D)»YPHIB(ID) s YPHIL1(3Q)
H((308)

COMMON/DIMN/ JFMsNFS

DO 2 J=1+JFM

H(I)=XI(J+1)—-XI(JT)

KL=L. (J)

KU=L(J+1)

DO 1 K=Kl.+KU

DX=(X(K)=—XI(I))/H(J)

DXP=(XI(J+1)=X(K))/H(JT)

YY=Y (K}

PHI1=(3.—-2.%DX)*DX%%x2

PHIO=1,~-PHI1

PSI1=—-H(J)*DXP*DX%%2

PSI@= H(J)*DX*DXP**2

PHAPH® (J)=PHRAPHR(J)+PHIO*PHIO

PHOPH1 (J)=PHOPHI1 (J)+PHIO*PHI1

PHOPSQ (J)=PHOAPSA(J)+PHIQ*PSIO

PHOPS1 (J)=PHRAPS1 (J)+PHIO*PSI1

PHIPHT (. T)=PH]IPHI (.TY+PHT {+PHT 1

PHIPSA(J)=PHIPSB(J)+PHI1I*PSIA

PHIPS1 (J)Y=PHIPSI1(J)+PHI1%#PSI1

YPHIO® (J)=YPHIO (J)+PHIQ*YY

YPHI1 (J)=YPHI1 (J)+PHII*VYY

CONTINUVE

CONTINUE

RETURN

END

X K kX
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20100
22200
20320
20420
pasee
20600
Vo700
228202
20902
01000
21100
21200
21300
21400
21500
@1600
21700
21800
21702
22000
22100

2200
@z300
02400

2500
D2600
V2700
02e00
B.27nv
a30002
23100
03200
23300
23400
23508
P3609
@370
23800
23920
84000
24100
D4220
24220
04400
245009
04600
24700
24800
84200
05000
25100
25200
2532a
05400
25500
25600
25720
25800
23900
26000

O00nNn

o]

19

30

PROGRAM EDDY3
RS LI SR e e I e e I T R R R T TR R S

THREE-DIMENSIONAIL. EOUNDARY LAYER PROGRAM FOR FLOW ABROUT SHIP HULLS
USING THE WILCOX-—-RURESIN TWO-EQUATION MODEL ©OF TURBULENCE
Ei 2 XTI LS EL IR LIL LS ESIL IS LSS S LIRSS EE L EE L E LT ST LR L L LT RS L T 2 PP
INTEGER TAPEINs TAPEOT, TAPEGPs TAPEPF+ TAPEDTy TAPEVL
DIMENSION INDEX1(1189)y INDEX4(118%9)
COMMON/BLCA/ NXsNZsNPINXTINZTIMTRINPTsNXTLsNZTLINXSTRT
» NZSTRTyKCy ITy IFLOWY ICHORD ISPANyYy INTDIR
COMMON/BLC3/ X(B1)vZ(41)+DETA(1IB1)ETA(I1D01)yETAEVGPy CELyRPEL1REL =
COMMON/BLCS/ F(1B81+2+2) U101y 292)sV(1B1)sG(1DL+ 2209 W11y 292)
»* T(1D1) s TPROF(&ZB) s TPCF (10
COMMON/BLCS/ NSEP(41)sICASE(41)
COMMON/TURBE/ E(1Q1+Z29y2)yWT(I1B1)yWTZ(1D1+2+2)HyELT(101)
COMMON/STOR/ CONYEPSy ICONVEs ITMAX» WTEDG
COMMON/TAPE/ TAPEINsYTAPEOQT TAPEGPYy TAPEPFs TAPEDTy TAPEVL
COMMON/IPRT/ IPZ+IPXyIPRINTYEPSV,EPST
COMMON/CONV/ TCOUNEs TCOUNWy INEGEs INEGWYDELLVIDELT
COMMON/SVNM/ IPCFy IPRF
DATA 1IPCFyIPRF/10+620/
CALL. OPENMS(16y INDEX1+118%9,0)
CALL OPENMS(17y INDEX4,1189+0)

* DISK FILES TAPEGP(16) AND TAPEPF(17) ARE RANDOM ACCESS FILES
TAPEGP. ..RODY GEOMETRY AND VELOCITY DISTRIRBUTION
TAPEPF...PROFILES AND PRESEURES

% DISK FILE TAPEDT(18) IS CREATED IN PROGRAM SHPMSH

# DISK FILE TAPEVL(19) IS CREATED IN PROGRAM VELOC

* FILES TAPEIN(S5) AND TAPEOQT(A) ARE CONVENTIONAL READ AND WRITE

CALL INPUT

CALL GRID

DO 10 I=1+NZTL
NSEP(I1)=0

DO 28 K=1.,2

DO 20 J=1yNPT

F(JsKy 1)=0,

U(Jyir 1) =0,
Q(JIyKy1)=0.
W(JyK»1)=0.
E(JrKs1)=0.

WT2(JyKy 1)=0.
INTDIR=IFLOW
IF(IFLOW.E®Q. 1) WRITE(TAPEOT4620)
IF(IFLOW.E®.Z) WRITE(TAPEOT,y 680)
NZ1=NZSTRT

NZ2=NZT

DO S0 NX=NXSTRTsNXT
NZ=NZ1

IF(IFLOW.E®.2) NZ=NZ2
CALL LOGIC(NZ1sNZZ)

IF(NX.EQ.NXSTRT) CALL PROFIL(1)
IF(NSEP(NZ).NE.@) GO TO 405
IT=0

ICONVE=0

IPRINT=Q

IF((NZ.CO.NZSTRT.OR.NZ.EQ.NZT). AND.MOD(NXs IPX).EQ. Q) IPRINT=1
IF(NX.EQ.NXT.AND. MOD(NZ,y IPZ).E®.DQ) IPRINT=1

IF(MOD(NZy» IPZ).EQ.0.AND.MOD(NXy» IPX).EQ. @) IPRINT=1

KC=2

IF(ICASE(NZ).EM.4) KC=4
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26100 IF(NZ.EQ.NZT) KC=ICHORD X A
06200 IF(NZ.E®.NZSTRT) KC=1
26300 IF(IPRINT.E®.B) GO TO 290 ,
06400 WRITE(TAPEOT»&62@) NX»NZy X (NX)y Z (NZ) 1
26500 IF(KC.EQ.1) WRITE(TAPEOT) 640)
BLL00 IF(KC.E®.2) WRITE(TAPEOT&650)
046700 IF(KC.E®.4) WRITE(TAPEOT670) @
6800 200 IT=IT+1 1
26900 IFCIT.LE. ITMAX) GO TO 300 '
07000 WRITE(TAPEQT,638) NXsNZ
27100 GO TO 390
@7200 302 CALL EDDY o
27300 CALL CGEN e
07400 CALL SOLV& 3
27500 CALL SOIVEW
07600 IF(V(1).LT.@.) GO TO 380
07700 IF(ABS(DELV/ (V(1)+,5%DELV)).GT.EPSV. OR.
27800 * ABS(DELT).GT.EPST) GO TO 290 .
07500 IF(ICONVE.EG. @) GO TO 290 i
28000 IF(NP.EGQ.NPT) GO TO 390 o
28100 IF(UCNP-1,2+2).LT..999) GO TO 370
2ez00 GO TO 390
28308 370 CALL PROFIL(3)
28400 IT=0 g
28500 GO T 290
P8600 380 WRITE(TAPEOT:720) NXsNZ
28700 CALL SHIFT2(NZ1,NZ2)
28800 GO TO 405
SETCS 358  CALL GUTFUT(i)
09200 IF(NP.EQ.NPT) GO TO 400 @
09100 CALL PROFIL(2)
09200 400 CALL SHIFT(NZ1yNZ2)
29300 405  IF(IFLOW.E®.Z2) GO TO 407
29400 NZ=NZ+1
29500 IF(NZ.GT.NZ2) GO TO 410 .
09600 GO TO 30 .
@978@ 4@7 NZ=NZ-1 p
09800 IF(NZ.LT.NZ1) GO TO 410 ]
29920 GO TO 20 ]
10002 410 CALL OUTPUT(2) 1
10108 508 CONTINUE ]
10200 620 FORMAT (1H@:SH*%%%® 3 4HNX =3 I3y SX4HNZ =3 I3415X3HX = F10.3:)5X3HZ =1 . g
12300 * F1@3.3) o
10400 630 FCRMAT(1HO 18X3ZHITERATIONS EXCEED ITMAX FOR NX =9 I1435X4HNZ =1I14)
18508 640 FORMAT(1H@) 30H** SYMMETRY-PLANE EGUATIONS %%) j
10600 650 FORMAT(1HOs 45H** CHORDWISE INFINITE-SWEPT HULL EGUATIONS %) |
10700 &70 FORMAT(1H@» 18H** GENERAL CASE ##) i
10800 680 FORMAT(//1HD)38XS50H**%%%x~——— WATERLINE CALCULATIONS STARTED ————%3 @ °
19900 *tnx//) T
11000 690 FORMAT(//1HD ) 38XS2H® %% %% —— KEEL-LINE CALCULATIONS STARTED ————- i
11120 RENURRS /) !
11200 720 FORMAT (1H®s 11X36H** BOUNDARY-LAYER SEPARATION AT NX =, I1435X4HNZ =:. .
11300 *74) i
11400 END o
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02100
20200
20300
20400
20500
20600
20700
ea800
20700
21020
21100
21200
21300
21400
21502
01600
N1700
21829
01200
a2000
22100
22200
22300
22400
22500
ozs20
02700
Q2800
02560
23000
83100
23200
23300
Q34900
23500
834600
83700
Q3820
23900
24000
R4100
24200
24300
84400
24500
84600
Q4700
Q4000
Q4900
25000
25100
25200
25300
25400
05500
25600
a5700
25800

25900
Q402020

c

C

10

30

40

SUBROUTINE ARRYMV (LIl s I.¥)

COMMON/BEL.CR/
»*

COMMON/BLCS/
*

COMMON/PRSC/
*

»
COMMON/PRES/
*

COMMON/TURE/
COMMON/UNIV/

— e wm e e an e En ar e me e ek we e e G e WE e e e Gw am me me e we e e e e e e

NPT2=NPT*2
NPTI=NPT*3
NPT4=NPT*4
NPTS=NPT*5
NPTO6=NPT*6

NXsNZyNPyNXTyNZTINTRINPTINXTLIyNZTLyNXSTRT,
NZSTRTyKCy ITy IFLOWs ICHORDs ISPANs INTDIR

FOLlA1+ 29210 UC1AL 24 2)9V(101)+GU1BLs 29 2) v W(1AL1+2+12),
T(101)s TPROF(62D)»TPCF(10)
PS1(212)yHI(2y2)Y v HI2(292)2UE(292)

WE(Z2s 23y CKI(2y2) s CKZ2(2y2) 2y CKIZ(292)y CK21(292)
THETA(2+2)+PFRSyUFRSY CNUFRSy UREF 1y WNP
PI1(2y2)yP2(2+2)sP3(2+v2) P4 (242) 1 PS(2+2)
POH(292)sP7(292)9PB(212)3yPO(242)yP1A(2y2)9P11(292)
Pl2(2+2)sP13(2+42)9P14(242)
E(1B1+y2:2)»WT(1O1) sy WTI(1B152+2)+EL.T(101)
J1sJ21vJ39TJ4sISyNLINZINIINGINSyNEGy N7 s NSy NDy
N1IOsN11sNIZIyNITINIL4INPTZINPTIsNPT4 I NPTSINPTS

GO TO(10:303,90+50:70:85)y LL

PUT FLOW ARRAYS

IN TPROF IN PREPARATION FOR A DISK WRITE

- - WY W W & e

DO 20 J=1sNPT
CALL INDEX(JsNPT)
TPROF(J)=F(J» I.K)

TPROF (J1)=U(J» I+K)
TPROF(J2)=G(J» I+K)

TPROF(J3¥=W(JyI+K)
TPROF(J4)=E(Js Lo )

TPROF (JS)=WTZ2(Jy IK)

TPROF (N1 )=P1(Is+K)
TPROT(NZ)=P2(I+K)
TPROF (N3)=P3 (1K)
TPROF (N4)=P4 (1K)
TPROF (NS)Y=P5(1sK)
TPROF (N&Y=P6E(I+K)
TPROF(N7)=P7(IsK)
TPROF (NB)=P8(IsK)
TPROF (N?)=P2(I,sK)

._...‘

TPROF(N1Q)=P1@(I,K)
TPROF(N11)=P11(I+K)
TPROF(N12)=P12(IK)
TPROF (N13)=P13(I+K)
TPROF(N14)=P14(I+K)

RETURN

FILL FLOW ARRAYS AFTER A DISK READ

DO 40 J=14NPT
CALL INDEX(JsNPT)
FUJy I+ K)=TPROF (J)
UCTsy I+yK)=TPROF (J1)
G(Jy I KI=TPROF (J2)
W(JIs IvKI=TPROF (J3)
E(Iy IvK)=TPROF (J4)

WTZ2(Ty Iy K)=TPROF (JS)

P1(I+K)=TPROF (N1)
PZ(I+K)=TPROF (N2)
P3(IsiK)=TPROF(N3)
P4(IsK)=TPROF (N4)

PS(IsK)=TPROF (N5)
P&6(1sK)=TPROF (N&)
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el XL =

26100
06200
06300
26400
26500
06600
06700

046800
069080

27002
07100
07200
07300
27400
87500
Q7600
27700
27800
27900
28003
V8100
a8200
V8300
28400
28500
28600
oe700
28800
s alel
02009
02102
07200
07200
97400
279500
27600
22?700
87800
0?00
190000
19100
10200
10320
10400
10500
10600
10700
10200
10900

P7(I+K)=TPROF (N?7)

PB(IsK)=TPROF (NB)
P?(1+K)=TPROF (N9)

P1B(I»K)=TPROF (N13)
P11(I+K)=TPROF(N11)
P1Z2(I+K)=TPROF (N12)
Pi13(I»K)=TPROF(N13)

P14 (I+K)=TPROF(N14)
RETURN

C SHIFT (KysK) FLOW ARRAYS TO (I.K)

50

60

c
7@

80

c
a5

88

DO 6@ J=1+NPT
FU(IyIvKI=F(J1KsK)
UCTs I+ K)=U(Tr K K)
GQ(Js Iy KI=G (T KKs KD
WTy T+ K)=W (T KsK)
E(Iy IvK)=E(J+ KK}
WT2(Ir» I+ K)=WTZ2 (T Ky K)
RETURN

SHIFT (IsK) FLOW ARRAYS TO (KsK)

DO 88 J=1 NPT
F(TJsKsRK)I=F(Jy IsK)
UCTyKryK)=U(JTy Iy K)
G(IsKiKI=G(JTry» I+K)
Wy Ky K)=W(Js I+K)
E(Jr Ky K)I=E(Js 1K)
WTE2(I Ky K)=WT2(Ty I K)
RETURN

SHIFT (Is1) FLOW ARRAYS TO (I+K)

PO 88 J=1.NPT

FCIs IvKI=F(JryIs 1)
UCTs Iy KI=U(Is IsI)
G(JyI+vKI=G(Ty I 1)
WCTs IsK)=W(JTsIsI)
E(Is IsKI=E(JIy I I)
WT2C(Ts IoKDI=WT2(Ts Iy 1)
RETURN

C FILL GEOMETRY ARRAYS AFTER A DISK READ

70

H1(IK)=TPCF (1)
HZ2(I+K)=TPCF(Z)
CKICIvK)=TPCF(3)
CK2(I+K)=TPCF (&)
CK12(I»K)=TPCF (5)
CK21(I»K)=TPCF (&)
THETAC(IyK)=TPCF (7)
PS1(IsK)=TPCF(8)
UE(I+K)=TPCF(?)
WECI+K)=TPCF (10}
RETURN

END
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SUBROUTINE PELCEL ®
COMMON/BLCB/ NX»sNZsNPsNXTyNZTsNTRy NPT+ NXTL I NZTL s NXSTRTy

» NZSTRT+KCs ITs IFLOW ICHORD» ISPANy INTDIR
COMMON/BLC3/ X(81)+2(41)+1DETA(101)1ETA(101)+sETAEsVGPy CELyBEL1yBEL
COMMON/BLCS/ F(121+2+2)2U(101+292) 1V (101)+GC1@19212) v W(1019212)

* T(101)+ TPROF(628)» TPCF (1)
COMMON/PRES/ PLl(2:12)3P2(292) P33 (292 yP4L4(292)9yPS5(29v2)

* PO(2y2)1 P7(212) 1 PB(Z12)s PO(2v2) s P10(212) 1 P11(212)

» PL2(2v2) s P13(2y2)1P14(2y2)

CALL. PRESUR
IF(KC.EQ.4) GO TO 20
BEL1=0,
PELZ2=0.
IF (NX.EQ@.NXSTRT) GO TO 1@ .
CEL=P10(212)/ (X (NX)=X (NX—=1)) =
RETURN -
10 CEL=P1@(Z23s2)/ (X (NX+1)=X(NX))
IF(NTR.E®.@) CEL=@.
RETURN ]
20 DELX=X(NX)=X(MX=1) I
IF(IFLOW.E®.2) GO TO 30 o
DELZ1=Z(NZ)-Z(NZ-1)
DEL.ZZ=Z (NZ+1)~Z(NZ)
IF(NZ.GT. (NZSTRT+1)) GO TO 25
DO 22 J=1sNPT
G(Jy2y1)=0.
22 W(Jsy2e1)=0.
GO TO 4V
25  IF(ICHORD.E®.2.0R.NZ.LT.(NZT-1)) GO TO 40
DO 27 J=1sNPT

G(J+14+1)=0.
27 W(Js»1y1)=0.

GO TO 4@
30 DELZ1=Z(NZ)—Z(NZ+1)
DELZE2=Z (NZ—1)~Z(NZ) _
IFCICHORD.EG. 2. OR.NZ.LT. (NZT-1)) GO T0 35 S

DO 32 J=1+NPT

G(Jv2y1)=0.

32 W(Js2s1)=0. )
GO TO 40 1
35  IF(NZ.GT. (NZSTRT+1)) GO TO 4@ CA
DO 37 J=1,NPT S 4
s
]
1

G(Js1s1)=0.

37 W(Js1y1)=0.

40 CEL=P1@(2y2)/DELX
BEL1=.S5*P7(2,2)/DELZ1 - )
PEL2=.5%P7(2y2)/DELZZ e

RETURN T
END E
i

i

v q
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- 20200

20300
- 20400
- 20500
' 00600
I 02720
18 20800
. 00900
21000
21100
21209
21300
21400
21500
91600
01720
21800
01500
02000
22100
02200
02300
02400
22500
22600
02700
22800
22000
23220
23100
23200
23300
23400
23500
23600
03700
q 23800
= 23900
i 04000
‘ 04100
9 Q4200
¢ 04300
& 04400
24500
04600
- 04700
[i 24800
» 04900
05000
25100
25200
: 25300
o 25400
. 25500
3 05600

25700

SUBROUTINE CGEN

COMMON/BLCO/ NXsNZsNPsNXTyNZTsNTRsNPTsNXTLINZTL sy NXSTRT»
* NZSTRTYyKCy ITs» IFLOWY ICHORDs ISPANs INTDIR

COMMON/BLC3/ X(81)22(41)+DETA(1Q1)+ETA(101)sETAEsVGPy CELPELIBEL
COMMON/BLCS/ F(101+292)sU(181+2+2)9yV(101)3G(12  v292)+W(1B1+2+2),

* T(101)Ys TPROF(&2B)» TPCF(10)

COMMON/PRSC/ PS1(2y2)sHL1(2+2) HZ2(2+2)yUE(2:2)
* WE(Z2y2)1CKI(2y2) 1 CK2(2+2)yCKI(29 219 CK21(242) s
» THETA(2y2) y PFRSyUFRSy CNUFRSy UREF 1y WNP

COMMON/BLC7/ PU(101)+sPW(iD1)sU(1B1) W (101)
COMMON/PRES/ PL(2+2)yP2(292) s PI(2v2)3P4(292)9PS (292
* POy 2) 9y P (292 PBIZ2y ) PRAZ2y )y PI1O(292)9 P11 (242)
* PL2(29y2)sP13(24y2)9yP14(2+2)
COMMON/BLCE/ EDV(101)

COMMON/BLCY/ Y1(101)yY3(101)sW1yW2HyW3Is W4
IF(IT.E®.1) CALL BELCEL

UNPY2+2)=1,

WINPYy 2y 2)=WE(2+2) /UREF1

IF(KC.EQ. 1) W(NPyZs2)=WNP

PU(1)=0,

PW(1)=0.

QU(1)=0.

aW(1)=0,

NPM=NP-1

BM=1.+.5#(EDV(1)+EDV(2))

DO 50 J=IsNPM

EP=1.+.5%(EDV(J)+EDV(J+1))

0—1c 3. 2,20

WR=W(Jy 2+ 2)

E2=P1(2y2I#F (Jry 29 2)+PE( 2+ 2IRG(T v 2+ 2)
DFR=CEL®#(F(Js2+2)=F(Js 1+y2))

DGE=REL1#(G(J 121 2)=G(Jv 29 1 M) H+RELZH(G(Jy 1+ 1)-G(JTv1+2))
UsSE=UB+UR

WSE=WExWE

DVB=(E2+DFR+DGE) /(DETA(J)+DETA(J-1))
X1==(P2(312)%UB+PS (2y22) %WB)

X2==(P4(2+ 2)%#UB+P3 (221 2)%WB)

Al= PMxY3(J)~-DVE

Bi=-BPxY1 (J)-EM¥YI(J)+X1~-(CEL*UB+REL 1%WB)

Cil= BP*Y1(J)+DVE
DI=PB(2+2)#WSP-P11(2+2)—(CEL*UBR+PELZ*WR)I®U(Js1+2)
* —BELI*WE*U(JTy 2y 1) +RELLZRWEBHI(Tr 14 1)
B2=—RPxY1(J)-BPM¥Y3(J)+X2-(CEL®US+REL 1 #WB)
D2=PR(2y 2)%#USB-PL12(2+2)—(CEL*UB+REL Z2%WB) ®#W(Jy 1+ 2)
* “PEL1*WEX*W(Js 2y 1) +RELZ#WERW(JTsy 1+ 1)
B1S=RBl1+A1*QU(J~1)

B2S=P2+A1%xQW(J~1)

DiIS=D1-A1*PU(JI~1)

D2S=D2-A1»PW(J~-1)

PUCII=DI1S/R1S

PW(J)=D25/R2S

QU(J)=-C1/PR1S

QAW(JI)=—-C1/B2S

50 eM=pepP
RETURN
END
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ﬁr 20100 SUBROUTINE EDDY
20200 COMMON/BLCA/Z NXsNZsNPsNXTyNZTsNTRINPTINXTLINZTLINXSTRT,
20300 * NZSTRTIKCYITy IFLOWs ICHORDY ISPANY INTDIR
20400 COMMON/BLCSY/ FU1B1+y292)sU101+292)9V(101)+G(101+2:2)W(1@1+2+2),
285290 * T(101)» TPROF(&2D)+»TPCF(10)
‘ 006020 COMMON/PRSC/ PS1(2+2) s HI(2y2)sHZ2(Zy2)2UE(2+2)
1” 28700 * WECSy2) 1y CKI(Z292) 1y CKA(Dy DI vy CRLIZ2(2Z2v2)I v CK21 (2+2)
r“ 20800 * THETA(24+2) s PFRSYyUFRSs CNUFRSy UREF 1 9 WNP
y 20900 COMMON/BLCE/ EDV(101)
: 21000 COMMON/TURE/ E(101+2+2)yWT(101)yWT2(101+2+2)+ELT(101)
’ 21100 COMMON/STOR/ CONSEPSs ICONVEY ITMAX» WTEDG
1200 C = — = — = = = = = = e = - e e e e e e = e e e e - e e e - e - - - -
21300 REY=UE(2+2)%PS1 (24 2)/CNUFRS
21400 CEP=REY®* (UREF1/UE(212) ) %%2
21500 EDV(1)=0.
214600 ELT(1)=0.
21700 DO 54 J=2+NP
21800 IF(IT.EQ. 1) WT(I)=SQRT(NTZ(J12+12))
21900 RET=CEP®E(J»212) /WT (J)
2:-000 EDV(J)=RET*(1.-CON#EXP(—-RET))
8210902 5S4 ELT(I)I=SCRT(E(Jy2y2))/WT(I)
" prgmd.]”.] RETURN
22300 END

it i

®
¢ 1
3
3
b
Y
3 ]
b L J
. <
b
3 L




Y

F | e AN o om0 o 4 P P ————
e e @ . '

20100

29200
00300

20400
20500
004500
20700
20800
00900
01000
91100
21200
21300
01400
21500
61600
21702
218020
21902
22000
22100
022
22300
22400
22500
02602
02700
22800

Lo Lo Lo V)
e S IR

C -

30

40

50

SUBROUTINE GRID N A

INTEGER TAPEIN, TAPEOT» TAPEGPs TAPEPF s TAPEDTy TAPEVL
COMMON/BLCB/ NXsNZsNPsNXTyNZT, NTRsNPTINXTI.yNZTLINXSTRT,

» NZSTRTyKCy ITy IFLOWy ICHORDy ISPANs INTDIR
COMMON/BLC3/ X(Si)vZ(41)vDETA(101)oETA(iDl)vETAE’VGPsCEL’BEleBEL
COMMON/BLCY/ Y1(101)sY3(101) s Wi W2y W3sWh
COMMON/ TAPE/ TAPEINs TAPEOT» TAPEGPy TAPEPFy TAPEDT s TAPEVL

ETA(1)=0.
NP=ALOG((ETAE/DETA(1))*(VGP—I.)+1.)/ALOG(VGP)+1.0001
IF(NP.LE.NPT) GO TO 3@

WRITE(TAPEOT53)

STOP 10

DO 4@ J=2+NPT

DETA(J)=VGP*DETA(J-1)

ETA(JI}=ETA(J-1)+DETA(J—-1)

C1=2, /(DETA(J)+DETA(J~1))

Y1(J}=C1/DETA(J)

Y3(J)=C1/DETA(J-1)

ETAE=ETA(NP)

W3=(1.+VGP) % (1.+VGP*%(1,+VGP) ) *VGP**3
DEN=1./(WS*DETA(1))

Wa=(1.+VGP)*DEN

W3=(1.+VGP*(1.+VGP) ) *%2%DEN

W2=VGEP*(1.+VGP) *W3
N1=(1.+VGP+(1.+VGP*(1.+VGP))**2*(VGP*(1.+VGP)—1.))*DEN
RETURN

FORMAT (1HQ, 37HNP EXCEEDED NPT -~ PROGRAM TERMINATED)

—.m
(R AR
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g oo1@o SUBROUTINE INDEX(JsNPT) . T
20200 COMMON/UNIV/ J13J29I39J4rJISINLINZINIINSGINSyNEIN7 N8y NPy 1
00300 » N1@sN11yN12yN13sN14+yNPT2yNPTI3+NPT4sNPTSsNPTS
L @B40B C - - - - = = = = = - - e - e e - e e e s e e e - = - - - - - - ]
S 00500 J1=J+NPT
T 0es00 J2=J+NPT2 L
‘3 00700 J3=J+NPT3 ’;1ﬁ
- 20800 J4mJ+NPT4 "
L 00900 JIS=J+NPTS ]
210200 IF(J.LT.NPT) RETURN T
21100 Ni=NPT&+1 S
21200 N2=N1+1 C
21300 N3=N2+1 ¢
91400 N4=N3+1 :
91500 NS=N4+1 T
214600 No6=NS+1
91700 N7=N&6+1
21800 NB=N7+1 _~.J
21900 NO=NB+1 B
22000 N1@=N9+1 N
02100 N11=N1@+1 o
92200 N12=N11+1
92300 N13=N12+1
02400 N14=N13+1 .
22500 RETURN 4
02600 END S
- \.’3
s - <'_1
‘ﬁ
9
@
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20100 SUBROUTINE INPUT -

20200 DIMENSION GMPKG(8)s TITLE(®)+sAPC(10)
20300 INTEGER TAPEIN» TAPEOT» TAPEGP» TAPEPF ) TAPEDT» TAPEVL
20400 COMMON/BLCB/ NXsNZyNPyNXTyNZTyNTRsNPTsNXTLyNZTL» NXSTRT
20500 » NZSTRT+KC» ITs IFLOWs ICHORD ISPANs INTDIR
004600 COMMON/BLC3/ X(81)+Z(41)yDETA(181)+ETA(101)+ETAEVGPy CELyBEL1)BEL
20700 COMMON/CHRD/ WNP1(81)sWNPN(81) -
00800 COMMON/PRSC/ PS1(2+2)sH1(212) s H2(292)»UE(2+2)
20900 » WE(212)3CK1(2+2) 3y CK2(2+,2) 1 CK12(2+2) 1 CK21(2+12)
21000 » THETA(2+2) s PFRS» UFRSs CNUFRSy UREF 1 + WNP
21100 COMMON/TAPE/ TAPEIN: TAPEOT TAPEGPs TAPEPF TAPEDT» TAPEVL
21200 COMMON/IPRT/ IPZyIPXs IPRINTyEPSVyEPST
21300 COMMON/STOR/ CON»EPSy ICONVEs ITMAX s WTEDG -
01400 COMMON/CONS/ SALFA:SALFAS)SBETA» SBETAS» SLAMDA» SSIGMA» SSGMAS ) USTOPR.
21500 * ZIOTAEs ZIOTALy RW2
21600 COMMON/SVNM/ IPCF» IPRF
21700 COMMON/SHRT/ ISHORT
21800 COMMON/RELX/ RFTRE s RFVEL .
21900 COMMON/ INTG/ ALAMI(41)9CFXI(41)yCFZIC41)+DELTAI(41), 3k
22000 * THETXI(41)+THETZI(41)
22100 EQUIVALENCE (APC(1)sGMPKG(1))1s (APC(9)sUEUF ) (APC(18) s WEUF) ]
22200 DATA TAPEIN/S/,TAPEOT/&/+TAPEGP/16/+TAPEPF/17/+ TAPEDT/ 18/ ]
02300 » TAPEVL/19/5 ISHORT/®/ s RFTRB/.8/yRFVEL/1./ NPT/101/ ;
02400 DATA SALFA/1.11111/+sSALFAS/.3/+SBETA/.15/+SBETAS/ .09/, ]
22500 » SLAMDA/.0@91/1SSIGMA/.5/+SSGMAS/. S5/ USTOP/4&. /s -9
22600 * ZIOTAE/3.7SE-5/+ZI0TAL/.B9/+RW2/4./ e
22700 DATA EPSsEPSV»EPST/3%,.01/+ETAE/B./+ICHORD/1/+ IFLOW/1/y
22800 » IFPRNT/@/+ ISPAN/1/+ ITMAX/20/yNTR/1/ o
22500 NAMELIST/NAME/ DErA v EPS v EPST s EPSV s ETAE o
03000 » ICHORD » IFLOW o+ IFPRNT » IPX v IPZ ’ -
23100 » ISPAN » ITMAX o+ NPT s+ NTR s NXSTRT »~ @1
23200 » NXT v NZSTRT » NZT v TAPEIN » TAPEOT ‘
23300 » TAPEGP v TAPEPF 1+ TAPEDT » TAPEVL + VGP ' o
03400 » ISHORT » RFTRE » RFVEL ]
23500 NAMELIST/DATA/ SALFA 1+ SALFAS v SBETA 1 SPETAS » SLAMDA »+ -
234500 » SSIGMA » SSGMAS » USTOP o+ ZIOTAE » ZIOTAL ' .
23700 * RW2 B
23800 NAMELIST/STRT/ ALAMI , CFXI s CFZI s DELTAI » THETXI »
23900 » THETZI
400D C — — = = = = = = = & - . . m m . e e e e e e - .- — - - - = - '
24100 READ(TAPEIN, 120) TITLE
24200 READ (TAPE INs NAME)
24300 READ ( TAPEINy DATA) L
24400 READ (TAPEINs STRT) B
24500 READ(TAPEINy 170) UFRSs PFRS» CNUFRS 1
04600 READ(TAPEDT) NXTLsNZTL
24700 READ(TAPEDT) (X(I)»I=1yNXTL)
24800 READ (TAPEDT) (Z(I)sI=1,NZTL)
24900 CON=1.~SLAMDA®»2 X "
25000 IF(IFPRNT.E®.1) WRITE(TAPEOT21@) )
25100 NX=NXSTRT
25200 IF(IFLOW.E®.1) NZ=NZSTRT
25300 IFCIFLOW.ER.2) NZ=NZT
25400 UREF 1 =UFRS i
25500 IPNTG=9 )
25500 DO 70 K=1,NZTL :
25700 DO 6@ I=1,NXTL ]
25600 IPNTG=IPNTG+1 ]
_ 295900 READ(TAPEDT) GMPKG 1
. 25200 READ(TAPEVL) UEUF s WEUF ® |
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26100 PE=PFRS

26200 UEUF =UEUF #UF RS

26300 WEUF =WEUF #UFRS

26420 IF(IFPRNT.EQ.1) WRITE(TAPEOT»220) Ky I+GMPKG

26500 CALL STORIT(TAPEGPsAPCy IPCFyIPNTGs@)

26600 IF(I.NE.NXSTRT) GO TO &0

26700 IF(K.NE.NZ) GO TO 60

26800 H1(2+2)=APC(1)

06900 H2(2+2)=APC(2)

27200 CK1(2:2)=APC(3)

07100 CK2(2+2)=APC(4)

27200 CK12(2+2)=APC(S)

27300 CK21(2y2)=APC(&)

07400 THETA(2+2)=APC(7)

97500 PS1(2y2)=APC(8)

27600 UE(2+2)=APC(P)

a7700 WE(2+2)=APC(1@)

@7800 6@  CONTINUE

@7900 7@  CONTINUE

280200 DO 75 I=1+NXTL

28100 75 READ(TAPEVL) WNP1(I)sWNPN(I)

28200 IF(IFPRNT.EQ.@) GO TO 100

28300 REWIND TAPEVL

08400 WRITE (6 230)

28500 DO 90 K=1,NZTL

28600 WRITE(TAPEOT248) Z(K)

28700 DO 8@ I=1,NXTL

08800 READ (TAPEVL ) UEUF, WEUF

28520 UEUF =UEUF =UFRS

29000 WEUF =WEUF #UF RS

29100 WRITE(TAPEOT»250) I+X(I)sUEUF WEUF

29200 80 CONTINUE

@9302 %@  CONTINUE

29400 WRITE(TAPEOT,252)

29500 DO 95 I=1,NXTL

0960@ 95 WRITE(TAPEOT»250) I+ X(I)sWNP1(I)yWNPN(I)

29700 WRITE(TAPEOT»25%9)

29800 100 WRITE(TAPEOT, 180)

29900 WRITE(TAPEOT 19@) TITLE

10200 WRITE(TAPEOT 20@) NXSTRTyNZSTRT+NXTsNZT+NTRsy IFLOWs ICHORD»

10120 » IFPRNT ISPANy ITMAXy IPZy IPXyVGPYETAE,

10200 » DETA(1) s UFRS, PERSy CNUFRS) EPSyEPSV: EPST

10300 WRITE(TAPEOT 26@) SALFAjSALFAS,SBETA»SPETAS)SSIGMAY SSGMAS

10400 » SLAMDA s RWZ+USTOPy ZIOTAEs ZIOTAL

19500 WRITE(TAPEOT ) 255)

10600 RETURN

18780 128 FORMAT(9A6)

108008 17@ FORMAT(1P3E1Z2.4)

10900 18@ FORMAT(SOXIBHTHREE-D BOUNDARY-LAYER PROGRAM/1H

11000 » 47X36HFOR TURBULENT FLOW ABOUT A SHIP HULL)

11100 190 FORMAT(////740X,946)

11200 200 FORMAT(///1HOs32XBHNXSTRT= , I3, 15XBHNZSTRT= 13y 1SXBHNXT = ,I3
11300 » /1HBs 32XBHNZT = ,I34315X8HNTR = + I3, 1SXSHIFLOW = +13
11400 » /71HB» 32XBHICHORD= I3y 1SXBHIFPRNT= » I3, 1SXBHISPAN = +13
11500 . /1H@s I2XBHITMAX = » I3, 1SX8HIPZ = »I3,1SXGHIPX = ,13
11600 #  /1HDs32X7HVGP =3 1PE14.61SX7HETAE =1E14,615X7HDETA =+E14.6
11700 » Z1HOs I2X7THUFRS =1E14.61SX7HPFRS =1E14.6+SX7HNUFRS =/E14,6
11800 » /1M I2X7HEPS  =,E14.615X7HEPSY  =1E14.6y95X7HEPST =+E14.6)
11900 210 FORMAT(1X125H##* INPUT HULL GEOMETRY #%//2X2HNZ) 1X2HNXsSX2HHI»
12000 #  1BX2HHZ, 10X2HKL ¢ 10X2HK2+ 1@XIHK121 9X3IHK21 + BXSHTHETA» 8X2HS1 /)
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12100

12200
12300

12400
12300
12600
12700

12800
12900

13000
13100
13200
13300
13400
13500
13600

220
230

240
250
252
255
260

FORMAT (1H »2I3y1PBEL12.4)

FORMAT (1H1 1 45H»* EXTERNAL VELOCITY DISTRIBUTION (FT/SEC) #%/
» 1HBYSX1HZy 13X 1HX Y 13X2HUEY 1 2X2HWEY/)
FORMAT(1H +1PE12.95)

FORMAT (1H +»7Xs I3+2X+1P3E14.5)

FORMAT (//71HB+ 19X1HX» 12X4HWNP 1y 1 1 X4HWNPN/ )

FORMAT (1H1)

FORMAT(///7/745X48H#*WILCOX—RUBESIN TWO~-EQUATION TURBULENCE MODCL=#

» //7745X2FHTHE CLOSURE COEFFICIENTS ARE3//47X8HALPHA =y1PE12.3
* SXBHALPHA* =.E12,3//47XEIIRETA =yE12.3+y5XBHRETA* =,E12.3/
» 47XBHSIGMA =1 E12.3»5XEBHSIGMA* =yE12.3//47X8HLLAMBDA =+E12.3,
* SXBHRW2 =sE12.3//

» /36XS54HDISSIPATION RATE PRESCRIBED ANALYTICALLY UP TO UPLUS :
* E12.4//745X24HINITIAL EDGE CONDITIONS://
* 47XBHIOTAE =31E12.4+5X8HIOTAL =\E12.4)

END

'R




20100 SUPROUTINE LOGIC(NZ1sNZ2) " ®

20200 INTEGER TAPEIN, TAPEOT, TAPEGPs TAPEPF, TAPEDT» TAPEVL .

00300 COMMON/BLCB/ NXsNZyNPyNXTyNZTyNTRyMPTyNXTLINZTLyNXSTRT)

20400 » NZSTRTyKCs ITy IFLOWy ICHORDy ISPANy INTDIR

20500 COMMON/BLCP/ NSEP(41), ICASE(41)

20600 COMMON/TAPE/ TAPEIN» TAPEOT TAPEGP, TAPEPF» TAPEDT s TAPEVL :

PO700 C ~ = = = — = — = = = = = = = = = = = - - - . .- - .- - - - - -~ - @

22800 NZ1P=NZ1+1 -

20900 NZ2M=NZZ2-1

21000 IF(NX.NE.NXSTRT) GO TO 20

01100 DO 1@ I=NZ1P,NZZM

21208 1@ ICASE(I)=1 )

21300 IFC(IFLOW.E®.2) GO TO 15 "8

21400 ICASE(MNZ1)=1

21520 ICASE(NZ2)=2

21600 RETURN ‘

21708 15 ICASE(NZ1)=2

21800 ICASE(NZ2)=1 e

21500 RETURN b

02000 20 IF(IFLOW.EQ.2) GO TO 40 S

22100 ICASE(NZ1)=3 .

22200 ICASE (NZ2)=5 ]

22300 DO 3@ I=NZ1PsNZZM 1

02400 ICASE(I)=4 -~

22500 IF(NSEP(I+1).NE.Q) ICASE(I)=6

02600 IF(NSEP(T-1).NE.®) ICASE(I)=3

22700 IF(NSEP(I+1).NE.®.AND.NSEP(I~1).,NE.D) GO TO 25

22800 GO TO 30

2000 PS5 TE(NSEP(I).NF. Q@) GO TO 3n A

23000 NSEP(I)=1 ~1’;

23100 WRITE(TAPEOT, 120) IsNX g

93200 3@ CONTINUE

23300 RETURN BES

03400 40 ICASE(NZ2)=3 C]

23500 ICASE(NZ1)=5 o

23500 DO S@ I=MNZ1PyNZ2M e

23700 ICASE(I)=4 < 4

23800 IF(NSEP(I-1).NE.DQ) ICASE(I)=6 .

23900 IF(NSEP(I+1).NE.D) ICASE(I)=3 :

24200 IF(NSEP(I+1).NE.@.AND.NSEP(I-1).NE.@) GO TO 45 ]

04100 GO TO SO O

04200 45 IF(NSEP(I).NE.@) GO TO SO o

P4300 NSEP(I)=1 1

24400 WRITE(TAPEOT, 10@) I1NX

84580 S® CONTINUE

04600 RETURN

Q4700 100 FORMAT(/9X26H=% CALCULATIONS ALONG NZ =, I4,2X18IITERMINATED AT NX = K

24800 » y14/9X4@H PECAUSE OF MERGING SEPARATION REGICONS//) .1

04500 END S

.
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DEeE aua

20100
20200
20300
20400
20500
20500
20700

20800
22900

21020
011020
21200
21320
21400
21500
21600
21700
21800
21900
22000
22100
02200
02302
82400
02500
02600
22700
22800

-

23100
23202
23300
234020
23500
23400
03720
23800
23900
040200
041002
84200
Q4300
244080
Q4500
8446520
Q4720
04800
84900
25000
25100
25200
25302
25400
25500
05400
237900
@a5800
05900
26000

e2

*

*

*
»*

*

* %k Xk % % Xk

*

»*

SUBROUTINE OUTPUT(LL) B

DIMENSION Y(101)»SUMTBL(1D+41),CVC(101)+BETA(1081),USUSE(101)

DIMENSION WPRNT(101)yELPRNT(101),SVC(1081)

INTEGER TAPEIN» TAPEOT,» TAPEGPs TAPEPFs TAPEDT Y TAPEVL.

COMMON/BLCO/ NXINZsNPyNXTIsNZTsNTRsNPTINXTLIsNZTLsNXSTRTs
NZSTRTyKCy ITy» IFLOWs ICHORDy ISPANs INTDIR

COMMON/BLC3/ X(B81)12(41)+DETA(101)+ETA(101)ETAEIVGFyCELYPEL1REL @

COMMON/BLCS/ F(1@1+2+2)2U(181+2y2)syV(101)1G(101+v2+2)yW(101+2+2),
T(121)» TPROF (62D)» TPCF(10)

COMMON/BLCS/ NSEP(41)ys ICASE(41)
COMMON/PRSC/ PS1(Zv2)sH1(212) H2(2v2)yUE(2+2)
WE(21y )y CRICZr 2) s CZ( v D) s CKID(2y2) v CK21(292) s
THETA(2+2) s PFRSyUFRSy CNUFRSy UREF 1+ WNP B
COMMON/BLCE/ EDV(101) ]
COMMON/CONS/ SALFA,SALFASySPETAYSPETAS» SLAMDA) SSIGMAYSSGMAS»USTOP. 1
ZIOTAEY ZIOTAL Y RW2 :
COMMON/STOR/ CON,EPS, ICONVE, ITMAX» WTEDG '
COMMON/TURE/ E(1@1+y 21y 2) 2 WTCI01) v WTZ(1@1s292)»ELT(101) ]
COMMON/DERV/ DUDXsDWDXsDUDZ s DWDZ o
COMMON/IPRT/ IPZs IPXyIPRINT,EPSVyEPST : j
COMMON/TAPE/ TAPEIN: TAPEOT TAPEGPs TAPEPFy» TAPEDT» TAPEVL 4

P DY VP Wy

GO TO (10+220)s LL 1

USE=SQRT(UE(Zy 2) %2 Z2+WE (29 2) % %242, %UE (s 2)XWE(2s 2) % . j
COS(THETA(Zy2))) .

DUSEDS=( (UE(2y2)+WE( 2y 2)#COSI(THETA(Z2y2)) ) ¥ (UE(Z2y 2) /H1 (24 2) %
DUDX+WE (2 2) /HZ (21 2)%¥DUDZ )+ (WE (24 2)+UE (24 2) *
COS(THETA(Zy 2R (UE(Zy2) /HL (2 2) % DWDX+WE (2y D) /H2(29 2 %
DWDZ)+UE(Zy 21 2aWE(Zy LI %#SINCIHETA(Ly L) )R (UE (LY L0) *
((CK1Z2(2+2)+CK21(2+y2)%COS(THETA(Z2v2)) ) /SINC(THETA(2y2) )+ )
CKIC(2Z2y 2 +WE(2y2I R ((CK21(2v2)+CK1I2( 2y 2)RCOS(THETA(2y2)3 )/
SIN(THETA(Z2y2))I+CK2Z(2+2)) ) ) /USEX%2

VRUE=UREF1/UE(Z+2)

USI=(UE(2y2) /USE ) #x2

US2=(UREF 1 /USE ) #%x2

US3=2, #UE(2y 2)#UREF 1 /USE*#%#2#COS(THETA(2+2))

BI1=URUE*SIM(THETA(2:,2))

B2=URUE*COS(THETA(2y2))

RX=UE(2:+2)%PS1 (s 2) /CNUFRS

TRCMN=SQRT (CNUFRS*PS1(2+2)/UE(2+2))

WSINTH=P1/URUE

IF(KC.EQ. 1) WSINTH=0,

NPYES=0

NPMO3=(NP-1)/3

ENPMO3=(NP-1.)/3.

DIFFNP=ENPMO3I~-NPMO3

IF(DIFFNP.GT..1) NPYES=1

DO 20 J=1 NP ®

Y(J)=TRCMN*ETA(J)

CVCT=UREFL1/UE(2+2)%( S(THETA(Zy2))

CVCD=(1.+WE(Zy2) /UE(2s 2)%COS(THETA (2 2)) ) #URUE

DO 8@ J=1sNP

USUSE(J)=SORT(USI#U(Jsy 24y 2)#%24USHW(JTy 29y 2) #82+USTIHU(T1 29 2) %
W(Jy2:2)) v

BETA(J) =0.

IF(J.GT.1.AND.KC.NE. 1)

BETA(JI)=57,29578*ATAN(RI®*W(JT s 21 2) /(U(Jy 2y 2)+B2%W(T12¢2)))

SVC(I)I=WSINTH*W (T 2+ 2)

CVC(II=(UCT 24 2)+W (T 2+ 2)%CVCT) /CVCD

IF(KC.NE. 1) PETA(1)=57.29578*ATAN(R1%T(1)/(V(1)+82xT(1))) L 4
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061020
06200
06300
Q564020
06500
Q4600
@s70a

246800
P6700

27000
07100
Q7202
Q73002
27420
27500
Q746002
77020
27800
87900
Q8000
28100
28200
28300
284020
28500

08600
28700

28800
VE706
2700a
27100
27200
223022
29400
29500
Q7400
09720
29800
29200
10000
10100
10220
10300
104002
13500
192600
19720
190800
10700
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000

84

111

172

1806

IFC(IPRINT.EQ.O®) GO TO 111
WRITE(TAPEOT» 280)
WSCALE=US1/ (USZ%RX)
ELSCAL=URUE#*#PS1(2+2)
WPRNT (1)=9,99999E+37
ELPRNT(1)=0.

DO 84 J=2.+NP

WPRNT (J)=WT (J)*WSCALE
ELPRNT(J)=ELT(J)*ELSCAL
WRITE(TAHPEOTy290) (JaY(J)yCVC(T)1SVC(I)IWSUSE(JTIYRETA(T) »
* E(Tsy 29 2) s WPRNT(JI)»yELPRNT(J)+EDV(J) J=1sNPy+3)
IF(NPYES.EQ. Q) GO TO 111

WRITE(TAPEOQT s 2920) NPyY(NP)» CVC(NP) s SVCINP) » USUSE(NP)H»BETA(NP),
* E(NPy 2y 2) s WPRNT (NP )Y yELPRNT (NP)YEDV(NP)
BETA(NP)=BETA(NP)/57.29578

CTRM=2. /SORT (RX)

VEUF=UE(Z2y2)/UFRS

S1SQARX=PS1(2y2)/SHRT(RX)

COSTH=COS(THETA(Z+2))

CTRMZ2=UE (2 2)#UREF1/UFRS*%x2%#T (1 )%#COSTH

CFC=CTRM* (UEUF**2#\V (1)+CTRMZ)

CFN=CTRM*UE (2y 2)%#UREF1/UFRS*#2%xT (1 )}#SIN(THETA(2+2))
CIz2=0.

CI13=0.

Cl4=0.

WEUECT=WE (2 2) /UE(2+2) % COSTH

URUECT=UREF1/UE (2 2)%COSTH

C2=(U(1+ 29y 2)H+URUECT®W (199 22) ) %22

CI=W(irZr Zrxx2

Ca=U(14y292)%%2

DO 170 J=23NP

C22=(U(JT 12y 2I+URVECT*W (I 129y 2) ) %2

C3A3=W(Ts 2y 2 %2

C44=U(JyZ2+y2) %%2

CI2=CIZ2+.5#(C2+CI2)*DETA(JT-1)
CI3=CI3+.5#(C2+C33)*DETA(JI—-1)
Cl4=Cl4+.5%(C4+C44)%DETA(JI~-1)

Ca=C22

C3=C33

C4=C44

TNUM=F (NP 2+ 2)+URUECT®G (NPy 2+ 2)

TDEN=1,+WEUVECT
DLSTS=GS1SORX*(ETA(NP)I—=(F(NPy 2y 2)+UREFI/UE(212) %G (NP2 2)
* *COSTH) /TCEN)

THTAS=S1SORX* (TNUM/TDEN—-CIZ/TDEN**Z)

IF(KC.GT.1) GO T 180

CFC=CTRM®*UEUF#x2%xV (1)

CFN=0.

DLESTS=SISORX* (ETA(NP)-F(NPs2y2))
THTAS=S1SGRAX*(F (NP 2y 2)-C14)

IF(ARS(WE(Z2+2)).GT.1.E-8) GO TO 200

DILSTN=@.

THTAN=0,.

GO TO 210

DLSTN=S1SORX#(ETA(NP ) ~UREFI1/WE(Zs2)XG(NPyZy2))
THTAN=S1SORX#UREF1/WE(2+s2)# (GI(NPsZyZ)-UREF1/WE(Zy2)%CI3)
IF(IPRINT.EQ. 1) WRITE(TAPEOT»20Q) CFCyDLSTSy THTASIPETA(1 )y CFNy
» DLSTNs THTANYy RXy USE DUSEDS

SUMTRL(1+NZ)=V(1)

SUMTBL(2/NZ)=T(1)
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"'q 12100 SUMTBL (34NZ)=CFC
12200 SUMTEL (4yNZ)=CFN
1 12300 SUMTBL (5yNZ)=BETA(1)
b 12400 SUMTEL (6yNZ)=DLSTS
i 12500 SUMTEL (7yNZ)=DLSTN
' 12600 SUMTEBL (8yNZ)=THTAS
T 12700 SUMTEL (93 NZ)=THTAN
o 12800 SUMTBL ( 18y NZ ) =RX
12900 RETURN
- 13002 228 WRITE(TAPEOT»318) X(NX)
b 13100 DO 240 I=NZSTRTINZT
{ 13200 IF(NSEP(I}.EQ.@) GO TO 220 :
E. 13300 WRITE(TAPEOT»34@) I,2(I) i
& 13400 GO TO 240
g 13500 238 WRITE(TAPEOTy320) IsZ(I)s (SUMTEL(JyI)ed=1,10)
3 13600 4@ CONTINUE
1 13700 WRITE(TAPEOT, 330)
. 13800 RETURN
L | 13900 C ~ ~ — = = — - — - e T

VYD NN ANy ¥

4

14200 =80 FORMAT(1H®y2ZX1HJIy4X1HYy 10X4HU/URY IX4HW/URY IX4HG/ QE s PX4HBETA
14100 BX7HE/UR# %1y 6XSHOMEGAY X ZHEL s 1 1 X3HEPS)
142000 290 FORMAT(1H »I3»1PE10.3+y8E13.4)
14300 300 FORMAT(IXOHCFC =y1PE14.613X6HDLSTS=3E14.4s3X6HTHTAS=yE14.6,
L 14400 * IXEHRETAL=vE14.6/2X6HCFN  =yE14,.46y3X6HDLSTN=vE14. 6
F’ 14500 * 3XEHTHTAN=yE14. 6y 3X6HRX =yEl4.6/0X6HGE =sE14.6»
{ 144600 * IXOGHDOEDX=yE14.&/1HQ» 62 (2H*~) )
14700 310 FORMAT(1H@s3SXZBHX**#%—— SUMMARY TAPLE FOR X =,1PE10.2»
L 14800 * IX7H —- ##%2/1H@Qy3IH NZySX1HZy
t 149002 * SXSHVWALL « £XSHTUALY ; TYNIHCEC, @VIMOEN,; 7V uDeTA .
” 15000 * 7XSHDLETS 6XSHDL.ETNY 6XSHTHTAS» 6XSHTHTAN 7X2HRX)
:c 15100 320 FORMAT(IH +I3+1PE1B.3+10E11.3)
[ 15200 330 FORMAT(1HQY&Z(ZH®—)/)
{ 15300 340 FORMAT(IH »I3s1PEL1D.3y3X17H%%% SEPARATED %%%)
15400 END
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4 00100 SUBROUTINE PRESUR

00200 INTEGER TAPEIN: TAPEOT» TAPEGP) TAPEPFy TAPEDT, TAPEVL
20300 DIMENSION APC(1@)
20400 COMMON/BLCO/ NX3sNZyNPyNXTysNZTsNTRyNPTyNXTLyNZTL 1 NXSTRT)
20500 » NZSTRTIKCy IT» IFLOWs ICHORDs ISPANy INTDIR
20600 COMMON/BLC3/ X(81)+2(41)yDETA(181)+,ETA(101)+ETAEVGPs CEL1BEL1+PELZ
 eo7e0 COMMON/CHRD/ WNP1(81) 3 WNPN(E1)
| 22800 COMMON/PRSC/ PS1(212) H1(Z32)yHI(Z92) s UE(292) s
20900 » WE(212)1CK1(2y2) 1 CKI(292) 1 CK12(292) 1 CK21 (2920
21000 * THETA(2,3) s PFRS» UFRSy CNUFRS» UREF 1+ WNP
01100 COMMON/PRES/ P1(212)sP2(Zy2) s PI(Zv2)1P4(212)yPS(292) )
21200 * P62y 2) 1 P7(292)1PB(2y2)aPO(Zy2) 1 P1O(2:12)9P11(292)
¥ 01300 * PL1Z(2y2)»P13(Z2y2) s P14 (2, 2)
| 21400 COMMON/DERV/ DUDX» DWDXs DUDZ» DWDZ
. 21500 COMMON/TAPE/ TAPEIN» TAPEOTs TAPEGP, TAPEPF s TAPEDT s TAPEVL
216008 COMMON/IPRT/ IPZ, IPX> IPRINT,EPSVIEPST
21700 COMMON/SVNM/ IPCFs IPRF
01800 C - - — — - - m m e m m e e s - e e s s - - s s e - - - - — - - - o
21900 IF(NZ.EG.NZT) GO TO 20
02000 IF(NZ.GT.NZSTRT) GO TO 10
202100 ICNT=(NZ~1)*NXTL+NX
2200 GO TO 230
@2308 10  ICNT=(NZ-2)*NXTL+NX
02400 GO TO 32

2500 20 ICNT=(NZ-3)*NXTL+NX
B:2600 30 IPNTZ=ICNT

02700 CALL. STORIT(TAPEGPyAPCy IPCFs IPNT2 1)
22800 Hi1=APC(1)
el lal HR1=APC(2)
23200 THETA1=APC(7)
031092 S11=APC(8)
23200 UE1=APC(9)
23300 WE1=APC(1@)
23400 TCNT=ICNT+NXTL
235020 IPNTZ=ICNT
03600 CALL STORIT(TAPEGPsAPCs IPCF, IPNTZ2s1)
23700 H1Z=APC(1)
{ 238020 22=APC(2)
239020 THETAZ=APC(7)
{ 04002 S1Z=APC(8)
{ 04100 UE2=APC(%)
b 04202 WEZ=APC(1@)
! 24309 ICNT=ICNT+NXTL
; 04420 IPNT2=ICNT
[ @4520 CALL. STORIT(TAPEGP,APC, IPCF, IPNT2y 1)
24600 H13=APC(1)
. ©@4700 H23=APC(2)
}, ©4800 THETA3=APC(7)
04900 S13=APC(8)
250020 UE3=APC(%)
25100 WE3=APC(1@)
05220 IF(NZ.ER.N2ZT) GO TO 60
25200 IF(NZ.GT.NZSTRT) GO TO SO
( 05400 40  Z1=Z(N2)
05500 Z2=Z(NZ+1)
05400 I3=Z(NZ+2)
25720 Al=(Z1-Z2)%*(Z1-23)
25200 A2=(Z2~Z1)%(22-23)
25900 A3=(Z3-Z1)%(23-22)
b« 06000 D1=(2.%#21-23-22) /A1
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46100
06200
Q6200
06400
24500
26600
246700
046800
Q4720
27000
27120
07200
27300
074020
27500
B7600
07700
07800
Q7900
28200
08100
eezdo
Qa83aae
08420
28500
28600
28700
28200
G576
07000
0?7100
09200
07300
Q7400
29500
294600
02?700
258029
29200
12200
120100
102200
10300
10400
10500
134600
10700
102800
19702
11000
11100
11200
¥} 1300
11400
11500
11600
11700
11800
11900
12000

50

60

70

100

110

120

130

D2=(Z1-Z3)/A2

D3I=(Z21-22) /A3

DWDZ=UREF 1 *WNP1 (NX)

GO TO 70

Z1=Z(NZ-1)

Z2=2Z (NZ)

Z3=Z(NZ+1)

Al=(Z2-Z21)%(23-21)
AZ2=(Z2-Z1)Y%(23-22)
A3=(23-22)%(23-21)

D1=-=(23-Z2) /A1

DR=(Z23-2.%22+Z21)/A2

D3=(Z2-21)/A3
DWDZ=D1*WE1+DZ*WE2+D3*WE3

Qo TO 70

Z1=Z (NZ-2)

Z22=Z(NZ-1)

Z3=Z (N2)

Al=(22-Z1)%(Z3~2Z1)
AR=(Z22-Z1) % (Z23-22)
A3=(23-22)%(Z3~-21)

Di=(Z23-22)/A1

D2=-=(23-Z21)/A2

D3=(2.%23-Z21-22)/A3
DWDZ=UREF 1 #WNPN(NX)
DUDZ=D1i#UE1+D2*UE2+DI3I*UE3

WNP=DWDZ /UREF 1
DHIDZ=D1%H11+D2¥H12+D3%H13
DTHDZ=Di#THETALYDIZr THE iAZ+DI*INETAS
DSIDZ=D1%#S11+DI*S12+D3%xS13
CPR1=SQRT(CNUFRS*UE1xS11)*H21xSIN(THETA1))*H11/H21
* #*UREF1/UE1

CPRZ=SORT (CNUFRS*UEZ*S12) #HZ22*SIN(THETAZ) #*HIZ/H2Z
* #*UREF 1 /7UEZ

CPR3=SGQRT (CNUFRS*#UE3*#S13)*H23*SIN(THETA3) ¥HI13/H23
* #UREF1 /UE3
DCPDZ=D1%CPR1+DZ*CPRZ+D3*CPR3
IF(NX.EQ.NXT) GO TO 120
IF(NX.GT.NXSTRT)Y GO TO 110
ICNT=(NZ-1)*NXTL+NX

INX=1

GO TO 130

TCNT=(NZ—1)*NXTL+NX-1

INX=2

GO TO 130

ICNT=(NZ—1 ) *NXTL+NX-2

INX=3

IPNTZ=TICNT

CALL STORIT(TAPEGPyAPCs IPCFy IPNTZy 1)
H21=APC(2)

THETAL1=APC(7)

S11=APC(8)

UE1=APC(9)

WE1=APC(1@)

ICNT=ICNT+1

IPNT2=ICNT

CALL STORIT(TAPEGPsAPC+IPCFy IPNT2+1)
H22=APC(2)

THETA2=APC(7)}

S12=APC(8)
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12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
145929
14600
14700
14800
14500
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16702
16800
16900
17000
17100
17200
17300
17400
17500
17600
17700
17800
17900
18000

140

156

160

170

190

UE2=APC(9)

WE2=APC(1@)

ICNT=ICNT+1

IPNT2=ICNT

CALL STORIT(TAPEGPsAPCsIPCFs IPNT2s1)
H23=APC(2)

THETA3=APC(7)

S13=APC(8)
VE3=APC(9)

WE3=APC(10)

IF(INX.E®.3) GO TO 160
IF(INX.EQ.2) GO TO 1509

X1i=X(NX)

X2=X{(NX+1)

X3=X (NX+2)
Al=(X1-X2)%(X1-X3)
AZ=(X2-X1)#(X2-X3)
AZ=(X3-X1)%(X3—-X2)
Di=(2.%X1-X3-X2) /Al

D2=(X1-X3) /A2
D3=(X1-X2) /A3
GO TO 170

Xi=X (NX-1)

X2=X (NX)

X3=X (NX+1)
Al=(X2-X1)%(X3~-X1)

2= (X2-=-X1)% (X3-X2)
AJZ=(X3-X2I*(X3-X1)
Di=—(X3—-X21/7Al
D2=(X3-2.#X2+X1) /A2
D3=(X2-X1)/A3
GO TO 170

X1=X(NX~2)

X2=X (NX—-1)

X3=X (NX)
Al=(X2-X1)*(X3--X1)
AZ=(XZ—X1)#(X3-X2)
A= (X3—-X2)#(X3—-X1)
Di=(X3-X2)/A1

D2=~-(X3-X1)/A2
D3=(2.%¥X3—-X1-X2) /A3
DUDX=D1»UEL1+D2*UETZ+DInUEZ
IF(NX.EQ.NXSTRT) DUDX=(UEZ-UE1)/(X2-X1)
DEPDX=D1#SQRT(CNUFRS*UE1#S11)#HZ1*SIN(THETA1)+
DZ#SORT (CNUFRS*UET*S1 2) #HZ2%SIN(THETAZ Y+
D3*SORT(CNUFRE**UEI*S13) #H2Z#*SINC(THETAJ)
DWDX=D1i*WE1+DI*WEZ+D3I*WE3
HTRMI=HZI*SIN(THETAL)
HTRMZ=HZZ2*SIN(THETA2)
HTRM3=HZ2I*SIN(THETA3)
DHTRMX=D1*HTRM1+D2*HTRMZ+D3*HTRM3
COTTH=COTAN(THETA(2s2))
SINTH=GIN(THETA(2+2))
COSTH=COS(THETA(2y2))
BPR=SQRT(CNUFRS*UE(2y2)#PS1(2+2) ) *H2(Z2+s2)%SINTH
HIHZ2=H1 (2 2) /7H2(2+2)
IF(KC.ER.4) GO TO 440
DUDZ=0.
DWDZ=0.
DS1DZ=0.
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18100

18200
18300

18400
18500
18600
18700

18800
18900

19000
19100
19200
19300
19400
19500
19600
19700
19800
19900
20000
20100
20200
20300
20409
205020
20600
20700
20800
20909
21000
21100
21200
21300
214020
21500
21600
21700
21800

',d”"?"‘vv'_'_?.}"'vr

DCPDZ=0.

460 DLOGS1=DSIDZ/PS1(2+2)

Pl(Z2y2)=.5%(PS1 (22 2) /7 (H1(2y 2)%¥UE(Zy2) ) *DUDX+1. )+PS1(2+2) /
(H1(2v2)*H7(.sh)*SINTH)*DHTRMX

P2(2+2)=PS1(2+2)/(UE(2+2)%H1 (2+2) ) %¥DUDX~-PS1 (2 2)%CK1(2+2)%COTTH

P3(2+2)==-PS1(2+2)#COTTH®CKZ (22 2)#UREF1/UE(2+2)
P4(2:2)=PS1(2+2)#CK21(2+2)
PS(2y2)=PS1 (241 2)/HZ(Z2+2)%UREF 1 /UE(2:2) ##2#DUDZ+CK12(2+2) %
PS1(2y2)*UREF1/UE(2y 2)
P&(2+2)=PS1(2+2)/(H1(2y2)%*RPPR)*DCPDZ
P7(212)=PS1(2+y2)/HZ(2+y2)%UREF1/UE (2, 2)
PB8(2y2)=PS1(2y2)#CKZ2(292) /SINTH* (UREF1/UE(24+2) ) #%2
P21 2)=PS1 (24 2)%#CK1 (221 2) /SINTH*UE(2y2) /UREF 1
PIO(2y2)=PS1(2+2)/H1(2y2)
PLI(2y2)=PS1(2y2)% (1. /(UE(2:2)%H1 (29 2) ) %DUDX+WE (2 Z) /(UE(2+2)
*#%2%H2(2y2) ) #DUDZ-COTTHHCKI( 2y 2)+CK2( 2y 2) /SINTH=»
(WE (2, )/UE(hv-))**“+CK1“( 12IRWE(2Vv ) /UE(242))
Pil2(2,2)= PSl(hvh)/(UE(Z DI RUREF 1) #(UE(2+2) /HL1 ( 2y 2) #DWDX+
WE(Z292)Y/H2(2+s2)*¥DWDZ-COTTHXCKZ(2Z2+ 2) % WE (2, 7)***+
CK1(2y 2)/SINTH*UE(2’2)**”+CK21(212)*NE(z 2IRUE(2y2))
P13(2s2)=1.-PS1(2+y2)/(H1(2s 2)%XVUE (24 2) ) *DUDX
Pl4(2y2)=P7(2y2)*(DLOGS1-DUDZ/UE(2+2))
IF(KC.NE. 1) RETURN
DWDZ=UREF 1 *lWNP
NX1=NX+1-INX
NX2=NX1+1
NX3=NX2+1
IF(NZ.EQ.NZSTRT) DIWDZX=D1#WNP1(NX1)+D2*WNP1 (NX2)+DIxWNP1 (NX3)
IF(MZ.EN.NZT)Y D2WDZX=D1WMNON(NY 1 Y+D2#WNPNONX2Y+NTWINPNONXT)
P3(2+2)=P7(2s2)
PS(2y2)=0.
P62y 2)=P7(2y2)
P8 (2, 2)=0.
PR(2y2)=0.
P12(2y2)=P81(2y2)/UREF 1% (UREF 1 %D2WDZX/H1 (24 2)
+DWDZ*%#2/ (U (2 23 ¥H2 (2 2) X +CK21 (2, 2) *DWDZ)
RETURN
END
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00120
22200
20320
02400
22500
204600
20700

22800
20200

210002
91100
21200
21300
814020
01520
2146002
01700
218020
01900
22009
22100
22200
02300
22400
22500

2600
82700
22e09
nzong
232200
23100

23200
23309

23400
83500
03600
03700
028c0o
23729
24000
24100
24200
04300
04400
24500
B4600
Q4700
24800
04200
2580
25100
25200
95300
@540
055020
254600
05702
25ee0

259002
26000

c

i@

15

40

50

&0

70

*

*

SUBROUTINE PROFIL(LL)
COMMON/BL.CA/ NXsNZyNPINXTINZTINTRyNPTsNXTLINZTLINXSTRT)
NZSTRT s KCy ITy IFLOWY ICHORDY ISPAN: INTDIR
COMMON/BLC3/ X(81)+yZ(41)+DETA(1B1)+ETA(1B1)sETAEYWWGPYCELYBEL1+BELD
COMMON/BLCS/ F(101+2s2) U101+ 2+y2)9V(101)5G(101+2+2)sW(101+2+2),
T(101)s TPROF(L20)y TPCF(10)
COMMON/BLCE/ EDV(101)

COMMON/PRSC/ PS1(242)yH1 (2 2) v H2(29y2)yUE(2+2)

* WE(Z232)sCK1 (21 2)y CKI(29 2y CHIZ(29 2291 CK21(2+2)

*

*

THETA(2+2) 3y PFRSY UFRSy CNUFRS Y UREF 1 » WNP

COMMON/TURE/ E(101+2y2)yWT(1D1)sWTZ2(1B1+2+2)HELT(101)

COMMON/STOR/ CONYEPSy ICONVE ITMAXyWTEDG

COMMON/CONS/ SALFA:SALFAS,SRETAISBETAS»SLAMDAY SSIGMAY SSGMAS,, USTOPR,
ZIOTAEY ZIOTA s RW2

- mm Em me em ws em mn mm mm am o emm me mm e e e e e em ew Em mm mm Ee e mn e e mm oww = e

GO TO (10+40+70)y LL

IF(NTR.E®.0) GO TO 15
CALL START

GO TO 40
V(1)=.332
T(1)=,332

WCON=20. /SBRETA

REY=UE (2s 2)*PS1 (2y2) /CNUFRS
WTEDG=UREF1/UE(2y 2)#SORT(REY*ZIOTAE/SALFAS) /(ZIOTAL*ETAE)
Cl=ETA(NP)*V (1)

C2=3.-2.%C1

C3=-2.+C1

CiD2=Cil/2.

C3D4=C3/4.

DO 20 J=1+NP

ERAT=ETA(J) /ETA(NP)

ERATC2=ERAT*C2

ERATSO=ERAT %%

ERTSO3I=ERATSO*C3

F(Js 29 2)=(CIDZ+ERATCZ/3.+CI3D4*ERATSH)I X*ERATSA*ETA (NP)
U(Jry2y2)=(C1+ERATCZ+ERTSQJ) *ERAT
G(TyZy2)=F(Jy 2 2)

W(JTs2y2)=U(T»2+2)

E(Jy»2y2) =0,

IF(J.EQ.1) GO TO 20
WT(T)=WCON/ETA(T) *%2

IF(WT(I) .LT.WTEDG) WT(J)=WTEDG
WTZ (T 2y 2)=WT(J) %%

CONTINUVE

E(NPy 2y 2)=210TAE
WTZC(Ly 24 2)=WT2(2v 2+ 2)

K=NP+1

L=NPT

DO 60 J=KsL

FUIv 2y 2)1=ETA(II+F(K~1s Jv 2)-FETA(K~1)
Uy 2Zs2) =1,

WTy 2y 2)=W(K—-1y2+2)

G(J 12 2)=W(K=1+ 2y )X (ETA(IT)I-ETA(NP) }+G(K—=1+2+2)
EdJs2+2)=E(K~1+2+2)

WT(J)=WTEDG

WT2(Ty 29y 2)=WTEDG**2

IF(LL.NE.1) RETURN

CALL ARRYMV(4451+2)

RETURN

K=NP+1 -83-

»-.i




v 26100
oo 26200
- 06300
26400
26500
06600

AR s aars aut e o GG L ek Ay

Iy

LA RS0 L o0 SN en hn aae e em s 4

e8a

{ P
f
|
r
'f
i
!
!
[
|
:
(
!
r
|
3
|

NP=NP+2

IF(NP.LE.NPT) GO TO 80
NP=NPT

L=NP

GO TO S®@

END
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2n120
00200
20300
20400
20500
22600
22720
2a8an
Q0700
21000
21100
21200
21309
014020
01520
1620
21720
016800
21900
22000
22100
Q2200
02300
B2400
22500
Q2600
22700
22800
D700
23000
03100
03200
23300
03400

23500
V3600

23700
03800
03900
24000
24100
04200
24300
P4400
04500
Q4600
Q4700
24800
Q4900
05002
2510Q
05200
25300
25400
25500
25600
25700
05800

a59e0
Q6000

*

*

SUBROUTINE SHIFT(NZ1+NZ2)

INTEGER TAPEINMN, TAPEOT TAPEGP TAPEPF» TAPEDTs TAPEVL

COMMON/BLCB/ NXsNZIsNPINXTINZTINTRsNPTINXTLINZTLsNXSTRT,
NZSTRTsKC» ITy IFLOW, ICHORD s ISPANs INTDIR

COMMON/BLCS/ F1@1+2v2) U101+ 292)9V(101)1G(1019292)9W(101+2+2),

T(181)s TPROF(62@)» TPCF(10)
COMMON/BLC?/ NSEP(41)sJCASE(41)

COMMON/TAPE/ TAPEIN, TAPEOT: TAPEGPy TAPEPF» TAPEDT TAPEVL
COMMON/SVNM/ IPCFs IPRF

C WRITE (2y2) FLOW ARRAYS ON DISK

IPNT=NX+(NZ-1)%NXTL

CALL ARRYMV (1,223

CALL STORIT(TAPEPFs TPROFs IPRFs IPNT,®)
INC=3-2#IFLOW

1GO=ICASE(NZ)

GO TO (100, :208,3200, 3200y 400,58Q2), IGO0

C SET POINTERE FOR NX=NXSTRT EXCEPT AT END OF INITIAL LINE SWEEP

1€0

IPNTG=NX+(NZ+INC—1)#NXTL
GO TO 650

C SET POINTERS FOR NX=NXSTRT AND END OF INITIAL LINE SWEEP

200

IFCIFLOW.EQ.2) GO TO 210
IPNT=NX+(NZ1~1)*NXTL
IPNT11=NX+NZ1%NXTL
IPNTG=NX+1+(NZ1-1)%NXTL

GO TO 220

IPNT=NX+ (NZZ-1) #NXTL
IPNT11=NX+(NZ2—3)*NXTL
PPNTG=NK+ i+ (NZZ—1 ) #NKTL

CALL STORIT(TAPEPF, TPROFs IPRF, IPNTs 1)
CALL ARRYMV(Z2,1,2)

CALL ARRYMV(5+1.2)
GO TO 402

C SET POINTERS FOR GENERAL CASE AND BEGINNING OF LINE SWEEP

Joe

CALL ARRYMV (&4 1392)
IPNTG=NX+(NZ+INC—1)*NXTL
NZNEXT=NZ+INC
IF(ICASE(NZNEXT).NE.4) GO TO 650
CALL ARRYMV (6323 1)
IPNT11=NX~1+(NZ+2%INC~1)*NXTL

GO TO 690

C GENERAL CASE...END OF LINE SWEEP

400

410

420

IF(NX.EQ.NXT) RETURN
IF(IFLOW.E®. 2y GO TO 419
IPNT=NX+(NZ1~-1)*NXTL
IPNT11=NX+NZ1xNXTL
IPNTG=NX+1+(NZ1—-1)#NXTL
GO TO 420
IPNT=NX+(NZ2~-1)*NXTL
IPNTII=NX+(MZ2-2) #NXTL
IPNTG=NX+1+(NZ2-1)*NXTL
CALL STORIT(TAPEPF s TPROFs IPRFs IPNTs 1)
CALL ARRYMV(Z2+v142)

CALL ARRYMYV(S5+1+2)

GO TO 4L0e

C END OF ATTACHED REGION

509
510

NZN=NZ
NZN=NZN+INC

NZNP=NZN+INC
IF(NSEP(NZNP).EM. 1) GO TO 510
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Q6100
06200
246300
Q6400
26500
06600
846700
246800
06900
27000
971020
07200
27300

&80

650

IPNT=NX—1+NZN*NXTL

caLL
CALL

cAaLL

STORIT(TAPEPF+ TPROF s IPRF+ IPNTs 1)
ARRYMV(2y 1+ 2)

ARRYMV (51 1+2)

IPNT11=NX—-1+(NZN+INC)*NXTL
IPNTG=NX+NZN=*NXTL
C READ IN

CALL
CALL

call
CALL.

(151) FLOW ARRAYS AND (2+2) GEOMETRY PARAMETERS

STORIT(TAPEPFs TPROF+ IPRFy IPNT1141)
ARRYMV(Z2y 14+ 1)

STORIT(TAPEGPy TPCFy IPCFy IPNTGy 1)
ARRYMV (3+y 2+ 2)

RETURN

END
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02100
20200
20300
22400
Q2500
224500
20700
22800
20702
01200
oi11092
212200
213202
21400
21500
21600
21700
216800
21909
0z000
22100
22200
Q2300
02400
22500
RT620
Q2720
228092
22900
03200
03100
03200
13302
23420

23500
B340

2370
03800
Q37902
04000
24100
04200
24300
044900
24500
D4600
247009
248202
04700
259200
95100
25200
@5300
85400
255009
05600
257230
25800

83900
26800

- L] . T e

SUBROUTINE SHIFT2(NZ1i1NZ2)
INTEGER TAPEIN, TAPEOTy TAPEGP: TAPEPF» TAPEDT» TAPEVL

COMMON/BLCO/ NXyNZyNPyNXTINZTINTRyNPTINXTLINZTLINXSTRT

* NZSTRT+KC: ITH» IFLLOWy ICHORD» ISPANs INTDIR

COMMON/BLCS/ F(101+2+2)yU(101:29y2)9V(101)+G(1D1+2+2) 1 W(1B192+2),

» T(101)» TPROF(&LZ2D)H»TPCF(1@)
COMMON/RLC?/ NSEP(41)y ICASE(41)

COMMON/TAPE/ TAPEINy TAPEOT» TAPEGPy TAPEPF» TAPEDT» TAPEVL
COMMON/SVNM/ IPCFs IPRF

IFC(IFLOW.EQ.2) GO TO 50

C SEPARATION ON LOWER BOUNDARY...IFLOW=1

S

IF(NZ.GT.NZ1) GO TO 1@
NZ1=NZ1+1

NSEP(NZ1)=1
IF(NSEP(NZi+1).E®.1) GO TO 5
IPNT=NX—-1+(NZ1-1)#NXTL

CALL STORIT(TAPEPF, TPROFy IPRFy IPNTy 1)
CALL ARRYMV(Zy1,2)
IPNT11=NX—1+NZ1%¥NXTL
IPNTG=NX+(NZ1-1)*NXTL
ICASE(NZ1)=3

GO TO EO

C SEPARARION ON UPPER BOUNDARY...IFLOW=1

10
15

C
20

c
50
55

IF(NZ.LT.NZ2) GO TO 2@
NZZ2=NZ2-1

NSEP(NZ2)=1
IF(NSEP(NZ2-1).E®. 1) GO TO 15
TE(NY _EQ NYTY SETUOM
IPNT=NX+(MZ1-1)*NXTL

CALL STORIT(TAPEPF, TPROFy IPRF IPNTs 1)
CALL ARRYMV(Zs1+2)
IPNT11=NX+NZ1*NXTL
IPNTG=NX+1+(NZ1-1)#NXTL

GO TO B0

SEPARATION AT INTERIOR POINT,,.IFLOW=1

NZN=NZ+1

NSEP (NZN—-1)=1

IF(NSEP(NZN+1) . EqQ. 1) GO TO 20
IPNT=NX-14+(NZN-1) *NXTL

CALL STORIT(TAPEPF» TPROF» IPRF)» IPNT» 1)
CALL ARRYMV(Zy14+23)
IPNT11=NX—1+NZN*NXTI

IPNTG=NX+ (NZN-1)#NXTL

ICASE(NZN)=3

GO TO 80

CEPARARION ON UPPER BOUNDARY...IFLOW=2

IF(NZ.LT.NZ2) GO TO 40
NZ2=NZ2-1

NSEP(NZ2)=1
IF(NSEP(NZZ2-1).E®.,1) GO TO 55
IPNT=NX-1+(NZ2-1)*NXTL

CALL STORIT(TAPEPF s TPROF s IPRFs IPNTs 1)
CALL ARRYMV(22+14+2)
IPNTLL1=NX-1+(NZ2-2)%aNXTL
IPNTG=NX+(NZ2Z-1)%NXTL
ICASE(NZ2)=3

GO TO 860

C SEPARATION ON LOWER BOUNDARY...IFLOW=2

&0

IF(NZ.GT.NZ1) GO TO 70
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] 26108 &5 NZ1=NZ1+1 R A

06200 NSEP (NZ1)=1 1
263200 IF(NSEP(NZ1+1).EQ.1) GO TO &5
. 06400 IF(NX.EQ.NXT) RETURN :
& 26500 IPNT=NX+(NZ2—1)*NXTL b
5 26600 CALL STORIT(TAPEPF TPROF» IPRFsIPNT»1) 1
(o 26700 CALL ARRYMY(2s1+2) o 3
1 26200 IPNT11=NX+(NZ2-2)*NXTL 1
26500 IPNTG=NX+1+(NZ2-1)*NXTL
270200 GO TO 80

27108 C SEPARATION AT INTERIOR POINT...IFLOW=2
7200 70 NZN=NZ-1

_— v—vfﬁnﬁ--" ey
'
e

07300 NSEP (NZN+1)=1 e’

07400 IF (NSEP(NZN-1).EQ. 1) GO TO 70

27500 IPNT=NX—1+ (NZN—1)*NXTL.

07600 CALL STORIT(TAPEPF; TPROFs IPRFs IPNTs 1)

27700 CALL ARRYMY(Zy1,2)
: 07800 IPNT11=NX~1+(NZN-2)*NXTL ]
g 87900 IPNTG=NX+(NZN—1)*NXTL ot
3 28000 ICASE (NZN)=3 ‘
L 28100 808  CALL ARRYMV(Sy1,3) '
o 08200 CALL STORIT(TAPEPFs TPROFs IPRFs IPNT11s1) -
- 28200 CALL. ARRYMV(Zs151) ]
L. 08400 CALL STORIT(TAPEGP: TPCFy IPCFy IPNTGs 1) -
% 28500 CALL ARRYMUY(3s2s2)

08600 RETURN

28700 END

°




201020
00200
02302
20400
20500
23600
20700
¥.'800
02900
21000
21100
21200
921320
21400
21500
21400
01700
21800
01900
22000
02100
22200
22300

2400
22500

2600
Q700
02800
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n3ave
83100
a32eo
233002
23400
83502
0346009
23700
e3e0e
239¢9
24000
24100
Q4200
24300
V4400
Q45002
04600
04700
24800
24900
25000
25100
05209
25320
85420
235500
954600
#5700
25800
05922
26000
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SUBROUTINE SOLVEW
INTEGER TAPEINs TAPEOT, TAPEGPs TAPEPF s TAPEDT» TAPEVL
DIMENSION ESAVE(101)sWSAVE(121)

COMMON/BLCA/ NXsNZyNPyNXTINZTINTRyNPTINXTLyNZTLs NXSTRT,
NZSTRTsKCs ITy IFLOWs ICHORDs ISPANs INTDIR

COMMON/BLC3/ X(81)+Z(41)sDETA(1B1})+yETA(1Q1)»ETAE»VGPy CELYEEL1+BEL

COMMON/BLCS/ F(101+2y2)yU(1B1+292)9yV(101)9G(101+29 2>y W(1D1y2+2),
T(131)y TPROF (&62@)y TPCF (1Q)

COMMON/PRES/ P1(2:2)1P2(2y2) 9y P3(212)sP4(232)9yP5(242)
P6(292)yP7(2vy2)yPB(212)sPR(2y2)9yP1A(2:2)9sP11(2+:2)
P12(2y2)»P13(252)yP14(2Hy2)

COMMON/PRSC/ PS1(292)yH1(2y2)yH2(29y ) HyUE(242)

WE(Zy2) s CK1I(232)y CKI2(29 21y CKI2(292) s CK21(292)
THETA(2+2) s PFRSYUFRS Y CNUFRS» UREF 1+ WNP

COMMON/TURBE/ E(10132+2) 2 WT(101) s WTZ(1B11292)+ELT(101)

COMMON/STOR/ CONYEPS» ICONVEy ITMAXyWTEDG

COMMON/CONV/ ICOUNE, ICOUNWs INEGE Y INEGWs DELVs DELT

COMMONMN/CONS/ SALFAY SALFASYSBETAYSBETAS SLAMDAYSSIGMAY SSGMAS, USTOP,
ZIOTAES ZIOTALs RWZ

COMMON/BLCE/ EDV(101)

COMMON/BLC7/ PU(121)+PW(101),0U(101),aW(101)

COMMON/BLCY/ Y1(1B1):Y3(101) W1 »WZyWIIyW4

COMMON/IPRT/ IPZsIPXs IPRINTIEPSVsEPST

COMMON/SHRT/ ISHORT

COMMON/TAPE/ TAPEIN» TAPEOT:s TAPEGPs TAPEPFs TAPEDT» TAPEVL

COMMON/RELX/ RFTRE» RFVEL

DO 1 J=2.+NP

Ir{UITsZ2+2).62..75%) @0 T 2

CONTINUVE

NPL=J

NPM=NPI_-1

UZ=U(NPL Y2y 2)

ULl=U(NPMy 2+ 2)

ETADEL=ETA(NPM)+DETA(NPM) *(,992-U1)/(U2Z2-U1)}

URUE=UREF1/UE(Zy2)

VRUECT=2.,#UREF1 /UE(2y 2)*COS(THETA(Z+,2))

REY=UE(2Zy Z)*P31(2y2) /CNUFRS

UTAUS4=V (1) %%2

IF(KC.NE. 1) UTAU4=UTAU4+(URUE*T (1) )>#%x2+URUVECT*V(1)%T (1)

WTEDG=SGRT(REY*ZIOTAE/SALFAS)/(ZIOTAL*ETADEL)

UHAT=(UTAUV4/REY ) *®%*, 25

JSTOP=1

WCOEF=20. /SRBETA

DO 23 J=2+NP

UTOT=U(Tr»2s 2)

IF(KC.NE. 1) UTOT=SORT(UTOT*%Z+(URUE*W(Jsy 2+ 2) ) %2
+URUECT*UTOT*W(Jy 29y 2))

UPLUS=UTOT /UHAT

IF(UPLUS.GT.USTOP) GO TO 26

WT(I)=WCOEF/ETA(J) ®%2

WT2(T 129y 2)=WT(T)#n2

JSTOP=JSTOP+1

WT(1)Y=UT(2)

WTZ2(1+292)=WT(2) %%

E(1,2y2)=0.

ICONVE=0

PU(1)=0,

QU (1)=0.

PUW(JISTOP)=WT2(JSTOP12+2)
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26100
26200
26300
26400
06500
06600
26700
26800
26900
27000
27100
07200
07302
87400
27500
07600
27700
07800
27900
2802C0
28100
08200
23300
08400
28500
28600
@8700
28800
vEYLVY
V9000
07100
09200
09300
09400
09500
89600
29700
29800
09900
10000
10100
10200
10300
10400
190500
10620
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000

AW(JISTOP) =0,

E4M=1.4+,.5#SSGMAS* (EDV (1) +EDV(2))

ESM=1.+,.5%SSIGMA*(EDV(1)+EDV(2))

DO 150 J=2yNPM

ESAVE(J)=E(J+ 2+ 2)

WSAVE(J)=WT2(Jy»2+2)

E4P=1.+.5%SSGMAS* (EDV(J)+EDV(J+1))}

ESP=1.+.5%SSIGMA* (EDV(J)+EDV(J+1))

VBE=V(J)

TE=T(J)

FER=F(Jsy2+2)

UB=U(Jy2+2)

GB=G(Jr»2+2)

WE=W(Jy2y22)

EB=E(Js 2+ 22)

WTE=WT (J)

E2=P1(2y2)%FB+P6(2+2) %GR

DFE=CELL*# (F(Jy2+2)—-F(Jy 1+ 2))

DGE=RELI*#(G(Js 21y 2)-G(Js 2y 1)) +PELZ®#(G(JTs131)=-G(Tr1+22))

DVE=(E2+DFR+DGR) /(DETA(J)+DETA(J—-1))

RETE=URUE**Z#REY*ER/WTE

GAMS=1.-CON*EXP(—RETB)

SHEARCZ=VE*VE

IF(KC.NE.1) SHEARI=SHEARZ+ (URUE*TE) ¥*x2+URUECT*TEB*VE

PRODE=GAMS*REY*SHEARZ/WTE

DISSE=SPETAS*WTE

APE=.3

PSIFIX=PRODE/DISSE-.7

LF(PSIFLIX. .Gl .AZE ) ABE=PLIFLX

X3=PRODE-(1.+ARE)*DISSE

X7==(CEL*UR+BELZ2*#WR)I)*E(Js 1+ 2)~-PEL1*WEBXE(Js 2y 1)
+RELI*WEX*E(Jy 1y 1)

Al= E4MxY3(J)-DVE

Bl1=—E4P*Y1 (J)—E4M S (J)+XT-(CEL*UR+REL 1#WR)

Cl= E4PxY1(J)+DVE

D1=X7-AREx*DISSE*ER

B1S=R1+A1=%U(JT-1)

D1S=D1-A1*PU(J-1)

PU(J)=DI1G/B21S

QU(J)Y=—C1/BR1S

IF(J.LE.JSTOP) GO TO 145

WTZB=WTZ2(Js 2y 2)

GAM=SALFA* (1. -CON*EXP(-RETB/RWZ) ) /GAMS

DLDY=(ELT(J+1)-ELT(J-1)¥)/(DETA(J)+DETA(JI-1))

DLDYZ2=DLDY*DLDY

PRODW=GAM*PRODE+X9

SEETAT=SBETA+2. *SSIGMAXREY*DI_DY2Z*URUE *x2

DISSW=SPETAT*WTR

ABW=,3

PSIFIX=PRODW/DISSW-.7

IF(PSIFIX.GT.ABW) ABW=PSIFIX

PSISTP=.5%PRODW/DISSW~-, 25

IF(PSISTP.GT.ABW) ABW=PSISTP

X&6&=PRODW-(1.+APW)*DISSW

X8==(CEL*UR+PEL 2*WB) AWTZ2(Jy 1+ 2)-REL 1 *WRB*WT2(Js+ v 1)

+REL*WE*WTZ (T 1y 1)

XP=2. # (P13 (2+2)#UB+P 14 (2y2)%WE)

A2= ESMxY3(J)-DVE

B2=-ESP%Y1 (J)-ESM*YI(J)+X&6- (CEL.*UBR+REL1xWE)

C2= ESP»Y1(J)+DVE
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12100 D2=X8-APW*DISSW*WT2P L4
12200 B2S=BRZ+AZ*OW(J—1)

123200 D2S=D2-AZ*PW(J~1)

12400 PW(J)=D2S/B2S

12500 OW(J)=—C2/B2S

12600 145 E4M=E4P o
12700 150 ESM=ESP e
12800 WTZEDG=WTEDG*WTEDG

12900 E(NPLsy 2y 2)=ZIOTAE

13000 WTZ(NPLy 2 2) =WT2EDG

13100 KON=NPM

13200 DO 170 J=2,NPM -
13300 E (KON 24 2) =PU(KON) +QU (KON ) %E (KON+1+ 2y 2) o
13400 IF (KON.LE.JSTOP) GO TO 170

13500 WT2 (KONs 2y 2) =PW (KON +6W (KON ¥WT2 (KON+1 3 2y 2)

13608 170 KON=KON-1

13700 ICOUNE=0

13200 INEGE=0 »
13500 DO 175 J=2,NPM

14000 IF(E(Js2ry2).GE.B.) GO TO 176

14100 INEGE=INEGE+1

14200 E(Js2r2)=, SXESAVE (J)

14300 IF(J.GE. (NPL-3)) E(J»212)=ZI0TAE

14400 GO TO 175 g

14500 176 IF(ABS(E(J»2y2)-ESAVE(J)).GT.EPS*#ESAVE(J)) ICOUNE=ICOUNE+1
14600 175 E(Jr»222)=ESAVE(J)+RFTRE*(E(Jy2y2)—~ESAVE(J))

14700 ICOUNW=0
14800 INEGW=0
1470V PO 19D J=JdST0OPs NPM
15000 IF(WT2(Jsy 2y 2).GT.B.) GO TO 196 .
15108 WTZ2(Jy 2y 2)=. S*WSAVE(J)
15220 INEGW=INEGW+1
15302 GO TO 197
15420 196 IF(ARS(WTZ(JsZy2)-WSAVE(J)).GT,.EPS*WSAVE(J)) ICOUNW=ICOUNW+1
15500 WTZ2(Jry 2y 2)=WSAVE(J)+RFTRE* (WTZ(Js 29 2)-WSAVE(T))
15680 197 WT(I)=SQRT(WTZ(JsZy2)) o
15788 195 CONTINUE
15800 ICOUNT=ICOUNW+ICOUNE+I..EGW+INEGE
15900 IFCICOUNT.LE.Z) ICONVE=1
16000 NPP=NPL+1
16100 DO 200 J=NPP,MPT
¢ 16220 E(Jy 2y 2)=E(NPL+2Zy2) @
16308 WT(J)=WTEDG
16408 200 WT2(Js2s2)=WTZEDG
165009 IF(ISHORT.E®. 1) RETURN
16600 IF(IPRINT.EQ.Q) RETURN
16700 IF(IT.E®.1) WRITE(TAPEOT 4@)
e 16800 WRITE(TAPEOT»S@) ITHV(1)sDELVsT(1)yDELTY INEGE L
16900 * INEGW, ICOUNE, ICOUNW
17000 RETURN
171088 40 FORMAT(1HDs 1XZHIT s SX7HV(WALL ) s ZX7HDELV (1 * 0 7X ™ -
17200 * TXSHINEGE » IXSHINEGW s IXAHT TOUNE v [ tabi] -~

17300 S@ FORMAT(1H +13,1P4E14.5,41€)
‘e 17400 END




-A123 285 A MICROCOMPUTER-BASED METHOD FOR PREDICTING YISCOUS - 2/2
F OH ABOUT A SHIP HULL(U) DCW INDUSTRIES INC STUDIO
CR D C HILCOX DEC 82 DCW-R-28-01 ONR-CRO62-735-1F
UNCLASSIFIED NBBBi4 -82-C-9432 F/G 9/2 NL

END |
.
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00100

20200
00300

20400
20500
0236920
28720
00800
20900
21000
21100
21200
01320
01400
215292
21600
21700
31803
219002
22020
02100
22200
02300
02400
22500
22600
02700
22800
v2Yyov
23008
93100
83200
23300
23400
03500
23602
23700
23800
23900
24009
24100
84200
24300
244920
04500
34600
04700
24800
04900
25000

10

20

32

35

*

*

SUBROUTINE SOLV6
DIMENSION USAVE(101)sWSAVE(101)
COMMON/BL.CO/ NXsNZyNPINXTsNZTINTRsNPTINXTLsNZTLINXSTRT

NZSTRTyKCy ITy IFLOWy ICHORD ISPANy INTDIR S
COMMON/BLC3/ X(B81)yZ2(41)+DETA(101)yETA(101)sETAE,VGPsCEL'BEL1+BEL
COMMON/BLCS/ F(1031:2+2)2U(1011292)sV(101)+G(1@1+2+12)vW(10192+12)y -
T(101)+TPROF(620)s TPCF(10)

COMMON/BL.C7/ PU(121)yPW(101),QU(101)+0W(1031)
COMMON/BLCY/ Y1(101)sY3(101)sW1lsW2sW3rW4

COMMON/IPRT/ IPZyIPXs» IPRINTEPSVyEPST
COMMON/CONV/ ICOUNEs ICOUNWy INEGEY INEGWs DELVsDELT
COMMON/RELX/ RFTRE»RFVEL

VWSAVE=V (1)

TWSAVE=T (1)

NPM=NP-1

KON=NPM

DO 1@ J=2yNPM

USAVE (KON) =U (KON 2, 2)

WSAVE (KON) =W (KON» 2y 2)

U(KONy 2y 2) =PU(KON) +QU (KON) ¥U (KON+13 2+ 2)

WCKONS 29 2) =PW (KON ) +QW (KON ) %W (KON+1 4 2y 2)

KON=KON-1

U1s2y2)=0.

W(1s2+2)=0.

DO 208 J=2,NPM

U(Js 2y 2)=USAVE (J)+RFVEL % (U(Js 2y 2)~USAVE(J) )

W(Ty 2y 2)=WSAVE (J)+RFVEL* (W(Jy 2y 2) ~WSAVE(J) )
FCle 2y 2)=0.

G(1y2y2)=0.

CF1=0.

CG1=0,

DO 3@ J=2,NP

CF=U(Jy2292)

CG=W(Jr»2+2)
F(Iv2y2)=F(J=1+212)+.5#(CF+CF1)%DETA(J-1)
G(J1212)=G(J-11212)+.5%(CG+CG1 ) *DETA(J-1)

CF1=CF

CG1=CG

DO 35 J=2yNPM

VAT =(U(JT+1+292)=-U(T=142+2) )/ (DETA(J)I+DETA(JI-1))

T =(W(IJ+1y2y2)~W(IJ~1+212) ) /(DETA(J)+DETA(J-1))
VINP)=(1.~-U(NPMy2y2))/DETA(NPM)
T(NP)I=(W(NPy2y2)—W(NPMsy2+2) ) /DETA(NPM)

V(1) =—W1%U(1s 21 2)+W28U(29 24 2) ~WIHU (3029 2) +WaRU (49 2+ 2)
T =—WIHW (11 29y 2)+W2HW (21 29 2)~WIHW (31 21 2) +WARW (43 2y 2)
DELV=V (1) —=VWSAVE Eaes
DELT=T(1)-TWSAVE e

RETURN R
END L
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00100 SBUBROUTINE START

20200 INTEGER TAPEIN) TAPEOT, TAPEGP TAPEPF» TAPEDT» TAPEVL

20300 DIMENSION YPLUS(101)

20400 COMMON/BLCB/ NXyNZyNPsNXTINZTyNTRsNPTINXTLyNZTLy NXSTRT

20500 » NZSTRT+KCs ITs IFLOWs ICHORD» ISPANs INTDIR

20600 COMMON/BLC3/ X(B81)+2(41)+DETA(1@1)+ETA(101)+ETAEYVGPy CELBEL1+BEL?2

20700 COMMON/BLCS/ F(101+2:2)sU(1081+2+2)3V(101)+G(101+2:2) 3 W(101+2:2)

20800 - T(101)+ TPROF (620)+ TPCF(10)

22900 COMMON/PREC/ PS1(212)1H1(2+2) 1 H2(212)UE(2+2))

21000 » WE(212) 31 CK1(212)1CK2(2+12)1CK12(2y2)yCK21(212)

21100 » THETA(2+2) » PFRSs UFRSy CNUFRS» UREF 1 ; WNP

21200 COMMON/BLCE/ EDV(101)

21300 COMMON/TURB/ E(101+2+2) 3 WT(101)sWT2(101+2+2)+ELT(101)

91400 COMMON/STOR/ CON»EPS» I CONVEs ITMAX» WTEDG

21500 COMMON/TAPE/ TAPEIN» TAPEOT TAPEGPy TAPEPF» TAPEDTy TAPEVL

01600 COMMON/CONS/ SALFA»SALFAS+SBETA» SBETASYSLAMDA+SSIGMA» SSGMAS» USTOP,

21700 » ZIOTAE+ ZI0TAL» RW2

21800 COMMON/INTG/ ALAMI(41)yCFXI(41)yCFZIC41)yDELTAI(41),

21500 » THETXI(41)y THETZI(41)

22000 DATA PI/3.14199265/+AKAPPA/. 41/

B21BB €C - = = = = = = = = = = = = = = = = = - =~ = - - —— - - ———- - o

22200 PS1(1+2)=PS1(2y2)=H1(2y2)# (X (NXSTRT+1)=-X(NXSTRT))

22300 ALAMM=ALAMI (NZ)

92400 CFX=CFXI (NZ)

22%00 CFZ=CFZ1(NZ)

22600 DELTA=DELTAI (NZ)

22700 THETAX=THETXI (NZ)

22800 THETAZ=THETZI (NZ)

02700 RES®UE(ZLv 21®PSL1 L1y 2) 7 UNUFRS

23000 REDELT=UE (2 2) #DELTA/CNUFRS

23100 ROOTRS=SQRT (RES)

23200 URUE=UREF 1 /UE(2+2)

23300 URUE2=URUE ##2

23400 UTAU2=, S# (CFX+ABS(CFZ))

23500 UTAU=SAQRT (UTAUZ2)

234600 DELTAP=UREF 1 #®UTAU*DEL TA/ CNUFRS

23700 YSCAL P=UTAU#URUE*ROOTRS

23800 COSTH=COS(THETA(2+2))

23900 SINTHRSIN(THETA(2+2))

24000 COTTH=COSTH/SINTH

24100 DO 1@ J=1.NP

P4200 1@ YPLUS(J)=YSCALP*ETA(J)

04300 C VELOCITY PROFILES

24400 DOTXM3=DELTA/THETAX~3. : Lo

04500 DOTZM3=3. N

24600 IF(ABS(THETAZ).GT.1.E~8) DOTZM3=DELTA/THETAZ-3. I

24700 ENX=.5% (DOTXM3+SORT (DOTXMI*DOTXM3-8. )) S

24800 ENZ=, 5% (DOTZM3+SQRT (DOTZM3I*DOTZM3~8. ) ) N A

24900 SUBSCL=, S*#ROOTRS*URUER S

25000 OTSCLX=(1.+WE(2s2)#COSTH/UE(2,2) ) #(ROOTRS/REDELT) %% (1, /ENX) :

25100 OTSCLZ=(WE (21 2)#SINTH/UE(2+2) ) # (ROOTRS/REDEILLT) ## (1. /ENZ) 3

25200 V(1)=SUBSCL*CFX ]

23300 T(1)=SURSCI.#CFZ 3

25400 U(1+2+2)=0. @

25500 W(1s2+2)=0. T

255600 DO 20 J=2+NP Tl

25700 IF(YPLUS(J).GE.DELTAP) GO TO 30 ]

25800 U(T1292)=CFX#SUBSCLXETA(J) K

23900 W(J»2+2) =CF Z*SUBSCL*ETA (J) ».&

06000 UOUT=OTSCLX®ETA(J) ##(1. /ENX) hd
-93- .
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26100

06200
Q6300 20

056400 30
@650
06600
06700

06800
046700
Q7088 35
@7100
07200 40

07300
07400

WOUT=OTSCLZH*ETA(J)##(1./ENZ)

IF(UCT2:2) . GT.UOUT) U(Jr2:2)=U0UT
IF(ABS(W(J»y212)).GT.ABS(WOUT) ) W(Jv 2y 2)sWOUT

WSCALE=1./ (URUE*SINTH)

DO 4B J=2'NP
IFC(YPLUS(J).GE.DELTAP) GO TO 35
UGJs2+2)=2U(Jv 29y 2)-W(J1 2y 2)#COTTH

W(J» 2y 2)=WSCALE*W (T2 2)
GO TO 409

UlJs2y2)=1,

S WGTY 2, 2)=WE(2y2) /UREF1

CONTINUVE
V(1)=V(1)~T(1)%COTTH
T(1)=WSCALE*T (1)

07508 C STREAMFUNCTION COMPONENTS

@7600
07700
27800
27900
08002
28100
08200
283200
284020
28500
28600 50

F(1:2+2)=0.

G(1+2+2)=0.

CF1=0.

CG1=0.

DO S@ J=2vNP

CF=U(J+2+2)

CG=W(J12+2)
F(TJ1292)=F(J-11212)+.5%#(CF+CF1)*#DETA(J~1)
G(JIs2+2)=G(J—1+2:2)+,.3%(CG+CG1)%DETA(JI-1)
CF1=CF

CG1=CG

28700 C TURBULENT MIXING ENERGY

28800
wveYBY
o000

go100
o200
29300
09400 &5
29500
092680
892700 &8
29800 70

ESCALE=ALAMM*UTAUZ/SALFAS

EMA I CH=ESCALE® (COS(S. #PT/DFHL TAP) ) #%#2
DO 70 J=1+NP

IF(YPLUS(J).QT.18.) GO TO 65
E(Jr»2+y2)=EMATCH* (. 1#YPLUS(J) ) *%4

GO TO 70

IF(YPLUS(J).GE.DELTAP) GO TO 48
E(J1212)=ESCALE®* (COS(.S%*PI*YPLUS(J)/DELTAP) )%%2
IF(E(J+2+2).6GT.ZI0OTAE) GO TO 70
E(Jy2y2)=ZI0TAE

CONTINUVE

@79288@ C TURBULENT DISSIPATION RATE

10000
10100
10200
10300
10400
105209
10409
10700
ies® 75
10900
11000
11100
11200

11308 78
11408 ©0

11500
11600
11702
11800
11900

YPLSUR=20. #SALFAS*AKAPPA/SEETA

WSUB=(20. /SBETA) *%2
WWAL=(ALAMM®*YSCAL P/ (SALFAS*AKAPPA) ) #%2
WWAK=(PS1 (11 2)#URUE/ (ZIODTAL*#DELTA) )»%2/SALFAS
DO 88 J=2sNP

IF(YPLUS(J).GT.YPLSUB) GO TO 75

WT2(Js 21 2)=WSUR/ETA(J) %%4

GO TO 80

WTEST1=WWAL/ETA(J) *»*2

HWTESTZ=WWAK®E(J» 2+ 2)
IF(WTEST1.LT.WTEST2. OR. YPLUS(J).GE.DELTAP) GO TO 78
WT2(J+2y2)=WTEST1

GO TO B0

WTZ2(Jy»2+2)=WTEST2
WT(J)=SART(WT2(Js2+12))

WTEDG=WT (NP)
WT(1)=WT(2)
WTZ2(1+2y2)=WT(2) %82
RETURN

END
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§ 229100 SUBROUTINE STORIT(IUNITsAsNDIMy IPNTsN)

. BO200 C I I T W I I T I T I W I I I I I I I I I I I I I I I I W I I I I AN |
. @@30@ C THIS SUBROUTINE COORDINATES TEMPORARY STORAGE AND RETREIVAL :
-  @@40@ C OF DATA FROM DISK. DATA ARE STORED AS A SERIES OF BLOCK .
* @052@ C DATA IN THE A ARRAY WHOSE DIMENSION IS NDIM. DURING A READ R
T 0@60@ C FROM THE SUBROUTINE (N=1)y THE FIRST (IPNT-1) BLOCKS ARE R
{ 07900 C SKIPPED AND THE A ARRAY CORRESPONDING TO IPNT 18 READ FROM )
> 00800 C DISK. DATA ARE WRITTEN ON DISK WHEN N=@, Aoty
2 20960 C W I I 36 I I I W AW I I 6 I I I I W I I NI W I I I W I I I I I 6 6 I I W :
s 21000 INTEGER TAPEIN) TAPEOT TAPEGPy TAPEPF» TAPEDT TAPEVL
" 21100 DIMENSION A(620)
- 21200 COMMON/TAPE/ TAPEIN» TAPEOTs TAPEGPy TAPEPF» TAPEDT» TAPEVL
B130D C %3699 36363 36 36 3 36 3 96 3 96 -9 %
91490 C WRITE DATA ON DISK :
- 21500 C 96 36 3 36 W W I I I I N
. 914600 C
- 21702 IF(N.NE.®) GO TO 10
. 91800 C
N 01900 Cxxx%xIBM OPTION®%##x
> @2000 C WRITE(IUNITYIPNT) A b
. @2100 Cx¥%x%#xCDC 7600 OPTION®*%%% .
T @22008 C CALL WRITMS(IUNIT»AsNDIMs IPNT) =
© @2300 Cxx##xUNIVAC 1108 OPTION®%#%% .
. 82400 INDEX=NDIM* (IPNT-1) i
22500 CALL NTRANCIUNIT, 10) -
- 026020 CALL NTRANCIUNIT & INDEX) '
. Q2700 CALL NTRAN(IUNIT:1sNDIMyAs»LFLAG)
. @2800 1 IF(LFLAG.E®.~1) GO TO 1
- 2900 IF(LFLAG.LT.-1) GO TO 20
23000 RETURN
N\ 03100 C
. 83200 C W36 3 I I W I I N W I I W I NI N
©3300 C READ DATA FROM DISK
. Q3400 C W I I I I KW
. @350 C
' @360 10 CONT INUE
@3700 C
. D3800 CH*%xxIPM OPTION®*%%8
. @398 C READ (IUNIT,IPNT) A
. @40D0 Cx%x%x%xCDC 7600 OPTION®®xx%
' ©4100 C CALL READMS(IUNITyAsNDIM) IPNT)
B4200 Cxxxx#UNIVAC 1108 OPTION®%#%%
24300 INDEX=NDIM» ( IPNT-1) ~—
24400 CALL NTRANCIUNIT, 1@) .
24500 CALL NTRAN(IUNITs &y INDEX) Tt
24600 CALL NTRAN(CIUNIT,2+NDIMyAyLFLAG) -
04700 11 IF(LFLAG.EQR.~1) GO TO 11 R
24900 IF(LFLAG.LT.-1) GO TO 20 2 2
24900 RETURN —
93900 C D ;;
25100 20 IF(N.EQ.®) WRITE(TAPEOT:S) C
25200 IF(N.EQ.1) WRITE(TAPEOT &) Lo
25300 IF(LFLAG.E®.~2) WRITE(TAPEOTs2) LFLAG .
254020 IF(LFLAG.E®.-3) WRITE(TAPEOT+3) LFLAG
25500 IF(LFLAG.EQ.—-4) WRITE(TAPEOT+4) LFL AG
25600 STOP
BS730 C 53090955038 3530 35 3 3 30 36 263 3636 26 30 66 3 36 96 3 35 I 96 3 3 I 36 I I I 36 I 36 I 36 I I I I 3 I3 I 36 I
2%800 2 FORMAT(1H » 1X7HLFLAG =, I3ySX23HEND OF FILE ENCOUNTERED)
25900 3 FORMAT(1H s 1X7HLFLAG =, 13,5X12HDEVICE ERROR)
i 26000 4 FORMAT (1H 1+ 1X7HLFLAG =, I3, SX2@HTRANSMISSION ABORTED)
-95- 1




26100 9 FORMAT(1H1+29HWRITE ERROR DETECTED BY NTRAN)

26200 & FORMAT (1H1+28HREAD ERROR DETECTED BY NTRAN)
BEIDD C I I I I3 3696 T3 I 3626 346 3 36 36 63 I 36 I 36 36 3 I 36 3 9 I 36 3 3 I 33 36 I 96 36 I 9 96
26400 END
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1@ REM 365336363 3 36 36 3636 3636 36 3606 36 36 36 36 36 36 36 36 36 36 36 36 36 36 96 36 36 36 36 3 36 36 36 36 36 36 36 36 36 36 3 36 36 9698

208 REM *xxx%x# INTERPOLATION ROUTINE TO ACCOUNT Lt 2 L2l
30 REM %3%3%% %% FOR EFFECTS OF 9696 3 9 35 4

43 REM 3% %%3%%% DISPLACEMENT THICKNESS LA AL 222
SO REM 36385560698 38 6 36 36 3663636369636 36 36 3036363696 36362636 3636 36 36 309636 3696 369696 34 96 34 96 36 69636 94
60 DEFUSR1=&H7DOG

78 CLEAR 1000

80 DIM X(41)+Z(21)yDISP(41+21)
98 DIM ZB(41+21)

100 DIM XR(41)»YR(41+11)+yZR(11)9YN(41,11)

110 OPEN "I",1,"DISPL"

120 INPUT *NXTL =" 3NX

138 INPUT “"NZTL =*3INZ

140 FOR I=1 TO NX

150 FOR J=1 TO NZ N
160 INPUT#1y DISP(IsJ)

170 NEXT J

180 NEXT I

190 CLOSE

200 INPUT "FILE NAME FOR NONORTHOGONAL MESH® :Fs$

210 OPEN "I*y1,Fs%

220 FOR J=1 TO N2Z

230 INPUTH#1y HS$»Z(J)

240 FOR I=1 TO NX

250 INPUT#1s Dy XCI)sDyZB(Is+J)sDsyDsyDsDsDsDs DD

268 NEXT 1

270 NEXT J

280 CLOSE

Z5@ OFPEN “i%sis“PMESHPR®

300 INPUT "IMAX =%"3IM

310 INPUT "JMAX ="3JM

320 FOR I=1 TO IM

330 INPUT#1s XR(I)

340 NEXT I

350 FOR J=1 TO JM

360 INPUT#1s ZR(J)

370 NEXT J

380 FOR I=1 TO IM

390 FOR J=1 TO JM

400 INPUT#1s YR(IHJ)

410 NEXT J

420 NEXT I

430 CLOSE

440 NAME "MESHPR" AS "MESHPR/OLD"

4350 YN=USRL1(XsZsDISP+ZBs XR1 YRy ZRINXINZy IMyJIM)

460 OPEN "0O"4 1y "MESHPR"

470 FOR I=1 TO IM

480 PRINT#1 USING "##.HH8HE#2442%XR(I)

490 NEXT 1

300 FOR J=1 TO JM

310 PRINT#1 USING "##, #HHHUHEL222" 3 ZR(J)

820 NEXT J I
330 FOR I=1 TO IM R
340 FOR J=1 TO JM e
350 PRINT#1 USING "##,. SHHHUEHI42" 3 YN(IJ) T—Tfﬂ
360 NEXT J T
S7@ NEXT 1 'u:
380 CLOSE T
359@ END o







