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Structure of Supersonic Turbulent Flow
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The structure of the shock wave/turbulent boundary-layer interaction generated by a three-dimensional swept
compression corner has been investigated through a combined experimental and theoretical research program.
The flowfield geometry is defined by the streamwise compression angle « and the sweep angle ) of the corner.
The present study examines two different configurations, namely, (o, N} = (24 deg, 40 deg) and (24 deg, 60 deg)
at Mach 3 and Re; =~ 9% 10°. The theoretical model is the three-dimensional Reynolds-averaged compressi-
ble Navier-Stokes equations with turbulence incorporated using a turbulent eddy viscosity. Four different turbu-
lence models (Baldwin-Lomax, Cebeci-Smith, Jones-Launder with wall functions, and Jones-Launder inte-
gi-ated to the wall) were employed. The calculated flowfields display general agreement with experimental data
for surface pressure and good agreement with experimental flowfield profiles of pitot pressure and yaw angle.
The principal feature of the flowfield is a large vortical structure approximately aligned with the corner. The en-
trainment of incoming fluid into the vortical structure is strongly affected by the sweep angle \. Viscous (turbu-
lent and molecular) effects appear to be important only in the immediate vicinity of the surface and in an isolated

region within the interaction and near the corner.

Introduction

HE interaction between shock waves and turbulent

boundary layers is an important problem in modern fluid
dynamics. Many practical applications in high-speed aerody-
namics and propulsion evidence the phenomenon, and its
understanding is, therefore, both relevant and important. Re-
cent reviews!? have described experimental and theoretical
(computational and analytical) progress.

In a series of recent papers,’ collaborative experimental
and theoretical (computational) investigations of the three-
dimensional single fin (Fig. 1) have been conducted at Mach 3.
These previous studies focused on a range of inviscid shock
strengths p,/p, up to 3.7 (where p,/p; is the inviscid shock
pressure ratio) and Reynolds numbers Re;  from 2.5x 10° to
9x10° where §,, is the incoming boundary-layer thickness.
The theoretical model was the three-dimensional compressible
Reynolds-averaged Navier-Stokes equations with turbulence
incorporated using a turbulent eddy viscosity. Several dif-
ferent zero- and two-equatioh turbulence models were ex-
.amined. The theoretical predictions displayed general agree-
ment with experimental data for surface pressure and good
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agreement with experimental boundary-layer profiles of pitot
pressure, static pressure, and yaw angle. (Note that the exact
extent of the boundary layer is not well defined for these three-
dimensional interactions since the inviscid flow is nonuni- -
form. Therefore, these boundary-layer profiles encompassed
both the nominal boundary layer and the nonuniform inviscid
flow.) The computed flowfields were found to be insensitive to
the turbulence model employed except within a small fraction
of the boundary layer adjacent to the surface where the com-
puted profiles displayed modest differences among the predic-
tions of the various turbulence models and experiment. The
flowfield was observed to be dominated by a large vortex
aligned approximately with the inviscid shock. More recent
computations® at Mach 4 for shock strengths p,/p, up to 5.1
displayed general agreement with experimental measurements
of surface pressure and surface flow direction (i.e., the direc-
tion of the surface shear stress), but significantly underesti-
mated the peak skin friction. '
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Fig. 1 Three-dimensional single fin interaction.
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Fig. 2 Three-dimensional swept compression corner.

The present paper focuses on a collaborative experimental
and theoretical (computational) investigation for the three-
dimensional swept-compression corner shown in Fig. 2. The
geometry is defined by the streamwise compression angle «,
measured in a plane parallel to the upstream flow, and the
sweep angle A. The flowfield is defined by the freestream
Mach number M, Reynolds number Re;_, and wall tempera-
ture boundary conditions (e. g adlabatlc) The objectives of
the present effort are to examine the efficacy of the theoretical
models and to determine the flowfield structure. The efficacy
of several zero- and two-equation turbulence models are ex-
amined through comparison with experimental data for sur-
face pressure and boundary-layer profiles of pitot pressure
and yaw angle. Grid refinement studies are performed to
ascertain the accuracy of the numerical solutions. Provided
that reasonable agreement is obtained between the computa-
tions and experiment, the calculated flowfields can be
employed to determine the basic flowfield structure of the
three-dimensional swept-compression corner and compared
with the structure previously elucidated for the three-
dimensional single fin.

Description of Experiments

The experiments were conducted in the high Reynolds
number blowdown wind tunnel at the Princeton Gas
Dynamics Laboratory. The experiments were conducted by
various researchers and reported previously.”"!® The present
study focuses on two configurations, namely, (o, N\) = (24
deg, 40 deg) and (24 deg, 60 deg), at Mach 2.95 for Re; =
9x 10°. A summary of the experimental test conditions is pro-
vided in Table 1. The incoming flow was an equilibrium, two-
dimensional turbulent boundary layer that has been exten-
sively surveyed!!12 and observed to closely fit the law of the
wall and wake.!® The boundary-layer thickness for case B was
determined by the first author using a fit of the experimental
profile to the law of the wall and wake, and is 18% below the
value reported by the experiment.® This discrepancy is attribu-
table to the difference in the methods employed for determin-
ing &,,. Experimental data include surface pressure and flow

Table 1 Experimental conditions

Case a,deg N deg b,,cm  p,y/p; Re%c Reference
A 24 60 1.3 3.3 8.7x10° 9
B 24 40 1.3 40 8.1x10° 8, 10

Table 2 Summary of computations
Turbulence Model 6, on ABHG

Case «,deg \,deg Re;

1 24 60 8.9x105 Baldwin-Lomax Variable
2 24 60 9.8 x 105 Jones-Launder (WF?)  Variable
3 24 40 8.1x10° Cebeci-Smith Constant
4 24 40 8.1 x10°  Jones-Launder Constant
5 24 40 8.1 x105 Baldwin-Lomax Variable

3WF = use of wall functions.

Compression
Corner

Corner Line

Tow Straight Leading Edge

Fig. 3 Computational domain.

direction (using the kerosene-lamp-black technique'), and pitot
pressure p,, and yaw angle 3 profiles at several locations. The
yaw angle B = tan~!(w/u), where u and w are the velocity
components in the x and z directions, respectively (see Fig. 2).

Description of Computations

The theoretical model is the three-dimensional Reynolds-
averaged compressible Navier-Stokes equations using mass-
averaged variables'* in strong conservation form.!* Four dif-
ferent turbulence models are examined: Baldwin-Lomax,'®
Cebeci-Smith,!” Jones-Launder!® (k-¢) integrated to the wall,
and Jones-Launder incorporating the Viegas-Rubesin wall
functions!® (see Table 2). For the Baldwin-Lomax model,
three modifications were employed. First, the constant C,,
was modified?® from the original value of 1.6 to 2.08. Second
the wake formulation for the outer eddy viscosity was not
employed. Third, the location of the maximum in the outer
function for the outer eddy viscosity was restricted to the re-
gion n < 6., where n is the distance normal to the surface, to
avoid selection of spurious peaks outside the boundary layer.
The Baldwin-Lomax model has been found to exhibit abrupt
changes in the outer eddy viscosity length scale in two- and
three-dimensional shock wave/turbulent boundary-layer in-
teractions.**2! Similar behavior was observed herein for the
swept compression corner. For the Cebeci-Smith model, the
Van Driest damping factor D = 1 — exp(— nu./26v,), where
u. = |Jr,/p, is the local friction velocity, and », is the
kinematic viscosity at the wall. Also, the local edge of the
boundary layer was determined by the smaller of the follow-
ing: the height ¥y — ¥ r.ce» Where pu reached a maximum, or
the lowest height where Apu/pu < 0.002, where Apu is the dif-
ference in pu between successive grid points. In all cases, the
local edge of the boundary layer was never greater than 26, .
The reference velocity U,y was defined as the velocity at the
local edge of the boundary layer. For the Jones-Launder
model, the constants C,, and C,, were modified to 1.44 and
1.92, respectively. The molecular dynamic viscosity is given by
Sutherland’s law.?? The molecular and turbulent Prandtl
numbers are 0.73 and 0.9, respectively.

The computational domain is shown in Fig 3. At the
upstream boundary ABHG, which is parallel to the corner line
FC, the incoming boundary layer was specified. Three cases
(see Table 2) incorporated the variation of the upstream
boundary-layer thickness on ABHG to precisely match the ex-
periment. The remaining two cases employed a constant
boundary-layer thickness on ABHG. Using a boundary-layer
code on the flat plate upstream of the interaction, it was found
that the variation of the incoming boundary-layer thickness
6., along the upstream boundary ABHG was negligible.
Therefore, the assumption of constant ., on ABHG does not
affect the accuracy of the computed solutions.

Details of the computational grid are shown in Tables 3 and
4. Geometrically stretched grid systems were employed to in-
sure accurate resolution of the flow features. Beginning at the
corner line, the grid spacing in the x direction was stretched
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Table 3 Details of the computational grid

AYrin» AZmins
Axmin’ Axmax’ 600 Aymax’ 600 Azmax’ an™ 4
Case &, e x10° 5, x10*> 6,  average

0.144 0.82 0.34 0.72 0.72  0.56 2.2
0.132  0.75 5.54 0.70 0.98 0.51 35.0
0.30 1.00 0.10 1.00  60.0 0.60 0.7
0.30 1.00 0.10 1.00  60.0 0.60 0.7
0.067 0.335 0.34 0.47 0.72  0.56 2.5

R W N -

Table 4 Details of the computational grid

Total CPU
Case N, N, N, points tiotalte Computer hours

1 64 46 40 117,760 4.1 CYBER 205 14.5
2 64 32 37 75,776 4.0 CRAY XMP 250
3 40 20 35 28,000 3.0 CRAY XMP 6.0
4 40 20 35 28,000 3.0 CRAY XMP 6.0
5 9% 46 40 176,640 4.7 CYBER 205 12.8

typically by a factor of 1.02 in the upstream direction and a
factor of 1.05-1.13 in the downstream direction. The grid
spacing in the y direction was stretched by a factor of 1.2-1.3.
Both stretched and uniform grid systems were employed in the
z direction. A stretching factor of 1.2-1.3 was employed for
cases 1, 2, and 3. Detailed comparison® 0 indicated that a uni-
form grid system (as employed for cases 3 and 4) provided ac-
curate resolution in the spanwise direction. All computations,
except case 2, employed boundary conditions at the surface,
and adequate resolution of the viscous sublayer was achieved
(Table 3). In particular, the average value of the height (in wall
units) An* = Anu./v,, of the first grid point adjacent to the
surface satisfied An* =< 2.5 for cases 1 and 5 (Baldwin-
Lomax), and Ant = 0.7 for cases 3 and 4 (Cebeci-Smith and
Jones-Launder integrated to the wall).

An additional calculation was performed for the conditions
of case 5 employing a larger grid spacing in the x and y direc-
tions, specifically, Ax,;,/6, = 0.13, Ax,. / 8, = 0.61, and
AP/ 8 = 0.70. The results were found to be virtually iden-
tical to case 5 (e.g., the maximum change in surface pressure
less than 3.5%), thereby confirming the accuracy of the com-
putations.

The effect of the Reynolds number Re; ~was investigated
by a computation at Re; = 2.6 X 10° for (o, A) = (24 deg, 40
deg) using the Baldwin-Lomax model.!® The comparison with
experiment was similar to the cases presented herein at Re,
=~ 9% 10° and is therefore omitted.

The governing equations using the Cebeci-Smith and Jones-
Launder models were solved using the hybrid explicit-implicit
algorithm of MacCormack.? The equations using the Baldwin-
Lomax model were solved using the hybrid explicit-implicit
algorithm of Knight.? Both algorithms have been highly vec-
torized for execution on the CRAY XMP/YMP and CYBER
205 computers, respectively. (The hybrid algorithm of Knight
has recently been vectorized for the CRAY YMP.) The govern-
ing equations were integrated in time from an assumed initial
condition until a steady-state solution was achieved. The total
physical time of integration ¢, is shown in Table 4 in terms
of the characteristic time 7, defined as the physical time re-
quired for a fluid particle to traverse the computational do-
main form the upstream to the downstream boundary in the
inviscid region of the flow.

Comparison with Experiment

Surface Pressure

Experimental and computed surface pressure profiles for
(o, N) = (24 deg, 60 deg) are shown in Fig. 4 at z=7.855,,.
The ordinate is the dimensionless distance from the corner
(x—z tan N\)/8,,. The computed surface pressure profiles using
both the Baldwin-Lomax and Jones-Launder models show
general agreement with experiment. Except in the vicinity of

41 o  EXPERIMENT — PRINCETON

(x -z tan 1)/ 3.,

Fig. 4 Computed and experimental surface pressure for (a, \) = (24
deg, 60 deg).
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Fig. 5 Computed and experimental surface pressure for (a, \) = (24
deg, 40 deg).

the initial pressure rise (the upstream influence line), the
calculated pressure is within 10% of the experiment. The
underestimate of the upstream influence line has also been
observed for the sharp fin.3-

Experimental and computed surface pressure profiles for
(o, \) = (24 deg, 40 deg) are shown in Fig. 5 at z = 10.04,,.
General agreement is again observed between experiment and
the computed profiles using the Baldwin-Lomax, Cebeci-
Smith, and Jones-Launder models, although the experimental
data are limited to points upstream of the corner line. Except
in the vicinity of the upstream influence line, the calculated
pressure for all cases is within 14% of the experiment. The
Baldwin-Lomax model underestimates the upstream influence,
but more accurately predicts the plateau pressure profile. The
Cebeci-Smith and Jones-Launder models provide a more ac-
curate prediction of the upstream influence, but overestimate
the plateau pressure.

Flowfield Profiles

Experimental and computed boundary-layer profiles of
pitot pressure p, and yaw angle § are presented for the
stronger interaction («, N) = (24 deg, 40 deg). Detailed com-
parisons for (a, A) = (24 deg, 60 deg) are presented in Ref. 9
and show similar behavior.

Experimental and computed pitot pressure p,, normalized
by the upstream freestream pitot pressure Do, and yaw angle
profiles for (@, \) = (24 deg, 40 deg) are shown in Figs. 6-8
and 9-11, respectively, at z = 76,,. A total of 19 profiles each
of pitot pressure and yaw angle were obtained in two separate
investigations®1° at various x locations. (The experimental
results of Refs. 8 and 10 are denoted as Settles et al. and Ket-
chum et al., respectively.) The three pitot pressure and yaw an-
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gle profiles selected for presentation represent the essential
features of the flowfield. The first profile (x — z tan A\ =
0.45,,) is located near the corner line. The second profile (x — z
tan A = 2.64,) is located near the line of divergence of the sur-
face skin friction. The third profile (x — ztan A = 6.06,,) is
located far downstream of the corner interaction.

In Fig. 6, the experimental and computed pitot pressure
profiles are displayed near the corner (x — z tan A=0.45,,).
The Baldwin-Lomax model predicts the pitot pressure within
10% . Within the boundary layer, the Cebeci-Smith and Jones-
Launder models underestimate the pitot pressure by as much
as 30%; however, these models predict the peak pitot pressure
within 2%, Outside the boundary layer, the computed profiles
are diffused in the vicinity of the shock wave due to the shock-
capturing nature of the numerical algorithms. In the vicinity
of the line of attachment (Fig. 7), the computed pitot pressure
profiles display excellent agreement with the experiment. All
models predict the pitot pressure within the experimental
uncertainty. Downstream of the interaction (Fig. 8), close
agreement is again observed between the computation and ex-
periment. Except in the immediate vicinity of the surface (i.e.,
within the lower 10% of the boundary layer), all models pre-
dict the pitot pressure within the experimental uncertainty.

In Fig. 9, the experimental and computed yaw angle 3 pro-
files are shown near the corner (x — z tan A=0.43_.). In the
outer portion of the boundary layer, the computed profiles
overestimate the yaw angle by as much as 20 deg; however, the
predicted yaw angle near the surface agrees within 10%. In the
vicinity of the line of attachment (Fig. 10) and downstream of
the corner (Fig. 11), all models predict the yaw angle within
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Fig. 6 Computed and experimental pitot pressure at x — ztan A\ =
0.45,, for (o, \) = (24 deg, 40 deg).
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Fig. 7 Computed and experimental pitot pressure at x — ztan \ =
2.66,, for (o, \) = (24 deg, 40 deg).

the experimental uncertainty. Except in the immediate vicinity
of the surface (i.e., within the lower 10% of the boundary
layer) where the computed yaw angle profiles differ typically
by 10%, the computed profiles are virtually identical, thereby
indicating the insensitivity of the yaw angle to the turbulence
model.

Flowfield Structure

The general agreement between the computations and ex-
periment permits the determination of the flowfield model
based on the computed resutls. The computed profiles of pitot
pressure and yaw angle have been observed to be insensitive to
the turbulence model employed, except within the immediate
vicinity of the surface (e.g., the lower 10% or less of the bound-
ary layer). It suffices, therefore, to examine the flowfield
structure using the computed results of a single turbulence
model (i.e., Baldwin-Lomax) with the understanding that
some moderate quantitative differences exist between the dif-
ferent models near the surface.

The present paper describes the flowfield structure of the
(o, N) = (24 deg, 40 deg) and (24 deg, 60 deg) configurations
using -the computed flowfields obtained with the Baldwin-
Lomax model. The computed skin-friction lines for the («, N)
= (24 deg, 60 deg) configuration are shown in Fig. 12. The
line of coalescence (line of separation in the sense of
Lighthill®*), formed by the convergence of upstream skin-
friction lines, is clearly evident. As indicated by Lighthill,?*
‘‘streamlines [in the vicinity of the surface] can increase
greatly their distance from the surface...where skin-friction
lines run very close together [i.e., at a line of coalescence].”
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Fig. 8 Computed and experimental pitot pressure at x — z tan \ =
6.06, for (o, \) = (24 deg, 40 deg).
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Fig. 9 Computed and experimental yaw angle at x — z tan A =
0.45,, for (a, \) = (24 deg, 40 deg).
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Fig. 10 Computed and experimental yaw angle at x — z tan \ =
2.65,, for (o, \) = (24 deg, 40 deg).
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Fig. 11 Computed and experimental yaw angle at x — z tan A\ =
6.0, for (o, \) = (24 deg, 40 deg).
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Fig. 12 Computed surface skin-friction lines for (o, \) = (24 deg, 60
deg).

The angle between the computed line of coalescence and span-
wise coordinate z is approximately 10% greater than the ex-
perimental surface flow visualization.!® Thus, the predicted
extent of upstream influence is smaller than the experiment as
observed in the surface pressure profiles. For the Jones-
Launder model (with wall functions), the angle of the com-
puted line of coalescence is approximately 5% greater than the
experiment. The line of divergence (line of attachment) is situ-
ated on the compression surface.

Particle pathlines shown in Fig. 13 for (o, \) = (24 deg, 60
deg) depict the general streamline structure. The streamlines
originate at two heights (y=0.26,, and 0.88,) along the
upstream boundary of the computational domain (x — ztan A
= -12.24,) and are spaced equally in the spanwise direction.
The streamlines originating at y = 0.28,, form a vortical struc-

Line of coalescence

Fig. 13 Computed streamlines originating at x — z tan A =
-12.26,, and y/6,, = 0.2 and 0.8 for (a,\) = (24 deg, 60 deg).

Surface No. 2

Line of
Divergence
(attachment)

Line of X

Surf; .
z Coalescence ace No. 1

(separation)
Not to Scale

Fig. 14 Mean streamline model.

ture that is aligned with the corner. The sense of rotation is
counterclockwise when viewed by an observer at the apex
looking along the corner in the positive z direction. The
streamlines originating at y = 0.85,, move over the vortical
structure and continue downstream on the compression ramp.
A similar structure is observed for the (a, \) = (24 deg, 40
deg) configuration.

A general streamline model, developed on the basis of the
results for the (o, \) = (24 deg, 40 deg) and (24 deg, 60 deg)
cases, is presented in Fig. 14. It is noted that the model repre-
sents the mean streamline pattern. In the actual experiment,
the flowfield is unsteady. The principal element is a large vor-
tical structure. The line of coalescence defines a boundary of
the three-dimensional surface of separation denoted as surface
1. This surface spirals into the core of the vortical structure.
The flow in the vicinity of the surface exhibits a large yaw an-
gle, and consequently, the streamlines are strongly skewed in
the spanwise direction. The angle of intersection of surface 1
with the wall, measured in a plane orthogonal to the line of
coalescence, was calculated to be approximately 10 deg for all
cases examined. The line of divergence defines the intersection
of a second surface, denoted as surface 2, with the swept com-
pression ramp. This second surface extends upstream into the
undisturbed flow. The fluid contained between the wall and
surface 2 becomes the vortical structure. The fluid above sur-
face 2 passes over the vortical structure and continues up the
compression ramp. The general features of the streamline
structure for the swept compression corner shown here are
similar to the structure for the sharp fin.’

An important feature of surface 2 is its height above the
wall, measured at a fixed x upstream of the interaction. The
calculated height of surface 2 is displayed in Fig. 15 for the («,
N) = (24 deg, 40 deg) and (24 deg, 60 deg) cases. The height
was determined by releasing fluid particles at various heights
y/8,, at a fixed upstream location and variable spanwise loca-
tion z/8,, and observing whether the particle pathline (stream-
line) moved up the compression surface or spiraled into the
vortical structure. Two lines are shown in Fig. 15 for each case
to represent the upper and lower estimates of the height of sur-
face 2. The upper estimate indicates the maximum height y/é,
of particles (at the spanwise location z/6,), which were
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Fig. 1S Height of surface 2 for (o, \) = (24 deg, 60 deg) and (24 deg,
40 deg).

observed not to pass over the vortical structure and continue
up the compression ramp. The lower estimate indicates the
maximum height of particles, which were observed not to en-
ter the vortical structure. The uncertainty is attributable to the
limited spanwise extent of the computational domain in which
to view the pathlines, i.e., particles moving close to the line of
attachment exited the computational domain before it was
possible to determine whether they would become entrained
into the vortical structure or pass overhead. Greater uncer-
tainty arises at increased spanwise distance z/6. due to the
decreased remaining spanwise extent of the computational do-
main in which to view the pathlines. It is important to note
that the height for the (¢, \) = (24 deg, 40 deg) configuration
appears to asymptote y/6,, = 0.15, whereas for the (a, ) =
(24 deg, 60 deg) configuration, the height continues to increase
in an approximately linear manner. However, the limited
spanwise extent of the computations precludes a definitive
statement regarding the asymptotic behavior at large z.

A computational study of the contribution of inviscid and
viscous effects on the evolution of the mean kinetic energy was
performed.®? The study suggests that the flowfield is pre-
dominantly inviscid and rotational throughout the boundary
layer except within a narrow region adjacent to the surface
and in an isolated region within the interaction near the cor-
ner. Further experimental and theoretical research is needed to
clarify these issues.

Conclusions

A collaborative experimental and theoretical research pro-
gram has focused on the three-dimensional shock wave/turbu-
lent boundary-layer interaction generated by a three-dimen-
sional swept-compression corner characterized by its streamwise
compression angle o and sweepback angle A. In the present
study, computations have been performed for (o, \) = (24
deg, 40 deg) and (24 deg, 60 deg) at Mach 3 and Re;
~9x 10°. The theoretical model is the three-dimensional
Reynolds-averaged compressible Navier-Stokes equations with
turbulence incorporated through a turbulent eddy viscosity.
Four different turbulence models (Baldwin-Lomax, Cebeci-
Smith, Jones-Launder with wall functions, and Jones-Launder
integrated to the wall) have been examined.

The computed flowfields show overall good agreement with
experiment. The surface pressure is predicted within 10 and
14% for (o, \) = (24 deg, 60 deg) and (24 deg, 60 deg), respec-
tively, except in the vicinity of the upstream influence line.
The calculated pitot pressure profiles display close agreement
with experiment for all turbulence models except at the corner
where differences of up to 10% are noted for the Baldwin-
Lomax model and up to 30% for the Cebeci-Smith and Jones-
Launder models. Downstream of the corner, all models pre-

dict the pitot pressure within the experimental uncertainty
except in the immediate vicinity of the surface (i.c., the lower
10% of the boundary layer). Likewise, the calculated yaw an-
gle profiles display close agreement with experiment for all
turbulence models except at the corner where differences of up
to 20 deg are observed. Downstream of the corner, all models
predict the yaw angle within the experimental uncertainty.
Overall, the computed flowfields are insensitive to the turbu-
lence model except in the immediate vicinity of the surface
where differences of the order of 10% are observed in the pitot
pressure and yaw angle.

The dominant feature of the three-dimensional swept-
compression corner is a large vortical structure approximately
aligned with the corner. A surface of streamlines, which is
bounded by the line of separation (line of coalescence), forms
the core of the vortical structure. A second surface originates
upstream within the boundary layer and intersects the com-
pression ramp at the line of attachment (line of divergence).
The fluid contained between the wall and the second surface is
entrained into the vortical structure. The height of this sur-
face, measured immediately upstream of the interaction, is
strongly dependent on the sweepback angle A. The basic
features of this flowfield are similar to the three-dimensional
single fin.

A computational study of the inviscid and viscous effects on
the evolution of the mean kinetic energy suggests that the flow
is principally rotational and inviscid except in the immediate
vicinity of the surface (where differences in predictions of the
various turbulence models was observed) and in an isolated re-
gion within the interaction and near the corner. Further
research is needed to clarify these issues.
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