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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.) In 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 COSMIC, 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 ) )

CD boattail pressure drag coefficient, Drag/q^A

CDF skin-friction drag coefficient

CDP 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

dfc DB base diameter

H H boundary-layer shape factor, 6*/@

L length of body of revolution

L reference length

I length of nozzle or boattail

M MO Mach number

NPR ratio of jet total pressure to free-stream static pressure,
Pt, jet/Poo

Reynolds number based on distance from nose of model to start
of boattail



p static pressure

pt PT total pressure

q^ free-stream dynamic pressure

R gas constant

RC body radius corrected for 6* 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

Tt TT total temperature

Vr VR ratio of radial velocity to free-stream velocity

VT ratio of local velocity to free-stream velocity

Vx VX ratio of axial velocity to free-stream velocity

x X axial coordinate of cylindrical coordinate system with origin
at nose of body of revolution

Ax axial distance downstream of start of boattail

Y ratio of specific heats

DEL boundary-layer thickness

6* DEL* boundary-layer displacement thickness

ETA local flow angle

9 THETA boundary-layer momentum thickness

Subscripts:

a analogous configuration (see eqs. (1) to (6))

des design conditions of nozzle

e exit

exp experiment



jet jet

p predicted

s separation

oo 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. In 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:

ra = r (2)

where

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

Vx,a
Vx = — (4)

B2

Vr = —— (5)
B2



where

B = l - M^d + vXfa) (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
basedLgn 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. Initially, 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:

(7)

Pe = <3cocp,e + Pco <8)

If

Pt,jet JPt\
I /

Pe \P /des

then

Mjet = Maes <9>



If

Pt,jet / Pt\
= i i

Pe \P /des

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

Mjet =
Y - 1

- 1
Pe

(10)

Then

T- ' \/MJet (11)

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

(12)

M = IY _ i - i (13)

and

r *
- - \ M
r \ \ 2

/2 (Y-l ) / , v - (Y+l ) /2 (T-l
1+ - M2 (14)

Then

re r*/r
(15)
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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 K^ = 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.



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. Ideally, 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. In 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 j/D = 1.768, d̂ /D = 0.51
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 under predicted. However, | fetVor of
the differences between theory and experimental drag are within the accuracy of
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_agrgement between the predictions of the pres.ent-method and experi-
ment depends on the chosen separation criterion. In reference 21 Abeyounis
showed that a criterion predicts significantly different locations for separa-
ĵpn̂ tepen?ilig~orrwhether the theoretical inviscid pressure distribution or the
experimental pressure distribution is used. This result suggests that the pre-
dicted separation location may also be a function of the iteration algorithm
ilsed~'i'n_a pat_che3~visCPUS-invisc'id~~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 figure 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 i/D = 0.8
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
Z/D = 0.8, djj/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
actual separation location increases with increasing free-stream Mach number,
the agreement in pressure distributions between theory and experiment deviates
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
Mach numbers for which the theory is applicable.

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 figure 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 i/D = 0.8, d̂ /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
MOJ, = 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 TAPES 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 This routine reads the input data, stores the x- and r-coordinates on
TAPE!3, and controls the iteration procedure. All primary overlays
are called from this routine.

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

BASIC! 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.

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

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 XYZ1 and XYZ2.

XYZ1 This subroutine performs the integration of the effects of the con-
stant strength source for points within a specified radius of the
singularity.

XYZ2 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 BLIP.

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

TWO This routine initializes parameters for call to MISNA2.

MI SNA2 This subroutine calculates the strengths of the source panels by
solving the matrix equation using a Seidel iteration procedure.

THREE This routine initializes various parameters and then calls subroutine
AXIS. The pressure coefficients computed by AXIS are then written on
TAPE! 3.

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

FIVE 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 TAPE!3. The inviscid jet plume
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exhaust flew boundary and velocity are calculated. The viscous sub-
routine package is called to obtain boundary-layer parameters and the
corrected effective body 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 TAPE? 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 1 3.
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 ; identification.- Card 1 contains any desired identifying informa-
tion in columns 1 to 80.

Card 2; 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

FORTRAN name

I SWITCH

IPRINT

IPUNCH

16 to 20 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 ISWITCH = 3, boundary-layer solution only.

Iteration number to start printing results.

Punch option code: If IPUNCH greater than 0,
last iteration is written on TAPE? in for-
mat necessary for a restart of solution. CP
for last iteration also written on TAPE?.

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

12



Columns FORTRAN name Description

21 to 25

26 to 30

31 to 35

41 to 45

46 to 50

51 to 55

56 to 60

61 to 65

66 to 70

ITERMAX

IMACH

ISEP

INT(3)

INT(4)

INT(5)

INT(6)

INT(7)

IFLAG5

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

Compressibility correction code:
If IMACH = 1, Goethert compressibility cor-
rection used.

If IMACH = 2, Labrujere compressibility cor-
rection used.

Separation location criteria code:
If ISEP = 0, no separation model used.
If ISEP = 1, separation location specified
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.

X-array location to start search for
separation.

X-array location to end search for separation.

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.

X-array location of nozzle exit.

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.

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 TT 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^.

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 guess of the shape of the jet plume boundary must be
included in the description of the body geometry.

14



Off-body points: If the flew is to be calculated at any off-body points
and IFLAG5 > 0, then the following cards must be input. First the number of
off-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 TAPE? 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/L 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. in 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,

15



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 in radians, the local Mach number ML, and the local pressure
coefficient CP.

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, 1 979
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

OVF-RLAYtLINK,0,0)
PROGRAM DONBOL ( I NPUT"201,OUTPUT"201,TAPE5,TAPE6«OUTPUT, TAPE3» 1001, DON 1
lTAPE4»l001»TAPE9*1001»TAPEmi001,TAPEl2«1001,TAPEl3-1001,TAPE7«1000N 2
201)

*************

INPUT

CARD COL

1 1*80

? 1-5

2 6-10

2 11-15

2 16*20

2 21-25

CARD COL

2 26*30

2 31*35

2 36*40

2 41*45

2 46*50

DON 3
DON ti
DON 5

:*****************************************************DON 6

*DON T
DAT* DESCRIPTION FOR PROGRAM OONBOL *OON A

*DON 10
NAME DESCRIPTION *DON 11

*DON 12
HEOR CASE DESCRIPTION *DON 13

*DON 14
ISW1TCH CALCULATION OPTION CODE . *DOW 1 "S

IF ISWITCH"! POTENTIAL FLOW SOLUTION *DON 16
ONLY, *OON IT

IF ISwITCH-2 BOUNDARY LAYER EFFECTS ON*DON Ifl
PRESSURE DISTRIBUTION ARE INCLUDED *OON 19
IN SOLUTION USING AN ITERATION *DON 20
SCHEME. *DON 21

IF ISWITCH-3 BOUNDARY LAYER SOLUTION *DON 22
ONLY, *DON 23

*DON 24
IPRINT ITERATION NUMBER TO START PRINTING *DON 25

RESULTS, *DON 26
•DON 27

IPUNCH PUNCH OPTION CODE • IF IPUNCH GREATER *DON 2*
THAN o LAST ITERATION ON TAPE 7 IN *DON 29
FORMAT NECESSARY FOR A RESTART OF *DON 30
SOLUTION, CP FOR LAST ITERATION ALSO *DON 31
WRITTEN ON TAPE 7. *DON 32

*DON 33
ITERA ITERATION NUMBER FOR FIRST CALCUL AT ION*DON 34

OF THIS 8UBMITTAL *OON 35
*DON 36

ITERMAX MAXIMUM NUMBER OF ITERATIONS (LESS *DON 37
THAN OR EQUAL TO 20) *DON 30

•DON 39
•DON 40
•DON 4t

NAME DESCRIPTION *DGN 42
•DON 43

IMACH COMPRESSIBILITY CORRECTION CODE • *DON 44
IF IMACH«I GOETHERT COMPRESSIBILITY *DON 4*.

CORRECTION USED. *DON 46
IF IMACM-J LABRUJERE COMPRESSIBILITY *DON 47

CORRECTION USED. •DON 4»
•DON 49

ISEP SEPARATION LOCATION CRITERIA CODE • *DON 50
IF I8EP»0 NO SEPARATION MODEL USED. *DON 51
IF ISEP«1 SEPARATION LOCATION *DON 92

SPECIFIED BY USER. •DON 53
IF ISEP»2 PRESZ CONTROL VOLUME *DON 5tt

CRITERIA USED. *DON 55
IF I8EP-3 GOLD8CHMIED CRITERIA USED, • DON 56
IF ISEP«4 MODIFIED PAGE CRITERIA USED,*DON 57
IF ISEP-5 STRATFORD CRITERIA USED. *DON 5«

•DON 59
NOT USED, *DON 60

•DON 61
INT(3) X. ARRAY LOCATION TO START SEARCH FOR *DON 62

SEPARATION. *DON 63
•DON 64

INT (4) X. ARRAY LOCATION TO END SEARCH FOR *DON 6?
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

51-55

56-60

61-65

66-70

CARD

3

3

3
3

3

3

4

4

4

4

5

6

COL

1-10

11-20

21-30
31-40

41-50

51-60

1-10

11-20

21-30

31-40

1-5

1-60

1-60

INT(5)

INT(6)

INT(7)

IFLAG5

NAME

MN

PT

TT
REFL

8RPF

xSEPNn

XMJET

PTJFT

TTJET

RJET

NN

IF IFLA68 GREATER THAN 0

CARD COL NAME

8 1-5 NN

9 1-60 X(I),I«1,NN

SEPARATION.

JET PLUME AND ENTRAPMENT OPTION •
IF INT(5)«0 OMIT JET PLUME AND

ENTRAPMENT CALCULATIONS,
IF iNT(5)«i INCLUDE JET PLUME AND

ENTRAPMENT CALCULATIONS,

X.ARRAY LOCATION OF NOZZLE EXIT.

• DON
• DON
*DON
• DON
*OON
• DON
• DON
*DON
• DON
• DON
*DON
• DON
• DON

DESCRIPTION

FREE STREAM MACH NUMBER,

FREE STREAM TOTAL PRESSURE, PASCALS

SMOOTHING PARAMETER •
IF iNTtmo NO SMOOTHING.
IF INT(7)«1 AERODYNAMIC BODY CONTOUR
AND PRESSURE DISTRIBUTION ARE SMOOTHED*DON

• DON
AN INTEGER WHICH IF GREATER THAN 0 *DON
SPECIFIES THAT OFF BODY POINTS ARE TO *DON
BE CALCULATED. *DON

• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON

FREE STREAM TOTAL TEHPERATURE, KELVIN •DON
REFERENCE LENGTH . FACTOR REQUIRED TO «DON
CONVERT INPUT VALUES OF x AND P. TO *DON
METERS, *OON

• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON

THE X-COOHDINATES OF THE POINTS DEFIN-^DON
INC THE BODY, DATA 18 INPUT WITH A *DON
FORMAT OF 6F10.6, MAY BE MQRE THAN ^DON
ONE CARD *DON

• DON
THE R-COORDINATES OF THE POINTS DEFIN«*OON
ING THE BODY, DATA is INPUT WITH A *DON
FORMAT OF 6F10.6. MAY BE MQRE THAN *DON
ONE CARD *DON

• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON
• DON

REFERENCE AREA, so METERS
THE X-COORDINATE OF THE SEPARATION
LOCATION. REQUIRED IF ISEP«1.

MACH NUMBER OF JET AT NOZZLE EXIT.

JET TOTAL PRESSURE, PASCALS
JET TOTAL TEMPERATURE, KELVIN

RADIUS OF NOZZLE EXIT

NUMBER OF COORDINATES FOR BODY

66
67
6A
69
70
71
72
73
74
75
76
77
7«
79
BO
81
«?
M
84
85
86
*7
88
89
90

93
94
94A
95
96
97
98
99
100
101
102
103
1 04
10"!
106
107
1"8
1 09
1 10
1 1 1
112
."3
1 14

115
116
117
118
1 19
120

THE FOLLOWING CARDS MUST BE INPUT
DESCRIPTION

NUMBER OF OFF BODY POINTS
THE X-COORDINATES OF THE OFF BODY

123
124

126

128
129
130
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to
20

SO

SO

POINTS, DATA is INPUT WITH A FORMAT *DON i3i
OF 6P10.6. MAY BE MORE THAN ONE CARD,*DON 132

•DON 133
10 1-60 R(I),I«l,NN THE R-COORDINATE8 OF THE OFF BODY *OON J34

POINTS, DATA is INPUT WITH A FORMAT *DON 135
OF 6P10.6. MAY BE MORE THAN ONE CARD,*DON JS6

•DON J37
IF I8WITCH 18 EQUAL TO 3 THE FOLLOWING CARD MUST BE INPUT *OON 138

•DON 139
CARD COL NAME DESCRIPTION *DON 140

•DON \ti\
11 1-60 CP(I),I»1»NN PRESSURE COEFFICIENT AT EACH X. *DON 14?

COORDINATE ON BODY, DATA 18 INPUT *DON 143
WITH A FORMAT OF 6F10.6, MAY BE MORE *DON
THAN ONE CARD. *OON

• DON
145
146
147

COMMON HEOR(8),ISWITCH,IPUNCH,ITERA,ITERMAX,IMACH, I SEP, I NT
lG5,FLG05,MN,APT,ATT,RfFL,8REF,XSEPND,NN,BDN,ND(2),NT,NSlGA
2AMJET,PTJET,TTJET,RJET,R8TAR
COMMON /SAVE/ VOUM(951)
DIMENSION X(200), R(200), CP(200)
INTEGER FLOOS.BDN
PEAL MN

LINK«4LLINK

60

c
c

00 10 I«l,200
CP(I)"0.0
READ (5, TO) HEDR
IF (EOF(S)) 60,30
READ (5,eo) ISWITCH,IPRINT,IPUNCH,ITERA,ITERMAX,IMACH,ISEP
l.I«2,7),IFLAG5
READ (5,90) MN,APT,ATT,REPL»8REF,XSEPND,AMJeT,PTJET,TTjET,
READ (5,60) NN
READ (5,90) (X(I),I«1,NN)
DO 40 IZ«1,2
IF (IZ.EQ.I.OR.ITERA.GT.O) READ (5,90) (R( I ) , I»l , NN)
WRITE (IS) NN,(X(I),I«1,200)
WRITE (13) NN,(R(I),I«1,200)
CONTINUE
IF ((I8WITCH.EQ.3).OR.(ITERA.GT.O)) READ (5,90) (CP(I),I«1
WRITE (13) (CP(I), 1*1,200)
IF (ISWITCH.EQ.J) CALL OVERLAY (LINK, 5,0)
IF ((ISWITCH,EO,1).OR,(I8WITCH.EO,2)) GO TO 50
GO TO 20
IF (ITERA.GT.ITERMAX.ANO.IFLAGS.EO.O) GO TO 20
REWIND 3
REWIND 4
REWIND 9
REWIND 11
REWIND 12
REWIND 13
CALL OVERLAY (LINK, 1,0)
CALL OVERLAY (LINK, 2,0)
CALL OVERLAY (LINK, 3,0)
IF (IFLAG5.GT.O,AND.ITERA.GE.(ITERMAX*l)) GO TO 20
CALL OVERLAY (LINK, 5,0)
ITERA«ITERA»1
GO TO 50
CONTINUE
STOP

DON
DON

(B),IFLADON
,1PRINT,DON

DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON

,(INT(I)DON
DON

RJET DON
DON
DON
DON
DON
DON
DON
DON

,NN) DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON
DON

150
151

153
154
155
156

159
160
161
162
163
164
t65
166
167
168
169
170
1T1
172

174
?75
176
!**
Iff
17Q
180
181
18?

186
187
188
189
190
191
192
193
19U
195
196
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70 FORMAT (8A10) DON J97
80 FORMAT (1615) DON }9«
90 FORMAT (6F10.6) DON 199

END DON 200"
OVERL*Y(LINK,1,0)
PROGRAM ONE ONE 1

C ONE 2
C 'CONTROL FOR BASIC DATA AND FORM MATRIX ONE 3
C ONE U

COMMON HEDR(8),l3WITCH,IPUNCH,ITERA,rTERMAX,IMACH,lSEP,lNT(8),IFLAONE 5
1G5.FL<S05,MN,APT,ATT,REFL,3REF,XSEPNO,NN,60N,ND(2),NT,NSIGA,IPRINT,ONE 6
2AMJET,PTJET,TTJET,RJET,R8TAR ONE 7... ... . ........ n.,_... . ... ......A.. .......... .-„.,_ „

9
10

2AMJET,PTJET,TTJET,RJET,R8TA» ONE
COMMON /CL/ Xl(200),Yl(200),X2<200),Y2(200),DEL8(200),SlNA(200),COONr
18A(200),XP(200),YP(200) ONE
COMMON /TL/ TX 1 (200),TY1(200),NG(200),TG(200),ALFA(200),R3D3(200),ONE
1DALFC200),TEMP(1017) ONE
INTEGER FLG05,BDN ONE 12
REAL MN.NG ONE 13

C ONE lo
c OUTPUT CASE CONTROL DATA ONE 15
C ONE 16

PLG05«0 ONE 17
IF (ITERA.GT.O) GO TO 10 ONE 18
WRITE (6,250) ONE 19
WRITE (6,20) HEDR ONE 20
IF (IPLAG5,GT,0) WRITE (6,50) ONE 21
IF (IMACH.EQ.l) WRITE (6,00) ONE 22
IF (IMACM,EQ,2) WRITE (6,50) ONE 23
WRITE (6,60) ' ONE 20
IF (ISEP.CO.O) WRITE (6,70) ONE 25
IF (I8EP.GT.O) WRITE (6,80) ONE 26
IF (ISEP.EO.l) WRITE (6,90) XSEPNO ONE 27
IF (ISEP.60,2) WRITE (6,100) ONE 28
IF (I8EP.E0.5) WRITE (6,110) ONE 29
IF (ISEP.eO.O) WRITE (6,120) ONE 30
IF (ISEP,EO,5) WRITE (6,130) ONE 31
IF (ISEP.GE.2) WRITE (6,l«0) INT(3) ONE 32
IF (I3EP.GE.2) WRITE (6,150) INT(O) ONE 33
IF (INT(S).GT.O) WRITE (6,160) ONE Sa
WRITE (6,170) INT(6) ONE 55
IF (INT(7).GT,0) WRITE (6,180) ONE 36
WRITE (6,190) ONE 37
G'1,0 ONE 38
Gl«(G-l.)/2, ONE 39
G2«G/(G-l> ONE 00
RGa2B6.96 ONE 01
PO«APT/(1,+G1*MN**2)**G2 ONE 02
Ta*ATT/(l,*Gl*MN**2) ONE 03
RHO«PO/(TO*RG) ONE 00
XMU"1,058/10««6*TO**1,5/(T04! 10,53) ONE 05
RNBRHO*MN*3QRT(G«RG*TO)/XMU ONE 06
RN«RN/io,**6 ONE 07
WRITE (6,200) ONE 00
WRITE (6,210) MN,APT,ATT ONE 09
WRITE (6,220) RN ONE 50
IF (INT(5),GT,0) WRITE (6,200) ONE 51
IF (INT(5),GT,0) WRITE (6,210) AMJET,PTJET,TTJET ONE 52
XNPR»PTJET/PO ONE 53
IF (INT(5).GT,0) WRITE (6,230) XNPR ONE 5«
IF (IPRINT.GT.O) WRJTE (6,250) ONE 55

C ONE 56
C SETUP FOR UNIFORM FLOW ONE 57
C ONE 58
10 CALL BASICl ONE 59

N8IGA«i ONE 60
REWIND a ONE 61
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CALL MATRIX ONE 6?
C ONE 61
C ONE 64
C ONE 6?
20 FORMAT (10X,6UHOONBOL — AN AXI8YMMETRIC INVISCID/VISCID INTERAONE 66

ICTION PROGRAM//16X,52HBY LAWRENCE E, PUTNAM, NASA, LANQLEY RE3EARCONE 67
2H CENTER//2X,13HCASE TITLE • ,8A10//13X,29H****« CASE CONTROL DATAONE 68
5 *****//) ONE 6Q

JO FORMAT (13X,15HOFF«BODY POINTS) ONE 70
HO FORMAT (13X,35HGOETHERT COMPRESSIBILITY CORRECTION) ONE 71
50 FORMAT (13X,J6HLABRUJERE COMPRESSIBILITY CORRECTION) ONE 72
60 FORMAT (1SX,«8HMODIFIED RESHQTKO TUCKER BOUNDARY LAYER SOLUTION) ONE 7?
TO FORMAT UJX,29HSEPARATED FLOW MODEL NOT USED) ONE 7<l
SO FORMAT UJX,6«HPRE9Z MODIFIED CONTROL VOLUME DISCRIMINATING STREAMONE 75

1LINE SOLUTION) ONE 76
90 FORM AT USX,<I6H8EPARATION LOCATION SPECIFIED BY USER AT X/L •,F10,ONE 77

i6) ONE 78
100 FORMAT (13X,«9HPRE8Z CONTROL VOLUME SEPARATION LOCATION CRITERIA) ONE 79
J10 FORMAT nSX,«OHGOLDSCHMiED SEPARATION LOCATION CRITERIA) ONE 80
120 FORMAT (13X,«2HMOOIFIED PAQE SEPARATION LOCATION CRITERIA) ONE 81
ISO FORMAT (13X,3BH8TRATFORD SEPARATION LOCATION CRITERIA) ONE 8;
HO FORMAT (13X,30HSTART SEARCH FOR SEPARATION AT I «,!«) ONE A3
ISO FORMAT (13X,32HEND SEARCH FOR SEPARATION AT I • ,!«) ONE 84
160 FORMAT (13X,29HJET EXHAUST PLUME CALCULATION) ON? 85
170 FORMAT (13X,1BHNOZZLE EXIT AT I •,!«) ONE 8fe
180 FORMAT <13X,26HSMOOTH AERODYNAMIC CONTOUR) ONE 87
19fl FORMAT (13X,28HSMOOTH PRESSURE DISTRIBUTION) ONE 88
200 FORMAT (1HO,12X,22HFREE STREAM CONDITIONS) ONF A9
210 FORMAT (20X.20HMACH NUMBER •»Fl2t3/20X,20HTOTAL PRESSURE ONE 90

1 B,F12,3,8H PA8CAL8/20X.20HTOTAL TEMPERATURE «fFl2,3,7H KELVIN) ONE 91
220 FORMAT (20X,20HREYNOLDS NUMBER HiF12,3il8H MILLION PER METER) ONE «?
230 FORMAT (20X,20HNPR «|F12,3) ONE 93
210 FORMAT (1HO« 12Xf37HJET EXHAUST CONDITIONS AT NOZZLE EXIT) ONE 90
250 FORMAT (1H1) ONE 95

END ONE 96«
SUBROUTINE BASICl 9*8 1

C BA8
C * READ DATA AND SETUP FOR UNIFORM FLOW BA8
C BAB

COMMON HEOR(8)(I8WITCH,IPUNCH,ITERA,ITERMAX,IMACH,ISEP,INT(S),IFLABA8
1G5.FLS05,MN,APT*ATT,REFL,SREF,XSEPNO,NN,BDN,ND(2)»NT,NSlSA,IPRlNT,BA8
2AMJET,PTJET,TTJET,RJET,R8TAR BAS
COMMON XCLX Xl(200),Yl(200),X2(200),Y2(200),DEL8(200),8lNA(200),COBA8
18A(200),XP(200),YP(200) BAS
COMMON /TL/ TX1(200),TY1(200),NG(200),T6(200),ALFA(200)»R8D8(200),BA8 10
1DALF(200),TEMP(1017) BA| 11
INTEGER FLG05,BDN BAS 12
REAL MN,NG BAS 13

C BAS 10
REMIND 13 BAS 15
NTaO BAS 16
K«0 BAS 17
K2«l BAS 18
IF (ITERA.GT.ITERMAX) FL005»IFLAG5 BAS 19
IF (FLG05.NE.O) K2«2 BAS 20

C BAS 21
C * MAJOR LOOP * NO. OF BODIES « OFF BODY POINTS BAS 22
C BAS 23

DO 130 L»i,K2 BAS ?u
TF (FLGOS.GT.O.ANO.LtGT.l) GO TO 10 BAS 25
»1D(L)«NN BAS 26
MBNJN.l BAS 27
READ (13) BLANK BAS 28
READ (13) BLANK BAS 29
READ (13) NN,(TX1(I),I«1,NN) BAS 30
READ (13) NN,(TY1(1),I»1,NN) BAS 31
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co TO 20 ;*j 55
10 C O N T I N U E J*J *l

C * BASIC DATA CALC. AND PRINT {UNTRANSFORMED COORDINATES) BAS 55
« B»8 36

BDN.O •*• 'I
READ (5,150) N0(2) I** H
NN.ND(2) "» "
READ '• ''•«' » T » I » T » . T B I . N N 1 °"S u°
READ (5,160) (TYl(I),I«l.NN) BAS 41
SO TO 50 111 H

20 gUMS«0.ft B»S U3

00 50 I«1,M

n)/. BAS IT.^i..-i.~ti -..*)'/«!• a.- -.-
v2(I)«(TVHI»l)*TVlfI))/2. Ill "?
DELS(I)BSORT(TI«T1+T2*T2) BAS 49
8UM8B«uM8+DElSm °*» "
RSD8(I)«8UM8 "J ';

SO ALFA(I)«A7AN2(T2,T1) =*' «
M*'M-l Its "DO 40 I«1,MA °*2 „

40 nALF(I)»(ALFA(I+l).ALFA(l))*57.2957795 BAS 55
50 CONTINUE °*? I*

IF (MN) 60,80,60 JAB 57
60 8RM«80RT(> -«W»MW< HAS !>n

(,,,, _>, wr, . %||_. .-..,, O A « * O

00 70 I«1,NN °ll In
70 TX1(1)«TXKI)/8RM »*' *°
f BAS 61

C » SHIFT XI AND Yl TO COMMON /CU/ B*8 *2
f BAS 65

80 IF (80N) 110,90,110 f** **
90 DO 100 I»1,NN "2 II

O A g 09

100 YP(I)»TY1(I) I*' *J
WRITE (12) (XPCI),I.l,NN),(YPa),I-l."N) BAS 68
50 T° 15° BAH 70no no 120 I«I,NN III ;°
KBK+1 B *K RAM 79xi(io«Txim „*! I,

120 Y1(K)«TY1CI) "?! ,'
NT.NT*M JJJ JJ

150 CONTINUE n*! ,'
REWIND 15 „** H

A B A 3 7 7

c * CALC. PARAMETERS WITH TRANSFORMED COORDINATES AND BAS 78
C MACH NO. ADJUSTMENT ^*9 J*
- B *3 «0

11.0 B*8 *'J1-0 BAS 82

;;.5u,j'i'N1 «;» "ji»ji»i _., „_Ti.xieji*i).xKJi) j;j ;;
BAS 87
BAS 88

nELS(J)»S(3RT(Ti*Ti»T2iT2r ^*' ?*
C08A(J)«T1/OEL8(J) £A3 ^0

140 SINA(J)«T2/OEL8(J) HI II
I I _ T < ̂  I B*8 "» =

c Jl«Jl*t BA8 „

C * SAVE PARAMETERS ^*2 »
. B»8 *»^

WRITE (12) (X1(I),I«1,J1),(Y1(I),I«1,J1),(X2(!).I«1,NT),(Y2(I),I»1BA8 96
l.NT),(DELS(I),I»l,NT)
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REMIND 12

C
c
150
160

WRTTE (
RETURN

FORMAT
FORMAT

:«) (8INA(

(2IS)
(6F10.0)

10

20
C
C
C

C
C
C

30

c
C
C
«0

C
C
C
SO

* SAVE SINA AND COS* ON TAPE U FOR CALC, OF MATRIX
SOLUTION (RIGHT HAND MATRIX)
(8INA(I),I«1,NT),(COSA(I),IB1,NT)

SUBROUTINE MATRIX
* COMPUTE MATRIX A,B,Z OR X,Y,Z

MAT
COMMON HEDR(8),I8WITCH,IPUNCH,ITERA,ITERMAX,IMACH,I3EP,INT(8),IFLAMAT
eS.FLGOS.MN.APT.ATT.REFl.SRCF.XSEPNDfNN.BDN.NDfZJfNT.NSlOA.IPRINTfMAT

BAS
BAS
BAg
BAS
BAS
BAS
BAS
BAS
BAS
BAS
BAS
MAT
MAT
MAT
MAT

JJ«J
J1«J1»1

CALL XYZ
CONTINUE
J1»J1*1
IF (BON)

WRITE
GO TO

00 60
A(J)«

(9)
70

* COMPUTE X,Y,Z MATRICES

UO, 50,40

* SAVE X,Y,Z ON TAPE *OFF BODY POINTS

(AX(J),J«1,NT),(AY(J),J«1,NT),(AZ(J),J"1,NT)

* SAVE A,B,Z ON TAPE *ON BODY

9ft
99
100
101
102
103
lOti
105
106
I0'
lOBi

1
2

2AMJET,PTJET,TTJET,RJET,RSTAR MAT
COMMON /CL/ XI (200), VI ( 200 ),X2 (200 ),Y2 (200), DELS (200 ),8lNA (200 ),COMAT
1SA(200),XP(200),YP(200) MAT
COMMON /TL/ A(200), 8(200), AX(200),AY(200),AZ(200),CX(200),CY(200), MAT
1CZ(200),AXV(200),AYV(200),VN(200,1),VT(200,1),BON,YZERO»IAC,II,JJ,MAT
2J1,SJ,08,DX,DY,NI,XJ,YJ,XK,EEK,EKK,KK MAT
INTEGER FLGOS.BDN MAT
REAL MN MAT

MAT
* INITIALIZE MAT

L1«NT MAT
BONBO.O MAT
YZERO«0.0 MAT
IAC«1 MAT
00 20 I»1,NT MAT
J«l MAT
VNrl,J)«0, MAT
VT(I,J)»0, MAT

MAT
* I MIDPOINT LOOP MAT

MAT
DO 70 !•!, LI MAT
IlBl MAT

M»T
Jl IS THE COORDINATE COUNTER MAT

MAT
JliO MAT
Nl«ND(l)-l MAT
KK«1 MAT
DO 30 J«1,N1 MAT

J«1,NT
AX(J)*8INA(I)+AY(J)*C08A(I)

MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
*AT
MAT
MAT

10
11
12
15
1«
1?
16
17
1«
1Q
20
21
22
2S
2<l
29
26
27
28
29
30
51
32
33
3U
3?
36
37
38
39
<IO
U1
«2

«7
««
a?
50
51
52
53
5il
55
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70
C
C
C
C

C
C
C

80

90

C
C
C

CONTINUE

• TEST IF OFF BODY
* TEST IF OFF BODY

IF (FLGOS.EQiO.OR.BQN.NE.O.

* INITIAL FOR OFF

BON»t,
LliND(2)
00 60 I«1,L1
X2(I)«XPm
Y2(I)"YP(I)
GO TO 10
REWIND 9
REWIND 4
RETURN
END
SUBROUTINE XYZ

* CONTROL FOR X,Y,

COMPLETED

) GO TO 10

BODY * THEN

Z MATRICES

APPENDIX

60 B(J>«AX(J)*C08A(I)+AY<J)*SINACI) MAT 56
WRITE (9) CA(J),J«1,NT),(B(J),J«1,NT),CAZ(J),J«1,NT) MAT 57

MAT 5B
MAT 59
MAT 60
MAT 61
MAT 6?
MAT 63
MAT 64

RE-ENTER i,j LOOPS MAT 65
MAT 6*
MAT 67
MAT 68
MAT 69
MAT 70
MAT 71
MAT 72
MAT 75
MAT 7«
MAT 79
MAT 76"
XYZ 1
XYZ ?

COMPUTATION XYZ 5
XYZ U

COMMON HEDR(B),ISwITCH,IPUNCH,ITERA,lTERMAX,IMAeH,ISEP,lNT(8),IFLAXYZ 5
1G5.FLG05,MN,APT,ATT,REFL»SREF,X8EPND,NN,BDN,ND(2),NT,NSIGA,IPRINT,XYZ 6
2AMJET,PTJETfTTJET,Rj£T,RSTAR XYZ 7
COMMON /CL/ Xl(200),Yl(200),X2(200),Y2(200),DEL8(200),3lNA(200),COXYZ A
1SA(200),XP(200),YP(200) " XYZ 9
COMMON /TL/ *(200),8(200),AXc200),AYc200),AZc200),CXf200),CY(200),XYZ 10
1CZ(200),AXV(200),AYV(200),VNf200,1),VT{200,1),BON,YZERO.I AC,r,J,JlXYZ 11
2.SJ,DS,DX,DY,NI,XJ,YJ,XK.EEK.EKK,K XYZ 12
INTEGER FLG05.BDN XYZ IS
REAL MN XYZ 1«

C XYZ 15
IF (BON) 50,10,50 XYZ 16

10 IF (J»I) 60,20,60 XYZ 17
C XYZ 1«
C * J EQUAL I PATH XYZ 19
C XYZ 20
20 TlB,5*DEL8(J> XYZ 21

8J«T1/Y2(J) XYZ 2?
IF (8J-.08) 50,30,40 XYZ 2S

30 CALL XYZ1 XYZ 2(1
GO TO 190 XYZ 25

<*0 8J»,08 XYZ 26
CALL XYZ1 XYZ 27
NI«3S XYZ 28
T2«.08*Y2(J) XYZ 29
DS«(T1.T2)/S2, XYZ 30
DX«DS*C08A{J) XYZ 31
DY«DS*8INA(J) XYZ 32
XJ>X2(J)fT2*COSA(J).DX XYZ 33
YJ«Y2(J)+T2*8INA(J).DY XYZ 3fl
CALL XYZ2 XYZ 35
GO TO 180 XYZ 36

C XYZ 37
C * INITIAL Y COORDINATE MID-POINT FOR ZERO TEST XYZ 38
C XYZ 39
50 YZERO«Y2(I)».000001 XYZ «0
C XYZ «1
C * J NOT EQUAL I PATH XYZ «2
C * COMPUTE MINIMUM DISTANCE TO I MIDPOINT XYZ «S
C XYZ 44
60 01«(X2(I)-Xl(Jl))**2*(Y2(n-Yl(Jl))**2 XYZ 45
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D3i(X2m-Xl(Jl»m**2+(Y2(I)«Vl(Jl + l))**2 XYZ «7
IF (01-02) 80,80,70 XYZ «8

70 IF (02*03) 100,100,90 XYZ 49
80 IF (01«DJ) 110,110,90 XYZ 50
90 OM»80RT(03) XYZ 51

60 TO 120 XYZ 5?
100 DMBSQRT(D2) XYZ 53

GO TO 120 XYZ 5U
110 O M , S Q R T ( D H XYZ 55
C XYZ 56
C * COMPUTE NO, OF INTERVALS(NI) ANO DELTA S (08) XYZ 57
C FOR SIMPSON RULE INTEGRATION XYZ 58
C XYZ 59
120 IF (DM.EQ.0,0) 00 TO 150 XYZ 60

Nl«8.*DELS(J)/DM»0.9 XYZ 61
IF (NI) 130,130,100 XYZ 62

130 Nl«3 XYZ 63
DS«DEL8(J)/2, XYZ 64
60 TO 170 XYZ 65

140 Nl«NI+NI XYZ 66
IF (NI.128) 160,150,150 XYZ 67

150 Ml«12<» XYZ 68
nS*DELS(J)/128, XYZ 69
SO TO 170 XYZ 70

160 XNI«NI XYZ 71
r»8«DEL8(J)/XNI XYZ 72
Nl«NI*l XYZ 73

170 DX*D8*C08A(J) XYZ TU
DYBD8*SINA(J) XYZ 75

180 XJ«X1(J1).DX XYZ 76
YJ«Y1(J1)-OY XYZ 77
CALL XYZ2 XYZ 78

190 RETURN XVZ 79
fNO XYZ 80«
SUBROUTINE XYZ1 XY1 1

C XY1 2
C * COMPUTE X,Y,Z MATRICES FOR sj LESS THAN OR EQUAL .08 xvi 3
C XYl U

COMMON HEDR(8),I8WITCH,IPUNCH,ITCRA,ITERMAX,IMACH,I8EP,INT(8),IFLAXY1 5
105,FLG05,MN,APT,ATT,REI'L,8REF,X8EPNO,NN,BON,ND(2),NT,N8ISA,IPRINT,XY1 6
2AMJET,PTJET,TTJET,RJET,R8TAR XYl 7
COMMON /CLX X1(200),Y1 (200) , X2C200) , Y2 (200) ,OEL8 (200) ,8lNA (200) ,COXY1 8
1SA(200),XP(200),YP(200) XYl «
COMMON /TL/ A(200),B(200),AX(200),AY(200),AZ(200),CX(200),CY(200),XY1 10
1CZ(200),AXV(200),AVV(200),VN(200,1),VT(200,1),BON,YZERO,IAC,I,J,J1XV1 It
2,8J,D8,DX,DY,NJ,XJ,YJ,XK,EEK,EKK,K XYl 12
INTEGER F|.G05,80N XYl IS
REAL HN XYl 1U

C XYl 1?
C * INITIALIZE XYl 16
C XYl 17

T1«8J*SJ XYl 18
T2«ALOG(8J/a.) XYl 19
T3a8INA(J)*8INA(J) XVI 20
T««T2*T3 XYl 21
T5«. 666666667*13 XYl 22
T6«T5*T3 XYl 2J
T7«8J»8J XYl 24
T8«T7+T7 XYl 25
T««6.2B31SS3*COS*(J) XVI 26
T10«6,2831853*8INA(J) XYl 27
Tlt«Tl*8J XVI 28

C XVI 29
C * AXIS FLOW XYl 30
C XVI 3!
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10 AXfJ)«TlO»8INA(J)*C08A<J)*(T7+CTU+2,16666667.)*Tll/121) XY| 32
AXr.J)«TlO»SINA(J)*COSA(J)*(T7+(TiU2,16666667)*Tll/12.) XVI 53
»Y{J)«T7*T<»-T9.(|.*T2«TS«T6)»Tll/'8. XVt 3<l
T12«TUT1 XV! 3?
AZfJ)«Y2(J)*T8*(l..T2+Tl*(2.«T12»3.*T2*Cl.+T12))/l«U.) XVj 36
RETURN XVt 37
END XVI 3ft-
8UBROUTINE XVZ2 XV2 1

C XV2 2
C • COMPUTE x,v,z MATRICES USING SIMPSON RULE INTEGRATION xv2 3
C XV2 u

COMMON HEDR(8),ISWITCM,lPUNCH,lTERA,lTtRMAX,IMACH,ISEPilNT(6),IFLAXY2 5
ieS,fLS05»MN,APT,ATT,RCFL,8REF,X8EPND,NN,RON,NO(2),NT,N8lGAlIPRINT,XV2 6
2AMJET,PTJET,TTJET,RJET,R8TAR XV2 7
COMMON XCL/ X1(200},Y1C200),X2C200),Y2(200),DELS(200),S1NA(200),COXY2 a
18*(200),XP(200JiVP(200) XV2 9
COMMON /TLX Ac200),Bt200),AX(200),AY(2005,AZ(200),CxC200),CY{200),XY2 to
lCZ(200),AXV(200),AYvC200),VN(200,n»VT(200,l),BON,YZERO.lAC.I.J»JlXY2 11
2.SJ,DS.DX,DV,NI,XJ,YJ,XK,EEK,EKKfK XV2 12
INTEGER FLG05.BDN XV2 IS
REAL MN XV2 1U

C XV2 15
C * INITIALIZE XY2 16
C XY2 17
10 8?"i666666667*DS • XV2 in

8«»3a*82 XV2 19
Tl«V2m«Y?Cl) XY2 2ft

C XV2 21
c * NO, OF INTERVAL LOOP xv2 2?
C XV2 23

DO 130 ISaliNI XV2 2U
XJaXJ>DX XV2 2S
YJ«VJ+DY XV2 2$
T2«VJ*VJ XV2 27
T3«X2(n-XJ XV? 2«
T««T3*T3 XV2 29
T5«(V2(I)+YJ)**2 XV2 30
T6«Ta+T5 XV2 31
T7»8QRT(T6) XV2 32
T8«T2+T« XV2 3%
TO«(V2tI)"VJ)**2 XV2 3fl
T10"T9»Ta XV2 35

C XV2 36
c • COMPUTE EULiPic INTEGRAL xv2 37
C XV2 3S

XK»a,*YJ*Y2CI)/T6 XV2 39
CALL CLIP XV2 «p

C xv? ui
C * AXIS FLOW XV2 «2
C XV2 «3

T11"VJ/T7 XY2 UU
TF (Y2(I),eO.O.) GO TO 20 XV2 «9
Tl2»VJ/V2fI) XV2 «6
FV2«(eKK + EEK*(Tl«T8)mO)/T7 XV2 «7
FV3«V2(I)/tlO*T5/T7*EEK XV2 a«
F1«FV3*T12 XV2 «9
F2«FV2*TJ2 XV? 50
FV««FV2*T3/Y2(I) XV2 Si
CO TO 30 XV? 52

20 FVJ«0. X.VZ 53
FV3«0, XY2 5<l
FV<I«0, XV2 55
F2«0. XY2 56
Fl«Tll/T10*TJ*EEK XV2 57

so FJ«TU«EKK xv2 5s
C XY2 59

27



APPENDIX

C * SIMPSON RULE INTEGRATION XY2 60
C XY2 61

IF (18.1) 40,40,50 XV2 69
C XV2 6?
C * FIRST PASS XYZ 64
C XY3 69
«0 AXS«F1 XV2 66

AYSHF2 XV2 67
AZ8«F3 XY2 68
IA«0 XV2 69
SO TO 120 XY2 TO

50 IF (IS.MI) 60,90,60 XY2 71
60 TF (IA) 80,70,80 XY2 72
C XY2 73
C * EVEN PASS XY2 74
C XY2 75
70 AXS«AX8»«,«F1 XY2 '6

AYB»AY8+«,*F2 XY2 77
AZ8«AZ8*4.*P5 XY2 78
IA«1 XY2 79
BO TO 120 XY2 80

C XY2 81
C * 000 PASS XY2 82
C XY2 83
80 AX8«AX8+F1+P1 , XY2 84

AYS«AY8»F2+F2 XY2 85
AZ8«AZ8+F3+F3 XYf 86
TAiO XY2 87
SO TO 120 XY2 88

C XY2 89
C * LAST PASS XY2 90
C XY2 91
90 IF (J«I) 110,100,110 XY2 92
100 IF (BON.NE.0,0) GO TO 110 XYJ 93

AX(J)HAX(J)»84«(AX8*Fl) XY2 94
AY(J)«AY(J)«82*(AY8+F2) XYJ 95
4Z(J)«AZCJ)+SU*UZS + FS) XY2 96
SO TO 120 XY2 97

110 *X(J)«.8«*(AX8+Fl) XY2 98
4Y(J)«-82*(AY8*F2) XY2 99
»Z(J)«84«(AZ8*F5) XY2 100

120 CONTINUE XY2 101
150 CONTINUE XY2 102

RETURN XY2 105
END XY2 104"
SUBROUTINE ELIP ELI 1

C ELI 2
C * HASTINGS APPROXIMATION FOR ELLIPTIC INTEGRALS ELI 5
C ELI 4

COMMON XTLX A(200),B(200),AX(200),AY(200),AZ(200),CX(200),CY(200),ELI 5
1CZ(200),AXV(200),AYV(200),VN(200,1),VT(200,1),BONIYZERO,IAC,I,J,J1ELI 6
2,SJ,OS.DX,DY,NI,XJ,YJ,XK,EEK,EKK,K ELI 7

C ELI 8
10 ETA-l.-XK in *

IF ( E T A ) 20 ,20,50 ELI 10
20 W R I T E ( 6 , 4 0 ) ETA ELI 11

CALL EXIT ELI 12
50 ELNMLOG(ETA) ELI 13

EKK*l i586294561i2+ETA*(0.096665«4259«ETAMO l055900925B5tETA*(0.057ELI 1«
142565t l5+ETA*0,Ol45l l962l2) ) ) .ELN*{0.5*ETA*(0.12«985955»7«ETA*(O.OELI 15
268802«8576+ETAt (o ,03528355S46*ETA*0 ,00441787012) ) ) ) ELI 16

EEK«l ,+ETA*{0 ,44325 l4 i463*eTA*(0 .06260601220+ETA*(0 ,04757383546«ETEL! 17
1A*0 .01756506451) ) )>ELN*(ETA*(0 .24998568510«ETA*(0 .09200 i800S7*ETA*ELI 18
2(0 ' .04069697526fETA*o.00526449659) ) ) ) ELI 19

RETURN ELI 20
C ELI 21
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«0 rORMAT (1H136H.27H* ERROR IN SUBROUTINE BLIP ,ETA«F19.S) ELI 22
END ELI 23-
OVfRLAY(LINK,2,0)
PROGRAM TWO TWO 1

C TWO 2
C * COMPUTE SOURCE DENSITY SIGMA BY SIEDEL ITERATION Two 3
C TWO U

COMMON HEDR(S),ISWITCH,IPUNCH,ITERA,ITERMAX,IMACH,ISEP,INT(8),IFLATWO 9
1G9.FLG09,MN,APT,ATT,REFL,SREP,XSEPND,NN,BDN,ND(2),NT,N8IGA,IPRINT,TWO 6
2A*JET,PTJET,TTJET,*JET,I»8TAR TWO 7
COMMON /CZ/ A(200),RC200),N8IG,IT TWO 8
DIMENSION A8IG(200,1) TWO 9
INTEGER FLGOS,BDN TWO 10
REAL MN TWO 11

C TWO 12
C • AXIS FLOW TWO 13
C TWO 1«

READ CUJ (R(I)«lBl,NT) TWO 19
10 REWIND It TWO 16

IT«« TWO 17
NSlGaNSIGA TWO 18

C TWO 19
C * SOLVE SIMULTANEOUS EQUATIONS FOR SIGMAS TWO 20
C TWO 21

CALL MISNA2 (ASIG) TWO 22
REWIND 9 TWQ 23

C TWO 24
C * WRITE SIGMAl ON TAPE 3 TWO 29
C TWO 26

WRITE C3) CASIG(I,l),I«t,NT> TWO 27
END TWO 28-
SU8ROUTINE MISNA2 (810) MIS 1

C Mis 2
C * SOLVE LINEAR SIMULTANEOUS EQUATIONS BY 8EIDEL ITERATIONMIB 3
C MIS <J

COMMON HEDR(8)»I8WITCH,IPUNCH,ITERA,ITERMAX,IMACH,I8EP,lNT(e),IFLAMI8 9
1G5.FLG09,MN,APT,ATT,REFL,8REF,X8EPND,NN,BDN,ND{2),NT,NSIGA,IPRINT,MIS 6
2AMJET,PTJET,TTJET,RJET,R8TAR MIS 7
COMMON /C2/ A(200).R(2005.N81G,IT MIS 8
DIMENSION 816(200,1), KFLAG(l), OSIGl(l), OSIG(200,1) Mis 9
INTEGER FLG05,BON MIS 10
REAL MN MIS 1)

C MIS 12
C • INITIALIZE MIS 13
C MIS 1U
10 NTU«0 MIS 19

NCONVBO MIS 17
DO 20 J«1,NSIG MIS 18
KFL*G(J)«0 MIS 19
DO 20 I»1,NT MIS 20

20 8IG(I»J)»0.0 MIS 21
30 DO 10 I«1,N8IG MIS 22
UO DSIG1(I)«0.0 MIS 23
C MIS 2«
C * COMPUTE 8ISMA AND DELTA SIGMA MIS 29
C MIS 26

DO 100 I«1,NT MIS 27
IF (NTU-3) 50,60,70 MJS 28

C MIS 29
C * PLACE A IN LEFT SIDE MATRIX MIS 30
C MIS 31
SO READ (9) (A(L),L«t,NT) MIS 32
C MIS 33
C * SAVE LEFT SIDE MATRIX MIS 3<l
C Mis 39
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c
c
c
60

70
80

90

WRITE (3) (A(L)»L«1,NT)
WRITE (11) (A(L),L«liNT)
GO TO 80

* READ LEFT SIDE MATRIX

READ (3) (A(L),L«1,NT)
80 TO 80
READ (11) (A(L),L«1,NT)
DO 100 J«1,N8IG
IF (KFLAG(J),NE,0) GO TO 100
SUM«0,0
DO 90 L«1»NT
SUM«SUM»A(L)«SIG(L» J)
08lG{I,J)«{R(I)-8UM)/A(I)
8I6(I»J)<*8IO(I,J)+D8IG(I»J)

MIS 36
MIS 37
MIS 38
MIS 39
MIS "0
MIS «1
MIS 42
MIS 43
MIS 4«
MIS 45
MIS 46
MIS 47
MIS 48
MIS 49
MIS 50
MIS 51

IF (AB8(D8IG(1,J)).6T.OSIG1(J)) DSIGl ( J)«AB8(08IG( I , J) ) MIS 52
100
C
C
C

110

120

C
C
c
130

140
150

C
C
160

170

C
C
C

CONTINUE

« TEST FOR SOLUTION

REWIND 3
REMIND 11
ITRR«ITER+1
DO 110 J»1,N8IG
IF (KFLAG(J),NE,0> GO TO 110
IF (D8I61(J).GE,1.E>6) GO TO 110
KPIAG(J)«ITER
KlCONV«NCONV*l
IF (NCONV.E<3,N8IG) 60 TO 130
CONTINUE
IF (ITER.EG.100) GO TO 150
IF (NTU.E0.3) GO TO 120
NTU»3
80 TO 30
NTU«11
80 TO 30

* PRINT NO, OF ITERATIONS

DO 150 J«1,N8IG
IF (KFLAG(J).NE.O) GO To 140
WRITE (6,160) ITERA
80 TO 150
WRITE (6,170) ITERA, KFLAG(J)
CONTINUE
RETURN

FORMAT (1HQ,10HFOR lTE«A«, I 3, 46H NO
10 ITERATIONS)
FORMAT (1HO,10HFOR lTERA«, IS. IS, 46H
1GENCE IN MI8NA2)
END
OVERLAY(LINK,J,0)
PROGRAM THREE

MIS 53
MIS 54
MIS 55
MIS 56
MIS 57
MIS 58
MIS 59
MIS 60
MIS 61
MIS 62
MIS 63
MI8 6(1
MI8 65
MIS 66
MI8 67
MIS 68
MIS 69
MIS 70
MIS 71
MIS 72
MI8 73
MI8 7tt
MIS 75
MIS 76
MIS 77
MIS 78
MIS 79
MIS 80
MIS 81
MIS 82
MIS 83
MIS 84

CONVERGENCE IN MI8NA2 AFTER 10MI8 85
MIS 86

ITERATIONS REQUIRED FOR CONVERMI8 87
MIS 88
MIS 89<

THR 1
THR 2

* COMPUTE VELOCITY COMPONENTS AND PRINT THR 5

COMMON HEDR(8),I8WITCH,IPUNCH,ITERA,
la5.PL60S,MN,APT,ATT,REFL,8REF,XSEPND
2AMJET,PTJET,TTJET,RJET,R8TAR
COMMON XC4/ X1(200),Y1(200),X2(200),
1SA(200),XP(200),YP(200)

THR «
ITERMAX,IMACH,I8EP,INT(8),IFLATHR 5
«NN,BON,ND(2)rNT,N8lGA,IPRINT,THR 6

THR 7
V2(200), DELS (200), SlNA (200 ),COTHR g

THR 9
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INTEGER FLG05.BON TMR 1?
REAL MM THR IS

C TMR iu
REWIND 5 THR 15
If <rLG05,EO.O) SO TO 10 THR 16

C THR 17
c * READ oFF.BflOY XP,YP THR m
c , THR IP

NP«ND(2) THR 20
READ (12) (XP(I),I«l,NP),(YP{I),m,NP) THR 21

C THR 22
C * READ X1,Y1,X2,V2,OEL8 WITH MACH NO. ADJUSTMENT If ANY THR 25
C THR 2<l
10 Nl«NT+l THR 25

READ (1J) (Xl<I),I«i,Nl),cYl<n,I«l,NI),(X2(I),I«l,NT),lY2(I),I»l,THR 26
lNT),(DELSm,I«l,NT) THR 27

C THR 28
C * READ 8INA,COSA,NO.TO,. THR 29
C THR 50

READ (a) (A(I),I«l,NT),(Bm.l«l,NT) THR 51
8UMV»0.0 THR 52
nO 20 I«1,NT THR 55
$INA(I)MA(I) THR Sil
C08A(1)»B(IJ THR 55

20 SUMV»SUMV + B(I)*DELSm*Y2m**2 THR 56
8UMVB8UMV*5.iaiS9265 THR 57
L«l THR 58
DO 50 I«l,NT THR 59
RB(I*U»Am THR UO

JO RB(I,t+n«B(I) THR at
REWIND li THR U2
N8IG«N3!GA THR U5
CALL AXIS THR tiU
REWIND IS THR (15
BLANK«0.0 THR at,
READ (15) DUMMY THR 47
READ (15) DUMMY THR an
WRITE (15) NN,BLANK, (XJCn,I«l, 199) THR U9
WRITE (13) NN,BLANK,(Y2(I),I«l,199) THR SO
WRITE (15) BLANK,(T5(!fl),I«l,199) THR 51
END THR 52-
SUBROUTINE AXIS AXI 1

C AXI 2
C * COMPUTE AXlSYMMETRIC VELOCITY COMPONENTS AND PRINT AXI 5
C AXI U

COMMON MEOR(8).I3WITCH,IPUNCH,ITERA,ITERMAX,IMACH,I9EP,INT(«),IFLAAX1 5
lG5,rL005,MN,APT,ATT/REFL,3REr,X8EPND,NN,Br)N,ND(2)>NT>NSIGA,IPRINT,AXI 6
2AMJET,PTJET,TTJET,RJET,R8TAR AXI 7
COMMON /C«/ Xl(200),Y1(200),x2(200),Y2(200),DEL8(200),8lNA(200)iCOAXl A
18A(200),XP(200)»YP(200) AXI 9
COMMON /TC/ RB(2QO,2),816(200,1)»A(200),B(200),Z(200),PH1(200,1),XAXI 10
1N(200|1),T(200,1),T3(200,1),INSIG|INP,NI,SUMV,8UMM«I) AXI 11
DIMENSION VX(200,1), VV(200,1), VT(200,1), TH(200,1), CP(200,1), SAXI 12
1UMT08(«) AXI 15
EQUIVALENCE CVX.XN), (VY,T), (VT.TJ), <TM,SIG)» (CP,T3) AXT la
REAL MN AXI 15
INTEGER rLGOS.BDN AXI 16

C AXI IT
NClNT AXI 18
NB1 AXI 19
MPlINP AXI 20

C AXI 21
C * READ AXIS SIGMA* AXI 22
C AXI 25

8UMM(N)«0,0 AXI 2a
8UMTD8(N)«0,0 AXI 25
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R E A D (3) <8IG(I .N) , I«1,NC> AXI 26
C AXI 27
c * NO, OF MIDPOINTS LOOP AXI 20
C AXI 29

DO 20 I«1,NT AXI SO
C AXI SI
C * READ MATRICES A,B,Z AXI 32
C AXI S3

READ (9) <A(J),Jll,NT),(B(J),Jll,NT),(Z(J),J*l,Nn AXI 3<l
C AXI 39
c * NO, or FLOWS LOOP AXI 36
C AXI 3T

Nl»0 AXI 36
NliNt*2 AXI 39
SNaO.O AXI «0
ST«0.0 AXI ai
8P«0,0 AXI Ut

C AXI US
C * NO, OF ELEMENTS LOOP AXI «<l
C AXI 09

DO 10 J«1,NT AXI 46
SN«SN*A(J)*8IG(J,N) AXI UT
9T«ST*Bm*8IG(J,N) AXI 08

10 8P«8P*Z(J)*8IGCJ,N) AXI 49
XN(I,N)«8N-RB(I,N1«1) AXI 50
PHI(I,N)«8P AXI 51
TfI,N)«8URB(I,Nn AXI 52
8UMM(N)«8UMM(N)+PHI(I,N)*V2(I)*RB(I,Nl«n*DEL6(I) AXI S3
CP(I.N)«l,»T(IfN)**2 AXI 5«

20 CONTINUE AXI 55
IF (MN.EO.0,0) GO TO 60 AXI S6

C AXI 57
C * MACH NO. ADJUSTMENT AXI 5*
C AXI 5*

01«MN*MN AXI 60
02«1.-D1 AXI 61
D3iSORT(D2) AXI 62
0««,7*D1 AXI 63
DS«,2*D1 AXI 6U
DO 30 I«1»NT AXI 65
IF (IMACH.LT.2) B8«D2 AXI 66
IF (IMACH.GE.2) BB«1,*MN**2*T(I»N)*C08A(I) AXI 67
IF (BB.LE.0.0) GO TO 160 AXI 68
TXB(T(I,N)*C08A(I)>1,)/BB+1. AXI 69
TY«T(I,NJ*8INACI)*D3'BB AXI 70
T(I.N)»8QRT(TX*TX*TV*TY) AXI 71
CPfI»N)«((l,*D5*(l..T(I,N)**2))**3,5«l,)/D<J AXI 72

10 CONTINUE AX! 73
02«1,«01 AXI 7«
03«80RT(02) AXI 75

C AXI 76
C * ELIMINATE MACH NO EFFECT FOR PRINTOUT AXI 77
C AXI 78

00 00 I«1,NI Axi 79
40 X1(I)«X1(I)*D3 AXI 80

Jl«0 AXI 8i
M«ND(n»l AXI 82
00 50 J«1,M AXI 83
Jl«Jltl AXI 84
T1»X1(J1*1)-XKJ1) AXI 85
T2«Y1(J1+1)«Y1(J1) AXI 86
x2(J)»(Xl(Jl»l)»Xl(Jl))/2. AXI 87
DEL8(J)«80RT(T1*T1*T2*T2) AXI 88
C08A(J)«T1/DEL8(J) AXI 89

50 8INA(J)«T2/DfLS(J) AXI 90
AXI 91
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60 CONTINUE AXI 9?
IF (PLSOS.EQ.O) RETURN AXI «3

C AX! «tt
C * OFF-BODY POINT AX! 95
C AXI 96

00 80 I«1,NP AXI 97
C AXI 98
C * READ MATRICES X,Y,Z AXI 99
C AXI tOO

READ (9) (A(J),J«l,NT),(B(J),Jia,NT),(Z(J),J«l,NT) AXI J01
C AXI 102
C * NO, OF FLO" AXI T03
C AXI Ida

8X«0.0 AXI 109
SYBO.O AXI 106
8P«0.0 AXI 107

C AXI 108
C * NO, OF ELEMENTS LOOP AXI J09
C AXI {10

00 70 J*l,NT AXI til
SX«8X+A(J)*SIO(J,N) AXI 112
SY«8Y*B(J)*SIO(J,N) AXI US

70 SP«8P*r(J)*8IS(J,N) AXI il«
PHI(I,N)«8P AXI 119
VX(I,N)«8X+1, AXI 116
vY(i,N)«8Y AXI 117

00 CONTINUE AXI 118
IF (MN.EO.0,0) 60 TO 110 AXI H9

C * MACH NO. ADJUSTMENT AXI Uo
DO 90 I"1,NP AXI f?1
BB«Oa AXI T?|

C AXI 183
C LABRUJERE COMPRESSIBILITY CORRECTION AXI 1*1
C AXI 1M

IF (IMACH.GE.2) B8il,-MN*«I*VXCI,N) AXI 126
W(I,N).VY(I,N)*OI/BB AXI \M
VX(I,N)«(VX(I,N).1.)/BB*1, AXI 128

90 CONTINUE AXI ?29
DO 100 I»1,NP AXI 138

100 XP(I)«XP(I)»01 AXI 111
C AXI 112
C * COMPUTE VT AND TH|TA AXI tSS
C AXI 1S«
110 CONTINUE AXI JS9

DO 120 I»l,NP AXI 116
VT(IIN)180RT<VX(I,N)*»J*VY(I,N)**2) AXI 1J7

120 TH(t,N)«ATAN2(VY(I,N),Vx(I,Nn**T,a*S7T9S AXI tig

c AXI i;«
C * PRINT AXIS FLOW (OFF-BODY) OUTPUT AXI 100
C AXI 1«1

L"l AXI 1«2
1-1 AXI 1«3
LCTR»as AXI 1fl<l

130 WRITE (6,170) HEDR AXI 119
WRITE f6,180) AXI 146
WRITE (6,190) AXI 1«7

1«0 CONTINUE AXI 1«8
CP2»(U.*D5*(li-VT(I»L)**2))**S,5ol,)/D<l AXI 1«9
XM2«VT(I,L)*MN/SORTrl,"D5«(VT(I,L)*«2-l,)) AXI ISO
WRITE (6,210) I,XP(T),YP(I),VX(I,L),VY(I,L),VT(I,L),TH(I,L),XM2,CPAXI 191
12 AXI 152
I«I+1 AXI 153
IF (I.OT.NP) 60 TO 150 AXI 15«
IF (I.LE.LCTR) CO TO 1«0 AXI 155
LCTR«LCTR*«5 AXI 156
00 TO 130 AXI 157
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150 C°NTINUE AXI i5»
RETURN AX! 159

160 WRITE (6*200) AXJ 160
STOP AXI 161

C AXI 162
C AXI 163
C AXI ?6<l
1?0 FORMAT (1HJ,25X,23HPOTENTIAL FLOW 80LUTION///6X,8A1o//) AXI 165
180 FORMAT tlX,35H OFF-BODY UNIFORM AXI8YMM£TRIC FLOW) AXI 166
190 FORMAT (iX//10X,3HX/L,9X,3HR/L,10X,2HVX,tOX,2HVR,10X,2HVT,9X,3HETAAXl 167

1,10X,2MML,10X,2HCP//) AXI 168
200 FORMAT UX////jX,73HFREE8TREAM M*CH NUMBER TOO LARGE F0» L ABRUJEP-E AXI 169

1 COMPRESSIBILITY CORRECTION/iX,62HRE8UBMIT USING IMACHsl FOR SOETMAXI 170
2E«T COMPRESSIBILITY CORRECTION) AXI 171

210 FORMAT (1X,I3,8F12.6) AXI j 72
END AXI 173-
nVE«L*Y(LINK,5iO)
PROGRAM FIVE FIV 1

C FIV 2
C VISCOUS FLOW/POTENTIAL FLOW INTERFACE PROGRAM FIV 3
C FIV 4

COMMON HEDR(8),I8WITCH»IPUNCH,ITERA,ITERMAX,IMACH,ISEP,INT(8),IFLAFIV 5
1G*.FIG05»MO,APT,ATT,REFL,8REP,X8EPND.NNIBDN,NO(2)|NT,N81GA,IPRINT,FIV 6
2AMJET,PTJET,TTJET,RJET,RSTAR FIV 7
COMMON /SAVE/ VDUM(«02).RD8(201).XIN,VDUM2(307) CIV 8
DIMENSION x(200), R(200), CP(200), *E(200), THETA(200), CAPH (200),FIV 9

1 CF(200), CAPHK200), COFC200), COP(200), COTC200), RCPUNCH(200), FIV 10
2X0(200), R0(200), C8(200), RI{800), UI(200), OELK200), RET(ZOO), FIV 11
ST»w51(200), PTPT(200), FNN(200), DELTA(200), FLOT(15), ^LOTO(7) FIV 12
INTEGER FLG05.BON FIV 13
REAL MO,ME FIV 1«

C FIV 15
C INITIALIZE FIV 16
C FIV 17

S»l.« FIV 18
Gl"(C*l.)/2, FIV 19
C2»G/(G-1.) FIV 20
G5»l./(5-l.) FIV 21
G««(C*1.)/2. FIV 22
G5«G«*G3 FIV 23
G6»G«/G1 FIV 24
TT«ATT FIV 25
PT»APT FIV 26
Mg(l)*0.0 FIV 27
THETA(1)HO.O FIV 28
CAPH(1)»1.3 . FIV 29
CAPHI(1)«1.3 FIV 30
Clffl)«0.0 FIV 31

C FIV 32
c READ XO,RO,X,R,AND c? FROM TAPEU FIV 33
C FIV 30

REWIND 13 FIV 35
READ (13) NXO,(XO(I),I*1,NXO) FIV 36
READ (13) NXO,(RO(I),!«1,NXO) FIV 37
READ (13) NUM,(X(I),I«1,NUM) FIV 38
READ (13) NUM,(R(I),lBl,NUM) FIV 39
READ (13) CP FIV «0

C FIV <li
C OBTAIN cP AND R AT ORIGINAL X FIV «2
C FIV tt3

NTAB*1 FIV Utt
IOROER"2 FIV <I5
IPT»-1 FIV 06
DO 10 I«2,NUM FIV <I7
CALL IUNI (200>NUM,XfNTAB«CP,IOROER>XO(I),C8(I)>IPT,XERR) FIV 08

10 CONTINUE FIV 09
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00 20 I » 2 , N U M FTV 50
c p ( i ) « c s m FIV s i
R t I ) « R O f I ) F I V 5 2
x m » X o m FIV 53

20 CONTINUE FIV 5u
REWIND 13 FIV 55
DO 30 J«1,NUM FIV 56
IF (ITERA.EQtO) RDS(J1«R(J) FIV 57
X(J)»X(J)*REFL FIV SB
Rf J)»R(J)*REFL FIV 5<»
RDS(J>«RDS(J)*R£FL FIV 60

30 CONTINUE FIV 61
DO 40 I»1,NXO FIV 62
XO(I)sXOCI)*REFL FIV 65
HOf I)«RO(I)*REFL FIV 6U

ao CONTINUE FIV 65
C FIV 66
c CALCULATE FREE STREAM CONDITIONS FIV 6?
C FIV 68

PO«PT*M,+G1*MO**2)**(»G2) Flv 6*
QlNF«G/2,*PO«MO**2 FIV 7fl
RO286.96 FIV 71
P l«3 . i« lS92fe FIV 72
C P ( n » ( P T - P O ) / ( 0 . 5 * P O * 6 * M O « * 2 ^ F I V 7 3

C FIV 7*1
C CALCULATE PLUME BOUNDARY AND VELOCITY FIV 75
C USING ONE DIMENSIONAL METHOD FIV 76
C FIV 77

00 50 I«l,200 FIV 7B
uirn«o.o FIV 70
Rlfl)«0.0 FIV BO

50 CONTINUE FIV Bl
IT«INT(6) FIV 82
NJ«NUM«IT*1 FIV 83
IF UNT(S).eO.O) 00 Tn 90 FIV B«
RJET«HJET*P.EFL FIV 85
K»0 FIV 86
00 80 I«IT,NUM FIV 87
K«K»! FIV 88
PE»QINF*CP(I)*PO FIV 89
PRAT«PTJET/PE FIV 90
IF fl.GT.IT) GO TO 70 FIV 91
PCRIT»(l,0+Gl*AMjeT**2)**GZ FIV 92
IF fPRAT,GT,PC«IT) GO TO 60 FIV 93
RSTARBPRAT**(<*i./G)*8QRT(G4*«G6/Gl*(l.-PRAT**(*l,/G2))) FIV 94
RSTARMQRT(RSTAR)*RJET FIV 95
GO TO 70 FIV 96

60 ASTAR«G4**G5*AMJET/f1,»G1*AMJFT**2)**G5 FIV 97
RSTARaSQRT(A8TAR)*RjET FIV 98

70 XME«SQRT((PRAT**(1./G2)-1,)/G1) FIV 99
ASOA«G«**G5*XME/(1,*G1*XME**2?**G5 FIV 100
IF (I.OT.IT) R(I)«RSTAR/88RT(A80A) FIV J01
Ul(K)«XME*SORT(G*RG*TTJ|T/tl.*GUXM|**2)) FIV 102
RIfK)«R(I) FIV 103

80 CONTINUE FIV 10U
RJrT«RjRT/REFL FIV 105

90 CONTINUE FIv ?06
C FIV 107
C PREPARE INPUT TO SUBROUTINE VISCOUS - FIV 108
C FIV J09

INTU)«NUM FIV 110
INT(2)«1 FIV 111
lNTf8)»I8EP-2 FIV 112
F L O T C D - 1 2 , F I V 1 1 3
F L O T ( 2 ) « 0 F I V 1 1 U
F L O T ( 3 ) B P T / F L O T ( 1 ) * * 2 / U 7 . 8 8 0 2 5 8 F I V 1 1 5
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FIV Ti7
PLOT(6)«ITERA»1 FIV 118
FLoT(7)«G FIV ii«
FLOT(8)«CAPHI(INT(2)> FIV 180
PLOT(9)«THETA(INTC2))*FLaTcl)/.30«B rlv ,jj
FLOT(10)«IPRINT FIV 128
FLOT(ll>»Uim*FLOT(n/,SOU8 FIV 183
FLOT(12)"0.25 FIV 12«
FLOT<13)"0,0 FIV ]25
FLOT(U)»0.0 FIV 18$
FLOT(15)«X8EPNO*REFL*FLOTU)/,30<I8 FIV 18T
IF (ITERA.EO.O) X1N«X(NUM) FIV 188
IF (INT(T).GT.O) CALL 8MINT (X,CP,NUM, INT(5) ,NUM) FIV 189
XlN«XlN*FLOT(l)/.SOflB FIV ISO
00 JOO IP1.NUM FIV 151
X(I)«X(I)*FLOT(1)/.JO«8 FIV 13?
R(I>»Rm«FlOTU)/.JO«S FIV 15J
RD8(I).RD8(I)*FLOT(n/,SO«8 FIV 13«

100 CONTINUE FIV iM
DO 110 ««1,NJ FIV ]36
Rim«RI(K)*FLOT(l)/.30ue FIV 13?
UlfK)«UI(K)*FLOT{l)/.30«B FIV ?S8

110 CONTINUE FIV 139
C*LL VI8CU8 (INT,FLOT,X,R,CP,RI,UIiFLOTO,RCPUNCH,ME,THETA,DELTA,CAFIV 1«0
1PH.CF, DELI, CAPHI, RET, TAW§1,PTPT,FNN) FIV T«l

C FIV I«8
C CHANCE OUTPUT FROM VISCOUS TMETERS FIV 1«3
C FIV IQU

FLOTOm«FLOTO(7)/FLOT(l)*.30tt8 FIV 1«9
XlNaXIN/FLOT(l)*.3046 FIV i<!6
DO 120 Hl.NUM FIV 1<»7
X(I)«X(n/FLOT(l)*.30U8 FIV 1«8
R(I)»R(I)/FLOT(l)*.SO(i8 FIV 1U9
RD8(I)BRDS(I)/FLOT(l)*.30<i8 FIV l?p
HCPUNCH(I)«RCPUNCH(I)/FLOT{1)*.30«8 FIV 1«1
THETA(I)«TMETA(I)/FLOT(l)«.30flB FIV 158
DELTA(I)«OELTA{I)/FLOT(l)*.JO«fl FIV 153
DELI(I>"DELI(I)/FLOT(1)*.3048 FIV iSU

120 CONTINUE FIV IS*
DO 130 K«1,NJ FIV 156
UI(K)«UI(K)/FLOT(1)*,30U8 FIV 157

130 CONTINUE FIV 158
Q8»QINF*8REF FIV j'59

C FIV 160
C CALCULATION OF DRAG COEFFICIENTS FIV 161
C FIV 168

COF(1)«0,0 FIV 163
CDP(1)»0,0 FIV 16<l
CDT(1)«0,0 FIV 165
ROLO«0,0 FIV 166
QOLD«0.0 FIV 167
DO 1UO J«2,NUM FIV 168
PE»PO*(1.+0/2,*MO**2*CP(J)) FIV 169
ONE«"GX2.*PE*HE(J)**2 FIV 170
RNEW«RO(J) FIV }7l
ANGLE«ATAN((RNEW.ROUO)/(X(J).X(J«1))) FIV 172
8L"PI*(»NEW+ROlO)»8QRT((RN£W.ROLD>**2+(X(J)-X(J-in**2) FIV |73
CDF (J)«(CF(J)*CF(J»i))*(ONE«*OOLD)*3L*C08( ANGLE) /08/<I,*CDF( J"l > FIV 17U
CDP(J)«PI/SREF*(RNEw»CP(J)*ROLO*CP(J"l))*(fNEw-ROLD)»CDP(J»l) FIV 175
CDTtJ)«CDP(J)»COF(J) FIV 176
ROLD«RNEW FIV 177
QOLO«ONE« FIV 178
CONTINUE FIV 179

C FIV ISO
C OUTPUT DATA FIV 181
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150

160

170

180

C
C
200

210

220

250
240

FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV

TO 170 FIV
FIV
FIV
FIV
FIV

IF (N2.GE.NUM) N2«NUM FIV
WRITE (6,200) HEDR,ITF»A,MO,TT,PT,REFL,8REF FIV
PRINT 210, FLOTO(7),X1NND FIV
WRITE (6,220) FIV
WRITE (6,230) (X(N),R(N),CP(N),CF(N),CDP(N),COF(N),CDT(N),RD8(N),RFIV

1CPUNCH(N),DELTA(N),OELI(N),THETA(N),CAPH(N),N«N1,N2) FIV
TF (N2.6E.NUM) GO TO 170 FIV

00 150 N«1,NUM
X(N)»X(N)/REFL
R(N)»R(N)/REFL
THETA(N)iTHETA(N)/ReFl
OElTA(N)«DELTA(N)/RCFL
RCPUNCH(N)»RCPUNCH(N) /REFL
R D S ( N ) « R D S ( N ) / R E F L
OELHN)«DELI(N} /REFL
CONTINUE
If UTERA.LT . IPRINT) GO
F L O T O ( 7 ) » F L O T O ( 7 ) / R E F L
XINNO»XIN/REFL
Nlal

Tst
183

N1«N2»1
GO TO 160
CONTINUE
REWIND 13
READ (13)
READ (13)

(13)
(13)
(13)

WRITE
WRITE
WRITE

BLANK
BLANK

NN,(X(I),IBt,NN)
NN, (RCPUNCH(I),I«1,HN)
CP

WRITE DATA ON TAPE 7 FOR RESTART

IF (IPUNCh.LT.l) GO TO 190
IF (ITERA.NE.ITERMAX) 80 TO
DO 180 IB1.NXO
XO(I)«XO(I)/REFL
RO(I)»RO(I)/REFL
CONTINUE

FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV
FIV

190 FIV
FIV
FIV
FIV
FIV
FIV
FIV

HEDR FIV
I8wiTeH,IPRINT,lPUNCM,IDM,IOM,IMACH,ISEP,(INT(I),lB2FlV

FIV
MO,APT,ATT,REFL,8REF,XSePND FIV
AMJET,PTJET,TTjfT,RJST FIV
NN FIV
(XO(I),I«1,NN> FIV
(BO(I),I"1,NN) FIV
(RCPUNCN(I),I«1,NN) FIV
(CP(I),I*1,NN) FIV

FIV
FIV
FIV

FORMAT (1H1,BA10,5X,14HITERATION NO ,I2//2X,4MMQ «,F7.«,«X,4HTT »FIV
1,F7,2,7H KELVIN,aX,<|HPT •,F10.1,8H PASCALS,«X,3HL «,FlOt6,7H METERFIV
28»«X,6HSREF ",F10.6,10H 80 METERS//) FIV
FORMAT («X,3UHBOUNDA»Y LAYER SEPARATION AT X/L ",F 10.6,12X,36HBOUNFIV

10ARY LAYER REATTACMMENT AT X/L »,F10,6,//) FIV
FORMAT (5X,3HX/L,5X,3HR/L,5X,2HCP,6X,2HCF,6X,3HCDP,5X,3HCOF,5X,3HCFIV
1DT,«X,5HRD8/L,«X,OHRC/L,2X,6HDEL«/L,3X,5HDEL/L,2X,7MTHETA/L,3X,1HHFIV
2/) FIV
FORMAT (IX,1JF8,«) FIV
FORMAT (1615) FIV

7
WRITE (7,270)
WRITE (7,2«0)

1.7),IFLAG5
WRITE (7,280)
WRITE (7,280)
WRITE (7,2«0)
WRITE (7,290)
WRITE (7,300)
WRITE (7,250)
WRITE (7,260)
CONTINUE

185

187
188
189
190

192
193
19<|
19?
196
197
198
199
200
fOl

203
20«
205

807
?oe
209
210
?I1
?12
?13

?18
219
?20
22J

?23

?26
227
228

231
?S2
?33

235
236
257
?S8
f39

2«1
j»«2
2«3

2«7
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250 FORMAT (6FIO,6|«X,2HRC) FIV ?<!«
360 FORMAT (6F10,6,«X,2HCP) FIV ?«Q
270 FORMAT (BA10) FIV 350
2SQ FORMAT (F10,6,F10.1,F!0.2,3Fl0.6) FIV ?S1
290 FORMAT (6F10,6,«X,2HXO) FIV ?S2
300 FORMAT (6F10,6,«X,2HRO) FIV ?5S

END FIV ?5a«
SUBROUTINE VISCU8 (INT,FLOT,XA,RAD,CP,RI,UJ,FLOTO,RiDO,A,THR,r>EL51VIS 1
1.HS1,CFA,DEL1.H1,RET,TAW51,PTB51,FNNS1) VIS ?

C VIS 3
C VISCOUS FLOW SUBROUTINE PACKAGE VIS U
C VIS 5

COMMON /SAVE/ 88(201).8C(201),Y(201),XIN,X8EPSV(20),OELSV(20),YOUTVIS 6
1(201) VIS 7
DIMENSION INT(6), FLOT(lS), FLOTO(7), XA(20n, "AD(20l)» U(201), BVlS 8
lADO(20l)i AC201), TMR(Zoi), OEL5K201). H5K20J). CFAC201). OBLK2VI8 9
?01), HH201), RET(2on, TAW5t(201), PTB5H201). FNN5K201), CP(201VI8 10
3), »If201), UJ(201), VBLC(201), 88(201), 81(201), DSTARC201), CSVfVIS 11
U801), CPCV(«) VIS 1?

C VIS 11
ANAiFlOT(t>) VIS Iti
TANBANA VIS IS
THR(t)BO, VIS Id
OELS1U)»0. VIS 17
DELKD-0, VIS IB
M5tm»0. VIS 19
RET(1)«0. VIS 20
TAW51(13«0. VIS 21
PTB51(1)«0, VIS 22
FNN5l(l)«0, VIS 85
NNBlNT(l) VIS 24
NAZ>INT(2) VIS 25
NMIN«INT(3) VIS 26
NMAXvINTU) VIS 27
TJET«JNT(5) VIS 2fl
NEXT«INTC6) VIS 29
I8MOO»INT(7) VIS 30
IPRE8S«INT(B) VIS 31
Z*FIOT(1) VIS 32
TWW«FUOT(2) VIS 33
PT«FIOT(3) VIS 3<l
TT«FLOT(«) VIS 3?
AMIN«FLOT(S) VIS 36
6A»FLOT(7) VIS 37
HlX«FtOTC8) VIS 38
THRR«FLOT(9) VIS 39
C"FLOT(12) VIS 00
X8IN*FLOT(15) VIS <M
IF (IAN.E0.1) XIN»XA(NN) VIS Of
R»55.55 VIS <I3
5C»J2,17U VIS la
pFREE«PT*(l,*(CA«i.)*.S*AMIN**2)**(GA/(lt«6A)) VIS 19
IF (ANA.GT.l) GO TO 20 VIS 06
00 10 I«1,NN VIS «7

10 Y(T)«RAD(I) VIS 08
VSEPlO. VIS 09

20 CONTINUE VIS SO
DO 30 I'ljNN VIS Si

30 88(I)»3.1«16*Y(I)**2 VIS S*
C VIS S3
c CALCULATE VELOCITY FROM CP vis s«
c vis ss

DO 40 I«1,NN VIS 56
PL«,5*6A»PFREE*AMIN**2*CP(I)+PFREE VIS 57
AML2«2./(GA-l,)*((PL/PT)**((l,«GA)/GA).l.) VIS SB
IF(AML2.LE.O.O) AHL2«0.000000001 VIS S8A
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AMIISQRTCAML2) VIS 59
TL«TT/(l,+(GA«l.)*.5*AML**a) VIS 60

10 U(1)"8QRT(2,/(GA.1.)«GA*R*GC*(TT«TL» VIS 61
C VIS 62
C SHAPEJ CALCULATES 1ST DERIVATIVE OP CONTOUR VIS 6?
C VIS 6<l

CALL SHAPEJ (88.SI,XA,NN) vis 64
C VIS 66
c NEWBL CONTROL CALCULATION OF BOUNDARY LAYER vis 67
C VIS 68

CALL NgWBL <VBLC,XA,Y,8S,NAZfNN,TWW,Z,PT,TT,ANA,G»,U,81»CFA,HIX,THVI3 *"
1RR.A,DELl,RET,THR,DSTAR,r)EL5l,H5l,TAW5i,PTB5l,FNN5l,Hi,DRAG) VIS 70
FLOTO(1)»ORAG VIS 71
IF (IPRESS.GE.O) GO To 50 VIS 72
IF (IPRESS.EO.-I.ANO.XSIN.NE.O.O) CO TO 90 VIS 73
XS!N«XA(NEXT«1) VIS 7fl
GO TO 85 VIS 75

50 CONTINUE VIS 76
C VIS 77
C FIX DETERMINES MIN. CP. THE MIN cP 18 USED AS STARTVIS 78
C LOCATION IN SEARCH FOR SEPARATION VIS 7Q
C VIS RO

CALL FIX (NMIN,NMAX,CP,MI) VIS Bl
CP8«0 VIS «2
CPCV(«)«1,00 VIS M

C VIS 8<l
C 8EPA DETERMINES SEPARATION PROPERTIES VIS 85
C VIS 86

IF (MI.NN) 60,170,170 VIS 87
60 CONTINUE VIS 88

MM«MI«NAZ VIS 69
CALL 8EPA (XA,RAO,CP»AMIN,CFA(MI),DELl(MM},THR(MM),RET(MM),CP(Mn,VI8 90
JMI.NMAX.CPCV) VIS 91
CPS«CPCV(IPRESS*1) VIS 9?
FLOTO(2)«CPCV(1) VIS 95
PLOTO(3)«CPCV(2> VIS 90
FLOTOU)«CPCV(3) VIS 95
FLOTO(5)«CPCV«n VIS 96
DO so I«MI,NMAX vis 97
IF (CP(I)-CPS) 80,70,70 VIS 98

TO xSEP"(ccps-cp(i"m/(CPcn-cPci-im*<xA(i).xA(i-iM + xACi.n vis 99
AML«A(I) VIS 100
00 TO 90 VIS 101

80 CONTINUE VIS 102
IF (IAN.CO,1) GO TO 90 VIS 101
IF (XSIN.NE.O,) GO TO 90 VIS JOU
IF (X8EP8V(IAN«1).EO,0.) GO TO 90 VIS 1.05

BS X8EP«XA(NCXT«1) VIS lOfe
WRITE (6,220) XSEP VIS 107

90 CONTINUE VIS l"08
C VIS 109
C CALCULATE SEPARATION POINT VIS 110
C , VIS 111

IF (ANA.EQ.l.) GO TO 160 VIS 112
IF (ANA.GT.2.) GO TO 100 VIS 113
DEL8V(2»ABS(X8CP*XSEPSV(1)) VIS 114
XSfP«XSEPSV(l) VIS 115
GO TO 160 VI8 1)6

100 CONTINUE VIS 117
IF (AN*.CO,J.) GO TO 1«0 VIS 118
IF (ANA.GE.8.) GO TO ISO VIS 119
AVEDELaO, VIS 120
IANlBUN-1 VIS J21
DO 110 IBJ«2,IAN1 VIS 122

110 AVEDCLaAVEDEL+DELSVdRj) VIS 123
AVEDELaAVEDEL/IANl VIS 124
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IF (AB8(XSEP»X8EP8V(lAN.i)),LT.2.*AVEDEL) 60 TO 1«0 VI8 ?25
IF (X3EP-X8EP8V(1AN.1)) 120,120,110 VI8 126

120 X8EP«X8EPSV(JAN.1).2.*AVEOEL VIS 12T
80 TO 1<IO VI8 128

ISO X8EP«X8EP8VCIAN.1)«Z.*AVEDEL VI3 |29
HO OEL8V(IAN)«AB8(X8eP«XSEPSV(lAN«l)) Via ISO

XSEP*<X8CP*X8EP8V(lAN.n)*.S VIB ?5)
00 TO 160 VI8 158

150 CONTINUE VI8 135
X8EP"AMINl(X8EP8Vt7),X8EPSV(6),X8EPSV(5)) VI8 I3a

160 X8EP8V(IAN)»X8EP VI8 155
170 CONTINUE VI8 15*

00 180 I«1,NN VI8 1ST
180 C8vm«CP(I) VI8 13*

If (XSIN.NE.O.) X8EP«X8IN VI8 139
IP (ANA.GT.4) CO TO 200 VIS 1«0

C VIS 1«1
C ZERO CP 'OR THE FIRST <i ITERATIONS VIS i«?
C VIS 1«3

00 190 I«1,NN VIS 1<IO
RATIO»0. VI8 1«5

190 C8V(I)«CPm*RATlO VI8 1«6
C VIS i«7
C 8EP CALCULATES THE AERODYNAMIC CONTOUR VIS \H*
c VIS 1«9
200 CALL 8EP (NN,XA,RAD,C8V,X8EP.AMIN,GA,TT,PT,RADO»08TAR,Y,ANA,IJET,NVI8 HO

1EXT,RI,UJ,C) VI8 151
FLOTO(7)*X8EP VIS 15?
IF (I8HOO.EO.O) 60 TO 210 VIS 153
CALL 8MINT (XA,*AOO,NN,NMIN,NMAX) VIS 150

C WRITE (6,220) (I, XA(I ) ,RADO(I) , I"l ,NN) VIS 155
210 RETURN vis 156
C VIS 157
c VIS 158
c VIS 159
220 FORMAT (5«H DID NOT SEPARATE. U8E NOZZLE EXIT AS SEPARATION POINT, VI8 160

1E12.«) VIS 161
fNO VI8 162-
SUBROUTINE 8HAPEJ (88,8l,X,NN) 8HA 1

C 8HA 2
C THIS SUBROUTINE SETS THE BOUNDARY CONDITIONS. THESE BOUNDARY 8HA 3
C CONDITIONS ARE 8ET BY THE INITIAL AND FINAL SLOPES OF THE 8HA U
C CR08SECTIONAL AREA CURVES. 8HA 5
C 8HA 6

DIMENSION C188(201), C288(20l), C38S(201), 88(1), SKI), X(l) 8HA 7
C 8HA 8

CALL POWER (X,NN) 8HA q
CALL SUMA (2,NN.l,S,X,88,C188,C2SS,C38S,Sl,t) >HA In
81(D"0.0 8HA 11
S1(NN)«0.0 SHA 12
RETURN 8HA I,
END SHA 1«-
SUBROUTINE POWER (X,N*) p0w \

C POW 2
DIMENSION X(l) POW 1
COMMON /COEFFX X2(2on,XJ(20l),X«(20l) POW u

C POW 5
00 10 I«1,NN POW 6
X2(I)*X(I)*X(I) POW 7
XS(I)>X2(I)*X(I) POW R

10 CONTINUE POW 10
RETURN POW U
END POW 12-
SUBROUTINE 8UMA (NX,NY,LZ, X, 8,C 1 ,C2,C5, 81 ,L) SUM 1

C SUM f
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C THIS SUBROUTINE CURVE FITS A PARABOLIC ARC THRU LEAST SQUARES SUM 5
C SUM (I

COMMON /COKFF/ X2(20n,XS<20n,X4(20n SUM 9
DIMENSION XC1), 3(1). «1(1), CUD, C2U), C3C1) SUM 6
DOUBLE PRECISION SUMl,8UM2.3UM3,SUM4,3UM9,SUM6,8UM7 SUM 7

C BUM 8
LN«LZ/2 SUM 9
ClfNX»l)«0,0 SUM 10
C2(NX-1)»0,0 SUM li
C3fNX»l)«0,0 SUM 1?
00 30 J«NX,N* SUM 13
8UMl«0,0 SUM l«
8UMl*0.0 SUM 19
8UMJ«0,0 SUM 16
SUMUBO.O SUM 17
8UM9«0.0 SUM l§
SUM6«0,0 SUM to
SUM7«0.0 SUM 20
M«J-LN SUM 21
MM«J+LN SUM 22
DO 10 I«M,MM SUM 23
SUMlaSUMitX(I) SUM 2«
8UM2«SUM2^X2(I) SUM 29
9UM3aSUM3+X3(I) SUM ?fc
8UMU«SUM«+XO(I) SUM 27
SUM5»SUM5*(K(I)*SfI)) SUM 2A
SUM6«8UM6»(X2CI)«8(I)5 SUM 24
9UM7>SUM7+8(I> SUM 30

10 CONTINUE SUM 31
AA«8UM7 SUM 3?
*B«3UM1 SUM 33
ACaSUM2 SUM 30
ADB8UMS/8UM1 SUM 39
AEB3UM2/8UM1 SUM 36
iF«8UMfc/8UM2 SUM 37
AGiSUM3/8UMl SUM 3A
AH«SU*u/8UM2 SUM 3Q
AU8UM3/3UM2 SUM UQ
AAAR«AA/IZ SUM at
ABAAAR-AD SUM 42
C«AAAR*AF SUM 43
ABARBAB/LZ SUM U(|
R«ABAR»AE SUM 49
D«ABAR»AI SUM HI)
ACAR*AC/LZ SUM 47
CBACAR.AC SUM 4«
C«ACAR«AH SUM 49
B«R*.10-10 SUM 9o
0«D+,10-10 SUM 91
E8«E/B SUM 92
AMaEB-6/0 SUM 93
IF (ABS(AM).LE.O.lD.iO) 60 To 20 SUM 94
AOBiAXB SUM 99
C3fJ)«(AOB.C/0)/AM SUM 96
C2(J)«AOB-|B*C3(J) SUM 97
Cl tJ)"AAAR-C2fJ)*ABA«»C3(J)*ACAR SUM 98
60 TO 30 SUM 99

20 CONTINUE SUM 60
C3fJ)«C3(J-l) SUM 61
C2(J)"C2(J»1) SUM 62
ClfJ)«Cl(J-n SUM 63

30 CONTINUE SUM 64
IF (L.EQ.O) RETURN SUM 69

C SUM 66
C COMPUTE 1ST DERIV, OF X V8 8 CURVE, SUM 67
C SUM 68
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ao

50

DO 40 J«NX,NY
81(J)«C2(J)»2»CS(J)*X(J)
CONTINUE
00 50 J»1,LN
K«NX»LN+J«1
S1(K)«C2(NX)+2*C3(NX)*X(K)
I«J+NY
9l(I)"C2(NY)*2*C3(NY)*X(I)
CONTINUE
RETURN
END
SUBROUTINE NEWBL (VnLC,X,YO,

1 fX,THRR,AM,DELl»RET,THR,D8TA

DIMENSION Hl(l), DSTAR(201),
11). CFA(201), AM(1), THR(l),
2W5K1), PTB5K1), FNN5H1),
COMMON /SAVE/ 88(201), 8C{201

NBJBNN.NAZ+1
DO 10 I«l,NN
VBLC(n»U(I)
DO 20 KjBl.NBJ
NJA«NAZ+KJ«1
CPH(KJ)«VBLC(NJA)
YBAR(KJ)«X(NJA)
BC(KJ)>YO(NJA)
CONTINUE
ABC«PT
CALL BLC (PT,TT,YBAfl,HC,CPB,
lDELl,f»ET,THR,DEL51,H5l,TAW51
PT.ABC
IF (NAZ) 60,60,30
DO 40 NJ>1,NBJ

SUM

SUM
SUM

SUM
SUM
SUM

SUM
SUM
SUM
SUM
SUM

S,NAZ,NN,TWW,Z,PT,TT,ANA,GA,U,8l,CFA,HNBL
R, DEL 5 1 »H51 ,TAW51,PTB5l,FNN5),Hl,ORAG)NBL

NBL
U(l), VBLC(l), X(l), Y0(l), 8(1), 8KNBL
DELHI), RET(l), OELSlfl), H5K1), TANBL

BC(201), CPB(201), YBAR(201) NBL
),Y(201),XIN NBL

NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL
NBL

T«W,Z,NBJ,DSTAR,THRR,MIX,HI,CFA,AM,GA,NRL
,PTR51,FNN51,DRAG) NBL

NBL
NHL
NBL

69
70
71
72
73
74
75
76
77
78
79"
1
2
3
4
5
6
7
8
q

10
11
12
13
1 4
15
16
17
18
19
20
21
22
23

10

20

30
NAj«NAZ*NJ.l NBL 2<l
CPB(NAJ)»CrA(NJ) NBL 25
BC(NAJ)«AM(NJ) NBL 26
YBAR(NAJ)«08TAR(NJ) NBL 27

«0 CONTINUE NBL 28
DO 50 NJ«1,NAZ NBL 29
YBAR(NJ)«OSTAR(2) NBL 30
CPB(NJ)«CFA(2) NBL 31
BCfNJ)«AM(l) NBL 32

50 CONTINUE NBL 33
60 CONTINUE NBL 34

DO 100 I«1,NN NBL 35
CFA(I>*CPB(I) NBL 36
AM(I)«BC(I) N8L 37
D8TAR(I)«VBAR(I) NBL 38
1^ (8(I)-,1E»8) 70,70,80 NBL 39

70 RCOSO.O NBL «0
00 TO 90 NBL «1

80 CONTINUE NBL «2
RCO»Sl(I)/(2.0*8QRT(3.i«16*8(!))) NBL 43
RCO'ABS(RCO) NBL «U

90 CONTINUE NBL «5
OtV»RCO**2»l,0 NBL «6
8UQC1.0/DEV NBL «7
AMB«SORT(8UQ) NBL 48
D8TAR(I)«D8TAR(I)/AMB NBL 49

100 CONTINUE NBL 90
IF (ANA.GT.l.) GO TO 120 NBL 51
DO 110 IB1.NN NBL 5f
8C(I)«0. NBL 53

110 S«m»0. NBL 54
120 *BC»0. NBL 95
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DO J«0 I"1,NN NBL 56
IF (ANA.LE.3.) GO TO 130 NBL 57
08TARCI)«,25*DSTARCl)«,5*8BU)*,2S*8Cm NBL 5ft

130 SC(I)*8B(I) NBL 59
3B(I)«09TAR(I) NBL 60

140 CONTINUE NBL 61
RETURN NBL 62
PNH NBL 63-
SUBROUTINE BLC (PT,TT,Xv,YV,V,TWW,Z,NN.oSTAR,THRR,MIX,HlCH.CFA,AM,BLC 1
1GAM,DELI,RET,TH8,OELSl,H51,TAW51,PTB51,PNNSl,DRAG) BLC 2

C BLC 3
DIMENSION AM(1), XV(1)« YV(1), V(l), 08TARC1), HICHfl), DEL 1 (1), CBLC 4
1FA(201), OEL511D, H5K1), TAN5l(i), PTB5K1), FNNjtn), RET(l), TBLC 5
2HBrl), X(201), Y(201) BLC 6

BLC 7
TFfX)«i.».2*X**2 BLC ft
PF(X)»TF(X)**3.5 BLC 9
TANE(X)«1,+.178*X**2 BLC 10
H2rX)>(X*(X«l.}**2)/2. BLC 11
H3CHl)B2.*HIF/<HI»l.)*<Hl«l.)..5*C(HI*l,)*.3/4.3) BLC 12

C BLC 13
Gl»(GAM.l.J/2, BLC 14
G2«GAM/(l,.GAM) BLC 15
DSTAR(1)«HIX*THRR BLC 16
THR«THRR BLC 17
IF (THR.LT.,00001) THR«,00001 8LC 1ft
00 10 I«1,NN BLC 19
X(I)iXv(I)/Z BLC 20
AM(I)«V(I)/tt9,/8QRT(TT.V(I)**2/. 48/776. /32,17) BLC 21

10 vm«wm/z BLC 22
IF (AM(l).LE.0.00001) AM(D«AM(2) BLC 23
PT«PT*Z«Z BLC 24
L»l BLC 25
HIF«1.3 BLC 26
U"2.27E-08*TT**1.5/fTT»198.6) BLC 27
AUB80RT(1.4/1716./TT)«PT/U BLC 2ft
M«NN»1 BLC 29
THTR«THR/TF(AM(1))**3/Z BLC 30
HM-1. BLC 31
ORAG«0.0 BLC 32
THT-0. BLC 33
H0«0, BLC 34
IF (HIX) 20,20,30 BLC 35

20 Hl«1.3 BLC 36
GO TO 40 BLC 37

30 HI.HIX BLC 3ft
40 00 230 I«1,M BLC 39

DM«AMCI+1)«AM(I) BLC 40
OYBY(I+1)-Y(I) BLC 41
OXBX(Ifl).X(I) BLC 42
XXN«N BLC 4?

IF (Y(Uin 50,fcO,SO ' BLC «S
SO DLMBOLM+ABS(DY/Y(1*1)) BLC 46
60 N»30,*DLM BLC 47

IF (N-10) 70,70,80 BLC 4§
70 N»10 BLC 49
80 IF (JO.N) 90,100,100 BLC SO
<»0 N«30 BLC 51
100 8«N BLC 52

OX.DX/8 BLC S3
YYBY(I)«DY/2,/8 BLC 54
DY»DY/8 BLC S5
AA«AM(i).DM/2./8 BLC 56

BLC 57
BLC 58
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N«8 BLC 59
DO 220 J«1,N BLC 60
YY«YY»DY BLC 61
AA»AA*DM BLC 62
TE«TT/TF(AA) BLC 61
TAW«TE*TAWECAA) BLC 60
IF CTWW) 110,110,120 BLC 65

110 T*«TAW BLC 66
80 TO 150 BLC 67

120 TWBTWW BLC 68
ISO TRB(TAW+TE)/2,*,22*TE*CTA«E(AA)"1,) BLC 64

TRiTR*(T»UTAW)/2, BLC TO
THH«THTR BLC 71
HH«HI BLC T2
TMTR»CTHH»THT/2,) BLC 73
Hl«HD/2,+HM BLC 7«
A¥.AB8(THTR) BLC 79
A".123*EXP(>1,561*HI)*(AA*AU*AY)**(>.268)*(TE/TR)**.7)2*(TE/TT)**3BLC 76
l'.268 BLC 77
A«A*(TT/TR)t*,060S BLC 78
THT«+A*OL"TMTR*OM/AA«(2,*M1«(TW/TT«1.)*HIF/HM) BLC 79
fHT«(THTR*C»DY/YY)»THT) BLC 80
THTR«(THH«TMT/2.) BLC 81
HO«-OM/AA«H2(HI)*(HI«1,*(TW/TT-1.)*HJ(HI)/HM) BLC 82
Hr«(HU(HI + l,)«,J6«(EXPf2.9«(Hl.l.)).l.XH!)) BLC 83
HF»Hr*(Hl**2-l,+ExP(20.-20.*HI)*,n BLC 8(1
HD»HD+Hr/TMTR*A*OL BLC 85
If (A88(HO)/HI«.J) 150»150,1UO BLC 86

100 HD».2*HD/AB8(HD)*HI BLC 87
190 Hl»HH*HD BLC 88

THTR"(7HH*THT) BLC 89
IF (HI) 160,160,170 BLC 90

160 HlB,5 BLC 91
H0«0. BLC 92
QO TO 190 BLC 93

170 CONT-2.0 BLC 9«
IF (HI.CONT) 190,190,180 BLC 95

180 HltCONT BLC 96
HH«CONT BLC 97
HDiO. BLC 9R

190 TFA»TF(AA) BLC 99
TMMTHTR*TFA**3 BLC 100
CF«2.*A*TFA«*3 BLC I0t
IF (J*I-2) 200,200,210 BLC 102

200 ftVBPr/PF(AA)*8QRT(1.4/TE/17l6.)*AA BLC 103
210 HCAO«0.7«(AA*AA)«PT BLC 10U

HEAD«H6AD/f(1,0»(0.2*(AA»AA)))*«J,5) BLC 105
CFO«CF*HEAD BLC i"6
ORA6«ORAC*(6,28J2*CFO*VY*DX) BLC 107
RV»PT/(IF(AA)*80RT(1,«/TE/1716.}*AA BLC JOB
HTR«HI*(TN/TT«1,)*MIF/MM BLC 109
H«HTR*TFA+.2*AA**2 BLC I'O
U"2,27E-08«TE*«1.5/(Tf+196.6) BLC 111
•E«RV*THR/U BLC 112
TMR«THR*2 BLC 113
DEL«THR«H BLC il«
D8TAR(I«1)«DEL BLC }15

220 CONTINUE BLC 116
FNN«2.0/(HI«1,) BLC J17
FM1*1.+Q1*(AM(I+1)**2) BLC 110
FM2«FM1.1,0 BLC J19
FM3«GAH*(AM(I*l)*»2)/2, BLC 120
TTT«TMR/FMt**3 BLC 121
ODO«TTT*(1.*FNN)«(2.»FNN)/FNN BLC 122
DSTABDEL/P*1««3 BLC 123
AOB«TTT*D8TA«DDO BLC 12U
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OELl(I+l)"DDD*(FMU*a)*AGB*FM2*(FMl*»3) BLC 125
pTBAR»FMi»«G2*(l.+FM3*(l.-(DEL*THR)/DELl<Itl))) BLC 126
L«L+1 BLC J27
DEL51(L)«DEL BLC 128
H5l(L)»H BLC 129
TAN51(L)«TAW BLC 130
PTBSKD^PTBAR BLC 131
FNNS1(L)"FNN BLC 152
CFA(I+1)"CF BLC 133
MICM(I+1)«H1 BLC 130
RET(I + 1)"RB! BLC 135
THB(1+1)*THR BLC 136

230 CONTINUE BLC 137
CFA(1)«CFA(2) BLC 138
RETURN BLC 139
END BLC 1«0«
SUBROUTINE FIX (NMIN,NN,CP,M!) FIX 1

C FIX 2
DIMENSION CP(1) FIX 3

C FIX 0
MlBNMlN FIX 5
PMINiCP(NMlN) FIX ft
00 20 I«NMIN,NN FIX j
IF (CP(I)-PMIN) 10,20,20 FIX 8

10 pMiN.CPd) FIX 9
MI«I FIX 10

20 CONTINUE FIX 11
RETURN FIX 12
END FIX 13"
SUBROUTINE SEP* (X,R,CP.E*I»CFl»DEL 1»TH£T*1,R£TMJ,CP1,N8N,NEN,CPRT8PA 1
1) SPA ?

C SPA 3
DIMENSION X(20S)i R(201), CP(201), CPDC201), C1C20J), C2(201), C3(8PA U
1201), CPRT(U), YY(201)» P3PK201), E(201) SPA 5
COMMON /COEFF/ X2(2on»X3(201),XUC201) SPA 6
COMMON /BCB/ TTRAT(201),PTRAT(201),PTRN8(20n,URAT(201),EM(201),WR8PA 7
1(201),PHIR(201),TWTTE,GAMMAfBLMN.BLHQN.VMVE1,C,080,DOSD,BK,EME1,SN8PA 8
2FAC,8IG1,SIGMA1,SICS1 SPA 9

C 8PA 19
ASlN(X)«ATAN(X/SORTCl-X»xn SPA 11

C SPA 12
E"l"0.0 SPA 13
BTAIL'0.0 SPA 14
ELLBTBO.O SPA 15
fNTMA8«0.0 SPA 16
ENPRE8»3,0 SPA 17
CFwCFlal.O SPA 18
eAMMABl.d SPA 19
GAMBGAMMA SPA 20
EMl«SQRT(5.*(Cl.*.2*EMl*EMI)*(l.*,7*EMI»EMl*CPl)*»((l,-6AM)/GAM)«18PA 21
l'.)) SPA 22
EMElfEM] SPA 23
|M1EMI«EM1/EMI SPA 24
CP86*CP14200.*CFi*(il«(GAM/2.)*eMI*EHI*CPl)*EMlEMI*eMiEMI SPA 25

C SPA 26
C CALCULATE CPCSEP) AND P(3EP)/PI USING OOLDSCHMEIO METHOD SPA 27
C SPA 28

P8PIG«l.+,5*CAM*CPSG*eMI*EMl SPA 29
PSP1C«PSPIG/(1,*.5*CAM*CPUEMI*EMI) SPA 30

C SPA 31
C 8TRATFORDS SEPARATION CALCULATION SPA 32
C SPA 33

NXaNSN+2 SPA 30
NV.NEN-2 SPA 35
LZ«5 SPA 36
L"l SPA 37
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10

20

30
40

90
60

70
60

90
100

110

120
C
C
C

C
C
C

C
C
C

C
C
C

C
C

CALL SUMA (NX,NY,LZ,X,CP,C1,C2,C3,CPD,L)
RE«PETH1«(X(N8N)/THETA1)
SSiDELl/(,S7*RE**(.,2))
RHS".39*(10,**(«6.}*RE )**(+.!)
DIF«0
JK«0
oo loo I«NSN,NEN
DX«X(I)«X(N8N)
S«S8*DX
IF tcpom) «>o,9o,io
CONTINUE
HLS«CP(I)*(8*CPO(I))**,5
OIF«RH3»HL8
IF (JK.l) 20,40,00
CONTINUE
JKil
LNZ«0
IF (DIF) 30,30,40
LN?"1
CONTINUE
IF (LNZ) 50,50,70
IF (OIF) 60,60,90
IA.I
60 TO 110
IF (DIF) 90,80,80
IA.I
SO TO 110
CONTINUE
CONTINUE
60 TO 120
CONTINUE
CP8S«CP(IA«1)
CPRT(4)«CPS8
CONTINUE

CALCULATE CP(8EP) AND P(8EP)/PI U8IN6 MODIFIED PAGE METHOD

CP8P«CPl+0.38*(l.+(6AM/2.)*EMi*EMi*CPl)*EMlEMI*eMlEMI

EVALUATE PROFILE PARAMETERS AT STATION 1

BK.O.U
C«5,l
WTEm.
8I61»0.2*EM1*EM1
SIGMA1«8IG1/(1.*8IG1)
SIG81«8QRT(SIGMAI)
F8IG1«(A8IN(8I6S1))/8IG81
VNVE1*(1,«8IG1)**1.76
UTUE81>SORT((C^l/2.)*(8I6MAl/(l,.8IGMAl)))/A8lN(8QRT(8I6MAn)
REOELl«RETHl*oeLl/THETAi
PXiB.5*(l.»UTUE8l*((l,/BK)*ALOG(REDELl*AB8(UTUE81)*F8I61/VMVEl
1)

DETERMINE B.L, PROFILE PROPERTIES AT STATION 1

CALL PRPL (UTUE8l,Pxl,EMl,l,o,2,YY)

DETERMINE UPSTREAM BOUNDARY LAYER INTEGRAL PROPERTIES

CALL FLUX (101, YY, EMI)
RETH1«REDEL1*D08D
AMASSiaBLMN
AMQMUBLMON

START SOLUTION PROCEDURE, ASSUME P8/P1

SPA
SPA
SPA
SPA
8PA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
8PA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
8PA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
8PA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA

)+C)8PA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA
SPA

JS
39
40
41
42
43
40
45
46
47
48
44
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
I"?
103
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SPA ioa
OOOD«DDSD SPA 105
UTUE8S«0. 8PA 106
PSPI(1)«PSP1G SPA ,07
PlPT«(l.*,2*EMl*EMn**(GAM/(j..GAMj) SPA jog
FEM3l»(PSPl(n*PlPT)*«Cn."GAM)/6AM).l. SPA 109
FEM32«P1PT**((1.«GAM)/GAM)«1. SPA }tO
EM8«EMl*8QRT(FeM31/FEM82) SPA 1M
PXS"0,5 8PA 112
J"t SPA 115
GO TO JUO SPA llu

130 J"J»1 SPA 115
IF (J.E0.80) 60 TO 2'0 SPA 11*
P8P1(J)«PSPHJ«1>«0.1 SPA JI7
FEMS1«(PSP1(J)*P1PT)**CU,«GAM)/GAM>.1. SPA 118
FEM32"PlPT**m.«GAM}/GAM).l. SPA 119
EM8"EMl*8nRTCFEM3l/PEMS2) SPA 120
PX8-0.5 8PA 121

C SPA 122
C ENTRAPMENT AND FRICTION CONSTANTS SPA 123
C SPA 124

IF (ENTMAS.GT.O.) GO TO 2TO SPA 125
C SPA ?26
C CALCULATE ENTRAlNMENT FROM GREENS THEOREM SPA (27
C 8PA I2fl
1«0 ELOEL1«ELLBT*BTAIL/OELJ SPA 129

AP1PI«1.0*.7*EMI*EMI*CP1 SPA 130
PGX"(1.0».7*EMI*EMI*CP(N8N«n)/APlPI SPA 131
IJB«NEN SPA 132
DO 230 II«N8N,NEN SPA 133
PGKiaPQX SPA t3u
PBK«(1.0*,7*EMI*|MI»CP(II))/APJPI SPA 135
IF (II-N8N) 150,150,160 SPA 136

150 PGXlvPGX SPA 137
GO TO 230 SPA 138

160 CONTINUE SPA 139
OPG«PGX.P8PJ(J) SPA l«0
IF (DPG) 190,170,170 SPA 1«1

170 IR (PGXl.PSPKjn 180,220,220 SPA 1U2
180 O B G " A B S ( P S P 1 C J ) - P G X 1 ) SPA i«J

O T G * A B 8 ( P G X * P G X 1 ) SPA 1<IU
GO TO 210 SPA 1<I5

190 IF [PGXI.PSPHJM 220,220,200 SPA 1>6
200 D B G * A B 3 ( P 3 P 1 C J > - P G X ! ) SPA 1«7

D T G * A B 8 ( P G X - P G X 1 ) SPA jtifl
210 A L « X ( l I » n " X C N 8 N ) + ( 0 8 G / D T G ) * ( X ( I I ) « X ( I I . J ) ) SPA 149

UB'II-1 SPA )50
GO TO 2UO SPA 151

220 CONTINUE SPA 152
230 CONTINUE SPA 153

i l«X(NEN).XCN3N) SPA 150

2«0 ELDELl'AL/DEll SPA 155
IF (J.LE.2) GO TO 260 SPA 156
TOTAL«0, SPA 157
DO 250 II«NSN,IJB SPA 158

250 TOTAU"TOTAL+CP(II) SPA 159
CPAVE«TOTAL/(IJB.N8N»1) SPA 160
CPCVB(PSP»(J)*(l. + .7i»EMl*EMI*CPl)-l.)/(i7*EMI*EMn SPA 161
ENPHE3«(CPCV-CP1)/(CPAVE.CP1) 8PA 162

260 CONTINUE SPA 163
FENT1«(1.«DOD)/DDOO«3, SPA 16U
FENT2"FENT1**(-0.61695 SPA 165
FENT3«1.-DOO SPA 166
AHEMBL«ELDCL1*.0299*FENT2/FENT3 3PA 167
GO TO 280 SPA 168

270 AMEMBL-ENTMA8 SPA 169

47



APPENDIX

280 CONTINUE SPA 170
C»LL PRFL (UTUESS,PX3,EMS,P8P1(J),1,YY) SPA 171
CALL FLUX (101,YY,EMS) SPA ?72
AMA3S3»BLMN SPA IT?
AMOM8«BLMON SPA 174
ALHS1«(1,/PSP1(J))<»(1, + AMEMBL}*EM1/EM8 SPA
ALHS2«SQRT((l,+.2*EMl*EMl)/(l.».2*EMS*EM8)) SPA
ALH83"AMASS1/AMASS3 SPA J77
ALHS»ALH81*ALH82*ALH83 SPA 1T§
RHS1»(1./ENPRE8)*(P8P1(J)»1.) SPA J79
RH82«1,,4*EM1*EM1»AMOM1 SPA 180
RH83«1.4*AMEMBL*EMUEMUAMA83l SPA 181
RHS4«,5*CF1*CFWCF1*,70*EM1*EM1*ELDEL1 SPA 182
RH85«1.*(1./ENPRE6>*(PSP1(J).1.).PSP1(J) SPA 185
RH86iP8PKJ)*l,«*EM8*EM8*AMOM8 SPA 184
RH8«eRH31«RH82»RH83«RH84)/(RHBS«RH86) SPA 189
E(J)«RHS«AIH8 SPA l8fc
TESTnAB8CE(J)) SPA 187
IF (TEST.LE.0.00001) 60 TO 300 SPA 188
IF (J.eQ.D 60 TO 130 SPA 189
IF (ABS(ECJ>.E(J.l)).LEi.001*AB8((EtJ)+E(J-l>)*.5)> 00 TO 300 SPA 1*0
8LPPE«(e(J-l)-E(J))/(P8Pl(J.l).P8Pl(J)) SPA 1ft
PSPl(J*n«P8Pl(J)«E(J)/8LOPE SPA 142
IF (PSP1(J*1),LT.O.) 60 TO 130 SPA 193
FEM31"(P8Pl(J+l)*PlPT)**<Cl.«GAM)/eAM).l. SPA 1*0
IF (FEM81.LE.O.) 60 TO 130 SPA 19*
EM8BEHl*80RT(FEM81/FEM32) SPA 1*6
J"J*1 SPA ?97
IF (J.EO.BO) 60 TO 290 SPA 19B
60 TO 140 SPA 199

290 CONTINUE SPA 900
60 TO 310 SPA |0(

C SPA ;02
C SOLUTION OBTAINED SPA J>03
C SPA {00
C DETERMINE B.L, PROPERTIES AT SEPARATION SPA ?05
300 CALL PRFU (UTUE38,Px8,EM8,PSPlCJ) ,2, YY) SPA ?0fc
C SPA ?OT
C DETERMINE DOWNSTREAM B.L. INTEGRAL PROPERTIES SPA ?08
C SPA ?09

CALL FLUX (101,YY,EMS) SPA ?10
C SPA J11
C DETERMINE DEL3/OEL1 AND SEPARATION PRESSURES SPA 212
C SPA 213

P8P1FBP8PKJ) SPA 214
CPCV«(P8P1F*(1.*.7«EMI*EMI*CP1)«1.)/(.7*EMI*EMI) SPA 215

C SPA 21fr
C RESULTS FROM CONTROL VOLUME APPROACH S>A 217
C SPA 218

CPRT(1)«CPCV SPA 219
C SPA 229
C RESULTS FROM 60LD8CHMEID SPA 221
C SPA J22

CPRT(2)«CPS6 SPA 223
C SPA 224
C RESULTS FROM MODIFIED PA6E MfTHOO SPA ?25
C SPA ??6

CPRT(3)«CP8P SPA 227
310 CONTINUE SPA ?28

RETURN 8PA 229
END SPA 230"
SUBROUTINE PRFL CUTUE8T,PX,EME.PKP1,IOPT,YY) PRr 1

C PRP 2
C SUBROUTINE TO CALCULATE DISTRIBUTIONS OF PROPERTIES PRr 3
C PRP 4

DIMENSION YYC201) PR? 3
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COMMON /BCBX T T R A T C 2 0 1 ) , P T R A T f 2 0 1 > l P T R N 8 C 2 0 n , U R A T C 2 0 n » E M ( 2 0 n , W R P R F 6
l f 2 0 n , P H I R C 2 0 1 ) , T W T T E . C A M M A , B L M N , B L M O N . V W V E l , C » D 8 D » D D 8 D » B K , E M E l f 8 M P R F 7
2FAC»SIG1,8 IGMA1, 81681 PRF 8

PRF 9
PI«3.1<I15927 PRP 10
r.XP2»GAMMA/(GAMMA«l.) PRF 11
EXP3«1./(GAMMA»1.) PRP 12
GAMl»(GAMMA«l,)/2, PRP 11
GAM2«GAMMA+1, PRP i<|
GAM3«GAMMA»1 , PRP IS
81«EME*EME PRP 16
SIGMA»GAMl*Gl/U.»GAMl*Gn PRP 17
SIGG1«SQRTC8IGMA) pRp 18
8IGG2«1./3IGG1 PRp 19
SlGG3»ATAN(3IGGl/SQRTn«8IG'Gl*8IGGl)) PRP 20
URAT(1)«0, PRp 21
TTRAT(1)«TKTTE PRp 22
EM(1)«0. PRP 23
YY(1>«0. PRF 2a
PTRAT{n«<l./<l.+GAMUEMEl*EMEl))**EXP2*PKPl PRp 2?
PTRN8(l)»PTRAT(J) PRP 26
00 40 1*2,101 PRP 27
*I«I-1 PRP 28
YV(I)"AI/100, PRP 29
URATCl)"8lGGZ*SlN(8lGG3«8lGG3*PX*n,»C09CPl»YV(I)» + n./BK)*UTUe3TPRr 30
1*8!GG3*ALOG(YY(I))) PRp j)
TTRAT(I)»TWTTE*{l.«TWTTE)*AB8(URAT(n) PRP 32
U2«URAT(I)*URAT(I) PRP 35

TF (URAT(r).LE.O.) E« 1 1 )••! ,*EM ( I ) PRP 35
IP (IOPT.1) <IO|tto,10 PRF 36

C PRP 37
C CALCULATION OF TOTAL PRESSURE OOKN8TREAM OF NORMAL 8HOC* PRP 38
C PRP 39
10 PTRAT(nB((l,+GAMl*EM(I)*EM(l))/(l,4GAMl*EMEl*EMEin**EXP2*PKPl PRp UO

IF (EM(I).j.) 20,20,30 PRP 01
20 PTRNS(I)»PTRAT(I) PRP a2

GO TO UO PRP U3
30 PTf?NS(I)«(GAM2*EM(I)*EMm/2./(l.*GAMUEMEl*EHEl))«*EXP2*(GAM2/{2,PRF u«

UGAMMA*EM(I)*EM(n.GAM3))**ExP3*PKPl PRP a?
«0 CONTINUE PRP 46

RETURN PRp <i7
END PRP U8«
SUBROUTINE FLUX (K.Y.EME) FLU 1

C FLU 2
C SUBROUTINE TO CALCULATE MASS AND MOMENTUM FLUX OF B,L, FLU 3
C ALSO CALCULATES DISPLACEMENT AND MOMENTUM THICKNESSES FLU <l
C FLU ?

DIMENSION Y(201), YYC201), BLMR(201), BLMOR(201) FLU 6
COMMON /BCBX TTRAT(201),PTRATf201),PTRNS(20l).URAT(201),EM(201)»WRPLU 7
lf20l)»PHIR(201)»TWTTE,6AMMA,BLMN,BLMON,VWVEl,C,D8D,DD8D»BK,EMEl,8HFLU 8
2FAC»SIG1,SIGMA1,8IG81 FLU 9

C FLU 10
DO 10 !•!,« FLU 11
P"AT«1. FLU 12
TTOT*l.*(GAMMA.l.)*EM(I)*EM(I)/2. FLU 13
TToTE«l.*(GAMMA»l,)*EME«EWE/2. FLU 1«
TOTE«TTOTE*TTRAT(n/TTOT FLU 15
RHRAT«PRAT/TOTE FLU 16
RLMRCI)«RHRAT*URATCI) FLU 17
BLMORCI)«BLMR(I)*URAT(I> 'LU IB
IF (URAT(I).LE,0.) BLMOR( I ) «-BLMOR( I) FLU 19
VY(I)«Y(I) FLU 20

10 CONTINUE FLU 21
DO 20 I«1,K FLU 22
CALL INTEG (I,YY,BLMR,AREA1) FLU 23
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CALL INTEG <I,YY,BLMOR,AREA25 FLU 20
WR(I)"AREA1 FLU 85
PHIR(I)«AREA2 FLU 26

20 CONTINUE FLU 27
BLMN.AREA1 FLU 2«
§LMON«AREA2 FLU 29
OSD«1.«BLMN FLU 30
OD8D*BLMN«BLMON FLU 31
8HFAC-03D/DD8D FLU 32
RETURN FLU 3J
END FLU S««
SUBROUTINE INTE6 (K,Y,Z,AREA) INT 1

C INT 2
C INTEGRATION USING 8IMP80N*8 RULE INT S
C INT 0

DIMENSION Y(20t>, Z(20l) INT 5
C INT 6

IF (K.GE.5) GO TO 10 INT 7
IF (K.EO.l) 80 TO 80 INT H
IF (K.E0.2) GO TO 90 INT 9
IF (K.E0.3) GO TO 100 INT 10
IF (K.EO.O) GO TO 110 INT 11

10 AKiK INT 12
»K«AK/2. INT 13
KKaBK INT U
CK«KK INT IS
IF (BK.CK) 30,20,50 INT U

C INT 17
C K 18 EVEN INT tfl
C INT 19
20 N*K<»I INT 20

(JO TO (10 INT 21
C INT 2*
C K is ODD INT 23
C INT 2o
30 N«K INT 2s
«0 ODDIO. INT 26

EVEN»0. INT 27
J«N«3 INT 29
00 50 I«2,J,2 INT 29
fVEN«EVEN+Z(I) INT 30
QDDvODD+Zd + l) INT 3J

50 CONTINUE XNT 32
A»E*»(Y(2)-Y(l))/J.*(r(l)*Z(N)*il.*(EVEN*Z(N.l))*2,*000) INT 33
IF (BK.CK) 70,60,70 INT 30

C INT 35
C K IS EVEN INT 36
C INT 37
60 AReA»AREA + (Y(K)*Y(K-l))*(Z(K)+Z(K»in'2. INT 38

RETURN INT 39
C INT «0
c K is ODD INT «i
C INT «2
70 RETURN INT 05
»0 AREA«0, INT 00

RETURN INT 05
90 AREA«CYC2)-Y(l))*lZ(2)«Zn))/2. INT 06

RETURN INT «7
100 ARF.A«CY<2)"YU))*(Z(S)+0.*Z(2)»Z(l)>/3. INT 08

RETURN INT 09
110 AREA«{y(2)»Y(l))*((Z(fl)+Z(3))/2,+(Z(3)+0.*Z(2)*Z(n)/3.) INT 50

RETURN INT 5l
END INT 52-
SUBROUTINE 8CP (NN,XA,HAD,CP.X8IP,AMJN.OAMMA,TTO,PT,RADO,08TAR,Y,A8EF 1

1NA,IJET,NCXT,RI,UJ,CJ SEP 2
C SEP 3
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DIMENSION D S T A R C i ) , R iDO( l ) , X A ( U , R A D ( l ) , C P C l ) . V ( l ) i X8S4(201)8EP 4
1. Y83« (201 ) , R l ( l ) , UJ(l) SEP 5

COMMON / S A V E / S B C 2 0 l > » 8 C ( 2 0 l > » Y J B < 2 0 l ) . X I N 8 , X S E P 8 V < 2 0 ) . l > E L 8 V ( 2 0 > » Y 8 E P 6
1C1UTC201) SEP 7

C SEP 8
00 10 I»1,NN SEP 9

10 YdURAOCI ) SEP 10
IF C X S E P . G T . O . ) GO TO 30 SEP 11
DO 20 I»1,NN SEP 12

20 R A D O ( I ) « Y < n * D » T A R ( I ) SEP IS
60 TO 120 SEP la

30 CONTINUE SEP 19
00 40 I«1,NN SEP 16
TS«I SEP IT
IF ( X S E P - X A ( I ) ) 50 ,40 ,40 SEP U

40 R A D O ( I ) « Y m + 0 8 T A R m SEP 19
GO TO 120 SEP 20

50 R T A N « ( Y U 3 » U " Y ( I S ) ) / ( X A ( I 8 ) « X A < I S - 1 ) ) SEP 21
R T A N « A T A N ( R T A N ) SEP 22
Y S § P « Y { I S ) + ( X S E P - X A ( I S ) > * { ( Y f J S » l ) " V t I S ) ) / ( X A C I 8 - l > - X A t I S ) ) ) SEP 23
!C»1 SEP 24
X83« (D«XSEP SEP 2S
Y 8 3 « C 1 ) « V S E P SEP 2*
DO 60 I«I8,NN SEP *T
TC«IC*1 SEP 20
xasac io iXAd) SEP 29

60 y 0 3 4 ( ! C ) * V ( Z ) 8EP 30
R*ODEG«1BO./J.1U15<J26 SEP 31
R T A N a R T A N * R A D O C a SEP 32
NEIN«NEXT-IS*2 SEP 33
T J J B « 0 SEP 3<l
IF (ANA .GE. l . ) IJJB.UET SEP 3S
IF (ANA.6E .9 , ) 00 TO 70 SEP 36
C*LL 883« ( IC , *MlN.OAMMA,TTO.Pr ,RTAN,XB3f l ,V834 ,CP( I8« l ) ,VOUT, IJJ f l ,8EP ST

1NEIN,RI ,UJ,C,ANA) SEP 38
70 CONTINUE SEP 39

IF ( A N A . £ 0 . 1 ) GO TO 100 SEP «0
JB«2 SEP «t
00 90 IaIS,NN SEP 42
Y ( I ) * Y O U T ( J B ) SEP 4J
RADOCI)aYOUT(JB)+D8TAR(n SEP 44
IF (ytn.LT.YOl)) GO TO 80 SEP 45
IF (RAOO(I).GT,RADOtI-l)*Y(l)-r(I»l)) RAOO(I)«RAOO(!•!)+YCI)-Y(I-1SEP 46
!) SEP 47
80 TO 90 SEP 4«

80 IF (RAOOm.GT.RAOOOln R*00 CI) "RAOO {!•!) SEP 49
90 JB«JB»1 SEP SO

SO TO 120 SEP ft
100 CONTINUE SEP 52

J8.2 SEP 53
A » I B Z . * Y ( I 3 ) * D S T A R ( I 3 ) + O S T A R ( I S ) * * Z SEP S4
DO 110 I»IS»NN SEP 95
vm«YOUTCJB) SEP 56
Af»GF«4.0*Y(r)i»*Z«4.0*4Pl SEP 97
DSTAR(I)«(«2,*Y(I)*8QRT(ARGF)5/2.0 SEP 5H
RADOm«YOUT(JB)*DSTAR(I) SEP 59
IF {RAOO(I).GT,RADO(I»1)) RADO(I)«RADO{J«l) SEP 60

110 J8«JB*1 SEP 61
120 CONTINUE SEP 62
C WRITE (6il50) ANA SEP 63
C WRITE (6/130) XSEP,Y8EP SEP 64
C WRITE (6»140) CI,XA(I)»»ADU),r(n,D8TAR(n,RADOCI),I«l»N>O SEP 65

RETURN SEP 66
C SEP 67
C SEP 6A

END SEP 69-
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SUBROUTINE B8SU (N8T,F*8,GAMMA.TTO,PT,*BOD,XL,RAD»CPIN,Y8TR,1JET,NB6S i
1EXT,»I,UJ,C,ANA) BBS i

C BBS S
C AXI8YMMETRIC SEPARATION ANCLE PROGRAM BBS 0
C BBS 9

COMMON /SAVE/ 8B(201),8CC201),YC201),XIN8 B8S *
DIMENSION X3TR(201), YSTR(ZOl), HlV(ZOl), UEVC201), UBUEV(IOl), P8B8S 7
1IV(201), PiV(201), AME1VC201), XJET(201), CPIN(l), RH1), UJM), XB6S B
21(201), RAD(20i) BBS 9

C BBS 10
N8EP«1 BBS 11
NPT«10l BBS 12
EPSLNB.00001 BBS IS
DRJDX««,09 BBS la
OUMDX««00. B8S 19
DELLOC.O, BBS 16
ILSV-0 B8S IT
8LOPL«0. BBS 18
DO 10 HI,20 80S 19

10 H1V(I)«0, BBS 20
t)EGRAO«S.14l5926/lBO, BBS 21
00 20 Hl/NST BBS 22
X8TR(I)«XL(I) BBS 25

20 VSTR(I)«RAD(I) BBS 2«
ABODaABOO*DEORAD BBS 29
ABODSVpABOD BBS il>
AT«8QRT(6AMMA*S2.174*93.S9*TTO) BBS 27
I8TOP«0 885 28
P8«PT*Cl,+(GAMMA.l.)*.5«rM8«*2)**(CAMMi/fl.«OAMMA)) BBS 24
IF (NSEP.LE.O) N8EP«1 B8S SO
IL»N8EP.l 885 SJ
IUE«0 B8S 3|
P8l8V«o. B8S SS
00 30 I»N8EP/N8T BBS Sfl
PlV(I)BPB*(l.tOAMMA*,9*CPIN(I)*FM8*»2) BBS 39
POWER«(1,-GAMMA)/GAMMA BBS 36
AMElV(I)B((PlV(n/PT)**POWER>l.)*2l/(OAMMA«l.) BBS 37
AMElV(I)iSQRT(AMElV(I)) B8S 38

30 UEV(I)«AMElV(I)*AT/8QRT(l,+.5*(GAMMA-i,)*AMElV(I)**8) BBS 39
40 OELP8I«,09 B8S «0
C B8S 11
c ASSUME AN INITIAL SEPARATION ANGLE, PSIOLOI AND AN BBS 12
c INCREMENT , OELPSI BST «s
c BBS un

IL"IL+1 BBS «9
!UE«IUE*1 BBS afe
P1«P1V(IL) R8S 17
P2«P8*(1.«6AMMA*.5*CPIN(IL»1)*FM8**2) BBS «»
i»owER»(i ,-CAMMAJ/GAMMA B8S 49
AME1«AMEIV(IU) BBS 90
AME2"((P2/PT)»*POWEB-1,)*2./(GAMMA.1,) BB; 91
*ME2«SQRT(AME2) BBS 9?
UEiUEV(IL) BBS 93
8lGMAM2,*(U + i2298*AMEt) B8S 9U
TBAO'O BBS 99
I«0 BBS 96
PSlOLOii.O B8S 97
IF CIL.GT.l) P8IOLDiP8lV(IL.l).OELP8I B8S 98
P8IOLD«P8IOLO+OELP8I B8S 99

90 CONTINUE B8S 60
I«I+1 B83 61

C BBS 62
C CALCULATE HI BBS 6S
C 885 64

IF (IL.GT.l.OR.I.GT.l) GO TO 60 BBS 69
X8TR(IL)»XL(IL) B8S 66
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Y8TR(Il)»RAO(IL) 881 67
60 CONTINUE B85 68

IF CIl-2) 70,60,90 881 64
70 Hl»0. 881 70

00 TO 90 B8S 7t
80 ANGIE1«P8IV<1) 881 72

Hl»TAN(ANGlEl)*8oRT((xl(2)«XLf1 >)**2»(RAD(2)-»AD(1) >**2> B83 73
90 CONTINUE B85 7tt

RHQO«1. B8J 75
RHOlal. 885 76
RH02»1. BBS 77
IF (I.GE.100) 60 TO 260 BBS 78
UBUE»0. BBS 79
ALPJ«(.2090+,0226*AMEl*,S08*UflUE)/8lGMA 88! 80
AlPMA«P8lOlO«ALPJ BBS 81
OElTA«PSIOLD/FLOAT(NPT"l) BBS 82
ICNT»0 B85 03

100 lCNTaICNT+1 BBS 84
UBUEO«UBUE B8) 89
8UM1«0, BBS 86
SUM2«0. BBS 87
1NTJ8»NPT«1 BBS BA

C BBS 89
C U8E SI*P80N»8 RULE TO INTEGRATE THE CONTINUITY EQUATION 68S 9fl
C FOR UB/UE BBS "M
C BBS 92

DO 120 J«2,INTJB,2 BBS 91
THETO«DElTAt(J«2) . B8S 9<l
THET1«OELTA*(J-1) BBS 9?
THET2*OEI.TA*(J>0) B8S 96
*HGO«8IGM**(THETO«ALPH4) 881 97
ARG1«3IGHA*(THET1«ALPHA) BBS 9K
ARG2«8IGMA*(THET2«ALPHA) BBS 99
XERFO«.5»(1,»E»T(ARCO}) B8S 100
XERFl«.5*fl,tERT(AR61J) BBS 101
xERF2«.5»n,»ERT(ARG2)) BBS 102
IF (ICNT.EQ.l) GO TO 110 BBS ]OS
ANUM«l..(GAMMA«l.)«.5*(Cl,*UBUE)*XERFO«UBUC)**2*tUE/AT)*«2 BBS 100
POwER«l./(GAMMA-1.) BBS ?0?
DEN«1 ,»(CAMMA»l.)*,5*(UE/AT)**2 BBS J06
RHOO«(ANUM/OEN)**I>OMER BBS 107
ANUM«1.«(GAMMA«1,)*.5«((1,«UBUE)tXERF1*UBUE)**2*(UE/AT)**2 BBS 108
RH01a(ANUM/DEN)**pOMER BBS 109
ANUM>l..(GAMMA.ll)*.5*((l,«UBUE)*XERF2»UBUE)**2*(UE/AT)**2 BBS 110
RH02«(ANUM/OEN)**POwER BBS 111

110 CONTINUE BBS 112
AXO«l,+Hl«THETO/{RAO(I l )«P8IOl .D) 885 IIS
4 X l B l , * w i * T H E T l / ( B A n ( I L ) * P 8 I O L D ) B8S ]1U
AX2"1 ,»H1«THET2 / (RAD( IL ) *P8 IOLO) BBS J15
8UMi«8UMU(OCLTA/S , )« tRHOO«XERFO*AXO»< l t *RHOl«XERFUAXl»RH02*XERF2*B8S 116

1 A X 2 ) 88$ 117
BUH2B8UH2«(DELTA/S . ) * (NHOO*(XERFO* l , ) *AXO*4 . *RH01* (XERF l« l . ) *AX l tRB8S 118

IH02* (XERF2*1 , ) *AX2) 881 ?19
120 CONTINUE BBS 120

UBUE**SUM1/SUM2 B81 121
IF ( ICNT.6T.10) GO TO 130 B8S 122
IF (ABS<UBUEO"UBUE> .GT .A8SC.001*CUBUEO+UBUE) * ,5n 60 TO 100 BBS 121

C BBS 124
C THETA ITERATION BBS 185
C BBS 126
130 THETA«0. BBS 127

IF (UBUE.GT.1.0) UBUEvi.O BBS 128
ICNT«0 BBS 129
OELTMBDELTA B83 ISO
P.I(5HT«2.*UBUE/(1,+UBUE)-1. BBS IS?

140 ASG«8IGMA*(THETA«ALPHA) 885 1S2
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150

160

1?0

C
C
C

180

IP (KNT.GE.IOO) GO TO 170
IF (ABS<ALEFT),GT,AB8CRIGHT)) GO TO 150
IP (AB8(RIGHT.ALEFT).LE,A8SC.01*(RIGHT*ALEFT)«,5)) GO TO 160
THETA«THETA«DELTH
OELTH*DELTH/10,
THETAiTHETA+DELTN
ICNT»ICNT»1
If (THETA.GE.PSIOLD) 00 TO 160
GO TO 140
CONTINUE
TCNT«THETA/P8IOUD*100
IF UCNT/2*2,NE.ICNT) ICNT^IcNT+1
CONTINUE
8UM3«0.

USE 8!MP80N»8 RULE TO INTEGRATE THE MOMENTUM EQUATION

DO 180 J*2,ICNT,2
THETO«OELTA*(J»2} -
THET1«OELTA*(J»1)
THET2«OELTA*(J«0)

ANUM«l,»(GAMHA>ll)*.5*((l,*U8UE)*XCRro»UBUE)**2*(UE/AT)**2

DEM»i.»(GA»MAi»i.)*lS*(UE/AT)**2
RHOO«(ANUM/OEN)**POMER
ANUM*1.>(GAMMA«1I)*.S*((1I«U8UE)*XERF1-UBUE)**2*(UE/AT)**2
RHOi«(ANUM/DEN)**POwER
ANUMiil .-(GAMMA- l.)*.5*((l,*UBUE)*XERF2»UBUE)**2* (UEX AT )**e
RH02«(ANUM/DEN)*»POMER
AXO»l,*(M1»THETO)/(RAOCIt)«P8IOLO)
AX1»1.»(H1*TMET1)/(RAD(IL)*P8IOLO)
AX2Bl,*eHl*THET2)/(R»0(IL)*P8IOLD)
TEMP«(OELTA/3,)*(RHoO*C08(THETO)*((l.»UBUE)*XERFO-UBUE)**2«AXO*«,
1RH01*C08{THET1)*{{1.*U8UC)*XERF1»UBUE)**2* AX t*RM02*C08(THET2)*(( 1

8UM3«8UMJ+TEMP
CONTINUE
9UM»0,
IP <ICNT,GE,100) GO TO 200
ICNT«ICNT*2
DO 140 J«ICNT,INTJB.J
THETO>OELTA*(J"2)
THETl«OELTA*(J«l)
THET2«OELTA*(J»0)

*RG2«8lGMA*(THET2. ALPHA)
XERPO«.5«(1,+ERT(ARGO))

XERr2«.5*(l.tERT(ARQ2))
ANUM«1..(GAMMA«J, )*,5*( ( 1 , +U8UE ) *XfRPO«UBUE ) **2* (Uf/AT ) **2
POWER«l./(GAMMA«lt)

RHQO*(ANUM/OEN)**POWER
ANUM«1.« (GAMMA- l.)«.5*((l.»UBUE)*XERPl«UBUE)**2*(UE/ AT) *«2

ANUM*l.»(GAMMA«lt)*t5*((i,«U%UE)*XERP2»UBUE)*«2*(UE/AT)**2
RH02«(ANUM/OEN)**POMER
AXO«1,«(H1*THETO)/(RAO(IL)*P8IOLD)

88]
883
883
683
883
883
883
883
883
883
883
883
883
883
883
B83
BBS
883

135
136

138
j 39
JUQ

1«3

»«5
1"6

1«A

1*1
\9i
153

ess jss
883
883
883
8«3
B83
883
883
B83
883
BB3
883
B83
B«3
883
883
883
883
883
883
883
883
883
883
883
883
883
883
B83
883
883
883
B83
883
B83
B83
883
883
883
*B83
,883
883
883
883
883
883
883

j60
161

(63
1*4
169
1*6
167
168

1 70
171
172
T?3
)7«
175
I7fc
177
178
179

J82
1 83

]86
J87

JB9

190
J9f
196
)97
198
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A X 1 « 1 . + ( H 1 * T H E T 1 ) / < R A O ( I L ) * P S I O L D ) BBS 199
A X 2 « I . + ( H U T H E T 2 ) / ( R A O C I L > * P S I O L D ) 883 200
TEMP»(DELTA/3,)*(RHOO*C08(TMETOJ*(C1,»UBUE)*XERFO«UBUC)*»2**XO*<I,*B83 |01
19«0l*C03(THET1)*((1,*U8UE)*XERFl«uaUE)**2*AXl+RM02*COS(THfT2)*((!.883 202
?+URUE)*XERF2-UBUE)**2*AX2) B83 ?03
SUM«iSU"0*TEMP B8, ,„„

190 CONTINUE 883 ?0?
200 CONTINUE BBS |0ft

B83 207
4NUM«1."(GAMMA-!.)*.5«(1.*U8UE)**2*CUE/AT)«*2 883

883 209
»HnT«.0005821*PT/TTO 685 ?,0
*HnRT«(l.+(GAMMA«l.)*.5*A*El**2)**tl,/(l..GAMMA)) 883 p|1
RHOE«RHORT*RHOT BBS

B83
883

AMACB«RHOBT*UBUE**2 B83
C CF B83 ?16

IF UJET.EQ.O) GO TO 210 B83 »1T
TF UL.LT.NEXT) GO TO 210 B83
CF«0. B83
SO TO 220 B83 220

210 CONTINUE B83 221
?NU».56/3600, B83 922
XX.l. 883
9EXBUBUE*UE/(ENU*XX) BB3
CF«l.32«/SQRT(REX) 883

220 SKIN«CF*.5*AMACB B83 »26
OPOX«(P2-P1)/(XL(IL+1)-XL(IL)) 883 227
H2«H1 883 ?in
MA.H1 B63 ?29
OIST«SORT((XL(IL*l).XL(IL))**2+(RADCIL*n-RAD{IL))**2) B83 230
TF (IL.EQ.l) GO TO 25fl B83 231
H2«Hl*T*N(PSlOLO)/TAN(PsiV(lL-n)*OlST*TAN(PSIOLO) 883 232

C B83 ?33
C 48 PERPENDICULAR DISTANCE FROM SEPARATION SLOPE LINE TO CONTOUR 883 ?3u
c DB DISTANCE ALONG SLOPE LINE AT SEPARATION 883 235
C 883 ?36

OB«ABS(H2-H1)/TAN(P8IOLD) 883 237
SlOPL«(RAD(ll.)«RADni4ln/(XLClL+l)-XLnL1) B83 238
SLOPL«ATAN(SLOPL) 883 239
4MUSBSLOPL-A80DSV B83 2«0
4B«D8*TAN(AML)3) B83 ?U1
HA»HI Bfl5

230 P»C8S«OPOX/(RHOE*UE«*2)*(HA+HA*«2/(2.*P.AO(IL)))*COS(SLOPL) 883
IF (PRESS,UT.O.J PRE88»0. B83 2««
SMEAR«(l,+HA/RAD{IL))*(,l«8t..Oa78*AMEl+.1278*UBUE-.1632*AMEl*UBUEB83

883
883
883
B83

c 883 250
C COMPARE THE RIGHT AND LfFT SIDE OF MOMENTUM EQUATION 883 251
C 883

AMULT«P2*AMEZ**2/(P1*AME1**2) 883
SUM5N«»8UM5*AMULT 883 25U
IF (IL.eO.l) GO TO 2«0 883 ?5S
X01*H1/PSIV(IL-1) 883 256
X02*H2/PSIOLO B83 257
PATIO«Cl. + Hl/RAD(IL))/(l.*HlV(IL-n/RAD(IL"l)) 883 ?5ft
SU^5NW«(X02*AMULT*SUMS»X01*RATIO*SUMSV)/(X02«X01) B83 259

Zao CONTINUE 883 260
GLl"OLDANS«SUM5Nw B83 56!
IF (IBAO.EO.O) GO TO 250 883 262
UB«1 883
GO TO 300 B83
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250 C*Ll NEWRAP (I,P8IOLD,GLI,EP3LN,PSINEW,IJB) B8S 265
IF (PSlNEW.LT.O.) GO TO 2bO 883 ?66
IF CPSINEW.GT.ABOD8V) GO TO 260 BBS ?6T
IF (I.GE.100) GO TO 260 B85 ?6S
00 TO 300 B83 2*9

C 883 270.
C ITERATION FAILED, USE ANGLE FROM PREVIOUS ITERATION 883 271
C 88} 272
260 CONTINUE 883 J7S

IF (AME1.LT,,2) GO TO 280 • 883 27«
IF (AMEl.LT.,5) GO TO 270 883 275
SLOPE»(8,<l.l5,625)/(l,-.5) 883 ?76
p8lNEW«15,625+SLOPE*(AMEl-.5) BBS 977
80 TO 290 883 ?7»

270 SLO?E"(15,625«l7.5)/(.5.,2) B83 279
PSINEW»17.5+8LOPE*CAME1..2) 883 2«0
80 TO 290 883 ?Bl

280 PSINEW«17,5 B83 ?»a
290 WRITE (6,370) PSINEW 883 |83

P8INEMBP8INEM*DEGRAD 883 280
IF (P8INEW.GT.ABOD8V) P8INEM«ABODSV 883
P8IOCD«P8INEM 883
IBAO«1 883
IF (ANA.GE.8.) WRITE (6,380) 883 288
80 TO SO B83 989

300 P8IOLD.PSINEW B83 290
IF (IJB.EO.O) GO TO 50 B83 291
DCLOLO«DELLOC 883
IF (IL.QT.i) OELLOC«*B8CH2-Hi)/OB 883
OELLOCBATAN(OELLOC) 883
IF (IL.EQ.15 OELLOC»P8IOLO 883 299
IF (IL.EO.i) DELOLO«0. 883 296
A8TR«A80D-(DELLOC«DELOLD) BBS 297

C 883 298
C CALCULATE DISCRIMINATING STREAMLINE 883 299
C BBS 300

X8TR(IL*1)«XL(IL»1) 883 301
AMQRT({XLCIL*n-XL(lL)>»*2) 883 302
9»TAN(A8TR)*A 883 303
Y8TR(IL+1>«YSTR(II).B 883 ^04
H1P»V8TR(IL)-RAD(IL) BBS ^05
XlN«X8TR(N8T)*t,001 BBS 306
IX«N8T 883 307
IF (WR(IL+n,OT,RAO(lL»m GO TO 320 BBS 308
M2P«ABS(WR(IL+n»RADClL*m BBS 309
AX«(XL(IL*1)-XL(IL))/(1.+H2P/H1P) BBS 310
X8TR(IL*1)«XSTR(IL)+AX 883 311
XIN«XSTR(IL*1) 883 312
XlNSvXIN 883 313
eX»(RAD(IL)>RAD(IL + l))/n.*H2P/HlP) BBS 310
Y8TR(IL*D«RAD(IL)-CX BBS 315
I3TOP«1 883 316
IX«1L*1 BBS 317
IF (IX.GT.NST) GO TO 320 B83 318
DO 310 JB«IX,N8T BBS 319
XSTR(JB+1)»XL(JB) 883 320

310 Y8TR(J8+1)«RAD(JB) BBS 321
320 CONTINUE BBS 322

SUM8V*8UM5 883 323
UBUEV(IL)"UBUE 883 324
H1V(IL)«H1 BBS 325
P8IV(IL)»P8IOLD B83 326
ABOOvASTR BBS 3?7
P8I8V«P8IOLO BBS 328
IF (ISTOP.EQ.n GO TO 160 883 329
IF (IJET.EQ.O) GO TO 3«0 BBS 330
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IF CIU1.1T.NEXT) SO TO J*IO 883 55)
C B83 35?
C C»LL JET ENTRAPMENT IF OPTION TURNED ON B85 353
C B85 3.SU

RJ«RAOCIL»1> B85 359
RD«YSTR(IL+1> B83 356
NSINBNST-NEXT+I B85 337
DO 350 I-NEXT.NST B83 358

550 XJET(I)«XLCI)-XL(NEXT5 B83 339
UM«.UBUF.V(1L)*UE 885 3*10
DRoOXO«(Y8TR(NEXT)«Y8TR(NEXT.l))/cXL(NEXT)-XL(NEXT«m B85 3<M
CALL JET CRJ,UM,C,DRjDX,DUMDX.RD,N8lN,XJET(NEXT),UEV(NeXT),Y8TRCNEB83 3«?

1XT1,RI.UJ,DRDDXO) B83 3«3
CO TO 560 883 3«<l

SUO CONTINUE B83 3*15
C 885 3«6
C DETERMINE If ITERATION COMPLETE B85 3«7
C BBS 3«8

IF CIL.fO.n CO TO 5*0 883 3<»9
OB«ABSCH2-H1)/TAN<PSIOLD) BBS 350
AMUSaSLOPL-ABODSV 883 3?)
4B«OB*TAN(»HU5) 883 35?
Hl»Ha+AP 885 355
IF (Hl.CT.O,) 60 TO 350 885 J5U
IF (IL8V.EQ.O) ILSV»IL B83 355
H1«H1V(JL8V)*.OJ 883 356

550 IF (Il+t.LT.NST) GO TO UQ 683 357
560 RETURN BBS 398
C 885 359
C 883 360
370 FORMAT (1H ,6HPSINEw,F12.a) B83 361
380 FORMAT (1HO,«6HITERATION FOR DISCRIMINATING STREAMLINE ANGLE ,28HFB83 36?

UlLED. USING DEFAULT VALUE.,/J7H TRY DECREASING ,36H8TEP SIZF (MOB83 363
?RE POINTS ON AFTERBOOY)) BBS 364
END BBS 365*
FUNCTION ERT (X) ERT J

C ERT ?
C THIS FUNCTION ROUTINE OBTAINS VALUE OF THE ERROR FUNCTION ERT 3
C WITH ARGUMENT X USING LIBRARY SUBROUTINE ERF ERT <l
C ERT 5

CALL ERF (X,Y) ERT 6
ERT«Y ERT 7
RETURN E»T 8
END ERT «•
SUBROUTINE NEWRAP (iCNT,X,FUNC»TOLL*XZERO,IE) NEW 1

C NEW 2
IE»0 NEW 3
IF fICNT.GT.100) STOP NEW U
IF (ICNT-2) 10,20,30 NPW 9

10 FUM'FUNC NEW 6
Xl«X NEW 7
TF tX.EO.O.) X«100.*TOLL NEW 8
XZERO«X«.1*X NEW «
GO TO 90 NEW 10

20 CONTINUE NEW H
FUN2nFUNC NEW 1?
X2«X NEW 13
GO TO 80 NEW Hi

50 CONTINUE NEW 1?
IF (FUN1*FUN2) 50,UO,tiO NEW 16

40 FUN1«FUN2 NEW 17
FUN2*FUNC NEW 18
Xl«X2 NEW 19
X2*X NEW io
GO TO 80 NEW 21

50 CONTINUE NEW 22
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IF (FUNC*FUN2) 70,60*60 NEW 25
60 FUN2IFUNC NEW 24

X2«X NEW 2S
60 TO 80 NEW 26

70 FUNHFUNC NEW 27
XlaX NEW 28

C NEW 29
C CALCULATE DERIVATIVE NEW SO
C NEW Si
80 DERVi(pUN2"FUNl)/fX2"Xl) NEW 52

XZERO«X2"FUN2/DERV NEW 55
IF (AB8(XZERO-X).LT.AB8((XZERO*X2)*,5)*TOLL> IE»1 NEW 34

90 RETURN NEW 59
END NEW 56"
SUBROUTINE JET (RJ,UM,C»D«JDX,DUMOX,ROiNSlN,XIN,U£,Y8TR.RJA,UJA,DRJET 1
100X0) JET 2

C JET 3
DIMENSION XINC201), Y8TR(201), RJAC201), UJAC201), UE(20l) JET it
REAL LO,L1,L2 JET 9

C JET 6
TOL*i001 JET 7
OROOXB.l JET 8
ICNT»0 JET 9
I8TAII1 JET 10
RD8V«RO JfT 1]
X«XIN(ISTA) JET 12
OL2DX«.2S JET 13
DRCDX«ORJOX+DL2DX JET U
DREOX»0. JET 19
UEO«UE(1) JET 16
RO»RJ JET 17

8«fRD»«0)*UM/{2.*(.2*RO*'o5*RO)*(UEO«UM)) JET 19
Xl»A«8QRT(A**2*B) JET 20
ETA«XI**(1./1.S) JET 21
|TA2«(l.-80RT(UEO/CUEO«UM)))«*(l./1.53 JET 22
IF (ETA.LT.ETA2) ETAIETA2 JET 25
LO-CRD.ROJ/ETA JET 20
REiRO+LO JET ?*

10 CONTINUE JET 26
UE1«UE(I8TA) JET 27
UJ«UJA(I8TA) JET 28
DUEDXB(UE(I8TA+1>UE(IITA))/(XIN(I8TA+1)«XIN(IITA)) JET 29

ISTA*ISTA+1 JET 3l
L2i,2S*X JET 52

JET SS
JM JIT 14
I JET SS

C JET S6
C OUMDX LOOP JET 57
C JET SB

iCNTtO JET 39
20 CONTINUE JET «0

ICNT«ICNU1 JET U\
DLlDXvc JET 42
OOUEDX»OUEOX.OUMOX JET 4)
OLEUJ«UJ»UM JET 44
OOUJXX«OUJOX«OUMOX JET «9

8JB«CRj*CUMj,55*DLEUJ)+.jS72*DLEUJ*L2)*DL2DX*(RC*L2..5*l2***)*DUMDJET 0?

DRJOX*(,04S*UJ*RC"8JB)/AJ§ JET 49
IF (I8TA.6T.2) 80 TO SO JET 50
DRDOXiDRDDXO JET Si
TRMl«(RC«(UM*DELUE*(2.«ETA**1.5"ETA**3mLl*ETA*(UH + DELUE*(2.*ETA*JET 92
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i * 1 . 5 - E T A * * J > » * C O R D D X « D L 2 D X « E T A * O L l D X ) * ( R C * ( U M * E T A * D E l U E * ( 2 , / 2 , 5 * E J E T

3 l , /5 . *£TA**5) ) ) *DUDX

TRM2«L l *<UM«ETA+DELUE*{2 . /2 .S*ETA**2 ,5 .1 . /« , *ETA*«Un*D l2DX*CRC*L lJET 56
l *ETA* .5*L l * *2*ETA«*2)*DUMDX+(RC*L l * f2 . /2 .5*ETA**2 .5 .1 . /< l . *eTA»*<n»JET 97
2 l_ l * *2*C2. /3 ,5*ETA**s .5 " l . /5 . *ETA»*S»*DOUEDX JET 58

B«TRM1+TRM2 JET „

A»LU{UM«ETA+DELUE«(2. /2 .5*ETA**2 .5- l . /« . *ETA**a) ) .RC*(UM+OELUE*(2JET 60
l . *ETA* * l .S»ETA* *3 ) ) - L l *ETA* (UM+DELUE*C2 , *ETA* * l , 5»ETA* *3n JET 61

JET 62
30 CONTINUE JET fc5

D R J D X » ( U J * X Z * R C « B J B ) / A J B JET 64
DRCOXBDRJDX+01.20X JJT fe.
DDljEDX«DUEOX»DUMDX JJT 66

TRMl«(RC*(UM+ i 55»DLEUJ)«2 , *U2* ( ( 5«UM*.3r iU*DtEUJ) ) *DL20X JET 6T
TRM2«L2* (UH»,55*DLEUJ5*DRCOX+(RC*L2- .5*L2*«2)*DUMDX JET 6S
TRM3«( .55*RC*L2- .37 l«*U2**2)*DOUJXX

IF (I8TA.ST.2) 00 TO 10 JC7 jj
81«Ul*(UM+OELUE*(2./2,S*ETA**l,5«l./«.»ETA**S)J*eTA«ORCOX*(RC«LH>EJET T5
tT»*,5»Ll**2*ET**»2)*OUMOx*(RC*Ll*t2,/2.5*ETA**2,5«J./«.*ETA**«)*LJJET ?U
2**?*(2./3,5*£TA**3.5-Jt/5.*ETA**S))*DDUEDX JET 75
ZZZ»RC*U1*(UM*DELUE«(2.*ETA**1,8.ETA**3))*L1**2*ETA*(UM*DELUE*{2,*JET 76
lETA**i.5«ETA**Sn JCT 77
01B»{UJ*RJ«DRJDX»UDR1X*81)/ZZZ JET 78
Pl».(RCt(UM*ETA+DELuE«C2,/2.5«ETA**2.S.l./4.*ET***«m2,*ll*C.5*UMJET 79
UETA**2+OELUE*(2./3.5*ETA**3.5»1./5,*ETA**5)))/ZZZ JET 80
OLlDX«(ORODXO«ORjOX.OL2DX-Ll*ai)/(ETA»Pl«Li) JET 81

«0 OREDX«ORJOX+C+OL1DX JJT B?

OL10XBC JET 83
OREDX-DRJDX + C + DUDX jfT *u
If (ORODX.EO.O.) ETA»(l..80RT(UEl/DELUE))**(l./l,5) JET 85
TRMl«(RC«(UM*ETA*OELUE*(2./2.5*ET»**2.5«ETA**«/«,))+2.*UU(.5*UM«EJET 86
iT***2+DElUE*(2./3.5*ETA**3,5.ETA«*5/5.)n*Dl.lDX JET 87
TRM2«Ll*(UM*OELUE*{2,/2,5*ETA**l,5«ETA**3/a,))*ETA*ORCDX»(Rc*LJ*ETJET 88
1A+.5*L1**2*ETA**2)*OUMDX JtT 89
TRM3»CRC*Ll*t2t/2.5»ETA**2i5«ETA**«/«.)+Ul**2*(2,/3,5*ETA**S.5"ETAJET 90
1**5/5,))*DDUEDX JCT 9,
WWW1TRM1+TRH2+TRM3 JET 92
ZZZ"RC*Ll*CUM+DELUE*(2,*ET***l,5«ETA**3n+Ll«*2*ETA*(UM*DELUE*(2,*JCT 93
1ETA**1,5»ETA**J))
DLEUJ»UJ-UM
RDUJXX.DUJDX.OUMDX
TRM1«(RC*(UM*,55*DLEUJ)-2.*I.2*(,5*UM+.37HI*OLEUJ))*DL2DX JET 97
TRM2«L2*CUM+,55*DLEUJ:*DRCOX+(RC*L2-,5«12**2)*OUMOX JET 98
TRM3«(.55*RC*L2«.37ltt*L2*«2)*ODUJxx JET 99
UOR1X«TRM1»THM2*TRM3 J8T

.
155*DELUE)*DRCOX4(.S*Ll«*2»RC*Ll)*OUMDX+(.37ia*Ll**2*.55*RC*Ll)*DOUJET 102
8EOX JET 103
IF (DRDOX.EQ.O.) 60 TO 50 JET 10«
DEOX««(XZ*UJ*RC+WWW)/ZZZ JET 105
OROOX»ETA*OREDX+(1..ETA)*ORCDX*L1*DEDX JET 106

50 CONTINUE JET 107
OLEUJBUJ-UM JET (08
ODUJXXaDUJDX-DUMDX JET 109
TRMl»L2*CUM**2*l,l*uM*OLEUJ*.<4l56»DLEUJ*«2)«DRCOX JET 110
TRM2«(RC*(UM**2+l.UUM*OLEUJ4.«156*OLEuJ**2j»2.*L2*(.5*UMt»2*.7tt28JET 111
1*UM*DIEUJ*.3096*OI.EUJ**2)>*D12DX JET j,?
TRM3«(RC*L2*(2.*UM*i.i*DLEUJ)«L2**2*(UM*,7«28*OLEUJ))*DUMDX JET 113
TRM««(RC*L2*Clil*UM*,B3l2*0|.EUJ)-L2**2*f ,7«28*UM»,6192*DLEUJ))*DDUJET 1lfl

1JXX JET 115
U20R1X«TRM1*TRM2+TRMJ«TRMU JET 116
TRMH{(UM**2+l,«856*UM*DELUE+,6192*DELUE**2)«Ul*(UM**2+l.l*UH*OELUJET 117
1E*'.«156*DELUE**2)*RC)*DL1DX JET ?1B
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TRM8«Ll*(UM**2fl,l*UM*DELUE+.«196*DElUI**2)*DRCDX+ll**8*CUM+.7a88*JIT 11*
10llUI)*DUMDX JET J80
TRMS«Ll*RC*CZ.*UMtl.i*DELUI)*OUMOX+Ll*«t*<.619|*DILUI*.7<»»8»UM)*ODJIT ,?J
1UEOX»RC*L1*<.8S12*OEIUE+1.1*UM)*DDUEDX JET 188
U2DR2X«TRM1»TRM2+TRMJ JIT 185
AMRMO»UJ*RJ*DRJOX*(UOR1X*UOR8X) JET l2fl
XMOMNT«UJ**8*RJ*ORJDX+(U8DRlX*U8DR8X)«RR**a*.9*UEl*OUIDX«UIl*AMRMOJIT 18?
C»LL NfWRAP (ICNT,DU*DX.XMOMNT,TOL»OUMDXN,II) JIT 18*
IF (ICNT.LI.50) 60 TO 60 JIT 187
iSTAtlSTA.l JIT 188
00 TO ISO JIT 189

60 CONTINUE JIT 150
IF (II.NE.O) 00 TO TO JET 111
DUMDXtDUMDXN JET ?58
60 TO 80 JIT 155

70 CONTINUE JIT 154
C JIT 159
C SOLVE FOR THI RADIUS OF THE DISCRIMINATING STREAMLINE JIT 156
C JET 1ST

XBXIN(ISTA) JIT 150
DX8XIN(I8TA).XIN(I8TA.l) JIT 159
L8«C*X JIT t«Q
IF (ITA.UI.ITA2) 00 TO 80 JET 1<M
IF (D»DOX.EO,0.) 00 TO 80 JET 1«8
RDnORDDX*DX*RD JET
|TA«DIDX*DX*ITA JET
DELUE«UE(I8TA)«(DUMDX*DX4UM) JET
ETA8M!.«8QRT(UE(!STA)/DELUt))**(i,/i.S) JET
IF (ITA.LT.ETA8) 00 To 80 JET
00 TO 90 JET

80 CONTINUE JET
DRDOXtO, JIT

90 UM«DUMDX«DXtUM JET
IF (UM.OE.O.) GO TO 170 JET 198
RJ«RJ»DRJOX*DX JIT J95
DR|OX«DRJOX+Z,tC JIT 19«
RE«RE*DRIDX*DX JIT 199
IF (DRDOX.NI.O.) 00 TO 100 JIT 196
L1«RE-RJ»L8 JET 197
IF (Ll.LE.O.) 60 TO 170 JET 198
DILU!«UE(ISTA)«UM JET 199
ETA*(1..80RT(UE(I8TA)/DELUI))**(1./1.9) JET 160
RD«RJ*L8»ITA*L1 JIT 161
IF (RD.OT.RDSV) 00 TO 170 JET (68

100 CONTINUE JET 165
V8TR(I8TA)*RD*RJA(I8TA)«RO.L8 JET 16fl
R08V«RD JET J69
ICNT»0 JIT i66
IF (RO.LI.RO) 00 TO 110 JET 167
IF (Y8TR(ISTA).LE.RJA(I8TA)) 00 TO 110 JIT 168
60 TO 190 JET 169

110 iSRTtlSTA JET 170
DO 180 IfI8RT,N8lN JET ?7l

180 Y8TR(I)»RJA(I) JET (78
00 TO 800 JET J75

150 8lOf»E*(V8TR(ISTA*l).YSTR(I8TA»8))/DX JET 17<I
IF (SLOPE,OT.O.) 00 TO 190 JET 179
iSRTilSTA JET 176
DO 100 I»I8RT,N8IN JET 177
Y8TR(I)«SLOPE*{XIN(I).XINCI«m + YSTR(I.l) JET 178

1«0 IF (Y8TR(I),LT.RJA(I)) Y8TR(I)PRJA(I) JET 179
GO TO 800 JET 180

190 DO 160 imTA,N8lN JET 18]
160 Y8TR(I)«V8TRO1) JIT 188

00 TO 200 JET 185
170 DO 180 IiISTA,N8lN JET ?8fl
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L2«C*XIN(I) JET iM
Y8TR(I)«RDSV»RJA<I).Ho-L2 JET I8fe

180 IP (YSTR(I),LT.HJA(I)) Y8TR(I)«RJA(I) JET 187
60 TO 200 JET 1»8

190 CONTINUE JET \89
IF (ISTA.LT.N8IN) 00 TO 10 JET 190

200 RETURN JET 191
END JET 192«
SUBROUTINE SMINT {XA,YA,NA,NMIN,NMAX) 8«I 1

C SMI 2
C INTERFACE ROUTINE FOR VISCOUS PACKAGE AND SMOOTHING ROUTINES ISMI j
C SMI U

COMMON /SAVE/ 38(201),SC(201),YJBC201J,XIN SMI 5
DIMENSION XK201), X2{201). YH201), ¥2(201), XA(1), YA(1). 8(201)SMI 6

1. 81(201), Y22(201), Y228C201), YC201), Z(201), DDY(201), DY(201),8MI 7
2 DZ(20l). OOZC201), Zl(20D 8*I 8

C SMI «
NA1«NA«1 gMj jo
DO 10 I«1,N*1 SMI U
Xl(I)"XA(I) SMI 1J
X2(I)*XA(I*1) SMI 13
Yl(I)«YA(I) SMI U

10 Y2fI)«YACI»l) 8MI 15
K9>1 SMI 16
NSMTHllNMJN.a SMI JT
IF (N8MTH1.UT.23 N8MTHl«2 SMI 18
MSMTH2>NA»1 8MI 19
DO 20 I«NMAX,NA SMI 20
IF tXIN.UT.XA(I)) 00 TO JO SMI 21
N8MTH2«I»6 SMI 22

20 CONTINUE SMI Z3
30 IF (N8MTH2.GT.NA-l) N8MTH2*"A>1 SMI 2«

IV8M»0 SMI 25
Kll"10 SMI 26
CALL SMOOTH {X1,X2,Y1,Y2,K9,K11,N8MTH1,NSMTH2,IV8M,NA,8»S1,Y22,Y22SMI 2T
18,Y,Z,ODY,DY,DZ,DOZ,Zn SMI 28
DO 00 I«l,NA1 SMI 29
XA(I)«X1(I) SMI 30

HO YA(n«Yl(I) SMI Jl
RETURN SMI 32
END SMI 33*
SUBROUTINE SMOOTH (XI, X},Y1,Y2,K9,K11,N8MTHJ.N8MTH2,1V8M,NA,8,81, Y8MO 1
l?2.Y22S,V,Z,ODY,DY,DZ,ODZ,Zn SMQ t

C 8MO 3
DIMENSION Xl(NA), Yl(NA), Y2(NA), 8(NA), 81(NA), X2(NA), Y22(NA), SMO U
1V22S(NA), Y(NA), Z(NA), NSMTHKS), N8MTH2(S), DOY(NA), OY(NA), DZ(8MO 5
2NA), DDZ(NA), Zl(NA) SHO 9

C SMR 7
00 170 I«1,K9 SMO A
NSaNSMTHKI) SMO 9
N6BNSMTH2(I) SMO 10
!1«MINQ(N5,N6) SMO 11
I2«MAXO(N5,N6) 8MO 12
8fll-l)"0,0 SMQ 13
IF (!V$M,EQ,n GO TO 20 SMO U
DO 10 J«I1,I2 SMO 15

10 8(J)«3(J»l)tSQRT((X2(J).Xl(J))«*2«(V2(J)»Yl(J))**2) SMQ U
QO TO 40 SMO 17

20 DO 30 J«I1,I2 SMO 18
30 S(J)«8(J«l)*8aRT((Xi(J).Xl(J.l))**2«(»2(J)»X2(J»l))««2) 8MO 19
40 CONTINUE SMQ 20

II«I2»I1*1 SMO 21
OEL8*8(I2)/II SMO 22
I3«I2-1 SMO 23
Sltll-l)«0.0 SMO 24
DO SO J«I1,I3 SMQ 25
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50 S1(J)"S1CJ"1)+DEL8 SMQ 26
81(12)48(12) SMO 27
00 90 J«Il,I3 SMO 2«
nO *0 Kail, IS 8*0 74
IF (8(K)«81(JM 60,70,70 SMo Jo

60 CONTINUE SMQ 51
TO IF (IV8M.EQ.1) 60 TO 80 8*n 5*

Y22(J>"Yl(lO*(Y2{K)«Yl(lO)<KSl(J)-8(K»l))/(S(K)"8(K.n) 8Mn 53
00 TO 90 8MQ 51

80 Y22(J>«Y1(K«1)+(Y1(K)«YJ(»<»1)>*(SHJ)»8(K.1})/(8(K).8(K"1)) SM0 55
90 CONTINUE SMO S6

Y22(I2)«Y2(I2) SMO 57
IF (IVSM.EQ.l) Y22(I2)«Y1(I2) SMQ 58
DO 100 Jut, II SMO 59

100 Y(J)"Y22(J«Il-n 8MQ «o
C*LL M8MTH CV,Z,Il,Kll,NA,DDY,DYfOZ,DOZ,Zl) SMQ Hi
DO 110 J«I1,I2 SMO 02

110 y228(J)«ZtJ-Il+l) SMO u*

IF (IVSH.eQ.l) V228(Il-l)«YHIl«l)
DO 160 J»I1,!5 SMO «6
00 120 K«I1,IS SMn «7
IF (81(K)«8(J)) 120,150,150 SMQ UK

120 CONTINUE SMO 09
ISO IF (IV8M.E0.1) 00 TO HO SMQ 50

Y2(J)iY228(K»l)+CV228(K)»Y228(K»l))*(8(J)«Sl(K>l))/(81(K).81(K*in8Mn 51
60 TO 150 SMO 52

1<IO CONTINUE SMO 55
Yl tJ>"Y228(K-n+(Y228(K)*Y228(K*l))*(8(J)oSl(K»l))/(81(K).81(K"l))8Mn 50

150 CONTINUE 8Mfl 55
IF (IV8M.EQ.O) Yl(J)«Y2(J.l) SMQ 56

160 CONTINUE SMQ 57
170 CONTINUE SMQ 5«

RETURN SMO 59
END SMO 60<
SUBROUTINE MSMTM ( Y,Z, N,K , NA.ODY, DY, DZ.ODZ,Z1 ) M8M 1

C MSM 2
DIMENSION Y(NA), Z(NA), DY(NA), DZ(NA), DDY(NA), DDZ(NA), Zl(NA) M8M J

C H8M U
IF (N-5) 40,10,10 M8M 5

10 C*LL R8MTH (Y,N,K,Z,NA,Z1) M8M «,
NM1«N»1 MSM 7
NMJBN-2 MSM II
DO 20 I«1,NM1 M8M 9
OY(I)«Y(I»1)-Y(I) MSM 10
DZfD«rtI*t)-Z(I) MSM 1]

20 CONTINUE M8M 12
DO 10 I«1,NM2 MSM IS
ODY(I)«DY(I + n»OY(I) M8M la
OOZ(I)«OZ(I+1)-OZ(I) MSM 15

30 CONTINUE M8M l^
«0 RETURN MSM 17

END MSH l|i
SUBROUTINE R8MTH { Y,N,K, Z,NA, Zl ) R8M }

C R8M 2
DIMENSION Y(NA)> Z(NA), Zl(NA) R8M J

C R8M a
J*0 R8M 5
DO 10 I«1,N RSM 6
Z1(I)«Y(I) RSM 7

10 CONTINUF RSM g
Z(1)"Y(1) RSM 9
Z(N)*YtN) R8M 10

20 J"J*1 RSM 11
CALL 8MTH (Z1,N,U,Z,NA) RSM 12
IF (U) 60,60,30 R8M IS
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10
40

SO

60

C

C

C

10

20

10

UO
SO

60

TO

80
90

100

110
120

C*
C*
C*
C*
C*
C*
C*
C*
C*
C*
C*
C*
C*
C*
c*
C*

If CJ-K) «0,60,60
nf> 50 I«1,N
zim-zm
CONTINUE
r,o TO 20
RETURN
END
SUBROUTINE 3MTH CY,N,U,Z,NA)

DIMENSION YCNA), ZCNA)

F(ETA)«(1.0-ETA*ETA)**2
G(FT)«0.5*ET*C1,0+ET)

U'0,0
J"3

R8M

IF (A-ARS(D)) 20,40,«0
F9«F(A/D)
A«A8S("Y(J»2)»Y(J-l)*Y(J+n«YtJ*83)
B«ABS(3.0*CY(J«l).2.0*YtJ)*Y(J«l)n
TF (A.B) 30,«0,«0
GS«G(1 ,0»A/B)
?f J>BYCJ)-0.1*FS*GS*D
U»l,0
GO TO 50

jF (J«(N.2)) 10*10,60
A«0,<l*ABS(Y(U)»Z{«n
n«n,2*(-6,0*Y(l)*10.0«Y(a).2.0*Y(3)-Y(«O«Z(U))
IF CA-ABS(D)) 70,60,80
FS«F(A/0)
SS«G(A/ABS<0>)
Z(2>«Y(2)«0,S*F3*GS*0
SO TO »0

RETURN
END

R8M iii,
R8M 17
R8M in

19
20«R8H

8MT
8MT
8MT
8MT
8MT

8«T

SMT
8MT
8MT

0«.2*(«Y(N.3)»ZCN-35-2.*Y(N.2)*10,0«YCN-l).6.*Y(N))
IF (A-AB3CD)) 100,110,110
F8iF(A/D)
G8iG(A/ABS(0))
Z(N*l)aY(N»l)>0,S*F8*G8*0
GO TO 120

IUNI(NMAX,N,X,NTAB,Y,IOROER»XO,YO,IPT,IEPR>

SUBROUTINE IUNI USES FIRST OR SECOND ORDER
LACRANGIAN INTERPOLATION TO ESTIMATE THE VALUES
OF A SET OF FUNCTIONS AT A POINT XQ, IUNI
USES ONE INDEPENDENT VARIABLE TABLE AND A DEPENDENT
VARIABLE TABLE FOR EACH FUNCTION TO BE EVALUATED.
THE ROUTINE ACCEPTS THE INDEPENDENT VARIABLES SPACED
AT EQUAL OR UNEQUAL INTERVALS, EACH DEPENDENT
VARIABLE TABLE MUST CONTAIN FUNCTION VALUES CORRES-
PONDING TO EACH Xfl) IN THE INDEPENDENT VARIABLE
TABLE, THE ESTIMATED VALUES ARE RETURNED IN THE YO
ARRAY WITH THE N.TH VALUE OF THE ARRAY HOLDING THE
VALUE OF THE N.TH FUNCTION VALUE EVALUATED AT XO.

7
A
9

10
11
I?

8MT IS
SMT i«
SMT IS
SMT u
SMT 17
SMT IB

19
2n
21

SMT 22
8MT 23
8MT 2U
SMT 25
SMT 26
SMT 27
SMT 2«
SMT 29
SMT 30
SMT 31
SMT 32
SMT 33
SMT 3«
SMT 35
SMT 36
SMT 37

«0
SMT
SMT
SMT At*
IUNT0010

pURPOSEi
*IUNT«030
•IUNTOOUO
*IUNIftOSO
*IUNT0060
*IUNI0070
*IUNTOORO
*IUNT0090

•1UNIQ1 JO
*IUNT0120
• IUNTM30
• lUNTOUO

*IUNT0160
•IUNT0170

USEl
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c*
c*
c*
c*
c*
c*
c*
c*
Ct
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*
c*

PARAMETERS!

NMAX

N

X

NTAB

Y

IOROER

XO

YO

IPT

IERR

CALL IUNI(NMAX,N,X,NTAB,Y,IORDER.XO,YO,IPT,IERR) •IUNT0190
*IUNio200
*IUNTrt2lO
*IUNI02«0
•IUNI02SO
*IUNIfi2«0
*IUNI82«0
*IUNTfl2$0
•IUNI0270

THE MAXIMUM NUMBER OF POINTS IN THE INDEPENDENT
VARIABLE ARRAY.

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

A ONE-DIMENSIONAL ARRAY, DIMENSIONED (NMAX) IN THE *IUN!fl2PO
CALLING PROGRAM, WHICH CONTAINS THE INDEPENDENT *IUNI0300
VARIABLES. THESE VALUES MUST BE STRICTLY MONQTONIC, *IUNlo3lO

THE NUMBER OF DEPENDENT VARIABLE TABLES
A TWO-DIMENSIONAL ARRAY DIMENSIONED (NMAX,NTAB) IN
THE CALLING PROGRAM, EACH COLUMN OF THE ARRAY
CONTAINS A DEPENDENT VARIABLE TABLE

INTERPOLATION PARAMETER SUPPLIED BY THE USE*.

*IUNTflS30

•0 ZERO ORDER INTERPOLATION! THE FIRST FUNCTION
VALUE IN EACH DEPENDENT VARIABLE TABLE IS
ASSIGNED TO THE CORRESPONDING MEMBER OF THE YO
ARRAY. THE FUNCTIONAL VALUE IS 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 PfOGRAM, UPON RETURN THE ARRAY CONTAINS THE
ESTIMATED VALUE OF EACH FUNCTION AT xo.
ON THE FIRST CALL IPT MUST BE INITIALIZED TO .1 80
THAT MONOTONICITY WILL BE CHECKED. UPON LEAVING THE
ROUTINE IPT EQUALS THE VALUE OF THE INDEX OF THE X
VALUE PRECEDING XO UNLESS EXTRAPOLATION WAS
PERFORMED, IN THAT CASE THE VALUE OF IPT IS
RETURNED ASl
•0 DENOTES XO ,LT. X(J) IF THE X ARRAY IS IN

INCREASING ORDER AND X(l) ,GT. XO IF THE X ARRAY
is IN DECREASING ORDER'.

•N DENOTES XO ,GT. XCN) IF THE X ARRAY IS IN
INCREASING ORDER AND xo '.LT. XCN) IF THE x ARRAY
IS IN DECREASING ORDER.

ON SUBSEQUENT CALLS, IPT is USED AS A POINTER TO
BEGIN THE SEARCH FOR xo,
ERROR PARAMETER GENERATED BY THE ROUTINE
•o NORMAL RETURN
•J THE J-TH ELEMENT OF THE X ARRAY IS OUT OF ORDER
••1 ZERO ORDER INTERPOLATION PERFORMED BECAUSE

IORDER «0,
••2 ZERO ORDE» INTERPOLATION PERFORMED BECAUSE ONLY

ONE POINT WAS IN x ARRAY.
••3 NO INTERPOLATION WAS PERFORMED BECAUSE

INSUFFICIENT POINTS WERE SUPPLIED FOR SECOND
ORDER INTERPOLATION,

• •<• EXTRAPOLATION WAS PERFORMED

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

•IUNI0550
*IUNIOS*0
•IUNTOI70
*IUNIOJBO
*IUNTft]«0
*IUNinttQO

*IUN!0«20

*IUN!0«70
• IUNIO<I«0
*IUNIO«40
*IUNT0500
*IUNI05lO
•IUNT0520
*IUNI(i5SO
*IUNI09«0
•IUNT05SO
•lUNTOSfcO
•IUNIO§70
*IUNI09AO

•IUNT0610
•IUNI06JO
•IUNT0630
*IUNT06<|0
*IUNIflb«0

*IUNI8T10
*IUNIflT20
*IUNIOT!0
*IUNIO?aO
*IUNT07*0

*IUNT0770
*IUNT0780
•IUNI0790
*IUNTOBOO
*IUNTOfllO
•IUNI0820
*IUNIOB30
•IUNT08UO
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C*
C*
C*
C*
C*
C*
Ct
C*
C*
C*
C*
C*
C*

C
C
C
C
C

C
C
C
C

1ft

20
30

an

90

60

70

60

REQUIRED ROUTINES

SOURCE

*IUNIO«50

JUNE 9, 1975

DATE RELEASED

LATEST REVISION

>*************»*<
DIMENSION X(l),Y(NMAX,l),YO(n
MMl«N«l
IERR'0
.!•!

TEST FOR ZERO ORDER INTERPOLATION

NONE

CMPB ROUTINE MTLUP MODIFIED *IUNtnfl*0
BY COMPUTER SCIENCES CORPORATION*IUNTfl«90

•IUNI0900
FORTRAN *IUNTfl9iO

*IUNTO<»30
•IUNT09JO

AUGUST 1,1973 *IUNT09aO

IF CIORDER iEQi 0) GO TO JO
TF (N.LT. 2) GO TO 20
GO TO 50
lERRn-1
GO TO 30

DO «0 MT«1,NTAB
YO(NT)«YU,NT)
CONTINUE

RETURN
IF (IPT .GT, -1) GO TO 65

CHECK FOR TABLE OP NODE POINTS BEING STRICTLY MONOTONIC
THE SIGN OF DELX SIGNIFIES WHETHER TABLE IS IN
INCREASING OR DECREASING ORDER.

IF (OELX ,EO, 0) GO TO 190
IF (N .po. 2) GO TO 65

CHECK FOR SIGN CONSISTENCY IN THE DIFFERENCES OF
SUBSEQUENT PAIRS

DO 60 J«2,NM1
IF (DELX * (X(J+D«X(J))) 190,190,60
CONTINUE

IPT is INITIALIZED TO BE WITHIN THE INTERVAL
IF (IPT ,LT. 1) IPT.l
IF (IPT .ST. NM1) IPT«NM1
TN» SIGN (1,0,OELX *( Xo*X(!PT)))
P« X(IPT) • XO
IF (Pt (X(IPT *!)• xO)} 90,180,80

•IPT +IN
TEST TO SEE IF IT IS NECCESARY TO EXTRAPOLATE

IF (IPT.GT.O ,AND. IPT .LT. N) GO TO 70
TfRR«-a
IPT»IPT- IN

TEST FOR ORDER OF INTERPOLATION

*IUNT0960

IUNT0990
IUNI1000
IUNI1010
IUNT10JO
IUNI1050
IUNTIOUO
IUNT.10%0
IUNTJ060
IUNT1070
IUNT1080
IUNT1000
1UNT1100
IUNT1HO
IUNI1120

IUNT1 ItiO
IUNT1HO

IUNT1170
IUNI1KO
IUNT1190
IUNT»200
IUNT1210
IUNTi?ZO
IUNT1230
IUNT12UO

IUNT1860
IUNT1?70
IUNI12BO
IUNT1290
IUNH300

IUNT1 180
IUNI?350

IUNT1

IUNI1370
IUNI|3«0
IUNT1S90

IUNI1

IUNIJU70

IUNT1«90
IUNT?500
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90

100

120

130

UO
190

IF CIORDER ,GT. n r,o TO 120

FIRST ORDER INTERPOLATION

IPTUIPT*!
XTMP1«XO-X(IPT)
XTMP2«x(IPTl)«X(IPT)
XTMP11XTMP1/XTMP2
00 100 NT«1,NT*B

YTMP«YCIPT1,NT)-V(IPT,NT)
YO(NT)«Y(IPT»NT)»YTMP*XTMP1
CONTINUE

IF (IERR ,EO. •«) IPT«IPT+IN
RFTURN

SECOND ORDER INTERPOLATION

IF (N .EO, 2) GO TO 200

CHOOSING A THIRD POINT SO AS TO MINIMIZE THE DISTANCE
BETWEEN THE THREE POINTS USED TO INTERPOLATE

If CIPT ,EO, NM1) 60 TO 1«0
IP «IPT ,EO, 1) 00 TO 150
Al»AB8(XO»X(IPT«l))
A2»AB8(XC1PT»2)»XO)
lFfAj.A2)l«0, 130,130

160

180

190

200

00 TO 150

V2nX(L»l)-XO

DO 160 NT*1«NTAB
YY!«(Y(L,NT) * V2 - Y(l+t,NT) * V1)/(X(L*1) • X(L)J
YY2»(Y(L*1.NT)*V3«V(L+2,NT) *V2) /{X (L+2J-X (L+l ) )
YO(NT)«(YYl*V3-YY2*Vl)/(X(L+2)»X(L))
CONTINUE
ir (IERR ,EQ. •«) IPT»IPT * IN
RFTURN
iFfP ,NE, 0) iPTilPT +1
DO IBS NT«1,NTAB

YO(NT)«Y(IPT,NT)
CONTINUE

RETURN

IERP.BJ
RETURN

IERR IS SET TO THE SUBSCRIPT
WHICH IS OUT OF ORDER

+1

OF THE MEMBER OF THE TABLE

RETURN
END

TU»T i
T'JHT 1

IUNT15UO

IUNT1560

IUNT19HO
IUNIJS90

IUNT1610
IUNT1620

IUNI16UO
IUNH650

IUNI1680
IUNT1690
IUNI1TOO
IUNI1T10
IUNT1720
IUNUT30
IUN!l?aO

IUNT1760
IUNI1770
IUNT1780
IUNTJ790

IUNT1810
IUNI|820
IUNT1850
IUNI1800
IUNH8i|0

IUNT1870

IUNIJ890
IUNT1900
IUNI1910
IUNI1920
IUNT1930

IUNI19«0
I UN I i960
IUNT1970
IUNTJ9«0
IUNT1990
IUNI?000

lUNtfOJfl
IUNIPOJO

66



REFERENCES

1. Reubush, David E.; and Putnam, Lawrence E.: An Experimental and Analytical
Investigation of the Effect on Isolated Boattail Drag of Varying Reynolds
Number up to 130 * 106. NASA TN D-8210, 1976.

2. Wilmoth, Richard G.: Computation of Transonic Boattail Flow With
Separation. NASA TP-1070, 1977.

3. Chow, Wen L.; Sober, Lawrence J.; and Anderson, Bernhard H.: Numerical
Calculation of Transonic Boattail Flow. NASA TN D-7984, 1975.

4. Kuhn, Gary D.: Computer Program for Calculation of Separated Turbulent
Flows on Axisymmetric Afterbodies. AEDC-TR-77-72, U.S. Air Force,
June 1977. (Available from DDC as AD A041 219.)

5. Yaros, S. F.: prediction of Pressure Distributions on Axisymmetric Bodies
in Transonic Flow. AIAA Paper No. 77-226, Jan. 1977.

6. Cosner, Raymond R.; and Bower, William W.: A Patched Solution of the
Transonic Flcwfield About an Axisymmetric Boattail. AIAA Paper 77-227,
Jan. 1977.

7. Yaeger, L. S.: Transonic Flow Over Afterbodies Including the Effects
of Jet-Plume and Viscous Interactions With Separation. AIAA Paper
No. 77-228, Jan. 1977.

8. Presz, Walter Michael, Jr.: Turbulent Boundary Layer Separation of Axisym-
metric Afterbodies. Ph. D. Thesis, Univ. of Connecticut, 1974.

9. Presz, Walter M., Jr.; and Pitkin, Edward T.: Flow Separation Over Axisym-
metric Afterbody Models. AIAA Paper No. 74-17, Jan.-Feb. 1974.

10. Presz, Walter M., Jr.; King, Ronald W.; and Buteau, John D.: An Improved
Analytical Model of the Separated Region on Boattail Nozzles at Subsonic
Speeds. NASA CR-3028, 1978.

11. Presz, Walter M., Jr.; King, Ronald W.; Buteau, John D.; and Putnam,
Lawrence E.: An Improved Analytical Model of the Separated Region on
Nozzle Boattails. AIAA Paper 78-995, July 1978.

12. Hess, J. L.; and Smith, A. M. 0.: Calculation of Potential Flow About
Arbitrary Bodies. Progress in Aeronautical Sciences, Volume 8,
D. Ku'chemann, P. Carriere, B. Etkin, W. Fiszdon, N. Rott,
J. Smolderen, I. Tani, and W. Wuest, eds., Pergamon Press, Inc.,
c.l 967, pp. 1-138.

13. Labrujere, Th. E.; Loeve, W.; and Slooff, J. W.: An Approximate Method for
the Calculation of the Pressure Distribution on Wing-Body Combinations at
Subcritical Speeds. Aerodynamic Interference, AGARD-CP-71-71 , Jan. 1971,
pp. 11-1 - 11-15.

67



14. Salas, Manuel D.: The Numerical Calculation of Inviscid Plume Flow Fields.
AIAA Paper No. 74-523, June 1974.

15. Users Manual for the External Drag and Internal Nozzle Performance Deck
(Deck XI) - Supersonic Flow Analysis (Applicable to Deck VI). PWA-3465,
Suppl. F, Pt. I (Contract No. AF33(615)-3128), Pratt & Whitney Aircraft,
Sept. 1, 1968.

16. Reshotko, Eli; and Tucker, Maurice: Approximate Calculation of the Com-
pressible Turbulent Boundary Layer With Heat Transfer and Arbitrary
Pressure Gradient. NACA TN 4154, 1957.

17. Winter, K. G.; Rotta, J. C.; and Smith, K. G.: Studies of the Turbulent
Boundary Layer on a Waisted Body of Revolution in Subsonic and Supersonic
Flow. R. and M. No. 3633, British A.R.C., 1970.

18. Goldschmied, Fabio R.: An Approach to Turbulent Incompressible Separation
and the Determination of Skin-Friction Under Adverse Pressure Gradients.
AIAA Paper No. 64-465, June-July 1964.

19. Page, R. H.: A Theory for Incipient Separation. Developments in Mechan-
ics, Volume 1 , J. E. Lay and L. E. Malvern, eds., Plenum Press, 1961,
pp. 563-577.

20. Stratford, B. S.: The Prediction of Separation of the Turbulent Boundary
Layer. J. Fluid Mech., vol. 5, pt. 1, Jan. 1959, pp. 1-16.

21 . Abeyounis, William Kelly: Boundary-Layer Separation on Isolated Boattail
Nozzles. NASA TP-1226, 1978.

22. Putnam, Lawrence E.; and Abeyounis, William K.: Experimental and Theoreti-
cal Study of Flow Fields Surrounding Boattail Nozzles at Subsonic Speeds.
AIAA Paper No. 76-675, July 1976.

23. Reubush, David E.: Experimental Study of the Effectiveness of Cylindrical
Plume Simulators for Predicting Jet-On Boattail Drag at Mach Numbers up
to 1.30. NASA TN D-7795, 1974.

24. Reubush, David E.; and Runckel, Jack F.: Effect of Fineness Ratio on the
Boattail Drag of Circular-Arc Afterbodies Having Closure Ratios of 0.50
With Jet Exhaust at Mach Numbers Up to 1.30. NASA TN D-7192, 1973.

25. Berrier, Bobby L.: Effect of Nonlifting Empennage Surfaces on Single-
Engine Afterbody/nozzle Drag at Mach Numbers From 0.5 to 2.2. NASA
TN D-8326, 1977.

68



OocCD
4
-

XQ
)

O05

XCDNK
l

O

id-P4J

INNOl-l0)

M
-l

O0)
•an)o(0i-lD

69



00

sr -o
—

 
o

*-• £
C

D
 

Q
)

CO
 

—
o

 
o

?!"o
 

C
D

_C
 

I
-»- 

Q
)

Q
) 

£
^
 
O

qIT
)iittQ
.

CMncra.
CDCM

CO
XIX

00CM

CvJ
CO

0)V
l

toi-H(0CO

tMo4-10)

4-1§•H3Ur-H4
J(0a(0cu4Ja•r(0O•H(00•avo§(0

-HM8I•
040)D̂(7>
•H

70



1.2

?(«) lA

•;•)•« ncl-
bounda
procedure

-.4

(a) Pressure distribution and body geometry.

Figure 3.- Comparison of predicted boundary-layer characteristics with
experiment of Winter, Rotta, and Smith (ref. 17). M^ = 0.6 and
Reynolds number based on body length of 9.85 x TO6. °°
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(b) Displacement thickness, momentum thickness, and shape factor,

Figure 3.- Continued.
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(c) Skin friction.

Figure 3.- Concluded.
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Input
data

Calculate inviscid
external flow

Calculate inviscid
plume

Calculate boundary-
layer displacement
thickness

Calculate boundary-
layer separation
location

Calculate discriminating
streamline

Calculate effective
body geometry

Figure 4.- Flow diagram of interaction procedm
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D

Separation criteria
Presz
Page
Stratford
Goldschmied

Experiment

, db/D = 0.5fl .
C'rculararc= 0.5iJ boattails

(a) Separation location.

Figure 6.- Effect of separation location criteria. (Experimental
data from ref. 21 .)

76



cooC
L

0)
en

X<

in
•

oII•O^
0
0

O
 0

0

II 
O

0
1

C
 tH

O
 
-H

•H
 

tO
4
J
 

-P
3
 
-P

£
 
(
0

•H
 

O

(0
 

O
•H

 
J
-l

•D
 

«

0) 
^

i~< 
10

3
 
H

W
 

3
CO 

O
0) 

IJ
H

 -H
a
 o

•O0)
4JO•HT>0)upu

•o0)
•o3i-HOOuvocn
•H

7
7



MOO
O 0.4

Ref.
23

D .6 22
O .8 22

Present method

0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

78

(a) Pressure distribution.

Figure 7.- Effect of Mach number on flow over i/D = 0.8, d̂ /D =0.51
circular-arc boattail with solid jet plume simulator.
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(b) Pressure drag coefficient.

Figure 7.- Concluded.
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O 2.6 X |0
D 42.5

— Present method

-.4

-.6
-.4 -.2

(a) Pressure distributions for i/D = 0.961,
circular-arc conic boattail.

= 0.51

Figure 9.- Effect of Reynolds number on pressures and drag of afterbodies with
solid jet plume simulators. Mro = 0.6. (Experimental data from ref. K)
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O l l. ixio6

D 43.0
— Present method

-.6
-.4 -.2

1.4

(b) Pressure distributions for j/b = 0.95, db/D = 0.544
contoured boattail.

Figure 9.- Continued.
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NPR
O 2.0
O 2.9
O 5.0

Ref.
24
22
22

Present method

-.6

(a) Pressure distribution at M = 0.6.

Figure 10.- Effect of NPR on pressures and drag for
circular-arc nozzle.

= 0.8, d̂ /D =0.51
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NPR Ref.
O 2.0 24
D 2.9 22
O 5.0 22

Present method

-.4 -.2

(b) Pressure distribution at M^ = 0.8.

Figure 10.- Continued.
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Ref.
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(c) Drag coefficient.

Figure 10.- Concluded.
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Configuration
O Basic max. A/B
D Basic dry power
C* Staggered-tail dry power
A Aft-tail dry power

Present method

-.2

-.2

1.00
x/L

Figure 11.- Comparison of experimental and predicted pressures for equivalent
bodies of Berrier (ref. 25). Mm = 0.8 and NPR = 2.5.
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**TFST C»SF** L/0«9 FOREBODY L/D»0.8 DB/D«0.51 CIRCULAR iRC NOZZLE NPR«5-.0^
2 15 1 0 15 2 2 1 113 135 1 135 1 1

0.80 100720.0 330.00 0.1524 0,0182015
1.000 332302.7 295,56 0.25Q

167
O'.OOOOOO .076271 ,152502 ,228810 ,305085 .381556

1
1
2
2
3
3
0
0
5
5
5
6
6
7
7
6
8
9
9
9

10
10
10
10
11
0

8
9

,057627
.915250
,37?881
,830508
.288136
^705763
.J03390
.661017
.118600
.576271
,033898
,091525
,909153
006780
,860007
,322034,
.779661
,237288
,690915
,100000
,000000
,700000
,000000
,300000
,600000
,987375
,370750
,000000
.1 14064
,228128
.333344
' 012653
,066317
,09«8?7
500000
,500000
,500000
,500000
.500000
^500000
,500000
,500000
.500000
,500000
,500000
,500000
,500000
,096096
,042859
,316754
,250000
,?50000
,250000
,250000
.250000
10
^800000
.800000
fl'.6oOOO
'.550000

.

.
1.
1.
2.
2.
3.
3.
4.
4.
5,
5l
a
a
a
a
a
a
a
a
a
a

10.
10.
10.
11.11.

a
a
a
•

a
a
•
a
a
•

•

a
a
a
a
a
a
a
a
a
a
t
a
a
a
•
a

'.
9.
a
a

533898
991525
449153
906780
364407
822034
279661
737288
190915
652502
110169
567797
025024
483051
900678
398305
655932
313559
771186
150000
450000
750000
050000
350000
664562
051937
439312
019011
133075
247139
348371
023362
472606
497155
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
492104
427277
267298
250000
250000
250000
250000
250000

OOOOOO
600000
600000
500000

a
i.
i,
i.
2.
2.
3.
3.
4.
4.
5.
5.
6.
6.
7.
7.
7.
8.
8.
9.
9.
9.
10.
10.
10.
H.
a.

a
a

•
a
a
a
a
a
•
*
a
t
a
a
a
•
a
a
a
a
•
a
t
a
•
a
a
a

*.
«.

a
a

610169
067797
525020
983051
000678
698305
355932
813559
271186
728810
186041
644068
101695
559322
016949
474576
932203
389831
807058
200000
500000
800000
100000
400000
729125
116500
503875
038021
152065
265867
362670
433361
478598
098791
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
485931
409646
255000
250000
250000
250000
250000
250000

200000
600000
600000
450000

1
1
2
2
2
3
3
0
0
5
5
6
6
7
7
8
8
8
9
9
9
10
10
10
1 1
11

9
9

,686001
,100068
,601695
,059322
,516909
,974576
,432203
,889831
.347458
.805085
.262712
,720339
.177966
.63559J
.093220
.550807
.008075
.066102
.923729
.250000
.550000
.850000
.150000
.050000
.793687
.181062
.568037
.057032
,171096
.283650
.376200
.402650
.463695
.099738
,500000
,500000
,500000
,500000
,500000
,500000
,500000
,500000
.500000
,500000
.500000
,500000
,500000
,077956
,389865
.250000
.250000
.250000
.250000
,250000
,250000

.400000
,800000
.600000
,400000

,
1,
1,
2.
2,
3,
3.
3,
4.
4.
5.
5.
*.
*.
7.
7.
8.
8.
9.
9.
9.
9.
10.
10.
10.
11.11.
•
•
•
•
•
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

9.

a

762712
220339
677966
135593
595220
050847
508475
966102
423729
681356
338985
796610
254237
711860
169092
627119
084746
542375
OOOOOO
300000
600000
900000
200000
500000
858250
245625
633000
076043
190107
301068
389097
451243
088099
500000
500000
SOfiOOO
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
500000
468146
367897
250000
250000
250000
250000
250000
250000

600000

600000

1
1
2
2
3
3
4
4
4
5
5
6
6
7
7
8
6
9
9
9
9
10
10
10
11

9

.

.838963

.296610

.754237

.211864

.669092

.127119

.584746

.042373
,500000
.957627
.415254
.672861
.330508
,766136
.245763
.703390
.161017
,618644
,050000
,350000
.650000
,950000
,250000
.550000
.922812
.310187

,095053
.209117
.J17584
.401232
.459UO
.491809
.500000
.500000
.500000
.500000
.500000
.500000
.500000
.500000
.500000
.500000
.500000
.500000
,500000
.499125
.456063
.343565
.250000
,250000
.250000
.250000
.250000

.600000

600000

Figure 13.- Sample input data
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