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SUMMARY

A Neumann solution for inviscid external flow has been coupled to a modi-
fied Reshotko~-Tucker integral boundary-layer technique, the control volume
method of Presz for calculating flow in the separated region, and an inviscid
one-dimensional solution for the jet exhaust flow in order to predict axisym-
metric nozzle afterbody pressure distributions and drag. The viscous and
inviscid flows are solved iteratively until convergence is obtained. A com-
puter algorithm of this procedure has been written and is called DONBOL. This
paper provides a description of the computer program and a guide to its use.
Comparisons of the predictions of this method with experiment show that the
method accurately predicts the pressure distributions of boattail afterbodies
which have the jet exhaust flow simulated by solid bodies. For nozzle config-
urations which have the jet exhaust simulated by high-pressure air, the present
method significantly underpredicts the magnitude of nozzle pressure drag. This
deficiency results because the method neglects the effects of jet plume entrain-
ment. This method is limited to subsonic free-stream Mach numbers below that
for which the flow over the body of revolution becomes sonic.

INTRODUCTION

The drag-producing components of the airplane propulsion system are usually
installed in areas where the flow field is extremely complex. High body slopes
and long boundary-layer runs, especially in the afterbody nozzle region, result
in strong viscous effects on boattail drag. Furthermore, the viscous nature of
the jet exhaust plume complicates the flow in this region. Because of these
strong viscous interactions, current methods used for predicting the installed
propulsion system drag are usually limited to empirical techniques. Recently,
however, investigators have achieved some success in predicting uninstalled drag
of axisymmetric nozzles with what is usually called the patched viscous-inviscid
technique. (See refs. 1 to 7, for example.) 1In reference 1, Reubush and Putnam
combine iteratively a conventional boundary-layer technique with a linearized
potential-flow computation to account for the viscous-inviscid interaction. For
boattail nozzles on which boundary-layer separation occurs, Reubush and Putnam
employ the discriminating streamline concept of Presz (refs. 8 and 9) to sepa-
rate the reverse flow region from the outer flow. The patched viscous-inviscid
interaction methods have been successful in predicting the qualitative trends in
boattail pressure drag with Mach number, Reynolds number, and nozzle geometry in
spite of the complexity of the flow even for isolated boattails. (See ref. 1,
for example.) In general, however, these techniques substantially underpredict
the absolute levels of pressure drag on boattail nozzles at subsonic speeds.

Recently, an improved analytical model of the flow in the separated region
has been developed by Presz (refs. 10 and 11). With this analytical model, the
effects of axial-pressure gradients, surface skin friction, and jet plume
entrainment on the shape of the discriminating streamline are computed. Pre-
dictions made using this new technique (refs. 10 and 11) are in substantially



better agreement with experiment than the predictions of the previous methods
(refs. 1 to 7). This improved model of the separated flow region, therefore,
has been combined iteratively with the inviscid linearized potential-flow solu-
tion described in reference 1.

The present paper describes the various components of the resulting com-
puter algorithm called DONBOL. Also, this paper illustrates the prediction
capabilities of the method by comparison with experimental data. A user's
guide to the computer program is presented. The computer program may be
obtained from OOSMIC, Suite 112, Barrow Hall, University of Georgia, Athens,
GA 30602.

SYMBOLS

The symbols used in the computer printouts are given in a separate column.

A SREF maximum cross-sectional area of body of revolution
B compressibility correction factor (see eq. (6))
Cp boattail pressure drag coefficient, Drag/q A
CDFV skin-friction drag coefficient
Cbhp pressure drag coefficient
cDT total drag coefficient
Cp Cp static pressure coefficient
cf CF local skin-friction coefficient
D D maximum diameter of body of revolution
dp DB base diameter
H H boundary-layer shape factor, &%*/0
L length of body of revolution
L reference length
1 length of nozzle or boattail
M MO Mach number
NER ratio of jet total pressure to free-stream static pressure,
Pt,jet/Psx
Npe Reynolds number based on distance from nose of model to start
of boattail



P static pressure

Pt PT total pressure
s free-stream dynamic pressure
R gas constant
RC body radius corrected for §* and discriminating streamline
r R radial coordinate of cylindrical coordinate system with origin

at nose of body of revolution

RDS radius of the discriminating streamline
r* radius of stream tube for Mach number of 1
Ty T total temperature
Vy VR ratio of radial velocity to free-stream velocity
vT ratio of local velocity to free-stream velocity
Vx X ratio of axial velocity to free-stream velocity
b'4 X axial coordinate of cylindrical coordinate system with origin
at nose of body of revolution
Ax axial distance downstream of start of boattail
B =\ -m2
Y ratio of specific heats
DEL boundary-layer thickness
§* DEL* boundary-layer displacement thickness
ETA local flow angle
6 THETA boundary-layer momentum thickness
Subscripts:
a analogous configuration (see egs. (1) to (6))
des design conditions of nozzle )
e exit
exp exper iment



jet jet

P predicted
s separation
© free stream

DESCRIPTION OF METHOD

The present analytical method has been developed to calculate the flow
over axisymmetric boattail bodies at subsonic speeds. It is assumed that the
flow is composed of a viscous layer near the body, an inviscid external flow,
and, if present, an inviscid jet exhaust flow. (See fig. 1.) The effect of
the viscous layer is accounted for by modifying the body shape with an appro-
priate displacement thickness. 1In the framework of this representation, any
boundary-layer separation on the boattail or nozzle surface is accounted for by
modifying the afterbody geometry and plume boundary.

Inviscid External Flow Solution

The Neumann solution of reference 12 for incompressible flow over bodies
of revolution was used to calculate the inviscid external flow. Since this is
a solution for incompressible flow, the compressibility correction of refer-
ence 13 was used to correct for Mach number effects. The incompressible flow
field considered is that for an "analogous" configuration obtained by means of
the affine coordinate transformation given by the following equations:

M)

Ig=r (2)
where

B = \’1 - M2 (3)

The calculated flow velocities of the analogous configuration are then corrected
using the following equations:

Vx,a
Vg = (4)
B2
BVr,a )
Vy =
B2



where

B =\1- M 2(1 + Vyg,a) (6)

The pressure coefficients are obtained from the corrected velocities by using
the compressible Bernoulli equation and the isentropic flow relations. Expe-
rience to date indicates that this compressibility correction provides better
agreement with experimental results for flow over boattails than the classic
Goethert compressibility correction,

Because the inviscid outer flow solution is based on incompressible flow
theory with a compressibility correction, the present method is limited to free-

stream Mach numbers for which the flow is subsonic everywhere.

Inviscid Jet Exhaust Flow

To calculate the inviscid boundary of the jet exhaust flow, a procedure
based _on one-dimensional isentropic flow theory has been developed and is used
in_the present computer program, DONBOL. The procedure for calculating the
radius of the inviscid jet plume at any axial location downstream of the nozzle
exit is as follows. 1Initially, a shape for the jet plume boundary is assumed.
Next, the pressure distribution along this boundary is calculated. Then, a new
value of the radius at each axial location is ascertained by calculating the
cross-sectional area required to expand isentropically from the flow conditions
at the nozzle exit to the pressure on the boundary at that location. This new
boundary is used in the next iteration as the guess. The equations used to
compute the inviscid jet plume boundary from the flow conditions at the nozzle
exit and the pressure distribution along the boundary are as follows:

P /des 2
Pe = 4. Cp,e * Po (8)
If
Pt,jet (Pt)
— D —
Pe P /des
then
Mjet = Mges (9)



If

Pt,jet _ (Pt>
Pe P /des

then the static pressure across the exit is assumed equal to the external
static pressure at the exit and

2 [P, je\( DY
Het - (10)
Y - 1L Pe
Then
N N P ANy B R P AN AR .
_— . + M2
Ye Jet 2 9 jet an

Now at any given x-location downstream of nozzle exit since Cp is a function
of x,

o]
]

qmpp + P, (12)

) {(Pt,jet)w_”/y j,
M= -1 (13)
Y -1 P

and
r* (Y + 1>('Y+1)/2(Y-1)( vy -1 )'(Y+1)/2(Y-1)
— = \[M 1+ M2 (14)
r 2 2

Then
r r*/re
- = (15)
re r*/r




Also

YRT¢ , jet
Vk,jet =M (16)

This procedure has been used to calculate the shape of the inviscid jet
plume for the exhaust flow from a convergent nozzle at two nozzle pressure
ratios. The procedure is compared in figure 2 with the predictions of the
method of Salas (ref. 14) modified to account for pressure variation along
the jet boundary. The identical longitudinal pressure distribution along the
boundary of the jet was assumed with each method. However, slightly different
pressure distributions were assumed for each nozzle pressure ratio. At
NPR = 2.90, the shapes of the jet exhaust plume boundary predicted by the two
methods are in very good agreement., At NPR = 5.03, the one-dimensional method
does not agree as well with the method of Salas. As will be shown later, how-
ever, the one-dimensional method does provide a reasonable estimate of the
effects of NPR on nozzle drag.

Viscous Flow

The properties of the viscous boundary layer (both attached and separated)
and the location of any separation on the nozzle boattail are calculated using
the methods and computer algorithm developed by Presz, King, and Buteau and
described in reference 10. Presz, King, and Buteau computed the turbulent
boundary-layer displacement-thickness distribution along the body with the
method described in reference 15. This method is a modified version of the
Reshotko-Tucker integral boundary-layer solution (ref. 16). A comparison of
the predictions of this technique with the experimental measurements of Winter,
Rotta, and Smith (ref. 17) at M_ = 0.6 and a Reynolds number, based on body
length, of 9.85 x 106 is presented in figure 3.

If boundary-layer separation occurs on the boattail, the boundary-layer
equations become singular at the separation point. To overcome this difficulty,
Presz uses the concept of a discriminating streamline to separate the reverse
flow region from the outer boundary-layer flow. This method, described in ref-
erence 10, accounts for the effects of axial-pressure gradients, surface skin
friction, and viscous mixing in the jet exhaust flow on the shape of this dis-
criminating streamline. Note that the present method does not account for the
effects of viscous mixing downstream of the reattachment point.

The use of Presz's model of the separated region requires that some method
be available for predicting the location of separation. Several methods are
available. They include Presz's control volume technique (ref. 8),
Goldschmied's criterion (ref. 18), a modified Page criterion (ref. 19), and
Stratford's criterion (ref, 20). A discussion of the accuracy of the various
separation location criteria is given in reference 21 by Abeyounis. Any of
these methods can be used in the current computer program.
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Viscous-Inviscid Interaction

Since the boundary-layer displacement thickness, the discriminating stream-
line shape, and the inviscid jet boundary are functions of the pressure distri-
bution along the body and the jet boundary, the final converged solution must
be obtained by iteration between the inviscid outer flow solution, the inviscid
jet plume solution, and the viscous boundary-layer solution. The iteration
algorithm used in the present method is shown in figure 4 and is as follows:

(1) Calculate the inviscid pressure distribution on the body of revolution.
(2) Calculate the inviscid jet plume boundary.
(3) Calculate the boundary-layer displacement thickness.

(4) Calculate the location of boundary-layer separation on the boattail.
The separation location is calculated using the criteria selected by the user
and is based on the pressure distribution and, in some cases, boundary-layer
characteristics of the flow over the body. For the first iteration, a separa-
tion location will always be predicted. 1Ideally, the separation location
should move aft with increasing number of iterations, and the separation region
should essentially disappear as the solution approaches convergence for nozzles
and flow conditions where no boundary-layer separation would occur. Unfortu-
nately, with the available separation criteria, this separation region does not
always disappear. It is suggested that a solution first be attempted assuming
attached flow for nozzles when there is a question about whether or not separa-
tion occurs. If the solution diverges, the user can then assume that the flow
is not attached, and the calculation must be repeated assuming that the flow is
separated.

(5) If a separated flow calculation is required, calculate the shape of
the discriminating streamline. To speed convergence and to eliminate some
initial numerical stability problems, the present method assumes that for the
first four iterations, axial-pressure gradients do not affect the shape of the
discriminating streamline. After nine iterations, the shape of the discrimi-
nating streamline is frozen.

(6) Correct the body geometry for boundary-layer displacement effects by
adding an effective displacement thickness to the original body. The effective
displacement thickness includes the discriminating streamline in the separation
region. A relaxation procedure described in reference 8 is used to expedite
convergence and to eliminate instabilities in the iteration procedure.

(7) Repeat steps (1) to (6) for the desired number of iterations. 1In the
present algorithm, no convergence criteria are specified. Convergence is
assumed to occur when two successive iterations plotted to a reasonable scale
give essentially the same results. To obtain this result, most configurations
require about 15 iterations.



COMPARISONS OF PREDICTIONS AND EXPERIMENT

The predictions of program DONBOL for an 1/D = 1.768, dp/D = 0.5]
circular-arc afterbody with a solid cylindrical jet plume simulator and with
attached boundary-layer flow are compared with the experimental data of refer-
ence 22 in figure 5. At both free-stream Mach numbers shown, the agreement
between the predicted and experimental pressure distributions is excellent.
The boattail pressure drag of the configuration is underpredicted. However, factor of
the differences between theory and experimental drag are within the accuracy of Iﬁ&"ﬁ
the experimental measurements. These results are typical of all attached-flow

cases computed to date with DONBOL.

For boattail nozzles and afterbodies on which the boundary layer sepa-
rates, the agreement between_the predictions of the present_method and experi-
ment depends on the chosen separation criterion. In reference 21 Abeyounis
showed that a criterion predicts significantly different locations for separa-
~EISE’EEEEEEIEEﬂaﬁ_whether the theoretical inviscid pressure distribution or the
exper imental pressure distribution is used. This result suggests that the pre-
dicted separation location may also be a function of the iteration algorithm
used in a patched viscous-inviscid interaction procedure such as DONBOL.
Therefore, the accuracy of a given separation criterion should be assessed
using the total prediction algorithm for which it is to be incorporated. Pre-
dictions of the separation location criteria incorporated in DONBOL are com—
pared with the experimental data of Abeyounis (ref. 21) in fiqure 6(a). The
large differences shown in predicted separation location can affect predicted
afterbody pressure distributions and drag significantly, as illustrated in fig-
ure 6(b). Based on these limited results and because it more accurately pre-
dicts the location of separation on the steep, highly separated /D =
boattail configuration, the method of Presz is recommended and is used for all
further calculations presented in this paper.

An illustration of the capabilities of the present method for predicting
the effects of free-stream Mach number on the pressure distribution and drag of
an afterbody with separated boundary layer is shown in figure 7. The experi-
mental data from references 22 and 23 shown in this figure are for the same
1/D = 0.8, dp/D = 0.51 circular-arc afterbody with solid cylindrical plume
simulator for which separation location data are presented in figure 6(a). At
a Mach number of 0.4 where the separation location is accurately predicted
using the Presz criterion, the agreement between experimental and predicted
pressure distributions is very good. As the difference in predicted and a5 @ssumplien
actual separation location increases with increasing free-stream Mach number, 3“;§°ii
the agreement in pressure distributions between theory and experiment deviates\ berter™?
somewhat. However, as shown in figure 7(b) the agreement between predicted
and actual boattail pressure drag improves with increasing Mach number. This
agreement is essentially within experimental accuracy throughout the range of g
Mach numbers for which the theory is applicable.

says \t doesw't
atter qnth

At a given free-stream Mach number, the agreement between theory and
experiment is a function of boattail geometry. The comparisons between the
theory and experiment of reference 23 shown in fiqure 8 indicate that for boat-
tails with less closure than the configuration of figure 7, substantially better
agreement between theory and experiment can result.



The capabilities of the present method for predicting the effects of
Reynolds number on boattail pressure distributions and drag are illustrated in
figure 9. The agreement between theory and experiment is a function of Reynolds
number and boattail geometry. However, the predicted variation of the boattail-
pressure drag coefficient with Reynolds number is in relatively good agreement
with the experimental results (fig. 9(c)).

A comparison of the experimental (refs. 22 to 24) and predicted effects of
the ratio of nozzle total pressure to free-stream static pressure NPR on the
pressure distribution and drag of a (/D = 0.8, d&,/D = 0.51 circular-arc
nozzle is shown in figure 10. In general, the present method reasonably pre-
dicts the variation of the pressure distributions with NPR. However, at both
M, = 0.6 and 0.8 (figs. 10(a) and 10(b)) DONBOL generally predicts more posi-
tive pressures than actually exist on the nozzle. As a result, the magnitude of
the boattail drag is substantially underpredicted (fig. 10(c)). These deficien-
cies probably result because the present method does not account for the effects
of jet entrainment. Note that the present method does account for the effects
of jet entrainment on the shape of the separation discriminating streamline,
but does not account for jet plume entrainment in any manner downstream of the
reattachment of the separated boundary layer. Jet entrainment downstream of
reattachment should reduce the pressures on the nozzle and thereby increase the
nozzle drag. As shown in figure 10(c), the present method accurately predicts
the nozzle drag when the jet exhaust flow is simulated experimentally by a solid
cylindrical sting. This solid sting, of course, does not simulate the effects
of jet plume entrainment, but does simulate the effects of jet plume blockage on
the flow over the nozzle. Even though the present method does not accurately
predict the magnitude of nozzle drag, it does predict the decrease in drag at
the higher nozzle total-pressure ratios. The present method does not, however,
predict the increase in drag at the lower pressure ratios. Further illustra-
tions of the capabilities of the present method for predicting pressure distri-
butions and drag for nozzles with jet exhaust flow are shown in figure 11. Here
the program DONBOL was used to calculate the flow over the equivalent bodies of
reference 25 with the nozzles operating at an NPR of approximately 2.5. For
these configurations, the predictions generally agree better with experiment
than for the configuration shown in figure 10.

DESCRIPTION OF COMPUTER PROGRAM

A flow chart of program DONBOL is presented in figure 12 and a listing of
the program is provided in the appendix. This program is written in overlay
form and consists of the main overlay and four primary overlays. Primary over-
lays 1 to 3 are used to calculate the inviscid external flow, and overlay (5,0)
is used to calculate the inviscid jet exhaust flow, the boundary-layer flow,
and the "effective" body geometry for further iterations. The program uses
nine disk files during computation. Input data are obtained from TAPE5 and the
results are written on TAPE6 which is set equal to OUTPUT. A restart output
file is written on TAPE7. The remaining disk files are used internally by the
program. DONBOL requires about 125 000 octal storage locations on the Control
Data CYBER 175 computer system and executes 15 iterations in approximately
3 minutes.

10



A brief description of the various routines in the program is given in the
following list:

DONBOL

ONE

BASICI

MATRIX

XY

XYz2

ELIP

MISNA2

THREE

AXIS

This routine reads the input data, stores the x- and r-coordinates on
TAPE13, and controls the iteration procedure. All primary overlays
are called from this routine.

This routine prints certain control parameter information and calls
subroutines BASIC1 and MATRIX.

This subroutine makes the compressibility correction transformations
to the x~ and r-coordinates, calculates coordinates of the midpoint
of each body panel, and calculates the slope of each body panel.

The influence coefficient matrix and the boundary condition matrix
are set up in this subroutine. MATRIX calls subroutine XYZ.

The influence coefficients are calculatd by this subroutine. A con-
stant source of unit strength is assumed to act on each panel. The
influence coefficient is the integral of the effect of the constant
strength source. The subroutine calls X¥2Z1 and XYZ72,.

This subroutine performs the integration of the effects of the con-
stant strength source for points within a specified radius of the
singularity.

This subroutine performs the integration using Simpson's rule to
determine the influence of the unit source panel at all distances
greater than the specified radius from the singularity. The routine
calls subroutine ELIP.

This subroutine is used to calculate the value of various elliptical
integrals.

This routine initializes parameters for call to MISNA2.

This subroutine calculates the strengths of the source panels by
solving the matrix equation using a Seidel iteration procedure.

This routine initializes various parameters and then calls subroutine
AXIS. The pressure coefficients computed by AXIS are then written on
TAPE13.

This subroutine calculates velocity components of the flow and
sur face-pressure coefficients. The velocity components are cor-
rected for compressibility effects using either the Goethert or
Labrujere method, before computing the pressure coefficient.

This routine is the interface between the inviscid external flow cal-

culation and the viscous flow calculations., The body geometry and
pressure coefficients are read from TAPE13. The inviscid jet plume

1
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exhaust flow boundary and velocity are calculated. The viscous sub-
routine package is called to obtain boundary-layer parameters and the
corrected effective hody contour. See reference 8 for details of the
subroutines in the viscous package. Routine FIVE also computes the

drag coefficient.

The results are printed and the final solution put

on TAPE7 for further iteration if necessary.

This is a Langley Research Center computer system library subroutine.
The subroutine uses first- or second-order Lagrangian interpolation
to estimate the value of a set of functions at a specified value of

the independent value.

Description of Input Data Cards

Sample input data required for program DONBOL are presented in figure 13.
This figure presents the input data required to compute the flow over a boat-
tail nozzle configuration with jet exhaust flow. This test case also illus-
trates the input data required to compute flow conditions at points off the
body. Specifically, the input data required are as follows:

Card 1:

tion in columns 1 to 80.

Card 2:

identification.- Card 1 contains any desired identifying informa-

control integers.- Card 2 contains 13 integers, each punched

right justified in a five-column field. An identification of the card columns,
the name used by the source program, and a description of each integer is given
in the following table:

Columns

1 to 5

6 to 10

11 to 15

16 to 20

12

FORTRAN name

ISWITCH

IPRINT

TPUNCH

ITERA

Description

Calculation Option Code:

If ISWITCH = 1, potential-flow solution only.

If ISWITCH = 2, boundary-layer effects on
pressure distribution are included in solu-
tion using an iteration scheme.

If 1ISWITCH = 3, boundary-layer solution only.

Iteration number to start printing results.

Punch option code: If IPUNCH greater than O,
last iteration is written on TAPE7 in for-
mat necessary for a restart of solution. CP
for last iteration also written on TAPE7.

Iteration number for first calculation of this
submittal. For initial submittal of any
calculation, ITERA must be 0.



Columns FORTRAN name Description

21 to 25 ITERMAX Maximum number of iterations (less than or
equal to 20).

26 to 30 IMACH Compressibility correction code:
If IMACH = 1, Goethert compressibility cor-
rection used.
If IMACH = 2, Labrujere compressibility cor-
rection used.

31 to 35 ISEP Separation location criteria code:
If ISEP = 0, no separation model used.

If ISEP =1, separation location specified X
by user.

If ISEP = 2, Presz control volume criterion
used.

If ISEP = 3, Goldschmied criterion used.

If ISEP = 4, modified Page criterion used.

If ISEP = 5, Stratford criterion used.

41 to 45 INT(3) X-array location to start search for
separation.
46 to 50 INT (4) X-array location to end search for separation.
51 to 55 INT (5) Jet plume and entrainment option:
If INT(5) = 0, omit jet plume and entrainment
calculations.

If INT(5) =1, include jet plume and entrain-
ment calculations.

56 to 60 INT(6) X-array location of nozzle exit.

61 to 65 INT(7) Smoothing parameter:
If INT(7) = 0, no smoothing.
If INT(7) = 1, aerodynamic body contour and
pressure distribution are smoothed.
INT(7) = 1 should be used.

66 to 70 IFLAGS An integer which if greater than 0 specifies
that off~-body points are to be calculated.

Card 3: free-stream conditions and reference dimensions.- Card 3 contains
quantities used to define the free-stream flow and dimensional information
required to convert body coordinate inputs to meters. If the separation loca-
tion is to be input by the user, it is given on this card. Identification of
the card columns, names used in the source program, and a description of each
variable is given in the following table:

13



Columns FORTRAN name Description

1 to 10 MO Free-stream Mach number.
11 to 20 PT Free-stream total pressure, Pa.
21 to 30 T Free~-stream total temperature, K.
31 to 40 REFL Reference length - factor required to convert
input values of x and r to meters.
41 to 50 SREF Reference area, meters?2,
51 to 60 XSEPND The x-coordinate of the separation location.

Required if ISEP = 1.

Card 4: jet exhaust conditions.- This card contains quantities used to
define the jet exhaust flow. If there is no jet exhaust flow (INT(5) = 0) this
card may be blank, but it must be input. The card contains the following
information:

Columns FORTRAN name Description
1 to 10 XMJET Mach number of jet at nozzle exit.
11 to 20 PTJET Jet total pressure, Pa.
21 to 30 TTJET Jet total temperature, K.
31 to 40 RJET Radius of nozzle exit.

Cards 5, 6, . . .: remaining data input cards.- The remaining data cards
provide a description of the body geometry, the location of any off-body points
at which the flow is to be calculated, and the surface pressure coefficients if
the boundary-layer solution only is to be computed. Unless otherwise noted,
each card contains up to six values with each value punched in a ten-column
field with a decimal.

Body geometry cards: The first body geometry data card gives the number
of coordinates, NN. The integer, NN is punched in columns 1 to 5 right
justified. The number of body coordinates may not be greater than 200. The
next group of body geometry data cards contains the axial location at which the
body radius is to be specified. There are exactly NN locations with up to
six values per card. The next group of body geometry data cards contains the
radius of the body at the specified axial locations. Again there are NN val-
ues of the body radius specified. Note that if the jet exhaust flow option is
selected, an initial quess of the shape of the jet plume boundary must be
included in the description of the body geometry.

14



Off-body points: 1If the flow is to be calculated at any off-body points
and IFLAGS > 0, then the following cards must be input. First the number of
of f-body points must be specified on a data card. The number of off-body
points is punched in columns 1 to 5 right justified. (Note that the sum of
the points on the body of revolution and the off-body points may not be greater
than 200.) Then a group of data cards giving the location of the x-coordinates
at which the flow is to be calculated is input. This group of cards is fol-
lowed by a group of cards on which the r-coordinates of the off-body points are
specified.

Pressure coefficients cards: This group of cards is input only if the
program is to be restarted or if ISWITCH = 3, that is, when the boundary-
layer solution only is to be calculated. The pressure coefficient at each
body x-coordinate location is input with six values per card.

Description of Output

Program output consists of printed output and a disk file TAPE7 written
in the form necessary for a restart of the program. An example of the printed
output is presented in figure 14 for the test case presented in figure 13.

The first page of output includes the program title, case identification,
list of control options selected, free-stream conditions, and, if requested,
jet exhaust flow conditions. On the second page, several diagnostic messages
from various routines in the program are written.

Following these pages, the results of the calculation are output. Case
identification and free-stream conditions are again specified. The iteration
number, the reference length L, the reference area SREF, and the axial loca-
tion of boundary-layer separation and reattachment are given. Following this
information, tabulated listings of the body axial coordinate X/L, the body
radial coordinate R/L, the body radius corrected for the discriminating
streamline RDS/L, and the body radius corrected for boundary-layer displace-
ment thickness and the discriminating streamline RC/I, are printed. Also
listed are values of pressure coefficient CP, local skin-friction coefficient
CF, boundary-layer thickness DEL/L, boundary-layer displacement thickness
DEL*X/L, boundary-layer momentum thickness THETA/L, and boundary-layer shape
factor H. 1In addition, listings of the pressure drag coefficient CDP, skin-
friction drag coefficient CDF, and total drag coefficient CDT are given. The
drag values listed are based on the reference area SREF and are the integrals
of the pressure forces and/or skin-friction forces from the nose of the body to
the specified X/L. location. To obtain the nozzle boattail pressure drag
coefficient, for example, it is necessary to subtract the value of the pressure
drag coefficient at the start of the boattail from the value of the pressure
drag coefficient at the nozzle exit or end of the boattail. This information
is repeated for each iteration as specified in the input data.

If flow conditions at off-body points are calculated, the axial location
X/L and radial location R/L of the off-body points are tabulated on the next
page together with the ratio of axial velocity to free-stream velocity VX,

~
~
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the ratio of radial velocity to free-stream velocity VR, and the ratio of
local velocity to free-stream velocity VT. Also tabulated are the local

flow angle ETA 1in radians, the local Mach number ML, and the local pressure
coefficient CpP.

CONCLUDING REMARKS

A computer program has been written to compute the flow over axisymmetric
nozzle configurations at subsonic speeds with and without separated flow. The
computer algorithm is based on a patched viscous-inviscid interaction procedure.
That is, solutions for the various regions of the flow are coupled together and
solved iteratively to obtain a converged solution. The results of the present
alogrithm called DONBOL are in good agreement with experimental pressure distri-
bution results for flow over nozzles with the jet exhaust simulated with solid
bodies. The method substantially underpredicts the magnitude of the boattail
drag when the jet exhaust flow is simulated with high-pressure air. This defi-
ciency results because the present technique does not account for the effects
of jet plume entrainment downstream of reattachment of the separated boundary
layer on the flow over the nozzle. The method is limited to free-~-stream Mach
numbers below that for which flow on the body of revolution reaches sonic
speeds.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

April 11, 1979
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OO0 0000000000000

OVERLAY(LINK,0,0)
PROGRAM DONBOL(INPUTE201,0UTPUTH201, TAPES,TAPE6ROUTPUT,TAPEIR1001,D0ON
ITAPEUS1001,TAPES=1001,TAPE 191001, TAPE1281001,TAPE13R1001,TAPETS10DON

201)

CARD

CARD

APPENDIX

DON

DON

DON
tﬁti*!'ittnitl!'n*tattiittt*tﬁltﬁﬁtttit.Qttﬁtﬁlitﬁﬁtiti‘t.t*tt'tl'DON
«DON

INPUT DATA DEFSCRIPTION FOR PROGRAM DONBOL *DON
P XTI I I Y Y Ty Y T P P T T L X LYY «DON
sDON

coL NAME DESCRIPTION «DON
*«DON

1«80 HEOR CASE DESCRIPTION «DON
*DON

{e§ ISWITCH CALCULAYION OPTYION CODE o *«DON
1P ISWITCHBY{ POTENTIAL FLOW BOLUTION #DON

ONLY, *DON

1F ISWITCHE2 BOUNDARY LAYER EFFECYS ON«DON

PRESSURE DISTRIBUTION ARE INCLUDED «DON

IN SOLUTION USING AN ITERATION «DON

SCHEME, «DON

IF ISWITCHSY BOUNDARY LAYER SOLUTION #DON

ONLY, *DON

«DON

bei0 IPRINT ITERATION NUMBER T0 8TART PRINTING *DON
RESULTS, «DON

«DON

11=1§ IPUNCH PUNCH OPTION CODE o IF IPUNCH GREATER «DON
THAN 0 LAST ITERATION ON TAPE 7 IN «DON

FORMAY NECESSARY FOR A RESTARY oF *DON

SOLUTION, €P FOR LAST ITERATION ALSO wDON

WRITTEN ON TAPE 7, «DON

*DON

16220 1TERA ITERATION NUMBER FOR FIRST CALCULATION«DON
OF THIS SUBMITTAL «DON

«DON

2128 ITERMAX MAXIMUM NUMBER OF ITERATIONS (LESS =DON
THAN OR EQUAL Y0 20) «DON

*DON

«DON

#DON

coL NAME DESCRIPTION »DON
«DON

2630 IMACH COMPRESSIBILITY CORRECTION CODE = «DON
IF IMACHSY GOETHERT COMPRESSIBILITY «DON

CORRECTION UBED, *DON

17 IMACHS2 LABRUJERE COMPRESSIRILITY #DON

CORRECTION USED, «DON

*DON

3i1e3S 18eP SEPARATION LOCATION CRITERIA CODE » «DON
IFr 18EPs0 NO SEPARATION MODEL USED, «DON

17 ISEPm! SEPARAYION LOCATION «DON

SPECIFIED BY USER, «DON

IF 18EPS2 PRESZ CONTROL VOLUME *DON

CRITERIA USED, +DON

17 13EPs} GOLDSCHMIED CRITERIA USED, +«DON

I 1SEPad MODIFIED PAGE CRITERIA USED,*DON

IF ISEPaS STRATFORD CRITERIA USED, «DON

*DON

s6=40 NOTY USED, *DON
*DON

Uie4s INT(S) XeARRAY LOCATION TO STARY SFARCH FOR #DON
SEPARATION, «DON

+DON

4beSO INT(4) XeARRAY LOCATION TO END SEARCH FOR s+ DON

-
DO OWFT AL AN

L T ke
O B4 B AN -

~n e
-
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SEPARATION, «DON
«DON
2 S5i{e5S INT(S) JEY PLUME AND ENTRAINMENY DPTION e #*DON
IF INT(S)s0 OM!T JET PLUME AND «DON
ENTRAINMENT CALCULATIONS, *DON
IF INT(S)m1 INCLUDE JEY PLUME AND «DON
ENTRAINMENT CALCULATIONS, «DON
sDON
2 S6e60 INT(6) XeARRAY LOCATION OF NOZZLE EXIT, *DON
*NON
2 6168 INTL(T) SMOOTHING PARAMETER e «DON
IF INT(7)80 NO SMOOTHING, *DON
IF INT(7)mi ABRODYNAMIC BODY CONTOUR «DON
AND PRESSURE DISTRIBUTION ARE SMOOTMED®DON
*DON
2 66070 1PLAGS AN INTEGER WwHWICH IF GREATER THaAN 0 «DON
SPECIFIES THAT OFF BODY POINTS ARE T0 #DON
BE® CALCULATED, *DON
*DON
CARD coL NAME DESCRIPTION «DON
*DON
3 tel0 MN FREE STREAM MACH NUMBER, «DON
«DON
3 11s20 PY FREE STREAM TOTAL PRESSURE, PASCALS «DON
«DON
+DON
3 2130 TY FREE STREAM TOYAL TEMPERATURE, KELVIN #DON
3 31=40 REFL REFERENCE LENGTH « FACTOR REGUIRED TO #DON
CONVERT INPUT VALUES OF X AND R TO *DON
METERS, *00N
«DON
s d1e%0 SRFF REFERENCE AREA, 80 METERS *DON
*DON
3 Sieb0 XSEPND THE XeCOORDINATE OF THE SEPARATION «DON
LOCATION, REQUIRED IF ISEPm!, «DON
*DON
4 1e10 XMJET MACH NUMBER OF JET AT NOZZLE EXIT, «DON
*DON
4 11=20 PTJFT JET TOTAL PRESSURE, PASCALS «DON
*DON
& 21e30 TTIEY JET TOTAL TEMPERATURE, KELVIN *DON
«DON
4 3140 RJET RADIUS OF NOZZLE EXIT *DON
*DON
] {e§ NN NUMBER OF COORDINATES FOR RODY «DON
*DON
[ 1e60 X(1),Isi,NN THE XeCOORDINATES OF THE POINTS DEFINeaDON
ING THWE BODY, DATA I8 INPUT WITHW & «DON

FORMAT OF 6F10,6, MAY BE MORE THaAN *«DON |
ONE CARD aDON
*«DON
7 1960 R(I),Is1,NN THE RsCOOCRDINATES OF THE POINTS DEFINeaDON
ING THE BODY, DATA I8 INPUT WITH & *DON
FORMAT OF 6F10,6, MAY BE MORE THaAN «DON
ONE CARD «DON
«DON
*DON

*DON

*DON
IF IFLAGS GREATER THAN O THE FOLLOWING CARDS MUST BE INPUT «DON
*DON
CARD coL NAME DESCRIPTION *«DON
«DON
a {e8 NN NUMBER OF OFF RODY POINTS «DON
#wDON
9 1e60 X(1),1mi,NN THE XeCOORDINATES OF THE OFF BODY sDON

APPENDIX
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20

OO0 O000O0OO00O00

10
20

30

40

S0

60

APPENDIX

POINTS, DATA IS8 INPUT WITH A FORMAY

#DON

OF 6F10,6, MAY BE MORE THAN ONE CARD,#DON

10 1260 R(I),Im1,NN THE ReCOORDINATES OF THE OFF BRODY
POINTS, DOATA 18 INPUT WITH A PORMAT

«DON

*DON |

*DON

OF 6F10,6, MAY BE MORE TMAN ONE CARD,#DON

1F ISWITCH I8 EGUAL TO 3 THE POLLOWING CARD MUST BE INPUY
CARD coL NAME DESCRIPTION

11 160 CP(I),1mi,NN PRESSURE COEPFICIENT AT EACH Xe
COORDINATE ON BODY, ODATA I8 INPUY

«DON
«DON
+DON
*DON
«DON
«DON
«DON

WITH A FORMAT OF 6F10,6, MAY BE MORE wDON

THAN ONE CARD,

«DON
*DON

*itﬁﬁﬁttiitiﬂ*.'tli*.i.lﬁlitti.ﬁit..ll'tttttt'i‘l‘titﬁﬂt'lﬁt.ltiQiQDON

OON
DON

COMMON HEDR(B))ISWITCHs IPUNCH, ITERA,)JTERMAX, IMACH, I8EP, INT(8),IFLADON
165,PLGOS,MN,APT ,ATT REFL ,S8REF ,XSEPND,NN,BDN,ND(2),NT,N8IGA,IPRINT,DON

2AMJIET,,PYJETY, TTJET,RIET,RETAR
cOMMON /8AVE/ VOUM(9S51)

DIMENSION X(200), R(200), CP(200)
INTEGER FLGOS,BDN

REAL MN

LINKmd{ L INK

AONBY

po 10 1mi,200
cPc¢l)®mo,0

READ (%,70) HEDR
1F (EOF(S)) 60,30

DON
DON
DON
DON
DON
DON
boN
DON
DON
DON
DON
DON

READ (%,80) ISWITCH,IPRINY,IPUNCH,ITERA,ITERMAX,IMACH,ISEP, (INT(I)DON

1,1m2,7),1FLAGS

READ (8,90) MNyAPY, ATT,REFL,SREF,XSEPND,AMJET,PTJET,TTJET,RJEY
READ (%,80) NN

READ (S,90) (X(I),Imi,NN)

DO 40 p2s1,2

tF (12,6Q,1,0R,ITERA,GT,0) READ (9%5,90) (R(I),Imi,NN)
WRITE (13) NN, (X(1),1m1,200)

WRITE (13) NN, (R(1),1Im1,200)

CONTINUE

1F ((ISWITCH,EQ,3),0R,(ITERA GT,0)) READ (%,90) (CP(I),Imy,NN)
WRITE (13) (CP(I1),]Imt,200)

1P (ISWITCM,EQ,3) CALL OVERLAY (LINK,S,0)

1F ((ISWITCH,EQ,1),0R, (18WITCH,EQ,2)) GO YO SO

60 T0 20

IF (ITERA,GT,ITERMAX,AND,IFLAGS,EQ,0) GO TO 20
REWIND §

REWIND ¢

REWIND 9o

REWIND 11

REWIND 12

REWIND 13

CALL OVERLAY (LINK,1,0)

CALL OVERLAY (LINK,2,0)

CALL OVERLAY (LINK,3,0)

1F (IFLAGS,GT,0,AND ITERA ,GE (ITERMAXe1)) GO TO 20
eALL OVERLAY (LINK,S,0)

ITERARITERAS

G0 T0 S0

CONTINUE

sTOP

DON
OON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON

14y
148

184
152
153
184
188
186
137
158
1%9
160
161
162
16%
164
168
166
167
168
169
170
171
172
173
174
178
17
177
L7
179
180
184
182
183
184
188
186
187
188
189
190
191
192
193
194
19%
196



70
80
90

(e X2 X 9]

o000

000

APPENDIX

FORMAT (8A10)
FORMAT (1619)
FORMAT (6F10,6)
END
OVERLAY(LINK,1,0)
PROGRAM ONE

*CONTROL POR BASIC DATA AND FORM MATRIX

DON
DON
DON
DON

ONE
ONE
ONE
ONE

¢OMMON HEDR(8),ISWITCH, IPUNCH,ITERA,ITERMAX, IMACH, ISEP,INT(8),IFLAONE
165,PLGOS,MN,APT, ATT ,REFL,SREF ,XSEPND,NN,BDN,ND(2),NT,NSIGA,IPRINT,ONE

2AMJIET,PYJET,TYJET,RIET,RETAR

ONE

cOMMON /CL/ X1(200),Y1(200),Xx2(200),Y2(200),DEL8(200),8INAC200),CO0NE

18A(200),XP(200),YP(200)

ONE

COMMON /TL/ TX1(200),TY1(200),NG(200),T7G(200),ALFA(200),R8D8(200),0NE

1DALF(200),TEMP(101T)
INTEGER FLGOS,BDN
REAL MN,NG

QUTPUT CASE CONTROL DATA

PLGOSED

1P (ITERA,GT,0) GO TO 10

WRITE (6,2%0)

WRITE (6,20) HEDR

IF (IPLAGS,GT,0) WRITE (6,30)

1P (IMACH,EQ,)) WRITE (6,40)

1F (IMACH,EQ,2) WRITE (6,%0)

WRITE (6,60)

t1F (IBEP,E0,0) WRITE (6,70)

tF (18¢P,GT,0) WRITE (6,80)

IF (ISEP,EQ,1) WRITE (6,90) XSEPND
17 (ISEP,BQ,2) WRITE (6,100)

IF (I8EP,EQ,3) WRITE (6,110)

1F (I8EP,EQ,4) WRITE (6,120)

1F (19€P,EQ,8) WRITE (6,130)

1F (ISEP . GE,2) WRITE (6,140) INT(3)
1F (ISEP,GE,2) WRITE (6,150) INT(4)
1F (INT(S),GT,0) WRITE (6,160)
WRITE (6,170) INT(e)

1F (INT(?),GT,0) WRITE (6,180)
WRITE (6,190)

6wy, 4

Glu(Gey,) /2,

G2uB/(Gel)

RG=e286,96

PORAPY /(] ,4G1wMNae2)naG2
TOBATYT /(1 ,4G1#MNae)

RHOBPO/(TOeRG)

XMURY|  USB/10webuT0Nal ,5/(T0¢110,33)
RNBRHOAMNASQRT(GaRGeTO) /XMU
RNmRN/10,a%b

WRITE (6,200)

WRITE (6,210) MN,APT,ATY

WRITE (6,220) RN

tF (INT(S),GT,0) WRITFE (6,240)

1F CINT(S),G67,0) WRITE (6,210) AMJET,PTJET,TTJEY
XNPRaPTJET/PO

1F C(INT(S5),6T,0) WRITE (6,230) XNPR
tF (IPRINT,GY,0) WRITE (6,2%0)

SETUP FPOR UNIFORM FLOW
CALL BasiC!

N81GAmy
REWIND 4

ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
oNE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
4
oNE
ONE
ONE
oNE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
oNg
ONE
ONE
oNg
ONE
ONE
ONE
ONE
ONE
oNg
ONE
oNg
ONE
ONE
ONE
ONE
ONE

197
198
199
200e

O P4 ALE AN~

]
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NOOO

0

40
50
60
70
80

90

{00
110
120
130
140
1%0
160
170
180
190
200
210

220
F31]
240
2so

[a X a X3l

(a2 eX 2]

APPENDIX

CALL MATRIX ONE
ONE
ONE
ONE
FPORMAT (10X,6UHDONBOL wewe AN AXISYMMETRIC INVISCID/VISCID INTERAONE

1CTION PROGRAM//16X,82HBY LAWRENCE €, PUTNAM, NASA, LANGLEY RESEARCONE
2H CENTER//2X,13HCASE TITLE = ,8A10//13X,20Knenne CASE CONTROL DATAONE

3 sanan//) ONE
FORMAY (13X, 1SHOPFeRODY POINTS) oNE
FORMAT (13X,3SHGOETHERT COMPRESSIBILITY CORRECTION) oNE
FPORMAT (13X,36HLABRUJERE COMPRESSIBILITY CORRECTION) ONE
PORMAT C13X,4B8HMODIFIED RESHOTKO TUCKER BOUNDARY LAYER 3O_LUTION) ONE
FORMAT (13X,29HSEPARATED FLOW MODEL NOT USED) ONE
PORMAT ({13X,64HPRESZ MODIFIED CONTROL VOLUME DISCRIMINATING STREAMONE

ILINE SOLUTION) ONE
FORMAT (13X,46H8EPARATION LOCATION SPECIFIED BY USER AT X/L m,F{0,0NE

16) ONE
PORMAT (13X,49HPREBZ CONTROL VOLUME SEPARATION LOCATION CRITERIA) ONE
PORMAT (13X,40HGOLDSCHMIED SEPARATION LOCATION CRITERIA) ONE
FORMAT (13X,42WMODIFIED PAGE SEPARATION LOCATION CRITERIA) ONE
FORMAY (13X,38H8TRATFORD SEPARATION LOCATION CRITERIA) ONE
FORMAT (13X,3UNSTARY BEARCH FOR SEPARATION AT I s,I4) ONE
FORMAT (13X,32MHEND SEARCHM FOR SEPARATION AT 1 =,14) ONE
FORMAT (13X,29MJET EXHAUSY PLUME CALCULATION) ONE
FORMAY (13x,1BMNDZZLE EXIY AT 1 &»,14) ONE
FORMAT (13X,26W8MD0TH AERODYNAMIC CONTOUR) ONE
PORMAT (§3X,28H8MO0TH PRESSURE DISTRIBUTION) ONE
FPORMAT (1HO,32X,22HFREE STREAM CONDITIONS) ONF
FORMAT (20X, 20HMACH NUMBER 8,F12,3/20X,20HTOTAL PRESSURE  ONE

1 w,F12,3,84 PABCALS/20X,20MTOTAL TEMPERATURE #,F12,3,TH KELVIN) ONE

PORMAT (20X,20KREYNOLDS NUMRER a,7F12,3,184 MILLION PER METER) ONE
FORMAT (20X, 20HNPR a,Fi12,) ONE
FPORMAT (1HO,12X,37HJET EXHAUST CONDITIONS AT NOZZILE EXIT) ONE
FORMAT (1H1)Y ONE
END ONE
SUBROUTINE BASICH BAS
BAS

« READ DATA AND SETUP FOR UNIFORM PFLOW BAS

BAS

COMMON HEDR(8),I8WITCH, IPUNCH,ITERA, ITERMAX, IMACH, ISEP, INT(8),1FLABAS
165,FLGOS,MN,APT,ATT,REFL,SREF, XSEPND,NN,BON,ND(2) NT,NSIGA, IPRINT,BAS

2AMJET,,PTJET,TTJET,RJIET,RETAR BAS
cOMMON /CL/ X1(200),Y1(200),X2¢200),Y2¢200),0EL8¢200),38INAC200),C0BAS

18A€200),XP(200),YP(200) BAS
COMMON /TL/ TX1(200),7Y1¢200),NGC200),7GC200),ALFAC200),R8D8(200),BAS

1DALF(200),TEMP(1017) BAS
INTEGER FLGOS,BDN BAS

REAL MN,NG Bag

BAS

REWIND 13 BAS

NTe0 BAS

Ku0 BAS

K2si BAS

1P (ITERA,GT,ITERMAX) FLGOSBIFLAGS BAS

1F (FLGOS NE,0) K2m2 BAS

BAS

* MAJOR _LOOP # NO, OF BODIES ¢ OFF BODY POINTS BAS

BAS

nO {30 Lmi,Ke BAS

1F (FLGOS,GY,0,AND,L,.GT,1) GO YO 10 BAS

ND (L ) BNN BAS

MENNw{ BAS

READ (13) BLANK BAS

READ (13) BLANK BAS

READ (13) NN, (TX{(1),I81,NN) BAS

READ (13) NN, (TYI(1),I81,NN) BAS
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20

30
40
50
60
10

80
90

100

120
130

(2 X2 X2 2 2)

140

OO0

APPENDIX

G0 T0 20
cONTINUE

« BASIC DATA CALC, AND PRINT (UNTRANSFORMED COORDINATES)

ANNSO

READ (5,1%0) ND(2)

NNaND(2)

READ (8,160) (TX1¢I),I8{,NN)
READ (8,160) (TY1(1),18{,NN)
g0 10 s0

sUMSEO 0

nh 30 1al,M
TiaTX1(1e1)eTXL(])
T2uTYI(1+1)eTYI(])
x2¢1)meTX(let)eTXICIY) /2,
v2(1)m(TYI(Ie1)eTYIL]Y) /2,
DELS(IYIBBGRT(TIeT14T2T2)
SUMBRSUMB+DELSIT)
RSDS(I)mBUMS
ALFACTYIBATANZ(T2,T1)

MAmMe}

pO 40 Ye},MA
DALF(I)R(ALFA(I+1)eALFA(T))aSY,2987798
CONTINUE

1P (MN) 60,80,060
SRMBSQRT (1 ,eMNBMN)

p0 70 ImY,NN
TX1(1)mTYXL (1) /8RM

+ SHIFT X{ AND v{ TO COMMON /CL/

1F (BDNY 110,90,110

D0 100 I®m{,NN

xPe¢l)ymIxi(1)

yR(I)ETY (D)

WRITE (12) (XPC1),Tei ,NN),(YPCL),ImL NN)

GO Y0 130
50 120 Tmi,NN
KaKe1

Xi(K)mTX1(1)
YI(K)mTY (1)
NTaNTeM
cONTINUE
REWIND 13

* CALC, PARAMETERS WITH TRANSFORMED COORDINATES aND
MACH NO, ADJUSTMENTY

Jia0

NisND({)et

nO 140 Jui, N}

JisJiey

viaXitJiet)exi(Jy)
r2aYi(Jie)eYi(JY)
X2(JI)m(X (Jietd)eX1(IL1Y)Z2,
vacJymeyigJietdevigatrydze,
NELS(JIRSART(TInT10722T2)
cO8A(JIuT1/DELS(Y)
SINA(J)mT2/DELS(J)

JisJiey

% SAVE PARAMETERS

BAS
BAS
BAY
BAS
BAS
BAS
BAY
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
848
BAS
YY)
BAS
BAYS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
RAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
YY)
BAS
BAS

WRITE (12) (X$CIY, Iml, 010, CY T, 08,010, (X2¢1),Im1,NTYo(Y2(]), n]1BAS

1,N7), (DELS(L),181,NT)

BAS
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REWIND {2

» SAVE SINA AND CO8A ON TAPE 4 FOR CALC, OF MATRIX

SOLUTION (RIGHT HAND MATRIX)
WRTTE (4) (SINA(I),1®1,NT),(COSACI),IBI,NT)
RETURN

FORMAT (21%)
PORMAT (6F10,0)
END

SUBRROUTINE MATRIX

* COMPUTE MATRIX A.B,Z OR X,Y,2

BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
MAT
MATY
MATY
MATY

COMMON HEDR(B8),I8WITCH,IPUNCH,ITERA, ITERMAX, IMACH, ISEP,INT(8),1PLAMAY
165, FLGOS,MN)APT,ATT ,REFL ,SREF, XSEPND,NN,BDN,NDC2) )NT,NSIGA,IPRINT,MAY

EAMJ!T'PYJEY'TTJEY'RJET,RSYAR

MAY

COMMON /CL/ X1(200),Y1(200),%x2(200),Y2¢200),DEL8(200),8INAC200),COMAY

18A¢200),XP(200),YP(200)

MAY

COMMON /TL/ A(200),B(200),AX(200),AY(200),A2¢200),Cx(200),CY(200),MAY
102¢200),AXV(200),AYv(200),VN(200,1),VvT(200,1),B0ON,YZERD,TIAC,11sJJsMATY

231,87/08,DX DY NT ) XJsYJ o XK, BEK,EKK, KK
INTEGER FLGOS,BDN
REAL MN

* INITIALIZE
LieNT
RONEOD, 0
YZFRO®0,0
1ACSY
N0 20 I®m1,NT
Jei
VN(I'J,'O.
vT(1,J)m0,

* 1 MIOPOINT LOOP

Do 70 lai, L1
Timl

J1 18 THE COORDINATE COUNTER

Jim0
NiaND(1)w{
KKnl

D0 30 Jmi,N|i
JJad

JinJied

* COMPUTE X,Y,2 MATRICES
eALL X¥Y2
CONTINUE
JinJiet
1F (BON) 40,%0,40
» SAVE X,Y,Z ON TAPE «OFF BODY POINTS

WRITE (9) CAXCI),, Wy ,NT), LAY (D), Ju),NT), tAZ(J),J81,NT)
G0 TO YO

% SAVE A,B,Z ON TAPE «ON BODY

D0 60 Jai,NT
ACIIReAX(JIRBINA(CT)4AY(J)aCO8A(])

MAT
MAY
MAY
MATY
MAT
MAY
MAY
MATY
MAY
MAY
MAT
MAY
MATY
MAY
MAY
MAY
MATY
MAY
MAY
MAY
MAY
MATY
MATY
MATY
MAT
MAY
MAY
MAT
MATY
MAT
MAY
MAT
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MATY
MAY
MAY
MAT

9a

99
100
101
102
103
104
108
106
107
108e

oA AL WUN -

{0



o
o

o

OO0 OO

80
90

o000

30
40

COOOOROOON
o

(-]

APPENDIX

RCIIMAX(J)eCOSA(I)eaY(JI)eSINACLY)
WRITE (9) (A(J)yJmI, NT),(BCJ),J ol ,NTY,(AZ(J),Jui,NT)
CONTINUE

« TEST IF OFF BODY COMPLETED
+ TESY IF OFF BODY

tF (FLGOS,EQ.0,0R,BON,NE,O,) GO TO 90
« INITIAL POR OFF BODY » THEN REENTER I,J LOOPS

AONSY,
LisND(2)

po 80 tmy,L!
xX2(1)YaxpP(1)
vy2(1)myp(1)
60 70 10
REWIND 9
REWIND 4
RETURN

END
SURROUTINE XYZ

« CONTROL FOR X,Y,Z MATRICES COMPUTATION

MATY
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAY
MAT
MAT
MAY
MAT
MAY
MAY
MAT
MATY
MAT
MAY
MATY
XvY?
XY
13
XYZ2

COMMON HEDR(B), ISWITCH, IPUNCH,ITERA,ITERMAX, IMACH, ISEP,INT(8),IFLAXYZ
165, FLGOS,MN,APT ATT ,REFL,3REF, XSEPND,NN,BON,ND{2) )NT,NSIGA,IPRINT,XYZ

2AMJET,PTJIET,TTJET,RJET,RETAR

Xy2

COMMON /CL/ X1(200),Y1(200),x2(¢200),Y2(200),DEL8(200),8INAa(200),C0XYZ

18A€200),XP(200),YP(200)

XYZ

COMMON /TL/ A(200),8(200),AX(200),AY(200),AZ(200),Cxc200),CY(200),XY2
16202002 ,AXV(200),AYVv(200),VNC200,1),VT(200,1),B0ON,YZERO,2AC,1,J,J1XY2

aosJ'DSJDx'DVJNI'XJ,YJ,XK,[EK,EKK,K
INTEGER FLGOS,BDN
REAL MN

1F (BONY %0,10,50
17 (Je1) 50,20,60

» J EQUAL ! PATH

Tim,S*DELS(J)
sJaTi/va(s)

1F (8Je,08) 30,30,40
cALL Xv21

60 Y0 190

8Js,08

eALL Xv21

N1s3S

T28,082Y2¢J)
N8s(TieT2)/32,
DXaD8sCO8A(J)
DYeDS*SINA(J)
xJaX2(J)+T2+L08A(J) DX
vIeY2(JY+T2#SINA(S) DY
cALL Xvz2

60 TO 180

# INITIAL Y COORDINATE MID=POINY FOR ZERO TESY
YZERO®Y2(1)e,000001

» J NOT EQUAL I PATH
* COMPUTE MINIMUM DISTANCE T0 1 MIDPDINTY

DI (X2(1)ex1(J1))wa2e(Y2( )my i (Jt))nn2

Xv2
XYz
12
XYz
XY2
Xv2
XYz
%21
XYz
Xve
XYz
XYz
421
XYz
XYz
Xvz
XYz
XYy
XYz
b 3 4
Xv2
Xv2
XY
XYz
1324
XYz
Xv2
1 327
XY2
Xy?
XyY2
Xy2
XyY2
XY?
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D2m(X2(1)@X2(J))an2e(Y2(1)o¥Y2(J))nn2
DIM(X2(IImX1(J1e1))ma2e(Y2(T)uYi(J1%1))mn2
tF (O1eD2) 80,80,70

1F (D2«D3) 100,100,90

1F (DieD3) 110,110,90

PMeSORT (DY)

60 TO 120

OMe80ORT(D2)

G0 Y0 120

NMESQRT(D1)

* COMPUTE NO, OF INTERVALS(NI) AND DELTA 8 (DS)
POR B3IMPSON RULE INTEGRATION

1F (DM, ,EQ,0,0) GO Tp 150
N1s8,%DELS(J)/DMe0,0
1F (N1) 130,130,140
Nls3

n8SaDELSC(J) /2,

60 YO 170

NIsNIeNT

1F (Nlei@8) 160,1%0,1%0
N1mi 2o

n8=DELS(J) /128,

60 Y0 (Y0

XNTIBNI
N8eDELS(J)/XANI
NIsNIet
DXsDS*COSA(J)
DYsD828INA(J)
xJeXi(J1)eDX
yJeY1(J1)=DY

CALL XYZ2

RETURN

END

SUBROUTINE XYZ}

w COMPUTE Xx,Y,Z MATRICES POR 8J LESS THAN OR EQUAL ,08

XY?2
AYZ
xXyz
Xy
XYy
XYz
Xyz
Xy?
Xvz
XyY2
XY
XYy
Xvyy
XYz
XyY2
XYz
XY2
XYy
Xy
XYz
XYg
Xy?
XYz
XYz
XY2
Xyz
Xy?
XYz
XYy
Xvy
Xvy
XYz
XYg
1 804
1 32 4
Xvy
XY
XYy
XYy

COMMON HEDR(8) ) ISWITCHs) IPUNCH, ITERA, ITERMAX, TMACH, I8EP, INT(8),1FLAXYY
105,PLGOS,MN, APT,ATT REFL ,8REF,XSEPND,NN,BDN,ND(2) ,NT,N8IGA,IPRINTY, XY

2AMJET,PYJEY, TTJET,RJET,RETAR

XYy

COMMON /CL/ X1(200),Y1(200),X2(¢200),Y2¢200),DEL8(200),8INAC200),C0KY]Y

184€200),XP(200),YP(200)

XYy

COMMON /TL/ A(200),B(200),AX(200),AY(200),AZ(200),Cx(200),CYC200),XxY¢
162¢200),AXV(200),AYV(200),VN(200,1),VT(200,1),BO0N,YZERO,IAC,I,J,J1XYY

2,8J,08,DX,0Y,NYsXJ,YJ,XK,EEK,EKK,K
INTEGER FLGOS,HDN
REAL MN

* INITIALIZ2E

Tie8Ja8J
T28AL0G(8J/8,)
TSeBINACJ)«8INALY)
T4sT2+T73
TS8,606666667xT3
T6875eT3

TT88Je8J

T8uTTeTY
TOn6,2831853+C084¢))
T1086,2831853+8INA(J)
TiieTie8)

* AXIS8 FLOwW

XY1
XYy
XYy
XYy
XYq
XYt
LA ]
XYt
XvY4
XY
XvYi
XYy
XYy
Xy1q
Xy
XYy
Xviq
XYt
XvY1
XYy
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AX(JIBTIO00SINACIINCOBA(IIN(TYo(TU+2,1666666T7)8T11/12,)
AXCJIOTI0@SINALIIRCOSA(IYI T T4 (TUG2,1606b0667)2T11/12,)

AY(J)BT7#T4eT9e( +TReT3aTb)eT11/8,
ri2mTieV

AZ(J)BY2(J)nTBe () ,oT2+Tia(2,0T12¢3,2T20(1,¢T12))/144,)

RETURN
END
SURROUTINE XYZ@

» COMPUTE Xx,Y,7 MATRICES USING SIMPSON RULE INTEGRATION

XY
XYy
XYt
XYy
XY
XY
XYt
XY2
XY2
Xy2
Xv2

COMMON HEDR(8) s ISWITCH) IPUNCH, ITERA)TTERMAX, IMACH, ISEP, INT(8),1FLAXY2
168,FLGOS,MN,APT ,ATY REFL,SREF,X8EPND,NN,ADN,ND(2),NT,N8IGA, IPRINT,XY2

2AMJIEY,PTJEY, TTJEY,RJET,RETAR

xXyY2

cOMMON /CL/ X1(200),Y1(200),x2(¢200),Y2(200),DEL8C200),8INA¢200),C0KY2

18A(200),XP(200),YP(200)

xy2

cOMMON /TL/ A(200),8(¢200),AX(200),AY(200),A2(¢200),Cx(200),CY(200),XY2
1c2(200),AXV(200),AYV(200),VN(R00,1),VT(200,1),BON,YZERC,IAC,1,J,J)XY2

2,8J,08,0X,DY,NT,XJ,YJ,XK,EEK,EKK,K
INTEGER FLG0S,BON
REAL MN

* INITIALIZE

829,066666606672D8
s4Um82+82
TisY2(1)aY2(I)

* NO, OF INTERVAL LOOP

pn 130 18a1,NY
XJaXxJ+DX
yJaYJeDYV
T2uYJeyY)
T3sX2(1)eXJ
T4sT32TS3
TSm(Y2(1)eYJ)wa2
TomTUSTS
T7e8GRT(Ts)
T8aT2+Y74
T9(Y2(1)mYJ)an2
T108Y947T4

* COMPUTE ELLIPIC INTEGRAL

XKed ,ayJeY2(1)/Te
CALL ELIP

* AXIS FLOW

T118YJ/77

1F (Y2(1),EQ,0,) GO TO 20
Ti28YJ/sy2cl)
PVRB(EXKKSEEKe(T1e?8Y/710)/T77
PVIBY2(1)/T100T73/77£EK
PiafVviaTi2

r2afva2asTi2
FVURFV2aT3/Y2(1)

60 TO 30

Fvaso,

FvVsso,

PVUR0,

F2nb,

PinT11/710aTI0EEK
rIaYiieEKK

Xy
Xy2
Xy2
Xy2
XY2
Xy2
Xya
Xy
XyY2
XY2
Xy2
Xy2
Xy2
XYe
Xy2
Xy2
XY2
XyY2
XY2
Xvya
Xy
Xye
Xy
Xy2
Xy2
Xvye
xyY?
xXye
Xvye
xv2
XyYQ2
xY2
xXY2
XY2
XY2
XY2
XY2
Xy2
XYQ
Xy
XY2
Xy2
Xy2
xy2
XyY2
XY2
Xy2
Xv2

27
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» SIMPSON RULE INTEGRATION

IF (18e4) 40,40,8%0
* FIRST PagSY

AXS®FY

AYSRP2

A288F3

tAn0

60 T0 120

TF (18eNI) 60,90,60
1F (1A) 80,70,80

* EVEN PASS

AXSSAXS ol 2F}
AYSBAYS ¢4 wF2
AZ8SAZBe 4 wF3
tAnl

60 Y0 120

* 00D Pass

AXSBAXB¢F1oF1
AYSRAYSeF24F2
AZ8BAZBeF3eFY
Y 1

GO0 T0 120

« LASY PASS

IF (Jel) 110,100,110

1F (BON,NE, 0,0} GO TO 110
AXCJIRAX(J)eBUn(AXSsFY)
AY(JIBAY(J)w828(AYSeF2)
ATCIIRAZ(J)¢8UN(AZB4FY)
GO TO {20
AX(J)BeSU4e(AXSeFY)
AY(J)auB820(AYS¢F2)
AZ(J)IRBUR(AZ8+F3)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE ELIP

* HASTINGS APPROXIMATION FOR ELLIPTIC INTEGRALS

XY2
xya
137
Xy2
XyY2
XY2
Xv2
Xv2
Xy2
Xv2
137
XY2
XY2
XY2
Xy
Xy2
Xy2
XY2
XyY2
137 ]
Xy
137 ]
Xv2
Xy2
XY
XY2
XY
Xve
XY
Xy2
Xy2
Xve
XY2
XY
XY
Xva2
Xy
Xy
Xy2
XY2
Xy
Xy2
xva
XY2
XyY2
ELY
eL?
ELY

gL}
COMMON /TL/ A(200),B(200),AX(200),AY(200),A2(200),Cx(200),CY(200),ELY
1€2¢200),AXV(200),AYV(200),VNC200,1),VT(200,1),BON,YZERD,1AC,1,J,J1ELY

l.SJ;DS.DXJDVoNIaXJ.VJ,XK,E!K.!KK.K

ETARY, XK
I1F (ETA) 20,20,30
WRITE (6,40) ETA
cALL EXIY
ELNSALOG(ETA)

EL?
ELY
gL?
ELY
ELY
ELY
ELY

EKK!!;!GGZQQJG!120!7!.(0.09666!““!59¢EYAQ(0.035900923530!7!0(0.037!L!

1y2se3

26880248576+ETAn(0,033283853404ETA20,00441787012))))

134FTAR0,01451196212)))wBLN#(0,SeETAN(0,124988938974ETAR(0,08L]

ELY

EEXBY ,oETAR(0,0U325141463¢ETAR(0,00260601220¢ETAN(0,007573838546+ETELY
1A%0,01736506451)))ePLNW(ETAN(0,24998368310¢ETA(0,09200180037+4ETAREL]

2¢0,04069697526+ETA00,008264U9639))))
RETURN

EL?
EL?
EL?

10¢
102
103
104w
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FORMAT (1M136H,27He ERROR IN SUBROUTINE ELIP ,ETAWF{S . 3)

END

APPENDIX

OVERLAY(LINK,2,0)
PRAGRAM TWO

« COMPUTE SOURCE DENSITY 8IGMA By SIEDEL ITERATION

EL?
eLy

TWO
TWO
Two
TWO

cOMMON HEDR(8),I8WITCH, IPUNCH, ITERA, ITERMAX, IMACH,ISEP,INT(8),1IFLATWO
16S,PLGOS ,MN,APT,ATY , REFL ,SREF,XSEPND,NN,BDN,ND(R2)yNT,NSIGA,IPRINT,THOD
QAMIET PTJEY, TTIET ,RJET,RETAR
eOMMON /C2/ A(C200),R(200),N81G,IT
NIMENSION A81G(200,1)

INTEGER FLGOS,BDN

REAL MN

READ (4)
REWIND 4

1T=®

o AXIS FLOW
(R(I),Imy,NT)

N8TGaNBIGA

» SOLVE SIMULTANEOUS EQUATIONS FOR SIGMAS

cALL MISNA2 (A81G)

REWIND 9

« WRITE SI1GMAS ON TAPE 3

WRITE (3) (AS8IG(I,1),I8L,NT)

END
SUAROUTINE MIBNAZ (BIR)

TWwo
WO
TWwo
TWO
TWO
TWO
TWO
TWO
TWO
TWO
THO
TWO
TWO
TWO
TWO
TWO
TWO
TWO
TWo
TWo
TWO
WO
MIS
M18

« SOLVE LINEAR SIMULTANEOUS EQUATIONS BY SEIDEL ITERATIONMIS

M1S

COMMON HEDR(8) I8WITCH, TPUNCH, ITERA, ITERMAX, IMACH, 18EP, INT(8), IFLAMIS
168,FLGOS,MN,APT, ATT REFL,8REF, XSEPND,NN,BDON,ND(2) ,NT,N8IGA, IPRINT, M8
2AMJET,PTJET, TTIET,RIET,RSTAR

COMMON /C2/ AC200),R(200),N816,17

DIMENSION 81G(200,1), KFLAG(1), DSIGI(1), D8IG(200,1)

INTEGER FLGOS,B0N

REAL MN

NTURO
1TERSO
NCONVE 0

* INITIALIZE

Bo 20 Jesi,NS1G
kFPLAG(J)S®O

Do 20 Im{,N?
816(1,J)m0,0
DO 40 Imi,N8]G
N81G1(1)Im0,0

* COMPUYE 8IGMA AND DELTA 8IGMA

PO 100 1si,NT
17 (NTU=3) 50,60,70

READ (9)

« PLACE A IN LEFT B8IDE MATRIX
CALL) sLuy,NT)
* SAVE LEFY SIDE MATRIX

M1S
MIS
M1s
M18
M18
M18
MIS
M1s
M18
M18
MIS
M1S
M18
M1s
M1S
M18
M1S
M1s
Mis
MIS
M18
M1S
M1s
M1S
M18
M18
M1S
M18
M18

22
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WRITE (3) (A(L)/Lmi,NT) NS
WRITE (11) (ACL),Lmt,NT) M18
60 T0 80 MIS
MlS

% READ LEFYT 8IDE MATRIX M1S

Mls

READ (3) (ACLY,Lmi,NT) M1S
60 T0 80 M1
READ (11) (ALL),L®i,NT) M1s
DO 100 Jmi,N8IG M18
1F (KPLAG(J)(NE,0) GO YO 100 M1S
sSuUMS0,0 M1S
NO 90 LEi,NT MIS
SUMBSUMSACL)*8IG(L,J) MIS
DSIG(I,JIm(R(I)e8UM)/A(]) M8
816(1,J)881G(1,J)+D816(I,J) M18
tF (ABS(DSIG(I,J)),67,08161(J)) D8IG1(JInaBS(DSIG(I,J)) M1S
CONTINUE Mis
MIS

+ TEST FOR SOLUTION n1s

M1g

REWIND 3 MIS
REWIND 11 M1S
ITERSITER¢] MIS
po 110 J=1,NS1G M18
1P (KFLAG(J),NE,0) 60 TO 110 M1S
tF (D8161(J).GE,1,Ewb) GO TO 140 M1g
KFLAG(J)=ITER MI8
NCONVENCONVel M1s
1P (NCONV,EQ,NBIG) 60 TO 130 M1
¢ONTINUE MIS
tF (ITER,EQ,100) GO TO {30 M1S
1F (NTU,EG,3) GO 1O 120 M18
NTUBS M1s
60 Y0 30 Mis
NTuBsil MI8
g0 TO 30 M1s
M1s

» PRINT NO, OF ITERATIONS MI18

M1S

PO 150 Jmi,NSIG M18
1F (KFLAG(J) ,NE,0) 6O TO 140 M1S
WRITE (6,160) ITERA M18
60 T0 150 M18
WRITE (6,170) ITERA,KFLAG(J) M1S
CONTINUE M18
RETURN MIS
MI8

MIS

FORMAT (1MO0,10NFOR ITERAS,I3,46H NO CONVERGENCE IN MISNA2 AFTER {0MIS
10 ITERATIONS) M1s
PORMAT (1H0,10MFOR ITERAs,13,18,464 ITERATIONS REGUIRED FOR CONVERMIS

$GENCE IN MISNA2) M18

END M1S
OVERLAY(LINK,3,0)

PROGRAM THREE THR

THR

* COMPUTE VELOCITY COMPONENTS AND PRINT THR

THR

COMMON HEDR(B),18wWITCH, IPUNCH, ITERA,ITERMAX, IMACH, I8EP,INT(8),IPLATHR
109, PLGOSIMN,APT, ATT ,REFL,BREF,XSEPND,NN,BON,ND(2) /NT,NSIGA,IPRINT,THR
2AMJIET,PTJET,TTJET,RIET,RETAR THR

COMMON /C4/ X1(€200),Y1(200),%x2(200),Y2¢200),DEL8(200),8INAC200),COTHR
18A(200),XP(200),YP(200) THR
COMMON /TC/ RB(200,2),816(¢200,1),A(200),B(200),2¢200),PHT¢200,1),XTHR
INC200,1),7(200,1),73C200,1),N8IG,NP,NT,8UMV,8UMM(Y) THR

0o O0P®dPORE WN -
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INTEGER FLGOS,BON THR
REAL MN THR
THR

REWIND 3 THR
IF (FLGOS,EQ,0) GO T0 10 THR
THR

# READ OFFeBODY XP,YP THR

X THR

NPaND(2) THR
READ (12) (XP(I),1Imy1,NPY,(YP(1),181,NP) THR
THR

* READ X{,Y1,X2,Y2,DEL8 WITH MACKH NO, ADJUSTMENT IF ANY THR

THR

NIsNTe| THR
READ (12) (X1(1),Imy NIy, CYL(lY,1m8,NTY,(X2¢CT),ImL,NT),(Y2(1),]I8),THR
INT), (DELS(I),I8i,NT) THR
THR

w READ 8INA,CO8A,NO,T0,, THR

THR

READ (4) (ACI1),Iag,NTY,(B(1),1m1,NT) THR
sUMVR0,0 THR
NO 20 fwi,NY THR
SINACIY®ACTD) THR
CcOSA(IINB(]) THR
SUMVESUMVSBC(I)ADELSCIIY2( 1) an2d THR
SUMVESUMV3, 14189268 THR
L=y THR
DO 30 Iwi,NT THR
RB(1,L)wA(]) THR
RB(I,L+1)mB(]) THR
REWIND 4 THR
NSIGENSIGA THR
CALL AX1S THR
REWIND 13 THR
RLANKSO,0 THR
READ (13) DUMMY THR
READ (13) DUMMY THR
WRITE (13) NN,BLANK,(X2(1),1m1,199) THR
WRITE (13) NN,BLANK,(Y2(1),181,199) THR
WRITE (13) BLANK, (T3(1,1),1m1,199) THR
gZND THR
SUBROUTINE AXIS AX1
AX1T

« COMPUTE AXISYMMETRIC VELOCITY COMPONENTS AND PRINT AX?

AXY

COMMON HEDRC8), ISWITCH, IPUNCH,ITERA, ITERMAX, IMACH,ISEP,INT(8),IFLAAX]
168, FLGOS,MN,APT, ATT ,REFL,SREF,XSEPND,NN,BNN,ND(2) yNT,NSIGA,JPRINT,AXT

2AMJET,PTJET,TTJEY,RJET,RETAR AXY
COMMON /CU/ X1(200),Y1(200),x2€200),Y2¢200),DEL8(200),3INAC200),COAXY

18AC200),XP(200),YP(200) AXTY
¢OMMON /TC/ RB(200,2),916(200,1),A(200),B¢200),2(C200),PHI(200,1),XAX]

IN(200,1),T7C200,1),73C200,8),INSIG,INP,NT,8UMV,8UMM(AL) AXT
DIMENSION VX(200,1), VY(200,1), VT(200,1), TH(200,1), CP(200,1), SAX]

1UMTDS(4) AXY
EQUIVALENCE (VX,XN), (VY,T), (VY,T3), (TW,81G), (CP,T3) AXY

REAL MN AXY

INTEGER FLGOS,BDN AXT

AXY

NCaNT AXY

NBY AXY

NPRINP AXY

AXY

* READ AX!S SIGMAS Axy

AXY

SUMM(N)®0,0 AXY

SUMTDS(N)=RO,0 AXY

10
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READ (3) (8IG(I,N),Im1,NC)
* NO, OF MIDPOINTS LOOP

DD 20 1=i,NT
* READ MATRICES A,B,2

READ (9) (A(J),Jui,NT),(B(J),J88,NT),C2(J),Jn1,NT)
« NO, OF P OWS LoOOP

Nis0
NimaNi+2
SNa0,0
8Te0,0
8Ps0,0

* NO, OF ELEMENTS LOOP

DO 10 Jmi,NT
SNaSNeALJ)I*SIG(J,N)
STuST¢B(J)#8IG(J,N)
SPalBP+Z(J)e8IG(J,N)
XN(I,NIn8BNeRB(I,Nley)
PHI(I,N)u8P
TCI,NIE8TeRB(I,NY1)
SUMMIN)IBBUMM(N) #PHI (I ,N)eY2(T)wRB(I,N1ol)aDELB(])
CP{I,NIBl ®»T(I,N)ww2
CONTINUE

tF (MN,EG,0,0) GO YO 60

« MACH NO, ADJUSTMENT

DI aMNAMN
n2mi,=D14

D3sSQRT(DR)

Din, 7D}

0Ss,2»D!

DO 30 Imi,NT

1F (IMACH,LT,2) BBeDR

1 (IMACH.G!oi) BBEY ;oMNun@aT(I,N)*COBACT)
tF (BB,LE,0,0) GO YO 160
TXa(T(I,N)wCOBA(])e1,)/BB*1,
TYaT(I,N)eSINA(I)nDS/RB
T(I,N)SBSART(TXaTXeTYRTY)

CPII,NIB((1,908n(1 0T(I,N)en2))na3 Sul, )/D4
CONTINUE

n2si,=D1

D3Is8QRT(D2)

* ELIMINATE MACH NO EFFECT FOR PRINTOUY

00 40 I=1,NI
X1¢1)mx1(1)nD3

Jisd

MaND (1) el

no S0 Jmi,M

JimJied
TieX1C(J1e1)eX1(JY)
T2sY1(Ji1¢1)eY1(JY)
x2¢J)m(xi(Jiet)ext(y1y)s2,
DELS(JINBARY (T 2T1e722T2)
cO8A(JInYI/DELSCLY)
SINA(JIBT2/DELE()
JimJied

AXY
AXY
AXY
AX?
AX1
AX1
AXY
AXY
AXY
AXY
AXT
AX?
AXY
AX?
AXY
AXY
AXY
AX1Y
AXY
AXY
AXY
AX1
AXY
AXT
AXY
AXY
AXY
AX1
AXY
AXY
AX1
AX?
AXY
AXY
AX?
AXY
AXY
AXY
AX]
AXY
AX?
AXY
AXY
AXY
AXY
AXY
AXT
AXY
AX1
AXTY
AX?
AXY
AX1
AXT
AXY
AXY
AXY
AXY
AXY
AX?
AX?
AX?
AXY
AX?
AX?
AXY
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CONTINUE
IF (PLGOS,EG,0) RETURN

¢ OFFeBODY POINT

00 80 Imy,NP
» READ MATRICES X,Y,2

READ (9) (ACJ),Jmi,NT), (BCJ),JN1,NT), (2(J),J81,NT)
» NO, OF FLOW

8Xu0,0
sYe0,0
8Pal, 0

* NO, OF ELEMENTS LOOP

D0 70 Jmy,NY

SXBSX+ACIYNSIG(J,N)

SYs8Y+B(J)eB]IG(J,N)

SPa8P+Z(J)I#8IG(J,N)

PHI(TI,N)=SP

VX(IoN)USX¢l.

VY(I,NYm8Y

CONTINUE

1F (MN,EQ,0,0) GO YO 110
w MACH NO, ADJUSTMENT

aBsD2

LABRUJERE COMPRESSIBILITY CORRECTION

1P (IMACH ,GE,2) BBBY eMNenReavX(I,N)
VY(T1,N)BYY(I,N)*D3/8B
VXCIINIB(VXC(I,N)el,)/BBey,

CONTINUE

00 100 Isy, NP

XP(1)8xP({1)aD]}

# COMPUTE VT AND THETA

CONTINUE

DO 120 lei,NP
VI(I,NIRSORT (VXTI ,NYa@eVY (I, N)anD)

THCI G NYSATANQIVY (I, N),VXCI,NY 08T 2687798

« PRINT AX1S FLOW (OFFeBODY) OUTPUY

L=y

1=y

LCTRs4S

WRITE (6,170) HEDR

WRITE (b5,180)

WRITE (6,190)

CONTINUE
CPa2m((1,4D5a(1,oVT(IsL)n02))nn3, 501,)/D4
XMREVTY (1, L)*MN/BGQRT(],oDSa(VT(],L)nn2m1,))

AXT
AXY
AXTY
AX?
AXY
AXY
AXT
AXY
AXT
AXT
AXY
AXT

AXY

AXY
AXY
AXY
AXT
AXT
AXY
AXY
AXt
AX1
AXY
AXY
AXY
AXY
AXT

AXT

AXY
AXY

AXT §

AX1T
AX?Y
AXY
AXY
AXY
AXY
AX?
AX?
AXY
AXY
AX}
AX?
AXY
AXg
AXY
AXY
AX1

AXT §

AXY
AXY
AXT
AXT
AXY
AXY
AXY
AXY
AXY
AX1

WRITE (6,210) L1,XP(1),YPCL),vX (T, L)oVYLT,L),VT(IsL),TH(L,L),XM2,CPAXY

12

18141

17 (1,GT,NP) GO TO 156
1F (1.,LE.LCTR) GO To 140
LCTRaLCTR4S

g0 Y0 130

AXY
AX1
AX1
AXT
AXY
AXY

147
148
149
180
184
152
198%
154
188
186
187

33
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cONTINUE
RETURN

WRITE (6,200)
sToP

PORMAT (1H]1,25%,23HPOTENTIAL FLOW SOLUTION///6X,8A10//)
PORMAY (1X,384 OFFeR0DY UNIFORM AXISYMMEYRIC FLOW)

AXY
AX?
AXY
AX1
AXY
AXY
AXY
AXY
AXY

FORMAT (1X//710%, 3MX/L, 9%, 3HR/L, 10X, 2HVX, 10X, 2H4VR, 10X, 2HVT,OX, SHETAAXY

1,10X,2MML,10X,2HCPR//)

AX1

FORMAY (1X///7/1%X,VYSHFREESTREAM MACH NUMBER TOO LARGE FOR LABRUJEREAX!
{ COMPRESSIBILITY CORRECTION/1X,62HRESUBMIY USING IMACHm! FOR GOETHAXY

2¢RY COMPRESSIBILITY CORRECTINON)
FORMAY (1X,13,8F12,6)

END

OVERLAY(LINK,S,0)

PROGRAM FIVE

VISCOUS FLOW/POTENTIAL FLOW INTERFACE PROGRAM

AXY
AXY
AX1

FIv
Fly
Flv
Flv

cOMMON HWEDR(8),I8WITCH, IPUNCH,ITERA, ITERMAX, IMACH, I8EP, INT(8),1FLAFLY
165,FLGOS, M0, APT,ATT REFL,8REP, XSEPND,NN,BON,ND(2) ,NT,N81GA, TPRINT,FTV

2AMIET,PYJEY,TYJET,RIET,RSTAR
COMMON /SAVE/ VYDUM(402),RDB(201),XIN,VDUM2(34T)

FIlv
Fiv

NIMENBION x(200), Rc200), CP(200), ME(200), THETA(200), CAPH(200),FIV
{ CF(200), CAPHI(200), COF(200), COP(200), COT(R00), RCPUNCH(200), Flv
2x0¢200), RO(200), C8(200), RI(200), UI(200), DELI(200), RET(200), Flv

STAwWS1(200), PYPT(200), FNN(200), DELTA(200), FLOT(1S), FLOTOC(Y)
INTEGER FLGOS,BDN
REAL MO,ME

INITIALIZE

Gm1, 4
Gis(Gey,)/2,
6286/(Gel,)
c3¥s!,/(Ge1,)
Gum(Gey,)/2,
c5eGuaGy
GenGU/G1
TTeATT
PTRAPT
MEC1)mQ,0
THETA(1)®0,0
cAPH(1)e],3
CAPHI(1)m1,3
cFc1)m0,0

READ X0,RO,X,R,AND P PROM TAPEL)

REWIND 13

READ (13) NXO,(XO0(I)s1®1,NXD)
READ (13) NXO,(ROCI),Im1,NXO)
READ (13) NUM,(X(1),Is1,NUM)
READ (13) NUM,(R(1),Is1,NUM)
READ (13) CP

NBTAIN CP AND R AT ORIGINAL X

NTABRY

10RDER®2

1PTaw}

NO 10 Is@,NUM

eALL TUNI (200,NUM,X,NTAB,CP,IORDER,XO(2),C8(1),IPT,IERR)
CONTINUE

FIv
Flv
Fly
Flv
FIv
FIv
Flv
Flv
Fiv
Flv
Fly
Flv
Flv
Flv
Flv
Flv
Fly
FIlv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Fly
Flv
Flv
Flv
Flv
Flv
Flv
Fly
Flv
Flv
Fiv
Flv
Flv

158
159
160
161
162
16%
164
168
166
167
168
169
170
171
172
173»

OPRAORE AN~
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DO 20 I=m2,NUM
cP(IINCS (1)
R(IISRO(1)
x(1)sX0(1)
CONTINUE

REWIND 13

po 30 J.loNUM

1F (ITERA,EQ,0) RDS(JISR(J)
XCJISX(J)*REFL
RCJISR(J)wREFL
RDOS(JISRDS(J) wREFL
CONTINUE

no 40 1sy,NX0
XO(1)sXO(I)*REFL
RO(I)®WRO(I)SREFL
CONTINUE

CALCULAYE FREE STREAM CONDI!TIONS

POBPTXA(],+G14M02x2) xn(eG2)
QINFRG/2,4P0aMO2n2

RGe286,96

PIed, 1415926
CP(1)M(PTeP0O)/(0,5apP0abaMOan2)

CALCULATE PLUME BOUNDARY AND VELOCITY
USING ONE DIMENSIONAL METHOD

Do S0 Im1,200

ulcliao,o

RI(1)ap,0

CONTINUE

1T8INT(6)

NJeNUMelTed

1F (INT(S),EQ,0) GO TO 90
RJETORJET#REFL

K®0

no 80 ImIT,NUM

KmiKei

PERQINFaCP (1) PO
PRATRPTJIET/PE

1F (1,6T7,17) GO YO 70
PCRITE(1,04G1%AMJETA%2)2aG2
1F (PRAT,GT,PCRIT) 6O TO 60

RSTARAPRAT## (8] /G)wSORT(GUenGO/Gle (] »PRATR(®],/G2)))

RSTARSSQRT(RSTAR)*RJEY
GO Y0 YO

ASTARBGUeaGSHAMIET/ (1 , ¢G12AMIFTA22)2aGS

RSTARASQART(ASTAR)I«RJET

XMEMSQRT ((PRAT#n(1,/G2)=1,)/GY1)
ASOARGUR«GSaXME/ ({ ,+G1aXMER2D) aaGS
1F (1,67,17) R(I)wRSTAR/8GRT(A80A)

YUY (XK)BXMEASORT (GaRGwTYJET /{1,461 aXMEan2))

RI(K)®R(])
CONTINUE
RJETSRJET/REFL
CONTINUE

PREPARE INPUT YO SURROUTINE VISCOUS

INT () sNUM

INT(2)s}

INT(8)818EPw2

FLOT(1)mi2,

FLOT(2)m0
FLOT(3)uPT/PLOT(1)wed/uY, 880258

Flv
FIlv
Flv
Flv
FIv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
FIlv
Flv
Flv
Flv
FIv
Flv
Flv
Flv
Flv
Fiv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
FIv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv

FIiv

Flv
Flv
Flv

FIv o

Flv
Flv
Flv
Flv
Fiv
Flv
Flv
Filv
Flv
Flv
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FLOT(4)BTT 8

FLOT(S)mMO

PLOT(6)RITERAS]

FLOT(Y)nG

FLOT(BIRCAPHICINT(R))
FLOT(9)RTHETACINT(2))FLOT(1)/, 3048
PLOTCIOYRIPRINT
FLOT(11)BUT(1)=FLOT (1) /77,3048
FLOT(12)m0,25

FLOT(13)m0,0

FLOT(14)N0,0
FLOTCISIaXSEPND*REFL*FLOT(1)/,3048
I7 (ITERA,EQ,0) XINgX(NUM)

IF CINTCT),GT,0) CALL SMINT (X,CP,NUM,INT(3),NUM)
XINRXIN®FLOT(1)/,3048

DO 100 Jwi,NUM
X(1)YmX(1)ePLOT(1)/,3048
RCIIBR(I)IeFLOT(1)/,3048
RDSCIImRDE(I)eFLOT(1) /3048
CONTINUE

PO 110 Xmy,NJ
RI(KISRI(K)I«FLOT(1)/,3048
UT(K)mUT(K)INFLOT(1)/,3048

CONTINUE

Flv
Flv
Flv
Flv
Flv
Fiv
Flv

FIv §

Flv
Fly
Flv
Flv
Flv
Flv
Flv

CALL VISCUS (INT,FLOT,X,R,CP,RI,UL,PLOYO,RCPUNCH)ME, THETA ,DELTA,CAFTIV

{PH,CF,DELI,CAPH]I ,RET, TAWS] ,PTPT,FNN)
CHANGE OUTPUT FROM VISCOUS TMETERS

FLOTOCTIBFLOTO(T) /FLOT (1), ,3048
XINSXIN/FLOT (1), 3048

pO 120 Imi,NUM
X(1)eX(I)/FLOT(1)%,3048
RCIISRCII/FLOT(1)w, 3048
RDS(TI)YMRDS(I)/FLOT(1)e,3048
RCPUNCH(I)mRCPUNCHITI) /FLOT(1)w 3048
THETACTI)BTYMETACI)/FLOT(1)e, 3008
DELTACT)BDELTACI)/FLOT(1)w,3048
DELTI(I)SDELICIY/PLOT(1)n, 3048
CONTINUE

DO 130 Kmi,NJ
UIC(KYBUT(K)/PLOT(1)n,3048
CONTINUE

RInQINFRSREF

CALCULATION OF DRAG COEFFICIENTS

cOF(1)e0,0

cOP(1)80,0

ROLDO®0,0

Q0L0Om0,0

N0 140 Js2,NUM

PESPOR(l ,+G/2,2MOne20CP(]))

ONEWEG /2 , 4PERME(J)nad

RNEWRRO(J)

ANGLESATAN( (RNEWGROLD)/(X(J)oX(Jw1)))

SLOPI* (RNEWSROLD)aSQRT ((RNEWSROLDY##24 (X (J)uX(J®1))un2)
COF(JIMCCP(JIOCP(Jmy) ) o (GNERGQOLD)#SL*COS(ANGLE) /G8/4,+4CDF(Je)
NP (J)IBPY/SREFw (RNEWeCP (J)+ROLDRCP(Jul))n (RNEWeROLDY4EDP (Je1)
eDT(JYSCDP (J)eCODF ()

ROLDSRNEW

NOLORONEW

CONTINUE

ouTPUT DATA

Flv
Flv
Flv
Flv
Flv
Flv
Flv

FIv |y

Flv
Fiv
Flv
Flv
Flv
Flv

Flv

Fiv
Flv
FIv

FIv

FIv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Flv
Fiv
Flv
Flv
Flv
Fly

Fiv
FIV

Flv
Flv
Flv
Flv
Flv

179
180
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D0 150 N®i,NUM
X(NYNX(N)/REPL
RIN)YBR(N)/REF|
THETA(NIBTHETA(N) /REFL
DELTACN)SDELTA(N) /REFL
RCPUNCH(N)BRCPUNCH(N) /REFL
ROS(N)SRDS(N)/REF|
DELI(N)SDELI(N)/REFL
CONTINUE

{F CITERALY,IPRINT) GO TO 170
FLOTOCT)NFLOTOCT) /REFL
XINNDEXIN/REFL

Nisi

N2aNi ¢34

tF (N2,GE NUM) N2sNUM

WRITE (64200) HEDR,ITFRA,MO,TT,PT,REFL,8REF

PRINT 210, FLOTO(T),XINND
WRITE (6,220)

Flv
Fiv
Flyv
Flv
Fiv
Flv
FIlv
Flv
Flv
Flv
Flv
Flv
Flv
Fiv
Flv
FIv
Flv
Fiv
Flv

WRITE (6,230) (X(N),R(N),CP(N),CF(N),CDP(N),COF(N),CDT(N),RDS(N),RFLY

1EePUNCH{N) yDELTAIN) ,DELI(N) ) THETAIN) »CAPK(N) ,NENI,N2)

1F (N2,GE,NUM) GO TO (70
NimN2ey

60 T0 160

CONTINUE

REWIND 13

READ (13) BLANK

READ (13) BLANK

NNaNUM

WRITE (13) NN, (X(1),Imi,NN)
WRITE (13) NN, (RCPUNCH(1),181,NN)
WRITE (13) CP

WRITE DATA ON TAPE 7 FOR RESTART

1F (IPUNCP.LT,1) GO TO 190

1F (ITERANELITERMAX) GO TD 190
no 180 Imi,NXO

X0(1)sx0(1)/REFL
RO(I)SRO(I)/REFL

CONTINUE

IOMRITERMAX ¢

REWIND 7Y

WRITE (7,270) HEDR

FIv
FIlv
FIv
Flv
F1lv
Flv
Flv
Flv
FIiv
Filv
Flv
Filv
Fiv
Flv
FIv
Flv
Flv
Flv
FIv
FIv
FIv
Flv
Fiv
Flv

WRITE (7,240) ISWITCH,IPRINT,IPUNCH,)IDM, DM, IMACH, ISEP, (INT(1),Im2FTV
1,7),1FLAGS FIv
WRITE (7,280) MO,APT,ATY,REFL,8REF,XSEPND FIv
WRITE (7,280) AMJEY,PYJEY,TYJET,RJIETY Fly
WRITE (7,240) NN Fiv
WRITE (7,290) (XO(I),121,NN) FIv
WRITE (7,300) (RO(I),ImY,NN) Elv
WRITE (7,2%50) C(RCPUNCH(1),Im1,NN) Flv
WRITE (7,2860) (CP(I)s181,NN) Flv
CONTINUE Fly

Fly

FIv

FORMAT (1H1,8A80,8Xx,14HITERATION NO

012/7/72%,4RM0 B, FY,4,4X,4HTY BFTV

1,F7,2,7H KELVIN,uX,4HPT o,F10,1,8H PASCALS,4X,3HL &, F10,6,7H METERPIV

28,4X,6HSREF m,Fl10,6,10H 8Q METERS//)

Flv

PORMAT (4X,34HBOUNDARY [ AYER SEPARATION AY X/L 8,F10,6,12X,36HBOUNFIV

tBDARY LAYER REATYTACHMENT AT Xx/L =u,F10,6,/7/)

Fiv

IORHAT (SX. SHX/L,SX,SHR/L.!h?HCP,bX;ZHCF-bX.SHCDP.SX,SHCDF.SI.SHCFIV
1DT,4X,SHROS /L, 44X, 4HRC/L , 2%, 6MDELw/L , 33X, SHDEL /L, 2X, THTHETA /L ,3X, 1HHFTY

2/)
FORMAT (1X,13F8,4)
FORMAT (161%)

Flv
Flv
FIiv

182
18%
184
188
184
187
188
189
190
1914
192
19%
194
198
196
197
198
199
200
201
202
20%
204
208
206
207
208
209
210
21
212
21%
214
218
216
217
218
219
220
22y
222
223
224
228
226
227y
22A
229
2%0
2%
232
23y
2%
23s%
2%
2y
238
2%9
240
244
242
24y
244
2us
24
24y

37
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270
289
290
300

o000

10

DO

APPENDIX

FORMAT (6F10,6,4X,2HRE) FIv
PORMAT (6F10,6,4X,2HCP) Flv
PORMAT (8A10) Flv
PORMAT (F10,6,F10,1,F10,2,3710,6) Flv
PORMAT (6F10,6,4X,2KHX0) F1v
FORMAT (6F10,6,4X,2KHR0) FIv
END Flv
SURROUYINE VISCUS (INT,FLOY,XA,RAD,CP,RT,UJ,FLOTO,RADO,A, THR,NELSIVIS
1.,HS1,CFA,DELL, N1, RET, TAWS|,PTAS,FNNSY) v1s
v1s

VISCOUS FLOW SUBROUTINE PACKAGE v1s

vis

COMMON /8AVE/ 88(201),8C(201),Y(201),XIN,XSEPSV(20),DELS8V(20),YOUTVIS
1¢201) v1s

OIMENSTION INT(8), FLOT(1S), FLOTO(Y?), XA(201), RAD(201), UC201), RVIS
14D0C201), AC201), THR(201), DELS1(201), HS1(201), CFAc201), DEL1(2VI8
201), H1(201), RET(201), TAWSt(201), PTBS1¢201), FNNS{(201), CP(201VIS
3y, RIc201), UJC201), VBLC(201), S88(201), 81(201), D8TAR(201), C8V(VIS

4201), CPCV(4) vis
vis

ANARFLOT(6) vis
TANBANA Vs
THR(1)=0, Vs
ODELS1(1)=0, vis
DELI(1)m0, vis
HSt{(1)s0, vis
RET(1)=0, vis
TAWS{(1)m0, Vs
PTRS1(1)80, vis
FANNSL(1)mO, vis
NNRINT(1) Vs
NAZSINT(2) Vs
NMINBINT(S) vis
NMAXBINT(4) Vs
1JETRINT(S) Vs
NEXTSINT(6) Vs
18MO0RINT(Y) vis
IPRESSEINT(8) Vis
2ePLOT (1) vis
TWWBFLOT(2) vis
PTafFLOT(Y) vis
TTaFLOT(4) vis
AMINGFLOT(S) Vs
GASFLOT(T) vis
HIXSFLOT(8) vis
THRReF(OT(9) vis
CRFLOT(12) Vis
XSINSFLOT(1S) vis
1F (IAN,EG,1) XINmwXA(NN) Vs
Res3 38 vis
GCe32,174 vis
PFREESPT® (1,4 (GAwl )* SaAMINea2)en(GA/(!,9GA)) vis
IF (ANA,GT,1) GO YO 20 vis
DO 10 Imi,NN vis
Y(1)mRAD(]) vis
XSEPwO, vis
CONTINUE vis
DO 30 1Imi,NN vis
$8(¢1)®3 14160V (])un Vs
vis

CALCULATE VELOCITY FROM CP vis

vis

DO 40 Imy,NN vis
PLE SeGARPFREERAMING®20CP (1) 4PFREE vis
AML282,/(GAw]  )a((PL/PT)an((],eGA)/GA)eY,) vis
1P (AML2,LE,0,0) AML280,000000001 vis

248
249
2%0
2%1
282
783
2%ue
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AM_LBSGRT(AML2) 15¢.]
TLeYT/(1,+(GAo] )n SaaAM_ aen2) vis
UCT1)BSQRT(2,/(GAwl Y2GARRNGC*(TTeT)) vis
vVis
SHMAPEJ CALCULATES 18T DERIVATIVE OF CONTOUR vVis
vVis
cALL SHAPEJ (88,81,XA,NN)Y vVis
Vis
NEWBL CONTROL CALCULATION OF PROUNDARY LAYER VIS
vVis
CALL NEWBL (VBLC,XA,Y,88,NAZ,NN,TWW,Z,PT,TT,ANA,GA,U,81+CFA,HTIX,THVIS
YRR, A,DELY1,RET, THR, DSTAR,NELSY, NG|, TAWSY ,PTRSY ,FNNSY H{,DRAG) vVis
PLOTO($)BDRAG VIS
t1F (1PRESS,GE,O0) GO To SO vVis
tF (IPRESS.EQ,ei ,AND XSIN,NE,0,0) GO TO 90 vV1s
XSINBXA(NEXT@]) vVis
60 Y0 &S vVis
CONTINUE vVis
vVis
FIX DETERMINES MIN, (P, THE MIN (P I8 USED AS STARTV!S
LOCATION IN SEARCH FOR SEPARATION vVis
vVis
eALL FIX (NMIN,NMAX,CP,M1) vis
cP8s0 vis
CPCV(4)m1,00 vVis
vis
SEPA DETERMINES SEPARATION PROPERTIES vVis
vis
1F (MIeNN) 60,370,170 v1is
CONTINUE vis
MMaMIeNA2 vis
eALL SEPA (XA,RAD,CP AMIN,CPA(MI),DEL1CMM), THR(MM),RET(MM),CP(MT), V]S
{MT ,NMAX,CPCV) vis
cPasCPCV(IPRESS+) VIis
FLOTO(2)8CPCV () v1s
FLOTO(3)ECPCV(2) vV1s
FLOTO(UISCPCY (D) vis
FLOTO(SINCPCV(4) vis
N0 80 IaMI,NMAX Vis
1F (CP(1)=CPS8) 80,70,70 vVis
XSEPB((CPS=CP(1o1))/(CP(1)eCP(1®1)))n(XA(Y)eXA(]®]))eXA(]w]) vis
AMLBALCTD) vis
60 70 90 vis
CONTINUE vVis
I1F (IAN,EQ,1) GO TO 90 Vis
1F (XSIN,NE,O0,) GO TO 90 vis
IF (XSEPSBV(IAN®]) EB,0,) GO Y0 90 vVis
XSEPeXA(NEXTel) vis
WRITE (6,220) X8gP vVis
CONTINUE V18
vVis
CALCULATYE SEPARATION POINT vis
vVis
1F (ANAEQ,1,) GO YO 160 vVis
1F (ANA,GT,2,) GO To 100 vis
DELSV(2)BABS(X8EPeXSEPSV (L)) vVis
XSEPSXSEPSV(Y) vVis
GO0 T0 160 vis
CONTYINUE VIS
1F (ANAEQ,3,) GO TO 140 vis
1F CANA,GE,8,) GO TO 150 vis
AVEDELS=O, VIS ¢
TANIBlANSY vVis
DO 110 1BJm2,IANY 15 ¢ ]
AVEDELSAVEDEL+DELSV(IRJ) VIS
AVEDEL®mAVEDEL/IAN]Y vis
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IF (ABS(XSEPeXSEPSV(IaAN®)),LT,2,*AVEDEL) GO TO 140 Vis 128
1F (XSEPeXSEPSV(IANel)) 120,120,130 V18 12¢
120 XSEPaXBEPSV(IAN®] o2 ,wAVEDEL vis 127
60 TO0 140 VIS 28
130 XSEPaXSEPSV(IAN®Y Y2 ,nAVEDEL VIS 129
140 DELOV(IAN)mABS(XSEPeXSEPSV(IAN®])) vVis 130
ASEPB(XSEPOXSEPSV(IAN]) )0 8 VI8 134
60 T0 160 vis (32
1%0 CONTINUE vVis 133
XSEPRAMINY (XSEPSV (7Y, XSEPSV(e), XSEPSV(S)) vis 134
160 XSEPSV(IAN)=XSEP vis 3%
170 cONTINUE VIS 13
DO 180 Imy,NN vis §37
180 c8v(l)sCP(l]) VIS 13a
1P (XBIN,NE,0,) XSERPEXOIN VI8 139
tP (ANA,GYT,4) GO TO 200 Vis 140
¢ VIS 14y
¢ ZERO CP FOR TWE FIRST 4 ITERATIONS vis j42
c VIS g4y
DO 190 lmwy,NN VI8 44
RATIO=O, VI8 148
190 ESV(I)NCP(I)wRATIO VI8 14
c vis q47
¢ 8Sgp CALCULATES THE ABRODYNAMIC CONTOUR VI8 t4a
[ Vis fu9
200 CALL 8EP (NN, XA ,RAD,CS8V,X8EP,AMIN,GA,TY,PT,RADO,D8TAR,Y)ANA,IJET,NVIS 150
1EXT,RI,UJ,C) vis %4
PLOTO(7)aXSBEP vis 3%2
1 (18M00,EQ,0) GO YO 210 vis (9%
CALL SMINT (XA, RADO,NN,NMIN,NMAX) vVis {84
c WRITE (6,220) (I,XACIl),RADOCI),Im1,NN) Vis 188
ato RETURN vVis (8%
¢ vis (87
¢ vVis 1%8
c vVis 1989
220 FORMAT (S4M DID NOT SEPARATE, UBE NOZZLE EXIT AS SEPARATION POINT,VIS 160
1212,4) VIS 161
END VI8 162e
SUBROUTINE SHAPEJ (88,81,X,NN) 8HaA |
c SHA 2
¢ THI8 SUBROUTINE BETS THE BOUNDARY CONDITIONS, THESE BOUNDARY SHA ]
¢ CONDITIONS ARE 3ET BY TME INITIAL AND FINAL SLOPES OF THE 8HA 4
c CROSSECTIONAL AREA CURVES, SHA L
c LT 6
DIMENSION C188(201), C288(201), €388(201), $8(1), 81(1), X(1) SHA 7
c 8HA [
cALL POWER (X,NN) 8HaA 9
CALL SUMA (2,NNey,3,X,88,C188,0288,C388,81,1¢) $HA 1n
81(1)m0,0 SHA 1
S1(NN)8O,0 8HA 12
RETURN 8HA 1Y%
END SHA 14w
SUBROUTINE POWER (X,NN) POW 1
c POW 2
DIMENSION X(1) POW 3
COMMON /COEFF/ X2(201),X3(201),X4(20¢) POW 4
c POW s
00 10 la§,NN POwW [
x2(1)ex(I)ex(l) POW v
x301)ex2(1)aX(1]) POW 8
X4e1)ax3(r)ax(l) POW 9
10 CONTINUE POW 10
RETURN POW 1}
END POW {2e
QUBROUTINE 8SUMA (NX,NY,L2Z,X,8,C1,C2,C3,81,L) SUM |
¢ 8UM 2
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10

20

30

o000

TH]S SUBROUTINE CURVE FITS A PARABOLIC ARC THRU LEAST SQUARES SUM

SUM
COMMON /COEFF/ X2(203),X3(201),X4(201) SUM
DIMENBION X(€1), 8(1), 81¢1), C1C1), C2(8), C3(1) 8UM
OOUBLE PRECISION SUMI,8UM2,8UMY,SUMU,SUMS,81iM6,8UMY SUM

8UM
LNslLZ/2 SUM
Ci(NXe1)80,0 SUM
C2{NXe1})®0,0 SUM
c3fNXey)80,0 SUM
00 30 JaNX, NY SUM
sUMi=0,0 8UM
QUM2K0,0 SUM
sUM3a0,0 SUM
sSUMUR0,0 SUM
guUmMSe0,0 SUM
SumMés0,0 SUm
SUM7m0,0 SUM
mMaJe| N SUM
MMaJ+LN SUM
DO 10 ImM,MM SuUM
SUMIsSUMEeX(]) SUM
sUM2e8UMReX2(1) SUM
SUMIESUMIeXS(]) SuUM
sUMUBSUMLeXU(]) SUM
SUMSRSUMS+(X(1)*8(1)) SUM
SUMOBBUMbe (X2(I)n8(1)) Sum
SUMTESUMT+8(]) SUM
CONTINUE UM
AAmSUMY SUM
ABaSUM| SUM
ACa8UM2 SUM
ADsSUMS /8UMY 8iM
AEaSUM2/8UMI 8UM
AFa8UMe/8UM2 SUM
AGeSUMI/SUMI1 SUM
AHRSUMYy 78UME SUM
AlaSUMY/8UM2 SUM
AAARRAA/ZLZ Sum
ABAAAR®AD SuUM
CEAAARSAF SUM
ABARmAB/LZ SUM
AsABAReAE SUM
DesABAReA] UM
ACARSAC/LZ SUM
geACAReAG SUM
GeACAReAM SUM
RERe 1De}) UM
DsD¢,iDel0 SUM
gRef/B SUM
AMaEBeG/D SUM
1F (ABS(AM) LE,O0,1Del0) GO YO 20 SUM
AOREA/B SUM
e3(J)m(A0BeC/D)/AM SUM
C2(JYmADBEBALI(J) SUM
C1(J)uAAAR®C2(J)2ABAReCS(J)RACAR Sum
60 TO 30 SUM
CONTINUE SUM
e3cJInCI(Jel) SUM
c2(Jimc2(Jel) SUM
cicdImc1(Jot) SUM
CONTINUE SUM
IF (L,EQ,0) RETURN SuUM

SUM
eOMPUTE 187 DERIV, OF X V8 8 CURVE, SUM

SUM

O 9 Ale
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N0 40 JeNX,NY
$1(J)BC2(J)¢24C3(J)aX ()
CONTINUE

nO So J=mi,LN

KENXo Né¢Jw
SI(K)BE2(NX)S2uCIINXINX(K)
TRJeNY
SI1CIIBCAINY)#24CI(NY) X (T)
CONTINUE

RETURN

END

SUM
SUM
SUMm
SUM
SUM
8UM
SUM
SUM
SUM
SUM
SUM

SURROUTINE NEWBL (VALC,X,Y0,S,NATZ,NN,TWW,Z,PT,TT,ANA,GA,U,81,CFA,WNBL
11X, THRR,AM,DEL1,RET,THR,D8TAR,DE 8¢ ,HS1,TANSY,PTBSY, FNNSTL,H1,DRAGINBL

DIMENSION Wi(1), DSTAR(201), UC(1),
11), CPaCR01), AM{1), THMR(1), DELIC(!),
2wS1(1), PTBSI(1), FNNSI(1), BCLC(201), CPB(201),

COMMON /B8AVE/ 88¢201),8C(201),Y(201),XIN

NBJIBNNeNAZ¢}

DO 10 Iwmi,NN
VBLC(I)mU(])

no0 20 KJ=i,NBJ
NJASNAZeK w1
CPR(KJIRVBLE(NJA)
YBAR(KJIBX(NJA)
BC(KJ)mYO(NJA)
CONTINUE

ABCuPY

VBLCC(1)Y, X(1),
RET(1), DELSiC(1),

YBAR(201)

YO(1), SC

NBL
), S1(NBL
1Y, TANBL
NBL
NBL
NBL
NBL
NBL
N8|
NBL
NBL
NBL
NBL
NB(
NBL
NBL

1
(

CALL BLC (PT,TT,YBAR,RC,CPB,TWW,2,NBJ,DS8TAR, THRR,HIX,H|{,CFA,AM,GA,NBL

INELY,RET,THR,DELSY,H51,TAWS1,PTRS{,PFNNSt,DRAG)

PTeABC

1F (NAZ) 60,60,30

DO 40 NJsi,NBJ
NAJENAZeNJel
CPRINAJ)INCFA(NJ)
BC(NAJISRAM(NJ)
YBAR(NAJ)SDSTAR(NYD)
eONTINUE

DO S0 NJmY,NAZ
YBAR(NJ)IBDSTAR(2)
CPRINJISCFAL2)
BCENJImAM(L)

CONTINUE

CONTINUE

DO 100 Imi,NN
CFA(l)nCPB(Y)
AMCIIRBCLI)
DSTAR(IYWNYBAR(])

1F (8(1)e=, 1E=8) 70,70,80
RCO®O0,0

60 T0 90

CONTINUE
RCOBSI(1)/(2,0080RT(3,141648(1)))
RCOWMABS(RCO)

CONTINUE
DEVERCOww2¢!,0
suamy,0/0€EV
AMBESORT(8UQ)
DSYAR(CIIBDSTAR(I)/7AMB
CONTINUE

1F (ANA,GT,1,) GO TO t20
DO 110 lm{,NN
sC¢l)mo,

sAcl)mo,

ABCuoO,

NBL
NBL
NARL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
N8L
NBL
NBL
NAL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL

~Nd 4NN
O®AF AR AN~ O O
]

OBPA> B AN -
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DD 140 Imy,NN NRL

1F (ANA,LE,3,) GO T0 130 NBL
DSTAR(1)® ,25408TAR(I)¢,%+8B(1)¢,2%+8C (1) NBL

130 sC(l)mgB () NBL
SB(I)SDSTAR(I) NBL

140 CONTINUE NBL
RETURN NBL

ENP NBL
SURROUTINE BLC (PT,TT,XV,YV,V,TWW,2,NN,DSTAR, THRR,NIX,HICH,CFA,AM,BLE
tGAM,DELY,RET, THB,DELS1, 81, TAWS!,PTAS{ ,PNNSY,DRAG) BLC

c BLcC
NIMENSION AM(1), XV(1)s YV(Y), V(1), O8TARC(C1), HICH(1), DELICY), CBLC
IwA(201), DELSIC(1), HS1C(1), TAWS1(1), PTBS1(1), FNNS1(1), RET(!), TBLC
2HB(1), X(201), Y(201) aLe

c BLC
TF(X)my ¢ 2aXan) 8LC
PF(X)BTF(X)at3, 5 aLe

TAWE (X)L ¢, 1780Xne? BLC
H2(X)m(Xn(Xel Jnn2)/2, BLC
H3I(HI)B2 aHIF/(HTI®1 dn(HIol,)e Sa((HTel )n,3/4,3) BLC

c 8LC
Gim(GAMe] )/2, BLC
G2nGAM/ (] ,0GAM) aLe
DSTAR(1)aHIX*THRR 8LC
THRETHRR BLC

tF (THR,LY,,00001) THR® 00001 BLC

N0 10 Isi,NN BLE
Xx(1)aXv(1)/2 BLe
AM(T)IBV (L) /49 /80RTY (TToV (1)wad/ 48/778,/32,17) 8L¢

{0 Y(1)mYV(1)/2 BLC
1F (AM(1) ,LE,0,00001) AM(1)BAM(D) aLe
PTuPTslal 8Le

L=y BLC
HIFsi,3 BLC

UR2 2TE=0BaTTan] S/¢TT4198,6) BLC
AUSSGRT (1 ,4/71716,/7TT)ePT /U BLC
MaNNe{ BLE
THYRBTHR/TF(AM(1))un3/Z BLC

HMEi, BLC
DRAGS0,0 BLC
TRTSO, BLC

HO=0, BLC

IF (MIX) 20,20,30 BLC

20 Him!,3 BLe
GO T0 40 BLC

30 HlsHIX BLC
40 DO 230 Isi,M BLC
DMesAM(I¢f)wAM(]) BLC
DYeY(I¢tl)e¥Y(]) 8Le
OXeX(Isld)eXx(]) BLE

XXNEN BLC
DLMBABSB(DM/AM(L)$NDM/AM(T41)) ¢, 0014DX/THRAZ&XXNRHD BLC

IF (Y(I+1)) S0,60,%0 BLC

50 DLMBDLM+ABS(DY/Y(2¢1)) aLe
60 NE30,eDLM 8sLe
IF (N®10) 70,70,80 BLC

70 NE10 aLe
80 tF (30eN) 90,100,100 BLC
90 N®30 BLE
100 ssN BLC
DXsDX/8 aLeC
yYuY(I)eDY/2,/8 BLe
pYsDY/S BLC
AAmAM(I)eDM/2,/8 BLC
DMaDM/8 BLC
OLu8QRTY (DXwa2eDYnn2) BLC
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190
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Nu§ 8LeC
DO 220 Jmi,N aLe
YYa¥YYeDY BLC
AAmAASDM BLC
TERTT/TF(AA) aLe
TAWSTERTAWE (AA) aLe
IF (TWwW) 110,110,120 BLeC
TWeTAW BLC
80 T0 130 aLe
TWeTWW 8LC
TRE(TAWGTE) /2,4, 224TEa(TAWEAA)o],) BLEC
TRuTRe(TWaTAW) /2, BLE
THHSTHTR BLeC
HHBH] 8LC
THTRE(THMeTHT/2,) BLC
HlsHD/2,+HN 8Le
AYpABS(THTR) BLC
AB_$234EXP (w] 561 M) a(AAnAURAY)aa(®,268)a(TE/TR)an TI20(TE/TT)ee3BLC
1,268 BLC
ABAR(TT/TR)en 0648 BLC
INTSGARD O THTRADOM/AAN (2 ,¢HIG(TW/TTOl JaHTIF/HM) BLC
THYR(THTRa (eDY/YY)eTHT) BLC
THTRE(THHeTHT/2,) BLC
HOBWOM/AAMHR(HI) A (NIO I g (TW/TTw]  )aMI(HI)/HM) BLC
WEPu(HIw(MIel )0, 360CEXP2 90(HIel,))ul, /M])) atLce
HESHFa (HIandm) ,¢EXP (20,920, 4K )0, 1) BLL
HOBHD*HF/THTR®ARDL BLC
1F (ABS(HD)/HI®,2) 150,150,140 BLeC
HD® ,2#HD/ABS(HD) M} BLC
HIgHHK®HD aLe
THTRE(THH4THT) BLC
IF (HI) 160,160,170 BLC
Hle,$ aLc
WDs0, 8LC
60 10 190 BLEC
CONTm2,0 aLe
1F (H1eCONT) 190,190,180 BLc
W1sCONT BLC
MHBCONT BLC
WOmo, aLe
TFASTF (AA) BLC
THRATHTRATFAR®]} BLC
CFu2,2AaTP AR} BLC
IF (Jele2) 200,200,210 BLC
RVEPT/PPF(AA)SSORT (3§ ,4/TE/1716,)0AA BLC
HEADRO ,Ta(AAwAA)WPTY BLC
HEADSMEAD/((1,00(0,27(AAsAA)Y)YI2nY,S) BLC
cFOSCFaHEAD BLC
oRAGnDRAGo(b.!GSZthOtYY-DX) BLE
RVEPT/PF(AAI®SQRYT (1 U/TE/1716,)%AA BLC
HTRBHIG(TW/TTel , JaHEF/HM sLe
HEMTRETFA¢ 2xAARRD 8LC
UD2,2TE0BATEN"] S/(TE+198,6) BLC
RESRVETHR/U BLC
THRETHMRwZ BLC
DEL®THRaM BLC
DSTAR(1e¢3)ODEL aLe
CONTINUE aLe
PNNB2,0/(Hlel,) BLC
FMIR] oG In(AM(I*1)nad) BLe
FMReFMiel 0 BLC
FMIRGAMa (AM(I¢i)an2)/2, BLE
TTTaTHR/FMian]} BLC
DODETTTR (1, ¢FNN)In(Q, ¢FNN)/FNN BLC
DSTARDEL/FMine) BLC
AGR2TTYeD8TADDD BLC
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DELL(141)NMD0Da(FMinnld)®AGRAFMAa(FMLanS) 8sLE
PTBARSFMIwaG2s (1 +FM3al] ,o(DELSTHR)/DELI(T0¢1))) BLC
LeL¢] BLE
DELSI(L)mDEL BLC
WE1(L)mH BLC
TAWSH1(L)STAW BlLe
PTBSI(LISPTBAR BLC
PNNST(L)AFNN BLe
CFAll¢y)uCP 8LeC
HICM(lel)sH] BLC
RET(1¢§)mRE 8LC
THR(1¢1)aTHR BLC
CONTINUE BLC
CFA(1)SCFA(R) BLC
RETURN BLC
END 8LC
SUBROUTINE FIX (NMIN,NN,CP,M1) Fix
Flx
NDIMENSION CP(1) Fix
Fiyx
MIaNMIN Fix
PMINSCP (NMIN) Fix
D0 20 IsSNMIN,NN Flx
tF (CP(1)ePMIN) {0,20,20 Fix
PMINRCP(I) Flx
Mlal FIx
CONTINUE Flx
RETURN Fix
END Flx
SURRQUTINE SEPA (X,RiCP,EMI,CFL,DELL,THETYAL,RETHI,CPL1,NON,NEN,CPRTSPA
1) 8PaA
8PA
DIMENSION X(201), RC201), CP(201), CPD(201), C1C208), C2(201), CI(8PA
1201), CPRTY(4), YY(201), PSP1(201), E(201) 8PaA
COMMON /COEFF/ X2(201),X3C201),X4(201) SPA

COMMON /BCB/ TTRAT(201),PTRAT(201),PTRNS(201),URAT(201),EMC201),WREBPA
1¢201),PHIR(201), TWTTE,GAMMA ,BLMN,B_LMON,VWVEY,C,08D,DD8D,BK,EMEL,8HEPA

2FAC,81G1,8IGMAL1,81G81 8PA
3P

ABIN(X)ISBATAN(X/SORT(1wXaX)) 8PaA
SPA

FEMim0,0 $Pa
8YAlL=0,0 SPA
ELLBTEO,0 8P
ENTMASSEO,0 8PA
ENPRESHY, O 8P
eFwCFiny,0 8PA
GAMMARY 4 8P
GAMBGAMMA 8PA
EMISSORT(S,2( (1,9, 2¢4EMIaEMI) (] ¢, TREMINEMIRCPL)nn((],oGAM)/GAMI18PA
1) 8P
EMELaEMY 8P A
EM{EMISEMY /JEM] 8P
CP8GSCP 14200, #CFIn(t,¢(GAM/2 Y#EMIWEMIWCP{)nEMIEMIWEMIEMT 8PA
8P

CALCULATE CP(SEP) AND P(SEP)/PI USING GOLDSCHMEID METHOD 8PA
8P

PEPIGE] ¢ ,SeGAMECPIGREMIaENM] $PA
PSPIGEPSPIG/ (1,4 ,SaGAMNCPIREMINEMT) 8P
8PA

STRATFORDS SEPARATION CALCULATION 8P A
SPA

NXmNSNe¢ 2 8PA
NYsNENe? 8P
LZaS 8Pa
Ley 8PA

-t s .
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cALL 8uUMA (NX,NY, Z,X,CP,Ci,C2,C3,CPD,L)
RESRETHI®(X(NSN)/THETAL)
S83DEL1/( ,3T#RENs (e 2))
RHEM 394 (10, 00 (wp, }aRE)aa(e,1)
DIFRO

JKa0

DO 100 I=mNAN,NEN
DXeX(I)eX (NSN)

Su88¢DX

1F (CPDC1)) 90,90,10
CONTINUE

HLSBCP (1) a(8aCPD(T))nu,S
DIFRRHSuHLS

!' (JK.]) 20"‘0'00
CONTINUE

JKmi

LN2®0

tF (DIF) 30,30,40

LNZsy

CONTINUE

tF (LNZ) 50,%0,70

1F (DIP) 60,60,90

1Anl

60 T0 110

IF (DIF) 90,80,80

(T Y B¢

60 T0 110

CONTINUE

CONTINUE

60 10 120

CONTINUE

cP83aCP(lAel)
CPRY{4)NCPSS

CONTINUE

CALCULATE CP(SEP) AND P(SEP)/P1 USING MODIFIED PAGE METHOD

CPSPECP 140,38 (1,4 (GAM/2 YoBMIalMIACPI)REMIEMIWEMIEM]

EVALUATE PROFILE PARAMETERS AT 8TATION |

BKw0,4

cas, 1

TWTTERY,

SI1GIm0 20EMInEMY
SIGMALEBIG1/(1,+81G1)
SIGSIN8ORT(SIGMAY)
P8IGCIA(ASIN(EIGS1)) /8168
VWVEI®R(1,481G1)wny 706

UTUESISSQRY ((CF1/2,)0(8ICMAL/(1,28IGMAL)))/ASIN(EQORT(8IGMAY))

REDEL I1NRETHI®DEL /THETAY

8PA
8P
8P
8P A
8P
8PA
8PA
8Pa
$Pa
SPA
SPA
8P
8P
8PA
8Pa
8P
8P
LY
8P
8PA
8P A
8P
L LEY
8PA
§Pa
SPA
8PA
8PA
8P
LYY
8PA
8P
8P
8Pa
8P
8P
8PA
8PA
8P
8PA
8Pa
8PaA
8Pa
8P
8P
L1NY
L L
$PA
8P
LY
sPaA

PXtu, Sa(l,0UTUES In((),/BK)SALOG(REDEL10ABSCUTUES)#PS8IGI/VWNVEL)eCIBPA

1)

DETERMINE B8,L, PROFILE PROPERTIES AT STATION |

cALL PRFL ‘UTU!",'X!cenip1.0,30'7,

NETERMINE UPSTREAM BOUNDARY LAYER INTEGRAL PROPERTIES

eALL FLUX (101,YY,EM1)
RETHIBREDEL1aDDSD
AMASS {aBLMN
AMOM{SBLMON

START S0LUTION PROCEDURE, ASSUME P3/P1

8P
8P A
8P
.17
LYY
8P
L LYY
ar
8PA
8PA
8Pa

8PA

8Pa
8P
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pOpaDSD

phoDeDDSD

UTUESSe0,

P8PI(1)mP8PIG

PIPTe (] ¢ ,2vEMINEM YN (GAM/ (] ,mGAM))
FEMSIR(PSPL(1)aP1PT nn((],eGAM)/GAM) Y,
FEMB28PIPTax( (] ,oGAM)/GAM) oY,
FMSEEMIwSQRT(FEMS1/FEME2)

pPXSRO,S

Iy

60 Y0 140

JuJed

1P (J,EQ,80) GO TO 290
PEPL(J)uPSPi(Jel)e0,!
FEMSIa(PEPI(J)aPIPTInw( (1, ,0GAM)/GAM) e,
PEMS28PI1PTan((1,06AM)/GAM) e,
EMSREMI#8NRT(FEMS1/PEMS2)

PX8R0,S

ENTRAINMENT AND FRICTION CONSTANTS
1F (ENTMAS,GT,0,) GO T0 270
CALCULATE ENTRAINMENT FROM GREENS THEOREM

PLOELIWELLBTWBTATIL /DELY
APLPImY 00  THEMIaEMIRCPY

PGXS (1,00, 7eEMIMEMIRCP(NBN®]))/APIP]
1 JRENEN

DO 230 IJaN8N,NEN

PeXIAPGEX
POx®(]1,0¢,7oEMIaEMIACP(IT1))/APLIP]
1F (IleNSN) 1%0,1%0,160
PGX1BPGX

G0 YO ayo

CONTINUE

NPGBPGXePSPL(J)

1F (DPG) 190,170,170

1F (PGX1ePSP1(J)) 180,220,220
DBGEABS(PSPI(J)ePGXY)

DTGEABS (PGXePGXY)

GO0 T0 210

1F (PGX1eP8PI(J)) 220,220,200
DBGEABS(PSPI(J)ePGXY)
DYGEABS(PGXePGX1)
ALBX(ITof)eX(NSN)S(DBG/DTG)IN(X(I])eX(ITe]))
1JBsllel

60 T0 240

CONTINUE

CONTINUE

ALBX(NEN)wX (NSN)
eLDELImAL/DELY

1P (J,LE,2) GO TO 260
TOTALSO,

DO 2%0 I1mNSN,1JB
TOTALSTOTALSCP(IT)
CPAVERTOTAL/(1JBeNBNSY)

CPCVR(PSPI(JIN(l ¢ TREMIAEMTIACPL)m] )/ (, TREMIREM])

ENPRESS(CPCVeCP1)/(CPAVERCPY)
CONTINUE

FPENTIB(1,D0OD)/DD0DWY,
PENT2RPENT 22 (00, ,4169)
PENTIR{,eDOD
AMEMBLSELDEL1#,0299.FENT2/FENTY
60 70 280

AMEMBLEENTMAS

8Pa
8P
8P

8PA

8Pa
SPa
8Pa
8P
sPa
SPa
8PaA
SPA
P
$Pa

8P

§PaA
8P A
8P
8PA
8P
8PA

8Pa

$PA
8P
8P
8PA
8PA
8PA
SPA
8PaA
SPa

8PA

8P A
§Pa
8PA
8PA
SPA
8Pa
8PA
8Pa
8Pa
8Pa
§Pa
8Pa
8P
8Pa
8P
8PA
8P
8Pa
§Pa
SPa
SPA
$PaA
aPa
§Pa
8PA
SPA
SPa
8PA
8Pa
8P
SPA
8P4
SPa
8P

149
1%0
159

192
15%
1S4
158
156
187
198
159
160
161
162
163
164
168
166
167
168
169
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CONTINUE

CALL PRFL (UTUESS,PXS,EMS,P8P1(J),1,YY)
eALL FLUX (101,YY,EM8)

AMASSSSBLMN

AMOMSEBLMON
ALWMS18(1,/PSPI(J))n(1,4AMEMBL)#EM| /EMS
ALHE2BSORT ( (1 vo2nEMIaEMI) /(] ¢, 20EMSRENS))
ALHSIBAMASS1/AMASSS
ALHSBALHS12ALHOZ2uALHES
RHS1w(1,/ENPRES) s (PBP1(J)el,)

RHE2m1 ,UnEMI*EML 0 AMOM

RHE3mY U AMEMBLOEMIEMInAMABS

RHSUR SaCFIaCPWCFIn TONEMIwEMIELDELY
RHBSNY ,¢(1,/ENPREB)(PBPI(J)etl,)mPSPI(])
RHB6EBPEPL(J) W] (UaEMSeEMSaAMOME

RHEB(RHS 1 oRHE20RNSI4RHBU) / (RHEBSeRMES)
P(I)aRKHS=ALHS

TESTwABS(E(J]))

17 (TEST,LE,0,00001) GO TO 300

17 (J,20,1) GO To 130

1F (ABS(E(J)wE(Ja1)),LE, 001 #ABS((ECJ)+E(Jmy))*,8)) GO TO 300

SLOPER(E(Jel)eE(J)) /(P8P (Jel)eP8P1(]))
PSPI(Je1 )PP (J)eE(J)/8LOPE

1P (PSPY1(J+1),LT,0,) GO YO 130
FPEMSIA(PSPI(Jel)ePiPTINa( (], ,wGAM)/GAM)®T,
tF (FEMS1,LE,0,) GO TO t30
EMBREM{#SORT(FEMSL /FENS2)

JnJel

1P (J,EQ,80) GO YO 290

60 YO 140

eONTINUE

60 YO 310

SOLUTION OBTAINED

DETERMINE B,L, PROPERTIES AT BEPARATION
CALL PRFL (UTUESS,Px8,EM3,P3P1(J),2,YY)

DETERMINE DOWNSTREAM B,L, INTEGRAL PROPERTIES
eALL FLUX (10§,YY,EMS)
DETERMINE DEL3I/DELY AND SEPARATION PRESSURES

PAPIFRPSPY(J)
CPCVA(PSPIFw(] ¢, TaEMICEMIwCP)ol )/ (,T4EMTREM])

RESULTS FROM CONTROL VOLUME APPROACH
CPRT(1)sCPCV

RESULTS FROM GOLDSCHMEID
cPRY(2)sCPSG

RESULTS FROM MODIFIED PAGE METHOD
CPRT(3)mCP8P

CONTINUE

RETURN

END
SUBROUTINE PRPL (UTUEST,PX,EME,PKPS,10PT,YY)

SUBRROUTINE TO CALCULATE DISTRIBUTIONS OF PROPERTIES

DIMENSION YY(201)

SPaA
8Pa
8P
8P
8P
8P
8P
8PA
8PA
8P
8P
SPA
L LYY
8PaA
SPA
8P
8P
8P
8P
8PA
8P
L LY
8Pa
8P
8P
SPaA
1LY
8PA
$PA
SPA
8PA
8P
8PA
8P
3P
8PA
L 1T
8PaA
8PA
8PA
SPA
8ha
L LYY
8P
8P
8P
8P
LYY
8PA
L1
SPA
8P
SPA
8P
8PA
L 1YY
SPA
8P
8PA
8PA
8Pa
PRP
PRP
PRF
PRF
PRP

170
17
172
173
174
178
178
177
178
179
180
181
182
183
184
188
186
187
188
189
190
194
192
193
194
198
196
197
198
199
200
204
202
203
204
208
206
207
208
209
210
21
212
213
214
218
216
217
218
219
220
224
222
223
224
22%
224
227
228
229
230e

B AN -
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COMMON /BCB/ TTRAY(201),PTRAT(201),PTRNS(201),URAT(201),EM(201),WRPRF
10201),PHIRC201) ) TWTYE,GAMMA,BLMN,BLMON,VWVEL,CoD8D,DDBDsBK,EMEL, SHPRF

2PAC,81G1,81GMAL,81681 PRE
PRE

P183, 1418927 PRP
EXP2BGAMMA/ (GAMMAe] ) PRe
EXP3R! /(GAMMA®Y ) PRy
GAMIB(GAMMA®Y,)/2, PRPF
CAM28GAMMASY, PRF
GAM3IRGAMMARY, PRF
GiaEMEAEME PRF
SIGMARGAMIG] /(1 ,eGAMieGY) PRF
SI1GGISSQRT(SIGMA) PRY
81G6G2my , /816G PRE
SIGGIBATAN(SIGG!/SORT(1w8IGG1#81661)) PRF
URAT(1)80, PRP
TTRAT(1)STWTTE PRY
EM(1)e0, PRyF
vY(l)eo, PRr
PTRAT(1IS(1,/(1 q¢GAMINEMEL#EMEL) ) wnEXP2ePKPY PRYF
PTRNS(1)SPTRAT(1) PRP
D0 40 Is2,101 PRP
Alalef PRF
vY(l)eatr/100, PRF
URAT(I)R8IGGR2aSINCSIGGIwgIGOIaPXw(1,0C08(PLaYY(1)))o(l,/BKYRUTUESTPRP
1aB16G3#ALOGLYY(2))) PRF
TYRATCIISTWYTES (] ,»TWTTEI*ABS(URAT(]1)) PRP
U2aURAT(1)eURAT(]) PRY
EMEIIBBARY(UR/((1,/61eGAMIIRTTRAT (S wGAMI#U2)Y) PRE
1F (URAT(I),LE,0,) EM(l)mef aEM(]) PRF
1F (I0PTei) 40,40,10 PRE
pRF

CALCULATION OF TOTAL PRESSURE DOWNBTREAM OF NORMAL SHOCK PRF
PRF

PTRAT(I)IB((1,¢GAMIWEM(TIREM(T)) /(1 +CAMIEMEIEMEL ) uaEXPRaPKP PRY
IF (EM(I)ey,) 20,20,30 PRF
PTRNS(I)BPTRAT(]) PRP

60 T0 4o

PRF

PTANS(I)m(GAMAEM(I)EM(T)/2,/7(1 ,¢GAMIWEMELAEMEL)) e EXPRe(GAMR/ (2, PRF

OO O0OMNn

1aGAMMAWEM (T)WEM(T)nGAM3) ) aaEXPIaPKPY PRF
CONTINUE PRF
RETURN PRE
END PRF
SUBROUTINE FLUX (KsYsEME) FLU

FLU
SUBROUTINE TO CALCULATE MASS AND MOMENTUM FLUX OF B,L, FLU
ALBO CALCULATES DISPLACEMENT AND MOMENTUM THICKNESSES FLU

sLU
NIMENSION Y(201), YY(201), B_MR(201), BLMOR(201) FLU

10

COMMON /BCB/ TTRAT(204),PTRAT(201),PTRNS(201),URAT(201),EM(201),WRFLU
1(201),)PHIRC201),TWTTE,GAMMA,BL MN, B MON,VWVEL{,C,D8D,DD8D,BKk,EME],8HFLU

2FAC,81G1,SIGMAL,81GSY FLU

FLU
DO 10 Isi,K FLU
PRATmY, FLU
TTOTE! o (GAMMA®Y YaEM(])aEM(T1)/2, FLU
TTOTESY ¢ (GAMMA®) ) 2EMEREME/2, FLU
TOTERTTIOTERTTRAT(1)/TT0Y FLU
RHRATSPRAT/TOTE FLU
RLMR(I)2RHRAT#URAT(T) FLU
ALMOR(T)sBLMR(I)#URAT () FLU
IF (URAT(1),LE,0,) BLMOR(I)SeBLMOR(I]) FLU
vyY(l)ay (1) FLU
CONTINUE FLU
DN 20 lei,K FLU
CALL INTEG (1,YY,BLMR,AREAY) FLU
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cALL INTEG (l,YY,BLMOR,AREAD)Y
WR(I)BAREA])

PHIR(IImAREA2

CONTINUE

BLMNSAREAY

ALMONSAREAQ

08D8 1 ,eBLMN

DD8DRBLMNeBLMON
SHFACEDSD/DDSD

RETURN

END

SUBROUTINE INTEG (K,Y,Z,AREA)

INTEGRATION USING SIMPBON#S RULE
DIMENSION Y(201), Z(201)

1F tK,GE,%) GO TO 10
tF (x,20,1) GO TO 80
1F (k,20,2) GO TO 99
1F (X,EQ,3) GO TO 100
1P (X,EQ,4) GO TO 110
AKmK

AKeAK/2,

KXmBK

cKaKK

17 (BKeCK) 30,20,30

K 18 EVEN

NaKe]
60 70 4o

X 18 0DD

NSK

obpso,

EVENSO,

JoNe}

00 50 1m2,J,2

EVENBEVENSI(])

oDDEODDSI(I+1)

CONTINUE

AREABCY(2)oY(1))/3,0(2(1)02INYSU, #(EVENIZ(NS]))*2,20D0)
1F (BXeCK) 70,60,70

K 18 EVEN

AREABAREA#(Y(K)®Y(Kal))a(Z(K)oZ(Ko1))/2,
RETURN

K 18 00D

RETURN
AREABO,

RETURN

AREARCY(2)oY (1)) a(Zc2)42(1)) /2,

RETURN

AREASCY(2)oY (1)) u(Z(3) ¢4, 0Z(2)¢2(1))/8,

RETURN

AREABCY(2)mY (1)) ((2(L)o2¢3)) /2, +CZ(3)4d,02(2)42(1))73,)
RETURN

END
SUBROUTINE SEP (NN, XA,RAD,CP,XBEP,AMIN,GAMMA,YTO,PT,RADO,D8YAR, Y, A
INA,JJET,NEXT,RINUJ,C)

FLU
FLU
FLU
FLU
FLU
FLU
FLU
FLU
FLU
FLU
FLU
INY
INY
INT
INY
INT
INTY
INT
INY
INY
INY
INTY
INY
INTY
INT
INY
INY
INY
INY
Iny
INY
INTY
INT
INY
INTY
INY
INY
INY
INY
INT
INY
INY
INY
INY
INY
INY
INY
INY
INTY
INY
INY
INY
INY
INY
INY
INY
INY
INY
INY
INY
INY
INY
INY
114
SEp
agr
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OIMENSION DSTARCY)Y, RADO(1), XA(1), RADC(1), CP(1),

Y(1)r XB34(R01)8EP

1, y834¢201), RIC1), VJ(1) 8eEp
COMMON /SAVE/ 8B(201),8C(201),YJB(201),XINS,XSEPSV(20),0EL8V(20),Y8EP
{auT(201) sgp
sep

DO 10 Imi,NN aep
Y(IISRAD(T) sep
1F (X8EP,GT,0,) GO TO 30 sep
nO 20 Isi,NN sep
RADO(1)sY{(1)+DSTAR(]) 8Ep
60 10 t20 SEP
CONTINUE [ 1.44
DO 40 Imi,NN 11
18e1? SEp
1F (XSEPeXA(])) S0,u40,40 SEP
RADO(I)mY(1)¢D8TAR(Y) SEP
60 TO 120 144
RYANE(Y (1891 )eY(18))/(XACIB)oXA(]S8w])) ste
RTANRATAN(RTAN) sEp
YSEPEY(I8)+(XSEPuXA(I8))n((YLI8m )oY [18))/(XA(]8"]))exA(18))) sep
I1Cmi SEP
x834(1)uXSERP seEp
v834(§)sYSEP SEp
D0 60 ImI8,NN L 14
1CuiCet sep
X834C1CImXAL]) sep
v834(1Cyav(l) sep
RADDEG®180,/3,141892¢ sep
RTANBRTANSRADDEG sep
NEINSNEXTe]IS8e¢2 SEP
1JJB=0 sep
1F (ANA_GE,1,) lJJBs]JUET sEp
1F (ANA,GE,9,) GO Yo 70 SEP
CALL BB3Y4 (IC,AMIN,GAMMA, TTO,PT,RTAN,X8%4,YB34,CP(I8e1),YOUT,1JJ8,8Ep
INEIN,RI,UJ,C,ANA)Y 1.4
CONTINUE sgp
IF (ANA EQ,1) GO TO 300 sep
JBg2 sEp
DO 90 1wIS,NN 144
Y(1)mYOUT(JB) sEp
RADOCI)SYOUT(JB)D8TARI(Y) segp
1P (Y(I),LT,YC(l=3)) GO TO 8O sgp

IF (RADD(I)(GY,RADQO(Iwl)eY(1)wY(1w1)) RADO(IISRADO(Iw1)*Y(I)myY(]eiBEP

1) SEp
60 T0 90 segp
17 (RADO(I).GT,RADO(Iel)) RADO(I)BRADO(Iwl) 8Ep
JBsJB+) sep
g0 10 120 SEP
CONTINUE (14
JBs2 sep
APTB2,%Y(IS)WDSTAR(IS)*DSTARCIS) ww2 sEp
DO 110 ImI8,NN stp
YCr)mYouT(JB) sep
ARGFEG Oy (D )wued onaPY sep
DSTAR(I)S(e2,#Y(1)+8GRT(ARGF))/2,0 SEp
RADO(I)sYOUT(JB)¢DSTAR(]) SEP
1P (RADO(I),GT,RADD(Iwl)) RADO(I)SRADO(]w]) SEP
J8mJBey sgp
CONTINUE SEP
WRITE (6,150) ANA SEP
WRITE (6,130) XSEP,YSEP SEP
WRITE (6,140) (I,XACI)sRADCII,Y(I),D8TAR(I),RADO(I),Iat/NN) SEP
RETURN sEp

sEp

SEp
END sge
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SURBROUTINE BBIU (NBT,FMS,GAMMA,TTO,PY,AB0D,XL,RAD,CPIN,YSTR,IJET,NBSS

1EXT,RI,UJ,C, ANA)
AXISYMMETRIC SEPARATION ANGLE PROGRAM
COMMON /SAVE/ 8B(201),8C(201),Y(201),XINS

Bes
88s
883
883y
B8y

DIMENSTION X8TR(201), YSTR(204), HiV(201), UEV(201), UBUEV(201), P8BSS
1Ive20ly, PIV(201), AMEIV(201), XJET(201), CPIN(1)s» RICY), UJC1), XBAY

2L(201), RAD(201)

NSEPm{

NPTB1OY

EPSLNE 0000}

DRJDXBw,0%

DUMDX®m400,

DELLOCmO,

1L8Val

SLOPLsO,

D0 10 Imi,20

Kiv(lleo,

DEGRAD®S ,14159206/180,

DO 20 1si,N8T

X8TR(I)aXL (1)

YSTR(1)aRAD(])

ABODmABOD#DEGRAD

ABODSVRABOD

ATw8GRT(GAMMANS2,1T7ueS%3 35«T70)

1870Rsp

PARPTH(] ¢ (GAMMARYL Y% SaFMEead)na (GAMMA/ (] ,@GAMMA))
1F (NSEP,LE,0) NSEPs!

ILaNSEPs}

1UERO

psISvVmp,

pD 30 I=aNJEP,NBT

PIV(I)ePBa(],¢GAMMAL ;SACPIN(T)aFMBan2)
POWERB (1 ,oGAMMA) /GAMMA
AMEIV(TIB((PLIV(])/PT)waPONWERe] ,)n2,/(GAMMARL,)
AMELV(TIIRSGRTCAMELV (1))
UEBV(I)SAMEIV(TI)#AT/80RT (144,80 (GAMMA®] ,YRAMELY(I)wnD)
DELP81am,0S

ASSUME AN INITIAL SEPARATION ANGLE, PSIOLD) AND AN
INCREMENT , DELPS!

ILellet

TUERTIUR !

P1ePIV(IL)

PasPBe(1,+GAMMAS SaCPIN(ILe )aFMEan)
POWERE (1 ,oGAMMA) /GAMMA

AME{EAMELV(IL)

AME2B ((P2/PY)aaPOWER®] , )02,/ (CAMMARY )
AME2BSQRT (AMER)

UEmUEBV(IL)

SIGMANL2 #(1,¢,22980AMEY)

18A0m0

L 1)

P810L0Dw,0

1F (IL.GT.1) PSIOLDEPSIV(IL=1)eDELPS]
PSTOLDePSIOLD+DELPSY

CONTINUE

181+

CALCULATE M1

17 C(IL,GT,1,0R,1,67,1) GO TO 60
X8TRCILIWXL(IL)

883
Bey
883
883
1.3
Bas
883
BA&s
88y
13}
Bay
say
B3
L1}
L) ]
Bas
883
B8y
Bay
843
L1} }
BaY
B4y
883
L1} ]
B8y
.1} }
88y
Bas
883
8as
883
883
By
B88Y
B8y
B8Y
agy
1)
88y
a8y
883
88y
L)
88y
883y
1.} }
88y
Bay
B8y
B8y
Ba3
883
Bas
B8y
B8y
ass
Bes
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YSTR(IL)mRAD(IL)

CONTINUE

1F (I1L=2) 70,80,9¢0

Mim0,

g0 YO 60

ANGLE1uP8IV(1)
HIBTANCANGLELI)#8GART( (XL (2)eXL (1)) #8246 (RAD(2)SRAD(1))#n2)
CONTINUE

RHOOmY

RHOISY,

RHO2wmY

1F (1,GE,100) GO TO 260
UBUERO,
ALPIn(,2090¢,02260AME ¢ ,S082URUE)Y/SIGMA
ALPHASPSIOLD=ALRY
DELTASPSIOLD/FLOAT(NPTRY)
1CNTRO

ICNYRICNT o

UBUEOSUBUE

SuMis0,

sUm2s0,

INTJBEBNP T e

USE SIMPSONaS RULE TO INTEGRATE THE CONTINUITY EQUATION

FOR UB/UE

D0 120 Jm2,INTJB,2

THETORDELTAn(Je2)

THETISDELTAx(Jeol)

THET2RDE L TAx(Jw0)

ARGORSIGMAR (THETO@ALPHA)

ARGIRSIGMAR (THET @A PHA)Y

ARG288IGMAR (THET2eALPHA)

XERFOB S (§ ¢ERT(ARGD))

XERFim, Se(1,¢ERT(ARG1))

XERF28 Sa (| ,¢ERT(ARG2))

1F (ICNT.,EQG,1) GO TO 110

ANUMEY o (GAMMA®] )% Sa((1,+UBUE)aXERFOUBUE wa2e (UE/AT)Re)
POWEREY ,/(GAMMAWY )

DENE] 0 (GAMMA® ] )2 Sw(UE/AT)an2

RHOOW(ANUM/DEN) e POWER

ANUMSY s (GAMMA®Y Yo Sn((1,¢URUE)aXERFIoUBUE) wa2a (UE/AT) N2
RHO${8 (ANUM/DEN) 22POWER

ANUMBY (o (GAMMA®Y 30 Se((1,¢UBUE)&XERF2uUBUE)Ynn2a(UE/AT)IWn2
AHO2® (ANUM/DEN) #ePOWER

CONTINUE

AXORY ,oH1aTHETO/(RAD(IL)«PBIOLD)

AXIBY oM 1aTHET 1/ (RAD(IL)IWPSIOLD)

AX28Y oM I#THET2/(RAD(IL)#PSIOLD)

SUMIm8UM{ ¢ (DELTA/S )2 (RHOOAXERFONAXOed ,aRNO1oXERFInAXI@RHO20XERFABEY |
14X2)

B8y
A8y
88y
B8y
883
13 )
BAs
1R )
B8y
13
B8y
Bas
B8y
883
883
88y
B&s
B8y
-1.))
Bas
B8y
88y
B83y
8ay
BAY
B8Y
B8y
B8y
BA3
B8y
B8y
B8y
B8y
Bay
B83
B8y
B8y

B8S |

B8s

B8Y |
88S |
B8Y

.13}
883
Bes
88y
883
883
B8Y

883

SUM2B8UM2¢ (DELTA/S 30 (RHOOR(XERF 0@l ,)wAX0ed 2RHOLI#(XERFle] JaAXioRBBY

1HO2e (XERF2m],)*AX2)

CONTINUE

UBUEmeSUMYL /SUME

1F (ICNT,GT,10) GO TO 130

IF (ABS(UBUEO=UBUE) ,GT,AB8(,001%(UBUEDSUBUE)*,S8)) GO TD 100

THETA ITERATION

THETA®Q,

1F (UBUE,GT,1,0) UBUEs=st,0
1CNTR0

DELTHRDELTA
RIGHTR2 , 4UBUE/ (1 ,¢URUE)e},
ARGRBIGHMAR(THETAwALPHA)

B8}y
B83
883
.13
.13}
883
B8Y
-1.3 )
883

BAY |

883
B83
Bay
843
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ALEFTRERT(ARG)
¥ (ICNT,.GE,$00) GO To 170
t1F (ABSCALEPT) GT ARS(RIGHT)I) GO TO {50

1F (ABS(RIGHT@ALEFPT) ,LE ABS(,012(RIGHTGALEPT)#,5)) GO TO {60

THETARTHETASDELTH
DELYHRDELTH/L0,
THETARTHETASDELTN

ICNTYSICNTe

tF (THETA,GE,PBIOLD)Y BO TO 140
60 Y0 t4o0

CONTINUE

ICNTRTHETA/PSIOLOR1D0

1P CICNT/202 ,NELICNTY JENTRICNT !
CONTINUE

SUM3sO,

USE SIMPSON«S RULE YO INTEGRATE THE MOMENTUM EQUATION

no 180 Jw2,ICNT,2

TNETOBDELTAN(J»d) ~
YHET{mDELTAR(Jo])

THETARDELTAR(Je0)

ARGORSIGMAR(THETOwA PHA)

ARGINSIGMAs({THET{uAl PHA)

ARG2BS8IGMAR (THET2eAL PHA)

XERFOm Su(] ,+ERT(ARGO)Y)

XERFIn, Sa(],+ERT(ARGLY)

XERF 28 8w (4t ,¢ERT(ARGE))

ANUMBY (o (GAMMA® Y ) u Su((],oUBUE) aXERFOSUBUE Y # w20 (UE/AT)wa2
POWER®S ,/(GAMMAeY 3

DENE] ,w(GAMMA®RY () Sa(UF/AT)an2

RHOOS(ANUM/DEN) #ePOWER

ANUMS] o (GAMMA®] ) Se((1,¢UBUE)eXERFIaUBUEY#n24tUE/AT) "0
RHOI®CANUM/DEN) #2POWER

ANUMRY (o (GAMMA®] Yo Sa((1,¢UBUE)AXERP2eUBUEI#n2a(UE/AT) nu,
RHO2m(ANUM/DEN) ##POWER

AXOBY o (MIaTHETO) /(RAD(IL)#PSIOLD)

AXIBY oo (HIRTHETS)/(RAD(ILI*PSIOLD)

AX281 ,4(H1aTHETR) /(RAD(IL)#PSIOLD)

8483
B8y
Bey
B8y
a8y
Ba3
Bajy
1))
a3
883
Boy
aas
B83

BAY |

BaY

Bas |

B8s
B8y
88y
883
1.1}
Bay
8as
B8s
B8B83
1) )
883
Bas

B8y |

a8y
ass
B8y

B8S

883y
B8y
1.3 )
883
1.3 ]
Bey

TEMPR(DELTA/3,) o (RHOOSCOS(THEYO)w ((1,0UBUE)«XERFORUBUE) *e2aAX04 ,2B8Y
IRMOI#COS(THET L) #( (1 ,¢+UBUEIXERFIeUBUR I #aZaAX 1 ¢RHO2eCOB(THET2) 0 ( (! ,BA8S

2+URUE)YwXERF2aUBUE YR 24AX2)

SUMIaSUMISTEMP

CONTINUE

sumied,

1f (ICNT,GE,100) GO TO 200

ICNTRICNTY#2

B0 190 JmICNT,INTJIB,2

THETOSDELTAR(J=?)

THETLBDELTAR(Je})

THET28DELTAS(J=0)

ARGORBIGMAR(TRHETORALPMA)Y

ARGIASIGMAR(TMET{aALPHA)

ARG20SIGMAR(THET2eAPHA)

XERFOm Su(1,+ERT(ARGO))

XERFI® Sal) +ERTLARGY))

XERF28 S (| ,+ERT(ARGR2))

ANUMSY o (GAMMA®] 3o S#((1,¢UBUE)aXERFORUBUE)wa2n(UE/AT)"a2
POWERS| ,/(GAMMAe] )

DENB) .0 (GAMMA®Y Y0 ,Ss(UE/AT w02

RNOOmCANUM/DEN) wnPOWER

ANUMBY o (GAMMA®] )n Sa(({,¢UBUE)*XERFIaUBUE)na2a(UE/AT) *02
RHOLE{ANUM/DEN) vaPONER

ANUME! Je(GAMMA®| Yo Sa((1,+URBUE)aXERF2eUBUEI#a2w(UE/AT)I A2
RHO28 (ANUM/DEN) swPOWER

AXOR{ ¢ (HIeTHETO)/(RAD(ILIWPSTOLD)

Bpay
BAs
B8Y
88y
Bay
1)}
88y
B8y
B8y
L)}
883
88}y
88y
88y
88y
BAaY
Bay
13
B8y
BoY
B83
B8y
Bay
.13}
131

Tt [t [oulh Tt Tt Yot | et 7
Dol 2 B ]
LB I LT I 7

178
176
17y
178
179
180
181
182
18%
1Ra
188
186
187
188
189
190
191
192
193
194
198
196
197
198
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210

220

(s XsNsXs)

230

(e Nalel

240
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AX1mY o (HI#THET1)/(RADCIL)*PSTIOLD)
AX2K| ¢ (MI#THET2) /(RADCIL)*PSIOLD)

Bay
B8y

TEMPI(DELYAIS,)Q(RHOOQCOB(THETO)t((l.OUBUE)QXERFOOUBU!)'tEiIXOQU.iBBS
1RHO1«COS(THET LI n( (1, 4UBUE) aXERF1@UBUE ) wa2aAX L ¢RMG2WCOS(THET2) (! ,B8Y

2URUE) « XERF2oUBUE Y #e2wAX2)

SUMUSSUMUSTEMP

CONTINUE

CONTINUE

SUMSaSyUMI+SUMY

ANUM2l (o (GaMMA®Y 3o Sa(t sURUEIaw2a(UF/AT w2
NENB] o(GCAMMA®] )2 So(UE/AT) 002

RMNTS ,0009821%PT/1T0

RHNRTE (1 4+ (GAMMA®] Y% SeaMElaw2)en(],/(1,eGAMMA))
RHOESRKORT$RHOY

ANUMBY [o (GAMMA®DY Ya SeUBUEM*2w(UE/AT ) ww2
RHORTEB(ANUM/DEN) an(] ,/(GAMMA@l ,))
AMACBNRHORT#URUEwe2

ol d

1F (1JET.EQ,0) GO Tn 210

1F (IL,LT,NEXT) GO T0 210

tFal,

30 T0 220

CONTINUE

rNUR S6/3600,

xXsi,

REXBUBUERUE/Z(ENUaXX)

cFal, 328/3QRT(REX)

SKINaCFe ,SeAMACSH

OPDXm (P2l i)/ (XL(IL¢1)=XL(IL))

H2mMy

HAmHy
DISTESGRT((XL(IL#1)@XL (IL)) %24 (RAD(ILSI)@RAD(IL)Inn2)
1F (IL,EG,1) GO TO 230

H2sHI*TAN(PSIOLD) /TANCPSIV(ILe1))4DISTTAN(PSIOLD)

4B PERPENDICULAR DISTANCE PROM SEPARATION SLOPE LINE YO pONTOUR
DB DISTANCE ALONG SLOPE LINE AT SEPARATION

DBsABS (H2eH|)/TAN(PSIOLD)

SLOPLE®(RAD{IL)I®RADCTILO1Y)ZCXL CILY)oXLEILY)
SLOPLEATAN(SLOPL)

AMUSES| OPLeABODSY

ABeDBRTAN{AMUS)

HARMY

PRESSEOPDX /(RHOEwUEa#2) w(HAGHARN2/ (2, #RAD(IL))I#COS(SLOPL)
1F (PRESS,LT,0,) PRESS®D,

883
883
B8y
B8B83
B3y
B88%
883
88y
883
B8y
B8y
B8y
B8y
883
Bay
B8Y
BaYy
B83
B83
Ba3y
8ay
Bagy
B8y
B8Y
Ba3
B83
883
Bay
BAs
BSY
R8s
883
sy
B8y
Ba3
BA3
B8s
B83
B8s
BAY
B8y
BA3

SHEARE(! y+MA/RAD(IL) ) n(,1U81e 0UTBNAMEL,12784UBUES, 16320aME1aUBUEBAS

19,3992 UBUEA%2e ,02300EXP (S, 04AMEL) ) /8IGMA
SHEARBSHEARCOS(PSIOLD)

SHRJITRO,

OLNANSESHEARSPRESSwSKIN+SHRJT

COMPARE THE RIGMT AND (EFT SIDE OF MOMENTUM EQUATION

AMULTESP2AAMER4 w2/ (P *AMEL ® 0 Q)
SUMSNWRSUMS=AMULTY

1F (1L ,EQ,1) GO TO 240

X0t18Hi /PSIV(ILw1)y

X028H2/P81I0LD
RATIOB(1,+MHI/RADCILYI/Z(1,#HIV(ILet)/RAD(IL®1)})
SUMSNWR (X024 AMULTASUMS®X 01 #RATIO®SUMSVY/Z(X02wX01)
CONTINUE

CLISOLDANSeSUMSNK

1F (1BAD.EQ,0) GO To 2%0

1JB={

c0 Y0 300

88%
B8y
B8%
B8B83
88y
Bay
883
88y
Bay
8as
BaY
LR}
RB3
B83
B8%
B83Y
Bay
BA3
B8Y

199
200
201
202
203
204
208%
200
207
208
209
210
211

212
213
214
218
216
17
218
219
220
221

22
»23
224
22%
226
227
22A
229
230
23

232
233
234
238
236
237
238
239
240
241

242
243
244
248
246
24y
248
249
250
2%
2852
253
2%4
258
2%
%7
25A
59
260
261
262
26%
LY

55



250

NOO0n

270

280
290

300

OO0

310
S20
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CALL NEWRAP (1,P8BIOLD,GLI,EPS_N,PSINEW,1JR)
1F (PSINEW,LT,0,) Gp TO 260

tF (PSINEW,GT,ABODSV) GO TO 280

1% (1,6E,100) GO YO 260

60 TO 300

fTERATION FAILED, USE ANGLE FPROM PREVIOUS ITERATION

CONTINUE

tF (AMEL,LT,,2) GO TO 280

1F (AMEL,LT,,%) GO 10 270
QLOPEII(B.“GIS.“S)/H.'.5)
POSINEWR1S,625+8L0PE«(AME =,S)
60 Y0 290
SLOPE®(15,625017,5)/(,5¢,2)
PSINEWR1T ,S¢8LO0PEw(AMELe,2)

60 T0 290

PSINEWS1T,S

WRITE (6,370) PSINEW
PSINEWSPSINEWCDEGRAD

IF (PBINEW,GT,ABODSV) PSINEWgABODSY
POIOLDRPSINENW

t8aDs

17 (ANA ,GE,8,) WRITE (6,380)

60 T0 S0

PSIOLDaPSINEW

1F (1J8,EQ,0) GO T0 S0
PELOLDaDELLOC

1F (IL,GT,1) DELLOCaABS(N2eH1)/0B
DELLOCeATAN(DELLOL)

1F (IL.EQ,1) DELLOCSPSIOLD
1P C(IL.£G,1) DELOLD=O,
ASTREABOD=(DELLOCSDELOLD)

CALCULATE DISCRIMINATING STREAMLINE

XSTR(IL+1)XL(ILet)
ARNSORTC(XLCIL®1)eXL (IL))n2Q)
ARTANCASTRYsA
YSTR(IL+1)AYBTR(IL)wB
MIPSYSTR(IL)=RAD(IL)
XYINSXSTR(NST)*1,001

1XaNST

1F (YSTR(IL+1),6T ,RaADCILe1)) 60 YO 320
M2PBABS (YSTR{IL*1)YeRAD(IL+1))
AXmOXLCILS1ImXL(ILI)/Z 1, oH2P/HLP)
XOTROIL¢IImXSTROIL) oAX
AINSXSTR(IL¢S)

XINSEXIN
CXSC(RAD(ILIORAD(ILO1))/ (1 ,eHRP/HLIP)
YSTR(IL¢1)mRAD(IL)wEX

18T0Pmy

IXsIl+}

1P (IX,GT ,NST) GO TO 320

pO 310 JBwIX,N8Y
X8TR(JBe1)mXL (JB)
YS8TR(JB+1)SRAD(JB)

CONTINUE

sUMSVEBUMS

UBUEBV(IL)sUBUE

HiVIIL)mH]

PSIV(IL)NPSIOLD

ABODEASTR

p818VaPsIOLD

1F (I8TOP,EQ,31) GO YO 360

tF (1JET,EQ,0) GO YO 340

883
B8y
.13 )
ass
By
883
Bas
L1}
L1} )
By
B&S
pas
883
883y
Bes
Bas
883
B8y
B8y
8a3
883
Bas
88y
88y
Bey
883
B8
883
88y
Ba3
883
Bas
Bey
Bey
B83
BaY
B8y
Bay
aes
B8Y
B8S
Bas
Bas
B8l
B8y
Bss
B8y
1.3 ]
Bes
B8y
B83
B&s
88y
883
Bay
Bes
883
B8y
Basy
88y
BAYy
B8y
1.3}
8ax
Bes
B&Y

268
266
267
268
2690
270
271
272
273
274
278
276
277
278
279
280
284
282
283
284
288
288
287
208
289
290
294
292
29%
294
298
296
297
298
299
300
301
o2
0%
304
108
306
107
108
109
110
311
312
313
$14
318
316
L34
118
319
120
Y21
122
2%
124
128
128
127
128
120
130
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370
380
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1F (ILet,LY NEXT) GO YO 340 B8
B8y

cALL JET ENTRAINMENY IF OPTION TURNED ON Bas
Ba%

RJsRAD(IL+}) BAY
RDaYSTR(IL+!) BeY
NSINBNSToNEXT+ 883
DO 330 ISNEXT,NST B8Y
XJET(I)mXL(I)eXL {NEXT) BAY
UMeeUBUEV (IL)~UE B8y
NRODXOa(YSTR(NEXT)IaYSTR(NEXTw1) )/ (XLI(NEXT) XL (NEXTu{)) BaY
CALL JET (RJ)UM,C,DRJIDX,DUMDX,RD,NSIN,XJET(NEXT) ,UEV(NEXT), YSTR(NERBY
1xTyY,R1,UJ,ORDDXO0) BAY
GO TO 360 88%
CONTINUE Bas
B8y

NETERMINE IF ITERATION COMPLETE BAY
BAY

1F (IL,EG,1) GO TO 350 B83
DBRABS (H2eHM1) /TANCPSIOLD) pas
AMUSaS_OPL=ABODSY 883
ARRDBATAN(AMUS) B8y
HimH2+AR BAY
1F (H1,67,0,) GO 1O 350 Bay
1F (ILSV,EQ,0) IL8veIL BBY
HimHIV(IL8V)I#*, 01 88y
1F (ILet LT NST) GO T 4o 8a%y
Bay

BaY

FORMAY (1K ,6HPSINEW,F12, 4) BASY

FORMAT (1M0,46HITERATION FOR DISCRIMINATING STREAMLINE ANGLE ,28HFBBY
1AILED, USING DEFAULT VALUE,,/t7H TRY DECREASING ,36HSTEP SI1ZF (MOBAS

2RE POINTS ON AFTERBOLY)) Bes
END B8Y
FUNCTION ERT (X) ERY
ERY

THIS FUNCTION ROUTINE OBTAINS VALUE OF THE ERROR FUNCTION ERY
WITH ARGUMENT X yUSING LIBRARY SUBROUTINE ERF ERT
ERT

cALL ERF (X,Y) ERY
ERTaY ERY
RETURN ERYT
END ERY
SUBROUTINE NEWRAP (tCNT,X,FUNC,TOLLXZERO,1E) NEW
NEW

1Es0 NEW
1F (ICNY,GT,100) 8TOP NEW
1F (ICNTYe2) 10,20,30 NEW
PUN1aFUNC NEW
1F (X,EQ,0,) Xu{00, «TOLL NEW
XZEROSX 4,1 %X NEW
60 TO 90 NEW
CONTINUE NE W
PUN2&FUNC NEW
X2sX NEW
60 Y0 80 NEW
CONTINUE NEW
1F (FUNI®FUNZ) S0,40,40 NEW
FUNLBFUN2 NEwW
FUN2RFUNC NEW
XtaXe NEW
x2uX NEW
60 TO 80 NEW
CONTINUE NEW

3%y
332
333
134
338
136
37
138
139
340
349
Y42
343
t44
145
346
147
348
Y409
180
\k3!
382
333
154
188
%6
1587
338
189
360
361
362
363
164
168e

N O 0PV AL AN~ OPR N SN —

P kN Wy
O®-~40 N L

NN
N -
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IF (FUNCeFUNZ) 70,060,680
FUNQRFUNC

X2sX

60 T0 80

FUNIAFUNC

XiaX

CALCULAYE DERIVAYTIVE

DEAVEIFUN2eFUNL) /(X20X )

X2ERORX2«FUN2/DERV

1P (ABS(XZERO®X) | T ,ABS((XZEROX2)w{S)uTOLL) IEM}
RETURN

END

NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEw
NEW

SURROUTINE JEY (RJ,UM,C,DRIDX,DUMDX,RD,NSIN,XIN,VE,YBTRIRJA)UJA,DRJEY

100x0)

OIMENSION XIN(201), YSTR(201), RJAC201), UJAC201), UE(R20Y)

REAL Lo,L1,tL2

T0L®,008

pRDOXE, 1

1CNTRO

18TAny

ROSVeRD

XSXIN(I8TA)

oL2Dxm, 28

DRCOXeDRJOX+DLRDX

DREDXmO,

UBORUE(1)

ROuRY

AS( ,S714aRD%,22864R0)/(2,2(,2%RDe,054R0))
a-(ﬂbcﬁO)auM/c!.a(.z-uoo,OStRO)t(U!o-un))
X1sAaBQRT(ANR2¢8)

ETARXIwn(1,/1,5)

ETA2RCY ,»80RT(UEO/ (UEORUM) I na(],/1,9)

IF (ETA LT ETAQ) ETAGETA2

LOm(RDeRO)/ETA

RERO#O

CONTINUE

UB{BUE(1I8TA)

UJsUJA(IBTA)
DUEOXB(UE(I8TA*1)oUB(ISTA))/Z(XIN(ISTACL)aXIN(CISTA))
DUJOXB(USACISTA®I)ImUJA(ISTAY I/ CXINCIBTASLYOXINC(ISTAY)
ISTARIBTAS)

Lil.i!tl

RCuRJeL 2

DELUERUE  sUM

LisREeRJui 2

numDXx (O0OP

1CNTR0

CONTINUE

ICNTRICNT

DLiOXeC

DOUEOXeDUEDX®DUMDX
pLEUJeyJeUM
B0UIXXeDUJDOXeDUMDX

AJBBL2a (UM SS2DLEUTISUIMRY

JET
JEY
JET
JET
JET
JET
JEY
JEY
JET
JeY
JEY
JET
JEY
JEY
JET
JETY
JET
JEY
JEY
JEY
JEY
JET
JET
JEY
JET
JEY
JEY
JET
JEY
JET
JET
JEY
JIY
JEY
JEY
JET
Jer
Jey
JEY
JET
JEY
JeY
JEer
Jey

JETY
BIAB (R (UMe SSHDLEUJY ¢, 3972aDLEUIL2) DL 20X ¢ (RCaL 20,8020 2) 2 DUMDJEY

IX®CSSaRCHL 20, 37140 2002)0DDUIXX
pRJOX®(, oas-UJ-Rc-sJBa/AJB

IF (1874.67,2) GO 1O 30
DRDOXMDRDDXO

JET
Jey
JEY
JEY

TRMIRCRCHN(UMSDELUER (2 ,aETARnY SoETAR23) ol InETAR(UMeDELUERCR,+ETARJETY



30

40
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191 ,50ETA%®3)))# (DRDDX@DL2DX=ETASDLIDX) ¢ (RC (UMRETASDELUER(2,/2,5¢EJEY
EYAQiZ.Svl./“.iETAttﬂ))02.'L1i(.StUMt!TAitZODELUE'(2./3.5'E7Att!.s-J!T
31,75, %ETA#25)))#D| IDX JEY
TRM2RL {# (UMRETASDELUES(2,/2,54ETA042 8w, /4 »ETAwad))aDL20Xe (RCaLIJEY
1teon,s.thtzagTA.az).DUMDX¢(RC-Ltc(2./2,5:[7An-2.s.1,/4,.[1A-aa)oJ!T

2L1wn2n(2 /3 SeETANRY Sui /5 +ETA«xS))eDOUEDX JeY
BRTRM14$TRM2 JET
ABLIw(UMRETASDELUE®(2,/2,520Tasn2,50] /U, «ETARad))oRCA(UMSDELUERCRIEY
l.tETAtti.SOETA'i!))-Li'ET"(UN#DELUE'(Z.QETAttl.5'!7‘&.3)) JET
XZu(BJBe(AJBa (BJBB))/(AJB+AYY/CUJIWRL) JEY
CONTINUE JEY
DRJDOXE(UJaXZ#RCeBIBY/AJB JEY
DRCDX®DRJDX+DL 20X JET
DDUEDXmDUEDXeDUMDYX JEY
TRMIG(RCH (UM, SSeDLEUI) w2 020 (,SeUMe, 3T144DLEUJ) I ADL2DX JEY
TRleLG(UMo.SS'DL!UJ)-DRCDX¢(RC.LJ-,S'thtE)-DUMDX JEY
TRMIBR( SS#RCAL2® 371U4nl2#02)4DDUJIXX JEY
UDRIXSTRM{ ¢ TRM24TRMY JEY
DREDX®DRJDX+CeDL DX Jery
1F (18TA,67,2) GO TO 4O JEY

8laliw(UMeDELUVEW(2,/2,5¢ETAwal Sol /4 aETAna3))sETADRCOXy (RCul §#EJET
1TA4 ,Su| tnw2eETARR2)wDUMDX G (RCRLL#(2,/2,S4ETAM2,5w] /0 *ETAswU)+L1JET

2a%20(2,/3,94ETA%SY S0, /S «ETA*28))*DDUEDX JEY
Z2Z28RCaL 1w (UMSDELUER(2,0ETAnu1 ,SeETACR3) ) oL 1a020ETANCUMSDELUER(2,wJEY
{ETARn] SefTAns3)) JEY
Qine(UJaRJ«DRJIDX4UDRIX¢81) /222 JEY
Pilae(RCw(UMSETAGDELUER(R,/72,50ETANN2, S0l /U 2ETARNG) )02 0l 10, SaUMIEY
{1l TAan2eDELUER(2,/3 SeETAn®Y Sol /S, #ETAex8Y)) /222 JEY
DLIDX®(NDRODX0eDRIDXeDL2DXwL 1 ¢Q1)/(ETASP LR ]) JEY
DREDX®DRJIDX+C+DL1DX JEY
pDL1OXsC JETY
DREDX®DRJDX+L+DLIDX JEY
1F (ORDDX,E0,0,) ETam(] ,eSQRT(UEL/DELUE) ) nn(1,/1,5) JEY
TRMIR(RC (UMRETAGDELUEN(2,/2, SETAR®2 SeBTAn2d/0,))02 0Ll (,5eUMEJEY
{TANR2eDELUE(R4/3,5¢ETA0wl SufTA2%5/%,)) )DL 10X JEY
TRM28L 1 # (UMGOELUER(2,/2 ,54ETAnn] ,SeETAns3/4,))wETARDRCDOX ¢ (RCalLI#ETIEY
1A+ SalL1nn24ETARR2)aDUMDX JEY
TRMIB(RCHL1#(20/2,SnETAw®2 SeETARRU/G, oL 12020 (2,/3,5¢ETAanS, SeETAJEY
1e*5/%,))«DDUEDX JET
WWABTRMI*TRME4TRM3 JET
2Z28RCul 1w (UMeDELUEw (2,0ETAnel ,SaETARnS) oL 10#20ETA(UMSDELUER(2,*+JEY
1ETAwn] SefTANs])) JEY
DLEUJBUJeUM JEY
DOUJXXeDUJDXeDUMDX JEY
TRMIB(RCH (UM® (SSaDLEVUJ) w2, 0 20 (,SelUMe 371 4sDEUJ))®DL2DX JET
TRM28L 2 (UM ,SSeDLEUJICDRCDX ¢ (RCoL 2% ,Sal 2a22)wDUMDX JEY
TRMIS( SS«RCHL 2w 3714el2022)aDDUJXX JEY
UDRIXMTRMI$TRM24TRMY JEY
UDR2XB(2  #L 1w ( (SalUMy ,3714eDELUEYSRCH (UM SSuDELUE) ) #DL IDXaL 1w (UM JET
15SeDELUE)#DRCOX4( ,Sel 1 0a20RCaL 1)eDUMDX (ST 14nl tan2e ,SSARCaL {)2DDUJET
280X JEY
1F (DRDOX,EQ,0,) GO TO %9 JE?Y
DEDXme(XZxUJ*RCIWNW) /222 JEY
DRDDXSETAROREDX+ (1 ,wETA)#DRCDX+L {1 #DEDX JEY
CONTINUE JEY
OLEUJSUJmUM JEY
DOUJIXXmDUJDX=DUMDX JEY
TRMIBL2e (UMe 26l 1 aUMaDLEUJ® ,41864DLEUI#22) «DRCDX JEY
TRM2M(RCR (UMa w4 L wUMSDLEYTe ,41564DLEUIan2) w2 0L 20 ( SaUMande TU2BJEY
{aUMODLEUJS,30962D L EUJa*2))uDL 2DX JEY
TRMIm(RCaL20(2,2UMe 1, 19DLEUT ul 20220 (UM, TU28«DLEUJ) ) aDUMDX JETY
TRMUS(RCo | 20 (1, 10UMe,B312aDLEUJ)m 2% 22a(,T74280UMS,6192aDLFUJY)uDDUJEY
1JXX JETY
UORIXBTRMI4TRM2¢TRMIe TRMU JEY
TRMIB( (UMe w241, 4B8S6wUMNDELUES ,61924DELUE*n2) 0 1+ (UMan2el, 1aUMaDELUJEY
{E¢, U1SeeDELUER®2) «RE) @ DL {DX JETY

99
100
101
102
10%
104
108
106
107
108
109
110
111
112
113
114
115
118
11y
158

59
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TRM28L 1w (UMan24] 1 oUMaDELUES 41562 DELUERR2) «DREDXSLInu2W (UM, 7420-J[Y 1

I1DELUE) #DUMDX

Y
TRMISL{#RCa (2, 4UMe ) S aDELUE) aDUMOX oL I wndn( ,019240ELUE,TH4280UM)RDDIEY

{UEDXeRCeL 10, asaz-ozLu:¢1 1RUM)«DDUEDX
U2DR2XmTRM1¢TRM2+TRM3
AMRMORUJwRJ2ORJOX® (UORIXeUOR2X)

JEY
JET
JEY

XMOMNTRUJ 22 24RJ*DRJDX+ (U2DRIXURDREX)eREnw e SaUCI#DUEDXeUE{ #AMRNOJEY

CALL NEWRAP (ICNT,DUMDX,XMOMNT,TOL,OUMDXN,1E)

IF (ICNT,LE,30) GO YO 60
18TADI8TAL]

60 Y0 1%0

CONTINUE

1F (IE_NE,O0) GO YO 70
DUMDX®DUMDXN

60 Y0 20

CONTINUE

SOLVE POR THE RADIUS OF THE OISCRIMINATING STREAMLINE

XBXINCISTA)

DXaXIN(ISTA)eXIN(IBTASL)

LesCwX

1F (ETA,LE,ETAQ) GO TO 80

1fF (DRDDX,EQ,0,) GO TO 80
RDWDRODX#DX+RD

ETASDEDXwOXGETA
DELUESUE(ISTA)«(DUMDXaDXoUM)

ETARR( ,o8GRT(UE(TITA)/DELUE) Y (1,/1,9)
1F CETALT,ETA2) GO TO 80

60 Y0 90

CONTINUE

DRDOX8O,

UMBOUMD X aDX UM

1F (UM, GE,0,) GO YO {70
RJuRJ+DRJOX2DX

OREDXBDRJDXe2,4C

RERRE4DREDX#DX

1F (DRDDX,NE,0,) GO TO 100
LisREeRJol 2

1F (LY1.LE,0,) GO TO 170
DELUESUE(ISTA)eUM '
ETAR(] ,o80RT(UE(ISTA) /DELUE) ) nu(1,/1,%)
RDSRJe| 24ETAnL]

1F (RD,GT,RDSV) GO 10 170

cONY!NUE
YSTR(ISTAYBRODGRJIACISTA)eRO®L 2
ROSVaRD

ICNTRO

{f (RO,LE,RO0) GO TO 110

1’ tYSTn(IlTA) LE,RJA(IATA)) GO TO (10
G0 Y0 190

1SRYSIBTA

B0 120 IWISRT,NSIN

YSTR(I)sRJA(I)

60 Y0 200
SLOPEE(YSTR(ISTAwl)aYSTR(18TA2))/DX
1F (SLOPE,GT7,0,) GO TO 180

18RTBISTA

DO 140 ImIBRT,NSIN
YSTR(I)SSLOPE#(XIN(T)eXIN(lw1))¢YSTR(TIal)
1F (YSTR(I)LT,RJA(D)) YSTR(I)BRJA(])
60 Y0 200

DO 160 IWISTA,NSIN

YSTR{1)BYSTR(Iwl)

60 T0 200

DO 180 ISISTA,NSIN

JET
JEY
JEY
JEY
JEY
JEY
JeY
JET
JET
JEY
JET
JET

JET

JET
Jiy
JET
JEY
JET
JEY
JET
JEY
JEY
JEY
JET
JET
JEY

JET

JEY
JEY
Jer
JEY
JEY
JET
JEY
Jery
JEY
JEY
Jer
JEY
JEY
JEY

JET |
JET 1§

JET

JET ¢

JET
JET
JET
JEY
JEY
JEY
JEY
JET

JET |

JET
JEY
JETY

JET

Jer
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L2eCH*XIN(I) JEY
YSTR(I)URDBVeRJA(T)eROwL 2 JET
1P (YSTR(I),LT.RJA(1)) YSTR(I)SRJA(]) JEY
60 Y0 200 JEY
CONTINUE JEY
1F (ISTA,LT,NSIN) GO YO 10 JEY
RETURN JET
END Jery
SURROUTINE SMINT (XA,YA,NA,NMIN,NMAX) aMy

sMT
INTERFACE ROUTINE FOR VISCOUS PACKAGE AND SMOOTHING ROUTINES 18M7

sMy
COMMON /8AVE/ 8B(201),8C(201),YJB(201),XIN MY

DIMENSION X1(201), x2¢201), Y1(201), Y2¢201), XA(1), YA(1), S(201)8M}
1, s1(201), v22(201), v228(201), Y(201), 2¢201), ODY(20%), Dy(201),8M]

2 D2(R201), DOZC201), 21(201) sMY
SM1

NA{aNAe]l sMy
DO 10 lmi,NaAl SMY
X1(1)8XA(Y) sMy
x2¢1)mxa(1ey) SMY
YI(I)mYA(]) SMY
v2(l1)eYA(lel) sMy
K9si 8MY
NSMTHIRNMINeY M
1F (NSMTHI ,LT,2) NSMTHi®2 MY
NSMTH2uNAw} SMY
N0 20 ISNMAX,NA M1
IF (XIN,LT XACI)) GO TO 30 aMmt
NSMTH2aI¢6 MY
CONTINUE MY
1F (NSMTH2,GT NAmy) NSMTH2mNAe| 13
1a2.LELL] L L}
Kiimio sMy
CALL SMOOTH (X1,X2,Y1,Y2,K9,K11,NSMTH| NSMTH2,IVEM,NA,8,81,Y22,Y228M?
18,v,2,00Y,DY,0Z,0DZ,21) sMY
DO 40 1si,NAj MY
xA(r)uxi(l) oMY
YA(3YBSYLI(]) MY
RETURN amy
END Mt
SURROUTINE SMOOTH (X1,X2,Y1,Y2,K9,K11,NSMTH],NEMTH2,IVBM,NA,S,81,Y8M0
122.YZ?S;V;ZoDDY,DV,Dl,DDZ,Zl) 8Ho
L L]

DIMENSION X1(NA), Y{(NA), Y2(NA), 8(NA), SI(NA), X2(NA), Y22(NA), 8MD
1v228(NAY, Y(NA), Z(NA), NSMTH1(S), NS8MTHR(S), DDY(NA), Dyena), DZ(8MO

2NAY, DDZ(NA), ZL1(NA)Y SMD
L L]

no 170 184,K9 s$MD
NSENSMTHI(]) 8Mn
N6BNSMTHR(]) sSMD
11aMINO(NS,NG) §Mo
12uMAXO(NS,NG) sMD
8(11ei)m0,0 sMo
1F (IVSM,EQ,1) GO To 20 $MO
no 10 J=ly, I 8M0
$(J1aS(Ie1)eB8ART(IN2CIIoX1(J)Ian2e({Y2(J)wY1(J))N22) sMo
60 10 40 sMO
no 30 Jmly, 2 L)
S(JINS(Je1)48QRT((X1(J)aX (Jol))ande(N2(JIuX2(Jo1))an?) 8M0
CONTINYE sMo
1lel2elted 8Mo
DEL8a8(12)/11 LT
1312w} 8MO
St(llei)m0,0 sMp
PO S50 J=14,I3 8Mo

188
186
187
188
189
190
191
192+
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50
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80
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100
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81(J)e81(Jel1)+DELS sMp
$1(12)m8(12) $Mp
DO 90 JmIy,I3 8Mn
PO A0 KmIi,I3 sMp
IF (8(K)e81(J)) 60,70,70 8¥n
CcONTINUE SMp
1F (IV8M EQ,1) GO YO 80 aMn
Y22(J)ImYLI(K)®(Y2(K)aYI(KIIN({B81(J)eB(Km]1))/(S(K)OB(Kn])) 8Mn
60 T0 90 8Mp
Y22(JIRY (Ko )+ (VI K)oV (Kal))n(B)(J)w8(Kel))/(8(K)aB(Xm1)) $Mp
CONTINUE 8Mn
y22(la)sy2(12) Mo
1F (IVSM,EQ,1) Y22(l2)mY1(12) L 1]
DO 100 Jmi,1l L L]
Y{J)sY22(Jellm}) . 1.1,]
CALL M8MTHW (Y,2,11,xk1t1,NA,DDY,DY,DZ,DDZ,21) Mo
no 110 Jslg,12 SMn
v228(J)sZ(Jellel) L1,
vy228(Itel)nyY@(Ilimy) 8MO
IF (IVEM,BQ,1) Y228(I1=1)aYi(lley) sMo
DO 160 Jmly,I3 8Mp
D0 120 Kely,Id L]
tF (81(K)e8(J)) 120,130,130 SMp
CONTINUE 8Mp
1F (IVBM,EQ,1) GO TO tdo SMo
Y2(J)IBY228 (Kol )o(Y228(K)eY228(Ke1))N(8(J)e81(KoY))/ (81 (K)aBi(Ke]))BMN
60 Y0 180 8$M0
eONTINUE SMD
Y1(J)BY228 (Kol )+ (Y228(K)oYQ28(Ko1))n(8(J)e8i(Kn1))/ (81 (K)eB81({K=]))8Mn
eONTINUE 8Mp
1F (IVEM_EQ,0) Yi(Jimv2(Jel) L1
CONTINUE 8Mp
CONTINUE sMQ
RETURN SMp
END LT
SUBROUTINE MSMTH (v,Z,N,K,NA,DDY,DY,DZ,00Z,21) M8M

MSM
NIMENSION Y(NA), Z(NAY, DY(NA)Y, DZ(NA)Y, DDY(NA), DDZCNA), Z1(NA} MSM

M8M
1P (N®8) 40,10,10 MM
CALL RBMTH (Y,N,K,2,NA,21) MBM
NMisNe| M8M
NM28N=2 MM
DO 20 Imi,NM{ MBM
DY(I)my(Iel)ov(]) MEM
DZ(1)WMZ(Isy)m2(]) MEM
CONTINUE M8M
N0 30 1emi,NM2 MEM
DOY(1)mDY(1e1)eDY (D) MM
DDZ(1)eDZ(1+1)eDZ (1) MEM
CONTINUE M8M
RETURN MEM
END MEM
SUBROUTINE RSMTH (Y ,N,K,Z,NA,Z1) R8M

RE&M
DIMENSION Y(NA), Z(NA), Z21(NA) REM

R8M
Jeo R&M
DO 10 1si,N RBM
21(1)mvY(]) ROM
eONTINUF R&M
201)mY(1) R&M
Z(NIRY(N) R&M
JuJel R8M
CALL SMTH (21,N,U,Z,N8) RAM
1F (U) 60,60.30 RAM
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1F (Jek) 40,60,60

nh SO 1si,N
71¢1Ym2(1)

CcONTINUE
#0 TO 20
RETURN
END

SURROUTINE SMTH (Y,N,U,2,NA)

DIMENSINN Y(NA),

ZINA)

F(ETA)m(] ,OsETA#ETAY N2
G(ETINO SeETe(1,0+EY)

m0,0
Ju3

ARABS (Y (Jm2)®2,0ayY(Je1)e2,0ny(Jel)eY(Je2))
nueY(Je2)ed 00y (Jel)e10,00Y(J)ed, 0nY(Jel)my(JeR)
tF (A=ARS(D)) 20,40,40

FSmF (A/D)

ASABS (oY (Jed)eY(Jmy)eY(Jel1deoy(J42))
RBABS (3,00 (Y (Jml)e2 0aY(J)eY(Je1)))
1F (AeR) 30,40,40

688G (1,0e4/8)

20J)mY(J)w0,1nF8uGSaD

usy,0
60 T0 s0
7203)ayY(l)
Jajel

1F (Jo(N=2))

10,10,60

ABO UnARS(Y(U)wZ(4))
PEO,2¢ (b, 0%Y(1)410,06Y(2)e2,00Y(3)aY(4)eZ(4))
tF (AeABS(D)) 70,80,80

rSefF(A/D)

638G (A/ABS(D))
202)8Y(2)e0,S5¢F3aG82D

60 T0 90
2(2)8Y(2)

AW, UtABS(Y(Ne3)eZ(Ne3))
NR 2% (oY (NeS)el (Ne3)e2 oy (Nw2)¢10,00Y(Nel)eps,oY(N))
144 (A=ARS (D)) ‘00)110:‘10

r8aP(A/D)

G8sG(A/48B8(D))
Z(Nel)aY(Nei)e0 ,S5aFguG84D

g0 T0 20

2(Nel)BY(N={)

RETURN
END

SURROUTINE ITUNICNMAXyN,X,NTAB,Y,]OROER,X0,Y0,IPT,IERR)
R R A AR AR AN R A N R RN AR R A RN AN AR R AN AR AN O NN R ARANRANANARA RN ROt aananntana JUNTINO20

PURPOSE

uses

SUBROUTINE YUNI USES FIRST OR 8ECOND ORDER
LAGRANGTIAN INTERPOLATINN TO ESTIMATE THE valLues
OF A SEY OF FUNCTIONS AT A POINT X0, IUNI

USES ONE INDEPENDENT VARIABLE TABLE AND A DEPENDENT

VARJABLE TABLE FOR EACH FUNCTION TO BE EVALUATED,

THE ROUTINE ACCEPTS THE INDEPENDENT VARIABLES SPACED

AT EQUAL 0OR UNERUAL INTERVALS, FACH DEPENDENT

VARIABLE TABLE MUST CONTAIN PUNCTION VALUES CORRESe

PONDING TO EACH X(I) IN THE INDEPENDENT VARIABLE
TABLE,

VALUE OF THE NeTH FUNCTION VALUE EVALUATED AT XO,

THE ESTIMATED VALUES ARE RETURNED IN THE YO
ARRAY WITH THE NeTH VALUE OF THE ARRAY WOLDING THE

R8M 14
R8m 1§
R8M 14
R8M 17
R8M (R
R8™ 19
R8M  20e
SMY |
sMY _
MY 3
SMTY /]
SMY L]
MY [
sMY 7
L LA L]
MY 9
MY to
SMT 1y
sMY (2
SMY 1%
SMTY 14
$MY W
SMY 16
SMY 1Y
MY 1A
SMYT 19
SMT 20
MY 24
SMY 22
SMY 2%
SMY 24
SMY 2%
IMT 24
SMTY 29
MY  2a
sMY 29
MY 30
MY 39
aMr 32
SMY 3%
MY %4
SMY 38
MY Ss
MY 37
SMT 3A
SMT 3o
SMTY un
SMT Uge
IUNT OO0
+TUNYOOYO
#IUNYHO0U4O
«IUNTNOSO
*IUNTOOCAO
*JUNTOOT0
«TUNTO0ARD
sIUNTNOOSO
sJUNTINLOO
sJUNTO110
«IUNTN120
*JUNTON1X0
®IUNTALLO
*sIUNTINISO
*#JUNTO1K0
«IUNTAL170
aIUNTOLAD

63
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PARAMETERS ¢

NMAX

NTAB

T0RDER

X0

Yo

IPY

T1ERR

APPENDIX

CALL TUNI(NMAX,N,X,NTAB,Y,IORDER,X0,Y0,1PT,IERR)

THE MAXIMUM NUMBER OF POINTS IN THE INDEPENDENY
VARIABLE ARRAY,

THE ACTUAL NUMBER OF POINTS IN THE INDEPENDENT
ARRAY,WHERE N ,LE, NMAX,

A ONEeDIMENSIONAL ARRAY, DIMENSIONED (NMAX) IN THE
CALLING PROGRAM, WHICH CONTAINS THE INDEPENDENT
VARIABLES, THESE VALUES MUST Bg SYRICTLY MONOTONIC,

THE NUMAER OF DEPENDENT VARIABLE TABLES

A TWORDIMENSIONAL ARRAY DIMENSIONED (NMAX,NTAB) IN
THE CALLING PROGRAM, EACH COLUMN OF THE ARRAY
CONTAINS A DEPENDENT VARIABLE TaBLE

INTERPOLATION PARAMETER SUPPLIED BY THE UBER,

80 2ERO ORDER INTERPOLATIONg THE FIRST FUNCYION
VALUE IN EACH DEPENDENT VARIABLE TagLE I8
ASSIGNED TO THE CORRESPONDING MEMBER OF TWE YO
ARRAY, THE FUNCTIONAL vaALUE 18 ESTIMATED TO
REMAIN CONSTANT AND EQUAL TO THE NEAREST KNOWN
FUNCTION VaLUE,

THE INPUT POINT AT WHICH INTERPOLATION WILL BE
PERFORMED,

A ONE@DIMENSIONAL ARRAY DIMENSIONED (NTAB) IN THE
CALLING PEZOGRAM, UPON RETURN THE ARRAY CONTAINS THE
ESTIMATED VALUE OF EACH PUNCTION AT X0,

ON THE FIRSY CALL IPT MUBT BE INITIALIZED TO -1 80

THAT MONOYONICITY WILL BE CHECKED, UPON LEAVING THE

ROUTINE IPT EOQUALS THE VALUE OF THE INDEX OF THE X

VALUE PRECEDING X0 UNLESS EXTRAPOLATION WaAS

PERFORMED, IN THMAT CASE THE VALUE OF IpT I8

RETURNED A8y

#0 DENOTES X0 ,LY, X(1) IF TME X ARRAY 18 IN
INCREABING ORDER AND X (1) ,GT, X0 IF THE X ARRAY
18 IN DECREASING ORDER,

SN DENOTES X0 ,GT, X(N) IF THE X ARRAY I8 IN
INCREASING ORDER AND X0 LT, X(N) IF THE X ARRAY
18 IN DECREASING ORDER,

ON SUBSEGUENT CALLS, IPT I8 USED A8 A POINTER TO
BEGIN THE SBEARCH POR X0,

ERROR PARAMETER GENERATED BY THE ROUTINE

80 NORMAL RETURN

8J THE JeTH ELEMENT OF THE X ARRAY I8 OUT OF ORDER

=i ZERO ORDER INTERPOLATION PERPORMED RECAUSE
10RDER w0,

®e2 2FRO ORDER INTERPOLATION PERFORMED BECAUSBE ONLY
ONE POINY WAS IN X ARRAY,

=3 NO INTERPOLATION WAS PERFORMED BECAUSE
INSUPFICIENT POINTS WERE SUPPLIED FOR BECOND
ORDER INTERPOLATION,

®ey EXTRAPOLATION WAS PERFORMED

UPON RETURN THE PARAMETER IERR SHOULD BE TESTED IN
THE CALLING PROGRAM,

*I1UNTO1SO
sJUNTO200
*IUNTA210
sIUNTO220
«JUNTO2%0
«IUNTO0240
+JUNTN280
«TUNTNR40
sIUNTO2Y0
*IUNTO280
*JUNTN200
«JUNTOSO00
«IUNTOY10
«TUNTOY20
«IUNTNSSO
*IUNTOYUO
«JUNTO3SO
*IUNTNSSO
«JUNTOIT0
*IUNTOSB0
eIUNTASOD
*IUNTNUOO
*IUNYOU10
*TUNTO0GR0
«IUNTNUYO
*TUNTOAUO
»IUNTOURO
*JUNY04GO
*TUNTOUYO
#JUNTOUAO
*IUNT04QO
*IUNTOS00
*JUNINS10
*1UNTNS20
*TUNY 0SS0
*IUNT 0S40
«IUNTNSSO
*IUNYOSHO
*1UNT 0870
#JUN2OSARO
*IUNTNSQ0
«JUNT0&OO
«JUNT0610
*JUNTOO20
*JUNTOO30
*IUNTOGULO
*JUNTOOSO
*JUNTNGMO
«JUNTO6Y0
*TUNTN6RO
*IUNT 0600
*IUNTIATOO
*IUNTOT10
+TUNTAT20
wJUNTOTYSO
*#IUNTOT4O
«IUNTOTS0
#IUNTOTAO
*JUNTOTY0
*IUNYTOTBO
wIUNTOT900
*IUNTOBOO
wiUNTOB10
*1UNINB20
®*IUNTOBYO
sJTUNTORUO



Cn
Ce
Cn
Co
Cw
Cw
Ce
C»
Cn
Cw
C»
Ce
Cw

(2R alsel

OO AN

oan

OO0

10

20
30

an

S0

60

6%

70

8o

APPENDIX

#IUNTOBSKO

REQUIRED ROUTINES NONE *IUNTNAKD
*IUNTOBTYO

SOURCE CMPB ROUTINE MTLUP MODIFIED *JUNTABRO
RY COMPUTER SCIENCES CORPORATION®IUNTOAARGO

*IUNY0900

LANGUAGE FORTRAN *IUNTOO10
*1UNTNO20

*IUNTO9Y0

DAYE RELEASED AUGUSTY 1,19073 «TUNTO940
sJUNTNORD

LATEST REVISION JUNE 9, 1978 #JUNTNGsO
*IUNTOOYO
C*tttttitttitttiﬁitﬁtiitttittaatttﬂttt*iitﬁt*tﬁiﬁwt*itt*i'ttattﬁiinﬁi*tt!UNTGQBO
DIMENSION X(1),Y(NMAX,1),Y0(1) 1UNTN990
NMisNe{ 1UNT1000
tERRaD TUNT1610
Juy TUNT$020
TUNTI0%0

TEST FOR 2RO ORDER INTERPOLATION TUNTI0UO

TUNT 1080

DELX8X(2)eX(]) JUNT1080
TF (10RDER ,EQ, 0) GO TO tO TUNT10Y0
TF (N,.T, 2) GO TO 20 TUNTI080
60 Y0 s0 TUNT10Q0
1ERRAey 1UNTIt D0
60 T0 30 TUNT1140
T1ERRSe) TUNT1120
DO 40 NTmi,NTAB IUNT1LY0
YO(NTISY(1,NT) TUNTY140
CONTINUE IUNTt1%0
RETURN TUNT1140
¥ (IPT ,GY, =1) GO TO &8 IUNTY1Y0
IUNT11IRO

CHECK FOR TABLE OF NONE POINTS BEING STRICTLY MONOTONIC IUNTI1 90

THE 8IGN OF OELX SIGNIFIES WHETHER TABLE I8 IN TUNT1200
INCREASING OR DECREASING ORDER, TUNT1210
T1UNT1220

tF (DELX ,EG, 0) GO TO 190 TUNT1230
17 (N ,EQ, @) GO T0 o8 TUNTSI240
TUNT 280

CHECK FOR SIGN CONSISTENCY IN THWE DIFFERENCES OF TUNT1260
SUBSEQUENTY PAIRS IUNT1270
TUNT128R0

N 60 Jm2,NM! TUNTI290
IF (DELX # (X(JeideX(J))) 190,190,060 TUNT 1300
CONTINUE TUNT1310
TIUNT 1320

IPT 18 INITIALIZED TO BE WITHIN THE INTERVAL IUNT13%0

TUNT 1340

1F C(IPY LT, 1) IPTal TUNT) 380
IF (IPT .67, NML1) IPTaNM{ TUNT 1360
TNs SIGN (1,0,DELX «( X0eX(IPT))) TUNTI370
Pe X(IPYT) e X0 TUNT 1380
T1F (P& (X(IPT ¢1)e x0)) 90,180,80 1UNT1300
1PT wIPY +IN TUNT (400
TUNT1410

TEST TO SEE IF 1Y 18 NECCESARY TO EXTRAPOLATE TUNT1420
TUNT1UY0

IF CIPT,GT,0 ,AND, IPT ,LT, N) GO TO Yo IUNT1 440
1ERReey TUNT 1 US0
1PTaiPre IN TUNT§460
TUNTI4Y0

TEST FOR ORDER OF INTERPOLATION TUNT1480

TUNT1 4O

TUNT 1800

QOO0
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1F (I0RDER ,6T, 1) RO TO 120
FIRST ORDER INTERPOLATION

IPTInIPTe!
XxXTMPImX0sX(IPT)
XTMP2aX (IPT )eX (IPT)
XTMP{aXTMPY/XTMP2
DO 100 NTsy1,NTAB
YTIMPEY (IPT{,NT)ey(IPT,NT)
YOCNT)IBRY(IPT/NT)eYTMPHXTMPY
CONTINUE
1F (I1ERR ,EQ, ed) IPTIPT+IN
RETURN

BECOND ORDER INTERPOLATION
1IF (N EG, 2) GO YO 200

CHOOSING A THIRD POINT SO AS TO MINIMIZE THE DISTANCE

BETYWEEN THE THREE POINTS USED TO INTERPOLATE

tF (1PY ,EQ, NM1) GO TO 140

1F (IPT LEQ, 1) GO T0 130

AImABS(XO0eX(IPYw{))

A2mABB(X(IPT+2)®X0)

1F(A1eA2)140,130,130

LutPY

60 T0 1S0

LBIPT ol

vieX(L)eXo

vemX(Le1)eX0

ViaX(Le2)eX0

PO 160 NTs1,NTAB

YYIREYCL,NTY & V2 = Y(LoI,NT) o VI)/(X(Let) « X(L))
YY2R(Y (Lol ,NTIaVIaY(Le2,NT) av2)/(X(Le2)mX(L41))
YOUNTISCYY1aVInYY2ayi)/(X(Le2)eX (L))

160 CONTINUE

180

188

190
200

tF (IERR LEQ, wd) IPTEIPT ¢ IN
RETURN
1F(P NE, 0) IPTWIPT +i
DO 188 NTmi,NTAB
YOUNTIRY(IPT,NT)
CONTINUE
RETURN

IERR 18 SET YO THWE SUBSCRIPY OF THE MEMBER OF THE TABLE

WHICH 18 OUY OF ORDER

1ERRmJ] +1
RETURN
1FRRew}
RETURN
END

IHINT IS0
Turiv 820
TUNT RO
TUNTIS00
TUNT 1580
TUNT 1840
TUNT 1870
TUNTI8A0
IUNT %90
IUNTY600
TUNT 1610
TUNT1620
TUNT16%0
IUNT 1640
TUNT 1680
TUNT1660
TUNT 1670
IUNT1680
IUNT$600
funt§700
TUNTLT710
TUNT1720
TUNTST730
TUNT1 740
TIUNY1 780
TUNT1760
IUNTLTY0
TUNTIY80
TUNT$790
1UNTSARQ0
IUNTY810
IUNT 820
TUNTI830
TUNT 1840
IUNT 1880
IUNT 1860
TUNT 1870
TUNT{ARD
1UNT 1890
TUNT 1900
IUNT1910
T1UNT 920
IUNT1930
TUNT1940
IUNT 1980
IUNT 1960
TUNT 970
TUNT (980
IUNT1990
1UNT2C00
TUNT 2010
TUNT2020
IUNTD030
TUNT2040
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Figure 1.- Analytical model of flow over nozzle boattail.
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Figure 10.- Continued.
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Figure 11.- Comparison of experimental and predicted pressures for equivalent

M_= 0.8 and NPR = 2.5.
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Figure 12.- Flow chart for program DONBOL.




#xTEQT Ca8Ees L /Dm9 FORERODY L/0m0,8 DB/Dm0,51 CIRCULAR ARC NOZZLE NPRsS, 0%

2 15 1 Y 19 2 2 1 113 t3s 1 138 1 1
0,80 100720,0 324,44 0,152¢4 0,0182419%
1,000 332342,7 29%,S6 0,2%0
167

o 060000 ,076271 . 152842 228814 , 305088 23811356
,asvo:? ,533898 ,5610169 NCLTYT R 762712 ,83808%
018254 9915285 1,067797  1,144068 1,220339 §,296610
1,372881 1,449153 1,52%420 1,601695 1,677966 1,754237
| ASOSOB 1,906780 {,983051 2,059322 2,135593 2,211864
2, 288!36 2.364407 2,440678 2,%16949 2,%93220 2,669492
z 748763 2,82203¢ 2,89830% 2,974576 3,0%0847 3,127119
3 203300 3,279661% 3,385032 3,432203 3,508475 3,584746
3, "661017 3,737288 3,B13%859 3,889831 3,966102 4,042%37%
a,1iabaa 4,19491% 4,271188 4 ,%47488 4,423729 4,500000
4,876271 4,652542 4,728814 4,80508S 4,881356 4,957627
5,033898 S 110169 S, 186441 S5,262712 9,338983 S5,4152%4
s ,u9182% S, *s67797 5,644068 §,720339 5,796610 5,87288%
s, SITICE 6,028424 6,10169% 6,177966 6,2%4237 6,330%08
o,aob7eo 6.063051 6,%59322 6,63%593 6,711Bbu  6,78813s
6,864407 6,940678 7,016949 7,093220 7,169492 7,245763
7,322034  7,398308 7,47u87e 7,850847 7,627119 7,703390
v L779661 7,8%5932 7,932203 8,00847S B,08474s B,161017
3,237236 8,3135%9 8,389831 B8,u66102 8,50237% B,618844
8,694915 B8,771186 8,847458 8,923729 9,000000 9,050000
9,100000 9,150000 9,200000 9,2%50000 9,300000 9,350000
o,aonooo 9,450000 9,%00000 9,850000 9,600000 9,6%0000
9,700000 9,750000 9,800000 9,8%50000 9,900000 9,950000
10,000000 10,050000 10,100000 10,1%50000 10,200000 10,250000
10 ,300000 10,350000 10,400000 10,450000 10,%500000 10,550000
10,600000 10,664862 10,72912% 10,793687 10,858250 10,922812
10,987375 11,051937 11,116%00 11,181062 11,24%62% 11,310187
11,;74150 11,4039312 11,90387S 11,568437 §1,633000
0,000000 019011 038021 087032 076043 1098053
110060 .133078 182088 171096 190107 0209117
,zaaxze L247139 265867 «2838%0 +301088 +317884
.$33344 348371 362570 376244 «389097 401232
LU12683 423362 43336t JUU2684 48124y ,459130
L066317 LU72806 L,478894 483695 L 4BBO99 ,491809
,u9aaz7 L497158 498794 ,499738 «500000 +500000
,500000 500000 .500000 2500000 .500000 «500000
sooooo .500000 500000 500000 «500000 »500000
500000 ,500000 .500000 «500000 500000 2500000
,sooooo .500000 .500000 500000 500000 500000
2300000 .500000 +500000 500000 «500000 2500000
,500000 ,500000 .%500000 500000 «8%00000 2500000
soOOoo ,500000 ,500000 +8500000 500000 500000
sooooo ,500000 ,500n00 »500000 500000 .500000
.sooooo .500000 2900000 .500000 500000 500000
2500000 .900000 ,500000 +500000 «500000 «500000
,sooooo ,500000 .500000 +500000 «500000 «500000
2500000 500000 2500000 .%500000 .500000 +500000
,100000 500000 500000 2500000 500000 499128
p 96496 JH492104 248593} +U77986 Ub81Us s4S6UbY
,402859 Ju2r2T? LU09608 ,389888 367897 0343565
,319750 287298 ,2%5000 . 250000 +2%0000 «2%0000
» 250000 .,2%0000 .2%0000 .2%0000 .2%0000 «2%50000
;Soooo .250000 +250000 2250000 .2%0000 .2%0000
,250000 ,2%0000 ,2%0000 .2%0000 .2%0000 .250000
»2%0000 +2%0000 2250000 .2%0000 »2%0000 250000
.250000 250000 .2%0000 .2%0000 +2%0000
10
8,800000 9,000000 9,200000 9,400000 9,600000 9,800000
o ,A00000 9,800000 9,800000 9,800000
o 60000 ,600000 ,600000 ,600000 600000 ,L,600000
.550000 500000 480000 2400000

Figure 13.,- Sample input data
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DONBOL eese AN AXISYMMETRIC INVISCID/VISCID INTERACTION PROGRAM
BY LAWRENCE E, PUTNAM, NASA, LANGLEY RESEARCN CENTER
CASFE TITLE o #oTEST CASEw* L /Dm9 FOREBQDY L/Ds0,8 DB/Dw0,S1 CIRCULAR ARC NA2ZLE NPRaS,03

asnns CASE CONTROL ODATA snnws

OFFeBODY POINTS

LABRUJERE COMPRESSIBILITY CORRECTION

MODIFIED RESHOIND TULKER BOUNDARY LAYER BOLUTION
PRESZ MOOIFIED CONTROL VOLUME DISCRIMINATING STREZAMLINE SOLUTION
PRESZ CONTROL VOLUME SEPARATION _OCATION CRITERIA
START SEARCH FOR SEPARATION AT I = {13

END SEARCH FOR SEPARATION AT I » 13§

JET EXHAUST PLUME CALCULATION

NOZZLE EXIT AT I = 138

SMOOTH AERODYNAMIC CONTOUR

8MOOTH PRESSURE DISTRIBUTION

FREE STREAM CONDITIONS
MACH NUMRER . .800
TOTAL PRESSURE s 100720,000 PASCALS
TOTAL TEMPERATURE w 324,440 KELVIN
REYNOLDS NUMBER . 12,182 MILLION PER METER

JET EXHAUST CONDITIONS AT NOZZILE EXIT
MACH NUMBER . 1,000

TOTAL PRESSURE 8 332%42,700 PASCALS
TOTAL TEMPERATURE = 295%5,%60 KELVIN
NPR ] 5,030

(a) Page 1.

Figure 14.- Sample output data.
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REQUIRED

REQUIRED
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FOR
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FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
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CaTEST CASEws

MO w ,8000

ROUNDARY LAYER SEPARATION AT X/L ®

X/L

60,0000
p 0783
»1%28
p 2288
, 3081
»3814
p 4876
»53%9
p6102
, 6864
’7627
’8390
, 9183

,9915

1,0678

1'1001

1,3203
1,2966
1,3729
1,4492
1,82%4
1,6017
1,6780
1,7502

1,8308

1,9068

1’9631

2,0%593

2,13%6

2,2119

2,2881

2,3644

z,qao?

2,8169

2,5932

R/L

0,0000
0190
<0380
+0870
0760
0991
W114Y
130
195214
1711
s1901
02091
«2281
2471
«26%9
2839
3011
23176
«3333
, 3484
«3027
3762
038914
Ju012
4127
L4234
4334
YT :
0812
J4591
Jub63
U728
4786
s U837
Jussy

TT & 324,48 KELVIN

cP

1,1704
Luaso
2840
1 2038
2318
2183
2082
1922
1788
1044
1684
1282
1023
0722
L0472
0289
0066

v, 0111

=, 0274

., 0427

.,0869

e,0701

., 0823

-, 0938

s,1038

*,1130

e, 1214

., 1287

., 13%4

w, 1403

-, 1048

o, 1478

., 1492

., 1496

cr

0008
,0098
,0067
(0038
L0084
0081
,0049
,0047
L0048
,0048
L0044
,0043
0043
L0042
L0042
,0041
L0041
,0040
,0039
40039
,0038
,0038
L0037
,0037
0036
.0036
L0038
,0038
0034
,0034
L0033
,0033
,0033
,0032
0032

100720,0 PASCALS

PT =
9,.,529286
cop cor
0,0000 10,0000
20006 40000
0028 .,0001
, 0041 $0003
0066 ,0008
0097 0007
20133 20000
L0173 0013
J0216 0016
0261 0020
,0308 0024
0386 0029
0401 «0034
L0443 0040
J04T6 10040
L0500 ,008%3
0914 ,0060
L0821 0087
0820 L0078
,0512 ,0084
L0408 0092
L0478 +0101
,0u82 0110
0423 0119
0394 . 0129
0388 0139
,0318 0149
0280 ,01%9
L0241 20169
,0204 0179
0167 20190
,0132 00200
,0100 0211
L0071 0221
L0048 0232

L

LsDe9 FOREROOY L/Dw0,8 DB/Dm0,S1 CIRCULAR aRC NOZILE

NPReS,0%

ITERATION NO

o182400 METERE

SREF =

15

018242 80 MEYERS

BOUNDARY LAYER REATTACHMENT AT X/L ® 11,633000

cot RD8/L
0,0000 00,0000
,0007Y 0190
0022 0380
L0043 0970
L0071 L0760
0104 . 0984
00142 o114y
L0185 133y
0232 1921
0281 L1711
0332 1901
0388 ,2091
J0u3e 2281
10483 2474
. 0522 12689
,05%2 L2839
L0574 304y
0588 3176
0598 23338
. 0598 . 3484
. 0890 <3027
0879 3702
0563 3891
0843 U012
0520 U112y
049 4234
L0486y  La3vy
20439 JUu2y
0410 L4812
0383 L4591
L0357  Lubey
+0332 L4728
+0311 LuT8s
L0292  Lud37
L0277 LuB8y
{(c) Page 3.

RC/L

,0001
0191
,038%
L0578
,0767
,0958
,1180
L1341
1532
T
,1918
L2108
2297
L2488
L2678
L2856
,3029
,3198
, 3384
3808
3649
3786
3916
4038
, 4183
L4202
(4363
L, 4us?
LU844
Lu6du
L4698
L4764
L4823
L4876
L4921

Figure 14.- Continued.

DEL w/L

0,0000
pn00!4
20003
0008
p 0006
20008
«0009
»0010
L0011
,0012
»0013
p 0014
50018
p0036
»0017
p0018
,0019
50020
p0021!
20022
<0023
,0024
»0028
20027
»0028
»0029
»00%0
,00%2
50033
20034
20036
,00%7
»0039
0040

DEL/L

0,0000
0010
0023
s0038
«004S
00084
0063
0071
10079
0086
+0093
0100
0107
0113
0118
0124
«0136
0143
20190
0187
20164
0171
0178
«018S
20193
«0201¢
0208
0217
0228
«0233
0242
,025%1
20260
20270

THETA/L

0,0000
20001
0002
«0003
« 0004
0008
0006
<0007
10007
+0008
20009
0009
0030
«00t0
00114
40011
40012
00012
00013
00014
0014
20015
10016
0016
0017
0018
0018
20089
20020
200214
20021
+ 0022
0023
0024
20028

H

0,0000
1,317
1,4627
1,48064
1,4909
1,4944
1,4974
1,5003
1,5030
1,5086
1,5082
1,5108
1,5131
1,5188
1,5197
1,5262
1,5332
1,%5398
1,%460
1,%5%17
1,587
1,5620
1,5667
1,571
1,5783
1,9792
1,5829
1,864
1,5897
1,%928
1,99%7
1,5984
1,6000
1,0032
1,6084
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waTERT CASEen

MO & L8000

ROUNDARY { AYER BEPARATION AT X/ 8

X/L

2,6698
2,7us8
2,8220
2,8983
2,9746
3,0%08
13,1271
§,2084
b ] 2707
3 15%9

4322
3,805
3,8847
3,6610
3,7313
! 8136
s,aaoa
33,9661
a pauad

11ae
0’1909
4,272
4,308
a,azs?
4,8000
4,8763
4 5825
a,vzaﬂ
4 8051
a,gnga
4,9876
$,0339
s/ p1102
S,gabﬂ
s,2627

R/L

Lu918
L4948
Lu972
L,u988
L4997
,3000
+8000
28000
8000
+8000
+5000
,5000
5000
28000
+5000
8000
5000
25000
25000
5000
»8000
,5000
,%000
25000
28000
25000
+5000
,5000
+5000
5000
28000
5000

TT ® 324,44 KELVIN PY

ce

o, 1484
e, 1482
., 13907
'ollla
o, 1173
., 0979
», 0790
®, 0668
e,0876
., 0508
®, 0484
'.0“11
0, 0374
e,0343
,0317
», 0294
.,0278
.‘0257
e, 0242
®,0229
.,0217
e, 0206
®,0197
e,0188
v, 0180
®, 0173
®,0167
e,0881
®,0186
., 0182
s, 0148
w, 0144
014}
.,0138
*,0138

cr

+0031
, 0031
0030
L0030
.0029
40028
.0028
L0027
0027
0027
,0026
,0026
.0026
.0026
0026
,0026
0026
00258
,0025
,0028
0025
0028
0028
,0028
,0028
,0028
0028
0025
0028
0024
0024
,0024
0024
L0024
0024

® 100720,0 PASCALS

9,9529286
copP cor
0024 0242
,0006 » 0282
», 0007 0262
v,0016 0272
e, 0021 ,0282
e, 0022 0291
e,0022 20300
e, 0022 0309
w,0022 0318
w0022 0326
-, 0022 033§
-, 0022 ,0343
v, 0022 ,0351
e, 0022 20389
., 0022 ,0387
=, 0022 0378
s, 0022 .038%
e,0022 20394
-,0022 .0399
e, 0022 0407
v, 0022 20418
»,0022 0423
e, 0022 0430
e, 0022 0438
e, 0022 J0446
e, 0022 L0uSy
e, 0022 0461
e,0022 10069
e, 0022 L0476
w,0022 ,0484
v, 0022 2049y
=,0022 20499
-w,0022 20506
., 0022 «0814
e, 0022 <0821

L

L/D®9 FOREBODY L/D®0,8 DB/DW0,SY CIRCULAR ARC NOZZLE

NPRES, 0%

ITE

152000 METERS

RATION NO

SREF s

18

018242 S0 METERS

BOUNDARY LAYER REATTACHMENT AT X/L & 11,633000

co7Y RDS8/L

0266 4918
L0258 4948
.025% JN9T72
0256 ,u988
0264 L4997y
L0270 5000
20279 8000
0288 5000
,0296 5000
,0308 ,5000
+0313 3000
.0321 %000
,0329 %000
L0338  ,8000
0346 ,5000
, 0384 ,5000
.0362 8000
0370 .5000
«0377 5000
. 0388 ,5000
,0393 ,5000
W040t ,5000
10409 ,5000
0416 23000
L0424 .5000
40432 5000
L0439 8000
L0uu? 8000
L0488 8009
0462 %000
L0470 ,5000
$ 0077 5000
s 0485 5000
L0092 ,5000
. 0800 ,5000
(d) Page 4.

RC/L

L4960
4992
5018
5036
,5048
85054
5058
5060
5063
5065
5067
3069
,3071
5073
8074
,507¢
,5078
5079
,5081
5083
5084
,5086
5088
5089
5091
5092
8094
5098
,5097
,5098
5100
,5101
,5103
,5104
5106

Figure 14.- Continued.

DEL »/L

p0042
,ooua
p 0046
ooaa
nos!
005“
oosa
,oOoo
20063
,ooss
20067
» 0069
oovl
0073
007u
,ooro
20078
L0079
,00814
,00a3
L0084
» 0086
L0088
ooao
,oooi
.0002
0094
,009%
ooov
ooqa
,oioo
L0101
olo!
,0100
0106

DEL/L

0280
0290
20304
08513
203298
20339
« 0353
+ 0366
«0380
20393
s0406
,0419
0432
J0Udd
J0usSY
40469
J0uBY
20493
+ 0804
«0516
.0528
0839
« 0580
+ 0562
0873
2, 0584
20898
20608
0616
0627
+0638
«0648
+06%8
20669
L0679

THETA/L

0026
0027
0029
0030
0032
20033
,0038
20087
10039
10040
20041
20043
0044
s 0048
0046
004y
,0048
0080
20084
20052
,0083%
20084
0088
20088
0087
.0088
0089
0060
:0061
20062
,0063
20064
20065
20068
200867

H

1,6075
1,6098
1,6116
1,6138
1,6169
1,6240
1,6244
1,623
§,0217
1,6196
1,617¢
1,6182
1,6130
1,6108
1,6087
1,6068
1,6049
1,6034
1,6018
1,5999
1,598%
1,5971
1,59%8
1,%946
1,5938
1,5924
1,%914
1,%90%
1,5896
1,5888
1,5880
1,5872
1,5868
1,58%9
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*aTEST C

MO o

ROUNDARY LAYER SEPARATION AY X/L ®

X/L

5 1390
S 4183
5,a°15
5,868
s phuul
220!
5,7966
5,8729
S QuU92
6,0284
6, 1017
,1780
6 2842
6 3305
6,068
6,4831
6'5503
6,6386
6,7119
6,7881
6,8644
6,0007
17,0169
7 09%2
7,1695
7,2056
7,%220
7,3983
T,4746
7,5300
7 5211
7 »70%4
7,7797
1 asso
1 9322

ASEea L/Dm9 FORERODY L /Dm0,8 DB/D80,51 CIRCULAR ARC NDZ2ZLE

8000

R/L

+5000
18000
25000
15000
,5000
+%000
48000
9000
«%000
+5000
18000
«5000
5000
25000
5000
+5000
5000
.5000
+5000
18000
+5000
+85000
85000
+5000
8000
+5000
+5000
,5000
8000
+8000
«5000
25000
5000
5000

TT ® 324,44 KELVIN

cP

*,0133
-, 013¢
®,0130
e,0128
v, 0127
., 0127
e,0126
®,0126
*, 0126
e, 0127
e,0127
.,0128
®,0130
°,013¢
°,0133
*,013%
»,0138
o, 01414
-,0144
e, 0148
-, 0183
e, 0187
., 0163
o,0169
e,0178
.,0184
..0192
s, 0202
e, 0213
v, 0228
=,0239
»,025%%
*,027%
.,0294
., 0317

cr

o024
0024
0024
,0024
0024
0024
0024
0024
0023
0023
0023
0023
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