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Application of a Supersonic Euler Code (SWINT)
to Wing-Body-Tail Geometries

Jerry M. Allen* and James C. Townsend}
NASA Langley Research Center, Hampton, Virginia

Pressure and force calculations from the SWINT Euler code are presented and analyzed for a variety of con-
figurations ranging from simple axisymmetric. bodies to complex bodies with wings, tails, and inlets at speeds
from low supersonic to low hypersonic Mach numbers. The SWINT results are compared with both experimen-
tal data and with results from simplér computational methods to assess the increased accuracy from the Euler
solution, It is shown that SWINT gives excellent results on axisymmetric bodies for attached flow; however, a
better method of simulating the separation process on such bodies is needed for increased leeside accuracy. Good
leeside accuracy, however, is found on a 3 to 1 elliptical body. It is shown that SWINT gives realisti¢
downstream interference effects, resulting in good predictions of the overall aerodynamics for complex wing-
body-tail geometries. The QUICK-geometry system has been coupled with the SWINT code to provide a
simplified geometry definition procedure for complex bodies. The QUICK method is shown to be a preferable
alternative to the current method of inserting the body description directly into the code by FORTRAN

statements.
Nomenclature

C, =axial force coefficient, axial force/q,, S
C, =rolling moment coefficient, rolling moment/gq,, Sd
C, =pitching-moment coefficient, pitching moment/q,,Sd
Cy =normal force coefficient, normal force/q., S
C, =pressure coefficient, P—P, /q,
d =body diameter
L =body length
M  =Mach number
P = static pressure
q =dynamic pressure
S =reference area
X  =longitudinal distance from body nose
o =angle of attack
¢ =roll angle
¢. =cone half-angle
1) =body circumferential angle
Subscripts
S = separation location
w  =wing
oo = freestream

Introduction

XPERIMENTAL research over the past several years in

wing-body-tail aerodynamics has demonstrated the
desirability of incorporating nonaxisymmetric bodies into
such configurations. This desirability results from both im-
proved aerodynamics'? and the need to meet physical size
constraints.*® Complementing this experimental research has
been a development of new analytical tools with the potential
for computing the aerodynamics of such configurations with
more accuracy than traditional analysis methods. Much in-
terest has been shown recently in a new computer code which
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seems ideally suited for this task—the Supersonic Wing Inlet
Tail (SWINT) code. This code was developed by researchers at
the Naval Surface Weapons Center’® to solve the inviscid
Euler equations for supersonic flow about arbitrary-shaped
bodies, including inlets. .

Before any computational code can be routinely used as an
analytical tool, extensive evaluations should be made to assess
its computational accuracy and ease of operation over a vari-
ety of geometries and flow conditions. The object of this
paper is to present such an assessment of the SWINT code.
SWINT pressure and force computations are presented for a
variety of configurations ranging from simple axisymmetric
bodies to arbitrary-shaped bodies with wings, tails, and inlets
at speeds from low supersonic to low hypersonic Mach
numbers. These computations are evaluated by comparing
them with both experimental data and calculations from
simpler classes of calculation techniques, including linear
theory,>! linear theory corrected for vortices (LRCDM2!!
and NOZVTX!2), full-potential theory (NCOREL"), and
hypersonic impact theory (HABP!4).

Background

SWINT Code

The SWINT code computes solutions of the steady, three-
dimensional Euler inviscid-flow equations in their weak con-
servation form. The equations are approximated as finite dif-
ferences using the MacCormack second-order explicit pre-
dictor-corrector scheme. They are solved by space marching,
utilizing the hyperbolic nature of the equations for supersonic
flow. The bow shock is computed explicitly at each step using
the Rankine-Hugoniot relations. Internal shocks are captured
because of the conservative form of the flow variables.

The computational grid for each step is generated in
physical space as the step is made. One set of grid lines is
straight, radiatirig from a point within the body, and the other
set is circumferential, fitted between the body and the bow
shock. Although provision is made in SWINT for clustering
the grid in each direction, clustering was not used to obtain the
results presented here. All but one of the computations
presented were made with a grid for only the right half of the
configuration, assuming a vertical plane of symmetry.
However, one configuration incorporated asymmetric fin
deflections, so that a full 360 deg circumferential grid was
needed for it. About 13 circumferential grid lines were found
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to be sufficient in all cases reported here. The number of
radial lines ranged from 13 for simple shapes to 35 for con-
figurations with rapid geometry changes in the circumferential
direction.

In order to produce an efficient method, wing and tail fins
are treated separately from the body flow computation using
an approximation which considers the fins to be thin and to lie
along radial lines of the grid system. This approximation
assumes that the boundary conditions for the position,
thickness, and deflection of any fin can be applied in the plane
of the radial grid line on which it lies. Sharp-lipped inlets are
treated by swallowing the flow at the inlet face and rezoning
the grid to make the inlet cowl part of the body grid boundary.

For convenience, the more complex configurations were run
in several stages of at most 900 steps each. The CPU execution
times on a CDC Cyber 175 computer were as much as 9 min
for the sum of these stages on one configuration. Computa-
tional difficulties encountered in regions of rapid geometry
change were generally overcome by decreasing the step size in
that region.

QUICK-Geometry Coupled With SWINT Code

One unusual aspect of the SWINT code is that it was written
so that geometry descriptions are inserted directly into the
code by FORTRAN statements. This process proves to be
fairly straightforward for fins and simple axisymmetric
bodies. For bodies of more complicated shapes, however,
writing correct FORTRAN inputs can prove to be very dif-
ficult and time consuming.

Because there is no geometry package available for the
SWINT code, researchers at the Langley Research Center have
coupled the code with the QUICK-geometry system to make it
more €asy to use for general body shapes. This system was
developed by the Grumman Aerospace Corporation under
contract from Langley as a system for describing aircraft
geometries in completely analytical form.!>'® This geometry
description was found to be ideally suited for the requirements
of the SWINT code. The completely analytical nature of
QUICK’s geometry description has the advantages that cross-
section definitions can be generated at any axial station, as is
required by marching methods such as SWINT, and that first
and second derivatives of the surface can be determined
analytically at any point on the surface.

The geometry definition for the QUICK system is done en-
tirely at a graphics computer terminal using interactive com-
puter codes developed at Langley.!”'® The left side of Fig. 1
shows the orginal discrete point definition for a typical cross
section of the body shown in the upper right part of this
figure. These points are used as a guide in defining a series of
curve segments shown on the right side of Fig. 1, which
analytically define this cross section. With all cross sections
thus defined, the points determining these cross sections are
connected by a series of body lines running generally from
nose to tail. The configuration is now completely enveloped by
a series of analytically defined curve segments. The SWINT
code thus has access to the location, slope, and second
derivative of any point on the body surface. The interactive
method of generating input for the QUICK-geometry system
saves considerable time over manual input and especially over
the FORTRAN method of geometry definition. As an exam-
ple, for the complicated, nonaxisymmetric body such as
shown in Fig. 1, the QUICK-geometry definition was obtained
in about one day, whereas the FORTRAN version required
several weeks of an experienced programmer’s effort.

Axisymmetric Bodies
For simple axisymmetric bodies, the FORTRAN method of
geometry definition in the SWINT code is fairly simple and
straightforward; hence, it is not necessary to use the QUICK-
geometry system to define such bodies. In this section,
SWINT calculations for these simple geometries are compared
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with both experimental data and with linear- and full-potential
theories.

The full-potential code (NCOREL) contains large distur-
bance terms which are neglected in the linear-theory code
(WOODWARD); whereas the Euler code (SWINT) adds the
entropy terms which are neglected by the full-potential code,
Therefore, comparing the calculated results from these three
classes of theories will show the penalty incurred by neglecting
the effects of these terms.

Cone

Figure 2 shows how the SWINT code predicts the pressure
distributions on a 20 deg half-angle cone at Mach 2.5. Since
the maximum angle of attack is about 21 deg, the leeside
separation effects are negligible in these data. The SWINT
results are compared with experimental data,'® and with both
linear and full-potential theories. The circumferential pressure
distributions are plotted from the windward to the leeward
meridian at the 96% body station; however, since the flow is
conical the results are applicable to any longitudinal location.
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Even at the low angles of attack the linear-theory code is
very inaccurate due to the large cone angle. The best agree-
ment between the data and linear theory occurs at the highest
angle of attack and appears to be entirely fortuituous. The
full-potential code gives excellent results at the lower angles of
attack («=<9.38 deg); however, at the higher angles of attack
the theory begins to overpredict the data on the windward sur-
face. The leeside pressures continue to be well predicted by the
NCOREL code even at the higher angles of attack. The
SWINT predictions are in excellent agreement with the data
over the entire body at all angles of attack.

Two conclusions can be drawn from this figure. The first is
that neglecting the large disturbance terms yields very inac-
curate predictions for any conditions represented in this
figure. The second is that neglecting the entropy terms yields
inaccurate predictions where the shock wave is very strong,
i.e., at the higher angles of attack on the windward surface.

Cone-Cylinder

These three codes are next used to predict the pressure
distribution on a cone-cylinder at Mach 2.29 and 12 deg angle
of attack, as shown in Fig. 3. The pressure data are taken from
Ref. 20, which also presents flow visualization data showing
that separation occurs on the leeside of the cylinder for these
conditions. The pressure data were obtained at 7.5 body diam
downstream of the nose and show from the discontinuity in
the slope of the pressure distribution that separation occurs at
about ¢ =75 deg at this body station.

The linear theory code is not very accurate even on the
windward surface. This trend is consistent with the cone
results discussed in Fig. 2. Also consistent is the fact that both
NCOREL and SWINT are very accurate on the windward sur-
face; however, after separation occurs both codes fail to
predict the experimental pressures. Since neither code contains
the viscous terms that would be necessary for the prediction of
boundary-layer separation effects, both predict that the
crossflow velocities continue to expand around the body,
resulting in decreasing pressures instead of the separation that
actually occurred. Although still inaccurate, the SWINT
results follow the trend of the data better than the NCOREL
results on the leeside. Note that the NCOREL pressures on the
leeside are somewhat compensating; e.g., the pressures are too
low on the outboard leeside (90 deg< ¢ <130 deg) and too
high on the inboard leeside (130 deg < ¢ <180 deg). The in-
tegration of these pressures would give NCOREL normal
force estimates which could appear to be fairly accurate. This
trend was also noted in Ref. 21 in examining NCOREL
pressures on an elliptical body.

In an effort to simulate a more realistic leeside flowfield, the
SWINT code was written with an optional separation-line
model which the user may select to be included in the solution.
Since no theoretical method of separation-line modeling exists
for general bodies, an empirically derived model has been in-
cluded in the SWINT code. This model is based entirely on
axisymmetric-body data and calculates the location of the
separation line as a function of angle of attack and
longitudinal distance along the body. The manner in which the
separation model affects the solution in SWINT can be ex-
plained with the aid of Fig. 4. The sketches on the left side of
this figure represent a body on which leeside separation has
occurred. If the separation option is selected, the crossflow
velocities on the body surface near the separation line are
rotated to be parallel to the line, as shown in the right part of
the figure. The crossflow velocities near the line are thus
greatly reduced, or even reversed, to simulate a separation
point. It was found that the use of a separation-line model did
not necessarily force the computed flow to separate at that line.
Conversely, the flow sometimes separated without a specified
separation line if enough vorticity \%as generated by shocks or
artificial viscosity. This process is described and its implications
for the SWINT solution are discussed more completely in Ref.
22.
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tion on cone-cylinder at M ; =2.29, a =12 deg, and X/L =0.94.

The user may either use the separation-line model included
in the code, or can replace it with one of his own choosing.
Figure 5 shows the effect of several models on the resulting
SWINT calculated pressures on a replot of the Fig. 3 data. The
curves represent pressure distributions with no separation-line
model and three different models of the separation line. The
“NSWC”’ model is the one included in the original SWINT
code.”® The “NIELSEN’’ model?®* was also developed from
experimental data correlations, and is intended to provide a
different separation line for cones and cylinders with a smooth
transition between the two. Also, it is a function of Mach
number. The “‘¢, =75 deg’’ curve is a simple separation-line
model located at 75 deg along the entire cylindrical part of the
body, and it has been included in Fig. 5 to try to match the
separation point at the data station. Note that the no-
separation curve in Fig. 5 produces a rise in pressure on the
leeside of the body (107 deg < ¢ < 125 deg) which resembles a
pressure distribution produced by separation. This rise,
however, is produced by a computed cross-flow shock near
¢ =107 deg, which results from rapid flow expansion around
the body in the absence of separation.

For the Mach number and angle of attack in this figure,
these three separation lines appear approximately as shown on
the small sketches in the figure. Note that the specifying of
separation has a strong effect on the calculated pressures, and
the most conservative of the lines (NSWC) has the most effect.
None of the models produce SWINT calculations which match
the data in the separated region. Apparently, simply specify-
ing a separation line is, in itself, not sufficient to properly
model the separation process. Thus, if SWINT is to ade-
quately predict separated-flow pressures, a better method of
simulating viscous processes is needed.

Ogive-Cylinder With Cruciform Fins

In this section, the effects on the SWINT calculations of
adding fins to an axisymmetric body are examined. The data
are taken from Ref. 24 on a cruciform body-wing-tail con-
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figuration shown in the sketch in Fig. 6. The wings can be
deflected for control purposes.

In this figure, the effects of angle of attack on the normal
force and pitching moment coefficients for both body-alone
and body-wing-tail combinations are shown. The fins are
undeflected and the roll angle is zero. In the SWINT calcula-
tions, no separation-line specification was used for this con-
figuration. For the body-alone comparisons, SWINT under-
predicts the normal force because of the body separation
problems noted in the cone-cylinder calculations; however,
after the fins are added, SWINT is in very good agreement
with the data. Since the fins completely dominate the body
forces and moments on this configuration, the relatively weak
calculated body loads are completely masked in the body-
wing-tail calculations, yielding good overall results.

One interesting problem in configurations of this type is the
lack of roll control capability at low angles of attack.?* This
problem is illustrated in Fig. 7, where rolling moment data are
plotted as a function of angle of attack for both body-wing
and body-wing-tail combinations. In both cases, the two
horizontal wings are deflected 5 deg in opposite directions to
produce a negative rolling moment. The vertical wings and all
four tail fins are undeflected.

At low angles of attack, the data show that the deflected
wings produce the proper rolling moment on the body-wing
combination; however, the effect is completely cancelled when
the tail fins are added. In fact, a small positive rolling moment
is produced at zero angle of attack. This roll reversal occurs
because the flowfield created by the deflected horizontal wings
passes over the large tail fins, creating a rolling moment of
about equal magnitude but opposite sign. This effect decreases
with increasing angle of attack as the wing-induced flowfield
begins to pass over the top of the tail fins.

These roll reversal data provide a good test of the ability of
computational methods to calculate downstream interference
effects, and it was used in Ref. 25 to investigate the ability of a
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preliminary version of LRCDM2 to calculate such flows.
LRCDM2 calculations, which are essentially linear theory cor-
rected for vortex effects, have been included in this figure
along with the SWINT calculations.

Both SWINT and LRCDM2 give good results for the wing
rolling moments and for the roll reversal effect on the com-
plete configuration at the lower angles of attack. However,
neither code properly accounts for the decrease in flowfield in-
terference effects as angle of attack increases.

Nonaxisymmetric Bodies

In this section, SWINT results are presented and analyzed
for three configurations with nonaxisymmetric bodies on
which the QUICK-geometry technique was used to define the
body geometries.

Widebody Concept

The first configuration is the widebody concept® sketched in
Fig. 8. A cross section of the body was used in Fig. 1 in
describing the QUICK-geometry technique. During the
development of the SWINT code, the widebody geometry was
supplied to NSWC researchers, who used it to check the code’s
performance for a nonaxisymmetric body. Thus FORTRAN
geometry for this configuration was available and provided an
opportunity for comparing SWINT results obtained by the
FORTRAN and QUICK methods. Both FORTRAN and
QUICK-geometry descriptions were used by SWINT for com-
parison at Mach 4 and angles of attack up to 10 deg.

The axial force buildup from SWINT on this configuration
at zero angle of attack is shown at the top of Fig. 9. Both
geometry techniques show sharp axial force increases on the
nose and on the inlet spike and no increases downstream of the



JUNE 1986

Top view /Z

—

Side view ]
< -

Front view

Fig. 10 Sketches of D-shaped body concept.

CswinT
012 model
a=0°
010 e}
008 |-
C,(X/1) L
006 Theory. Data
004+ SWINT O Adjusted for
friction drag
002 1
1 i 1 1 J

Data
o .
25 Theory.

— —SWINT {f_
-0 Oy = 90°)
SWINT
{0y = 63°)H

a= 162

CN(X:'L) 10k

0 .2 .4 .6 .8 L0
X/t
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inlet. Note that there is no axial force increase due to the inlet
itself. When the SWINT code detects an inlet from the discon-
tinuous geometry definition, it captures the flow across the
face of this discontinuity and produces no increment in forces.
No axial forces were computed on the fins because they were
modeled as zero-thickness surfaces.

Although both geometry descriptions give the same trend in
axial force, there are small differences between the two. Ex-
amination of geometry plots from both techniques revealed
that the QUICK geometry was smoother, thereby, resulting in
a slightly lower axial force. Note that the FORTRAN
geometry results obtained at NSWC and Langley are almost
identical. Thus the differences between the FORTRAN and
QUICK calculations result from real differences in geometry
input into the SWINT code.

The normal force buildups on this configuration are shown
on the bottom of Fig. 9 for angles of attack of 0, 5, and 10
deg. Both body-alone and body-wing-tail distributions are
presented using the QUICK-geometry inputs, and overall
body-wing-tail results are presented using the NSWC
FORTRAN geometry calculations. No fin contributions to
normal force is present at zero angle of attack, but their con-
tribution is clearly evident as the angle of attack increases. As
was noted in the axial force results, the FORTRAN geometry
gives slightly higher normal forces than does the QUICK
geometry at each angle of attack.

It should be emphasized, as mentioned earlier, that a large
amount of time and effort was needed to define this body by
FORTRAN statements as compared with the QUICK-
geometry technique. Several weeks of programming resulting
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in about 470 lines of code were required to define this body
and inlet by the FORTRAN technique. The QUICK-geometry
definition was generated in a single day and resulted in a
smoother geometry description. The QUICK-geometry defini-
tion has thus been shown to be a preferable alternative to the
FORTRAN definition in describing complex geometries to the
SWINT code. SWINT calculations for the remaining two con-
figurations will thus be obtained exclusively from QUICK-
geometry inputs.

D-Shaped Body Concept

The second configuration is the D-shaped body concept*®
sketched in Fig. 10. SWINT calculations are analyzed and
compared with both experimental data and with the standard
method of predicting hypersonic aerodynamics—the Hyper-
sonic Arbitrary Body Program (HABP). The body has a flat
undersurface and an inclined ramp near the aft end designed
to accommodate an engine mounted underneath the body.
The engine has not been included in either the data or calcula-
tions presented on this configuration. Two low aspect ratio
wings are mounted low on the fuselage, and twin tails are
mounted high on the afterbody. Both the wings and tails pre-
sent computational challenges to the SWINT code.

One of the requirements of the thin-fin assumption of
SWINT code is that fins must lie along radial lines from the
computational axis; i.e., from the center of the body. The
wings on this configuration do not fit this requirement, as can
be seen from the model sketches; therefore, adjustments were
made in the wing location described to SWINT.

The tail fins lie along radial lines, so they present no grid
problems for SWINT; however, they are located in the leeside
flow at high angles of attack. The shielding of these fins by the
body is a well-known, serious deficiency of the isolated-panel
HABP code.

The top of Fig. 11 shows the axial force buildup predicted
by the SWINT code at zero angle of attack at Mach. 6.0 on the
D-shaped body. A small modification of the ramp geometry
near the aft end of the body was necessary, so that the com-
putational axis in this region would lie within the body. Most
of the axial force is produced on the nose of the body;
however, a noticeable increase occurs on the ramp. Included
for comparison is the measured axial force on this body ad-
justed by subtracting a computed laminar skin friction. The
experimental and computed axial forces agree within a few
percent.

The bottom of Fig. 11 shows the predicted normal force
buildups on this configuration at angles of attack of 5, 10, and
16 deg at Mach 6.0. Because of the radial-fin restriction men-
tioned earlier, two sets of SWINT calculation were performed.
In one set, the wings remained horizontal, but were raised to a
higher position on the body so that they lic along the ¢ =90
deg grid line. This set of calculations is labeled ““$,, = 90 deg”’
in the figure. In the second set, the vertical location of the
original configuration’s wing root chord was maintained, but
the wings were rotated downward so that they extended along
the ¢ =63 deg grid line. This set of calculations is labeled
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“¢, =63 deg.” Sketches of the experimental configuration
and both sets of computational configurations are included.
The ¢,, =63 deg calculations are in very good agreement with
the data; whereas, the ¢,, =90 deg calculations are somewhat
low at each angle of attack. Hence, it appears that maintaining
the correct vertical location of the wings was more important
for computational accuracy than maintaining the correct
angular orientation.

The effects of the shielded tail fins are shown in Fig. 12,
where the normal force buildups for the ¢,, = 63 deg computa-
tional configuration are shown for body-alone, body-tail, and
body-wing-tail combinations. Note that the SWINT code
predicts a very strong effect from the wings, but very little ef-
fect from the tails. Also included in this figure are experimen-
tal data on this configuration for body-alone and body-wing-
tail combinations. The data are in general slightly higher than
the SWINT calculations, but the overall agreement is quite
good.

In contrast to SWINT, however, the traditional code for
predicting the aerodynamics of such configurations, the
HABP code, overpredicts the effectiveness of these tail fins, as
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can be seen in Fig. 13. In this figure, pitching moment and
normal force coefficients are shown as a function of angle of
attack for the body-alone and body-wing-tail combinations at
Mach 6.0. Shown for comparison with the experimental data
are the predictions from SWINT and from HABP. For the
body alone, both codes do an adequate job of predicting the
data; however, for the body-wing-tail combination HABP
overpredicts the normal force, primarily due to overestimating
the effects of the tail fins. This difference is even more evident
in the pitching moment results. Both data and SWINT predict
a slightly unstable trend whereas HABP predicts that the con-
figuration is stable, again due to overestimating the effec-
tiveness of the tail fins. Hence, the shielding effect in the
leeside flow of this hypersonic configuration, which has been
known to be a problem for the HABP code, is well predicted
by SWINT.

Elliptical Concept

The last configuration is the 3 to 1 elliptical concept!
sketched in Fig. 14. Because of the wealth of data that exists
on this configuration, it has been used for several years as a
test bed to evaluate developing computational methods. Force
and moment,? pressure,?® and vapor screen?! data have been
used in Refs. 21 and 27 to analyze several computational
methods. In this section, SWINT predictions will be added to
this analysis.

Figure 15 shows circumferential pressure distributions on
this body at the 60% body station at angles of attack of 5, 10,
and 20 deg at Mach 2.5. Shown for comparison are predic-
tions from four computational methods representing different
classes of solution. This figure is essentially a reproduction of
Fig. 9 from Ref. 21 with the SWINT solution added. Only the
SWINT results will be analyzed in this paper. Interested
readers are referred to Ref. 21 for a detailed analysis of the
other prediction methods on this body.

Even at the highest angle of attack, the SWINT predictions
are accurate on both the windward and leeward surfaces. It is
known from vapor-screen photographs on this body?' that
strong vortices develop on the leeside, and yet SWINT closely
estimates the leeside pressures. This result is opposite to those
presented in Fig. 3 on the cone-cylinder body, where it was
shown that SWINT did not accurately predict the leeside
pressures on that body after separation occurred.

Examination of the calculated crossflow velocities on these
two bodies revealed that the large expansion around the
leading edge of the elliptical body produced a more realistic
circulating flowfield than was produced in the cone-cylinder
calculations. The vortical flowfield was thus more correctly
modeled on the elliptical body, which produced better agree-
ment with the pressure data. The leeside pressure agreement is,
in fact, comparable to that from the NOZVTX code, which
directly models leeside vortices, and is much better than the
linear theory and full-potential theory codes. It should be em-
phasized that this SWINT result was obtained without specify-
ing any separation line on this body.

The top of Fig. 16 shows the axial force buildup predicted
by SWINT for this body at zero angle of attack. Since the area
disiribution of this body is the same as an Adams minimum
drag body,?® the axial force distribution is very smooth com-
pared to the previous bodies analyzed. The relative drag con-
tributions of the nose and boattail sections can be easily seen
in this type of plot. Shown for comparison is the experimental
axial force from Ref. 2 in which the calculated turbulent skin
friction drag has been subtracted. Excellent agreement is seen
between SWINT and experiment.

The normal force buildups are shown at the bottom of Fig.
16 for both the body-alone and the complete configuration.
Note that the bulk of the normal force on this configuration
comes from the body instead of the fins. This is in contrast to
the results on the axisymmetric, cruciform configuration
shown in Fig. 6 in which most of the normal force came from
the fins. Shown for comparison are the experimental normal
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Fig. 16 Axial- and normal-force buildups on elliptical concept at
M, =2.5and 8=0 deg.

force values.? The experimental data are always slightly higher
than the SWINT calculations, but the increments due to fins
are well predicted. This trend is in agreement with that on the
D-shaped configuration discussed previously.

The good predictions shown in this figure by the SWINT
code is very close to that shown in Ref. 21 by the NCOREL
code. However, analysis in Ref. 21 of the pressure distribu-
tions revealed that the good NCOREL agreement was
somewhat fortuitous due to compensating errors in the
pressure predictions on the leeside of this body. The good
agreement from the SWINT code shown in this figure is the
result of well-predicted pressures on both sides of the body, as
can be seen from Fig. 15.

Concluding Remarks

Pressure and force calculations from the SWINT Euler code
have been presented and analyzed for a variety of configura-
tions ranging from simple axisymmetric bodies to complex
bodies with wings, tails, and inlets at speeds from low super-
sonic to low hypersonic Mach number. The SWINT results
have been compared with both experiments data and with
results from simpler computational methods to assess the in-
creased accuracy from the Euler solution.

It was found that SWINT gave excellent results on axisym-
metric bodies for attached flow; however, a better method of
simulating the separation process on such bodies is needed for
increased leeside accuracy. Good leeside results, however,
were found for a 3 to 1 elliptical body. It was found that
SWINT gave realistic downstream interference effects,
resulting in good predictions of the overall aerodynamics for
complex body-wing-tail geometries.

The QUICK-geometry system has been coupled with the
SWINT code to provide a simplified geometry definition pro-
cedure for complex bodies. The QUICK method was shown to
be a preferable alternative to the current method of inserting
the body description directly into the code by FORTRAN
statements.
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