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Calculation of Three-Dimensional Shock/Turbulent
Boundary-Layer Interaction Generated by Sharp Fin

Doyle D. Knight*
Rutgers, The State University of New Jersey, New Brunswick, New Jersey

A three-dimensional oblique shock/turbulent boundary-layer interaction is computed using a hybrid explicit-
implicit numerical algorithm for the compressible Navier-Stokes equations. The flow configuration consists of a
sharp fin or wedge, attached normal to a flat plate. The deflection of the wedge generates an oblique shock wave
that interacts with the turbulent boundary layer on the flat plate. Computed results are obtained at Mach number
M^ = 3 for a wedge angle of 10 deg and Reynolds number of Re8oo = 2.8 X 10s based on the undisturbed
boundary-layer thickness 8^ upstream of the sharp fin. These results, together with the results of a previous
computation for the same configuration at Re^ = 9.3 X 10s, are compared to the recent experimental data of
McClure and Dolling. The computed results are in generally good agreement with the experiment and predict with
reasonable accuracy the recovery of the boundary layer to a nominal two-dimensional state downstream of the
interaction. Contour plots of various flow variables are employed to investigate the flow structure for the
Re8oo = 2.8 X 105 case and to compare with the model developed by Oskam, et al. based upon experimental
measurements at Re6oQ = 9.3 X 10s.

Introduction

THE understanding of two- and three-dimensional shock
wave/turbulent boundary-layer interactions (denoted as

"2D or 3D turbulent interactions") remains an important
research effort in fluid dynamics. In aerodynamics, important
examples of 3D turbulent interactions include transonic
airfoils, supersonic inlets, nozzles, and deflected control
surfaces and wing/body junctures at transonic and supersonic
speeds.1-2 In other applications in fluid dynamics (e.g.,
gasdynamic lasers3), 3D turbulent interactions are important
as well. A brief sampling of recent experimental and theoret-
ical research is given in Ref. 4.

The present research concerns the numerical simulation of a
3D oblique shock/turbulent boundary-layer interaction for
the geometric configuration shown in Fig. 1. The theoretical
model is the three-dimensional mean compressible Navier-
Stokes equations, with turbulence incorporated using the alge-
braic turbulent eddy viscosity model of Baldwin and Lomax.5
An oblique shock wave, generated by the deflection of a sharp
fin mounted perpendicular to a flat plate, intersects a super-
sonic equilibrium turbulent boundary layer that has developed
on the flat plate. The configuration, denoted the "3D sharp
fin," has been investigated experimentally at a variety of
freestream conditions.6"13 In the present study, the flowfield
has been computed for a nominal freestream Mach number
M^ = 3, nominal wedge angle ag = 10 deg, and Reynolds
number Re8oo = 2.8 X 105, where ReSoo = pJJ^/^ and 6^
is the boundary layer thickness on the flat plate upstream of
the sharp fin leading edge. In a previous study by the author,4
the same configuration was computed at a higher Reynolds
number ReSoo = 9.3 X 105. Overall, the strength of the interac-
tion is modest, with a theoretical pressure rise of 2.02.

The first objective of the present research is to determine
the capability of the theoretical model to predict the experi-
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mental flowfield examined by McClure and Dolling13'14 at two
Reynolds numbers. In particular, the experimental data for
the ReSoo = 2.8 X 105 case permit scrutiny of the model's
ability to predict the recovery of the boundary layer on the flat
plate to a nominal two-dimensional state far downstream of
the shock. Specifically, boundary-layer profiles of pitot pres-
sure and yaw angle on the flat plate were measured at dis-
tances as large as 53 8^ downstream of the sharp fin leading
edge. In both the previous study4 by the present author at
ReSoo = 9.3 X 105 and the study of Horstman and Hung15

using the Escudier16 turbulence model for the same configura-
tion at ReSoo = 8.7 X 105, the experimental boundary layer
data9"11 were available only for x < 145^. The determination
of capability of the theoretical model to predict the down-
stream recovery of the boundary layer in this case is particu-
larly important since 1) the Baldwin-Lomax model is widely
used in computational fluid dynamics and 2) the Baldwin-
Lomax model, like other algebraic turbulence models, does
not accurately predict the recovery of a turbulent boundary
layer downstream of a strong two-dimensional turbulent inter-
action.17

The second objective is to examine the structure of the
computed flowfield contingent upon a successful comparison
with the available experimental data. In particular, it is de-
sired to compare the computed flowfield structure at Re8(X> =
2.8 X 105 with the flow model developed by Oskam, Vas, and
Bogdonoff9-10 based upon experimental measurements at
Re^ = 9.3 X 105.

Method of Solution
The details of the solution technique are given in Ref. 4

and, therefore, will only be summarized here. A coordinate
transformation is employed to efficiently handle the computa-
tional domain. The governing equations are the full mean
compressible Navier-Stokes equations in three dimensions
using mass-averaged variables and strong conservation form.
The turbulent eddy viscosity model of Baldwin and Lomax5 is
employed, with additional modifications to handle the corner
region formed by the wedge and plate. The hybrid explicit-
implicit numerical algorithm of Knight,4 incorporating the
explicit method of MacCormack18 and the implicit box scheme
of Keller,19 is employed to solve the governing equations. The
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Fig. 1 Three-dimensional sharp fin configuration.
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Fig. 2 Experimental data stations of Oskam.
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algorithm was vectorized and executed on the Cyber 203
computer at NASA Langley. The algorithm has been previ-
ously applied to a variety of 2D and 3D shock/turbulent
boundary-layer interactions.4

Results
Description of Flow Conditions

The flow geometry, detailed in Fig. 1, has been extensively
surveyed at approximately Mach 3 for a range of values of the
wedge angle ag and upstream boundary-layer thickness 8^ by
Oskam et al.9'11 and McClure and Dolling.13'14 The experi-
mental data of Oskam et al. includes measurements of surface
pressure and heat transfer on the flat plate and profiles of the
pitot pressure and yaw angle [defined as tan^w/w), where u
and w are the components of the velocity in the x and z
directions, respectively (Fig. 1)] for the boundary layer on the
flat plate. The location of the Oskam data stations for ag = 10
deg are shown in Fig. 2. For the ag = 10 deg case, boundary-
layer profiles were obtained by Oskam et al. at ReSQO = 9.3 X
105 only. The experimental data of McClure and Dolling
include measurements of the surface and pitot pressures and
yaw angle profiles for the flat-plate boundary layer at two
Reynolds numbers, namely, ReSoo = 2.8 X 105 and 8.0 X 105.
As shown in Fig. 3, the boundary-layer profiles were obtained
in a plane parallel to the direction of the oncoming flow. This
differs from the approach used by Oskam (Fig. 2), in which
the profiles were obtained in planes normal to the direction of
the oncoming flow. The locations of the profile measurements
of McClure and Dolling were chosen to provide greater detail
in the vicinity of the shock wave. The number of profiles each
for yaw and pitot pressure was 21 and 22 at ReSoo = 2.8 X 105

and 8.0 X 10 , respectively.
In the previous study by the author,4 computed results were

obtained at Mach 3 for ag = 10 deg at Re8oo = 9.3 X 105.
These results were compared with the experimental data of
Oskam et al.9"11 In general, good agreement was obtained in
comparison with the entire range of experimental data.

In the present effort, two separate computations (denoted
later as grids 1 and 2) were performed at Mach 3 for ag = 10
deg at ReSoo = 2.8 X 105. These two calculations are denoted
as case 1. The values of the freestream conditions are indi-
cated in Table 1 and are in agreement with the experimental
test conditions of McClure and Dolling for this case, as shown
in Table 2.

In the present paper, the previous computed results of the
author4 at Mach 3, ag = 10 deg and Re8oo = 9.3 X 105 are
compared with the experimental data of McClure and Dolling
at these approximate conditions. These results are denoted as
case 2 in Table 1 and the corresponding experimental test
conditions of McClure and Dolling are shown in Table 2.
There is a slight difference in the value of ReSoo for case 2
between the computation and the experiment. This is attribu-
table to the fact that the freestream conditions in the compu-
tation for case 2 were chosen to closely match the experimen-
tal conditions of Oskam et al.9"11

Table 1 Flow conditions for computations

Case
no. Re*,

Total
Pressure, Total

kPa Temperature, K

0.45
1.37

2.91
2.94

10.0 2.75 X 105

9.72 9.25 X 105
689.7
689.7

275.9
255.6

Table 2 Flow conditions for experiments
of McClure and Dolling

Case
no.
1
2

*oo,
cm
0.45
1.29

^00

2.91
2.93

as
10.0
10.0

RetSoo

2.75 X 105

8.0 X 105

Total
pressure,

kPa
689.7
689.9

Total
Temperature, K

275.9
271.4

In all computations, the flat-plate surface temperature is
280.6 K. The wedge surface temperature for the computations
is 280.6 and 252.8 K for cases 1 and 2, respectively. These
values were chosen based on the experimental conditions and
are close to adiabatic conditions.

Details of Computations
The boundary-layer profile on the upstream plane (ABHG

in Fig. 1) is obtained by computing the development of a
flat-plate turbulent boundary layer to the point where the
computed momentum thickness 0^ is equal to the experimen-
tal value (6^ = 0.030 and 0.065 cm for cases 1 and 2, respec-
tively). At this location, the computed and measured displace-
ment thickness 8£ agree within 2% for both cases (8£ =0.16
and 0.34 cm for cases 1 and 2, respectively). The computed
and measured values of the skin-friction coefficient cf agree
within 2.2% for both cases (cf= 1.36 X 10"3 and 1.08 X 10"3

for cases 1 and 2, respectively). The computed and measured
values of the boundary-layer thickness are in close agreement
(see Table 2 for experimental values) and the velocity profiles
are in close agreement with the law of the wall and wake.20

Two separate computations were performed for case 1
(ReSoo =2.8 X105). In each of these computations, the
numerical grid incorporated 58 points in the £ direction, 54
points in the TJ direction, and 34 points in the f direction (see
Fig. 2 of Ref. 4), as indicated in Table 3. The total number of
grid points in the TJ and f directions are equal to the sum of
the ordinary and sublayer grid points, less the two points
coinciding at the surface and edge of the sublayer. The total
number of grid points for each computation (including the
computational sublayer) is 106,316. The details of the grid
resolution are shown in Table 4. The streamwise grid spacing
Ax is uniform and equal to 1.12 8^. Previous experience4 has
indicated that Ajc^S^ provides accurate streamwise resolu-
tion for this configuration. The grid spacing in the cross plane
was a combination of a geometrically stretched and uniformly
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spaced mesh in the y and z directions, with accurate resolu-
tion of the boundary layers on the wedge and flat plate and
the inviscid region of the flow. In particular, the height of the
first grid point adjacent to the wedge and flat plate was less
than 3.1 wall units at all locations (i.e., Az^+ < 3.1, where
Az^+ =Az2W*/Xv , Az2 is the distance of the first row of
points in the computational sublayer from the flat plate, u*
the wall friction velocity, and vw the wall kinematic viscosity).
These two separate computations differed only in the height
z'm of the "computational sublayer"4 on the flat plate. Specifi-
cally, the height z'm was 7.62 X 10~3 cm and 1.22 X 10"2 cm
for grids 1 and 2, respectively. These values correspond to 29.2
and 46.2 wall units, respectively, based upon the upstream
skin friction on the plate. The solutions using grids 1 and 2
were examined to determine the sensitivity of the computed
flowfield to the height of the computational sublayer and the
results were found to be essentially identical. This result again
confirmed the insensitivity of the computed flowfield to the
height z'm within the restriction z^+ < 60 as discussed in Ref.
4. The typical number of grid points within the boundary
layers is 21 for the flat plate and 16 for the wedge. The
maximum grid spacing in the y direction A j^/fi^ is 0.67 and
0.75, respectively, for grids 1 and 2. The height of the compu-
tational domain in the y direction is 9 8^ for both grids. The
width of the computational domain in the z direction in-
creases linearly from 10.2 8^ at x = 0 to 41.1 8^ at the
furthest downstream plane. Likewise, the maximum grid spac-
ing in the z direction Az^/5^ varies from 0.284 to 1.2 8^ at
the furthest downstream plane.

The numerical grid for case 2 (Re^ = 9.3 X 105) utilized
48 points in the £ direction, 51 points in the 17 direction, and
32 points in the f direction (Table 3). The streamwise grid
spacing Ax was uniform and equal to 0.46 8^ (Table 4). The
grid spacing in the cross plane was a combination of a
geometrically stretched and uniformly spaced mesh in the y
and z directions, with accurate resolution of the boundary
layers on the wedge and flat plate and the inviscid region of
the flow. In particular, the height of the first grid points
adjacent to the wedge and flat plate was less than 3.2 wall
units at all locations. The total number of grid points (includ-
ing the computational sublayer) is 79,727. Further details are
provided in Ref. 4.

Table 3 Details of mesh distribution?

Case
no.
1
1
2

Grid
no.
1
2
1

**««*>
2.8 X 105

2.8 X 105

9.3 X 105

N,
58
58
48

%
48
48
46

NS

28
28
27

NSLb

8
8
7

aA^, A^, and N$ are the number of ordinary points in the £,
7], and f directions (see Figs. 1 and 2 in Ref. 4).

bNSL is the number of mesh points in the z' direction in the
computational sublayer (see Ref. 4).

The initial condition for grid 2 of case 1 was obtained by
extending the upstream profile to all downstream stations. The
initial condition for grid 1 of case 1 was obtained from grid 2.
The former case was computed for a physical time of ap-
proximately 3.4 tc, where tc is the time required for a fluid
parcel to travel from the upstream to the downstream planes
in the inviscid region. By this time, the flowfield had con-
verged to steady state.4 The latter case was computed for a
physical time of 2.3 tc, at which point the flowfield was
converged to steady state. The computer time on the Cyber
203 for grids 1 and 2 was 4.4 and 5.0 h, respectively. The
initial conditions and computer requirements for case 2 are
discussed in Ref. 4.

Comparison of Theoretical and Experimental Results
A representative selection of computed and experimental

pitot pressure profiles on the flat plate for cases 1 and 2 are
shown in Figs. 4-7. The vertical axis is the distance normal to
the flat plate, normalized by 8^ (Table 1). The horizontal axis
is the pitot pressure pp, normalized by the upstream freestream
pitot pressure ppoo. The profiles are taken at a constant
spanwise distance z == 14.2 and 9.4 8^, respectively, for cases
1 and 2 (Fig. 3). The streamwise location is given in terms of

SHOCK
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Fig. 3 Experimental data stations of McClure and Dolling.

rp f L P..
Fig. 4 Pitot pressure for case 1 at x's = -639, -268, -122, and
-45.

Table 4 Details of mesh resolution

Case
no.
1
1
2

Grid
no.
1
2
1

Wedgea'b

MaxAz^+

2.94
2.95
3.19

NBL

16
16
17

Flat platec'd

MaxAz^+

3.12
3.08
2.65

NBL

21
21
20

A*Ao
1.12
1.12
0.46

A-VocAo

0.67
0.75
0.58

A^ooAo

0.28-1.2
0.28-1.2

0.49
aMaxAz£+ = maximum value of Az£+ , where Az£+ = kz'2u*/vw and Az£ is the dis-

tance of the first row of sublayer points from the boundary.
bNBL = total number of points in the boundary layer. For the wedge, NBL is evaluated

at point K in Fig. 1. For the flat plate, NBL is the number of points in the boundary layer
upstream of the interaction.

cA;c = mesh spacing in the x direction.
dA yx, A Zoo = ordinary mesh spacing in the y and z directions in the region of uniform

grid.
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Fig. 5 Pilot pressure for case 2 at x's •
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Fig. 6 Pitot pressure for case 1 at x'a = 71.5, 301, 706, 1012, and
1472.
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Fig. 7 Pitot pressure for case 2 at x's = 85.2 and 336.

x's, where x's = (x- xshk)Rel0/SQ, .xshk is the location of the
theoretical inviscid shock wave at the specified spanwise loca-
tion z, and 80 is the experimental flat-plate boundary-layer
thickness measured at (xshk,z) in the absence of the wedge.
The shock location xshk = 12.0 and 22.8 cm for cases 1 and 2,
respectively. The local undisturbed boundary-layer thickness
80 is 0.59 and 1.55 cm, respectively. The choice of x's as the
streamwise distance parameter is motivated by the observa-
tions of Settles et al.21'24 and Dolling et al.,22'23 implying that,
for the fixed M^ and ag of the present investigations, the
surface features (e.g., limiting streamlines, surface pressure)
are effectively scaled in this manner. The profiles from cases 1
and 2 are therefore selected to correspond wherever possible
to approximately the same values of x's. McClure and
Dolling13'14 examined the extension of the scaling law to the
flowfield (specifically, pitot pressure and yaw angle) and ob-
tained promising, although not conclusive, results.

In Figs. 4 and 5, pitot pressure profiles are displayed at
several locations upstream of the theoretical inviscid shock
wave. The profiles for case 1 are at x's = - 639, - 268, -122,
and -45; those for case 2 are at x's= -576, -279, -117,
and — 36.5. Beginning from the undisturbed two-dimensional
boundary layer, the pp profiles for both cases exhibit a region
of overshoot ("bulge") located outside the boundary layer and
upstream of the theoretical inviscid shock. This overshoot is
associated with the compression region that develops up-

0 10 20 30 30

Yaw Angle (degs)

Fig. 8 Yaw angle for case 1 at x's = -639, -268, -122, and -45.

stream of the interaction.9'25 The comparison between the
computed and experimental profiles for case 1 is very good,
with the peak value of pp predicted within 5% for all stations.
The comparison for case 2 shows greater discrepancy, with the
computation failing to exhibit the full magnitude of the over-
shoot. This discrepancy is not attributable to grid resolution;
indeed, as indicated in Table 4, the grid resolution for case 2
surpassed that of case 1. Furthermore, computations of the
same cases by Horstman26 using the k — c. turbulence model27

display close agreement with the present calculations. The
understanding of this discrepancy is the subject of present
research.

In Figs. 6 and 7, pitot profiles are shown at several stations
downstream of the theoretical shock. The profiles for case 1
are displayed at x's = 71.5, 301, 706, 1012, and 1472. The
profiles for case 2 are shown at x's = 85.2 and 336. There is
generally good agreement between the theory and experiment,
although the computed profiles near the wall slightly under-
predict the observed pp behavior for stations near the shock.
The continued development of the pp profiles for case 1 to
x's = 1472 is seen to be in good agreement with experiment.
Comparison with all other experimental pitot pressure profiles
(not shown) indicates similar agreement and confirms the
above conclusions.

A representative selection of computed and measured yaw
angle profiles upstream of the shock wave are shown in Figs.
8-11, where the yaw angle is tan~1(w/w) (see Fig. 1). Profiles
upstream of the theoretical inviscid shock are displayed in
Figs. 8 and 9, using the same values of x's as in Figs. 4 and 5.
Upstream of the interaction, the yaw angle is zero. The yaw
angle in the vicinity of the surface rises rapidly as the flow
approaches the shock, due to the spanwise pressure gradient
imposed on the flow. Within the boundary layer, the calcu-
lated and experimental profiles are in good agreement, with
the theory slightly underpredicting the observations within the
lower 20% of the boundary layer. Outside the boundary layer,
however, a region of overshoot in the yaw angle appears. This
behavior is not seen in the computation. A similar computa-
tion by Horstman26 using the k — e turbulence model is in
good agreement with the present calculations and does not
display the overshoot in yaw angle.

In Figs. 10 and 11, yaw angle profiles are displayed at
several stations downstream of the theoretical inviscid shock.
The stations x's are the same as in Figs. 6 and 7. General good
agreement is observed between the computation and experi-
ment, although the computed profile for case 2 modestly
underpredicts the yaw angle near the wall. The asymptotic
value of the yaw angle as y approaches zero is predicted
reasonably well in both cases. In addition, the computed
profiles accurately predict the " undershoot" in the yaw angle
profile outside the boundary layer (i.e., values of the yaw angle
less than the wedge angle ag = 10 deg). The continued devel-
opment of the yaw angle profile for case 1 to x's = 1472
displays close agreement between theory and experiment. In
particular, the decrease of the observed surface yaw angle
from a maximum of approximately 40 deg in the immediate
vicinity of the shock to 12 deg at x's = 1472 is accurately
described by the computations. The computed value of the
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Fig. 9 Yaw angle for case 2 at x's = -576, -279, -117, and -36.5.
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Fig. 10 Yaw angle for case 1 at x's = 71.5, 301, 706, 1012, and 1472.
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Fig. 11 Yaw angle for case 2 at xf

s = 85.2 and 336.

Fig. 12a Pilot pressure at * = 57.68^ (pp/ppoo = 0.5, 0.7, 0.9, 1.1,
1.2, 1.3, 1.4, and 1.5).

0)
O)

Fig. 12b Yaw angle at x = 57.68^ (yaw = 4, 6, 8, 15, 20, 25, and 30
deg).

Fig. 12c Pitch angle in x-y plane at ^ = 57.68^ (pitch = -1, 1, 2,
and 3 deg).

Fig. 12d Static pressure at x = 57.68^ = 1.1, 1.2, . . . , 1.9).

surface yaw angle at x's = 1472 is 16 deg. The experimental
uncertainty13 is ±1 deg. Comparison with all other experi-
mental yaw angle profiles (not shown) indicates similar agree-
ment and confirms the above conclusions.

Contour Plots at #<?8oo = 2.8 X 10s

Contour plots of the computed pitot pressure, yaw angle,
pitch angle, and static pressure for case 1 are displayed in Fig.
12 at x — 57.6 8^. This x station intersects the shock down-
stream of the "inception region"24 and is therefore within the
domain where the interaction "footprint" is conically symmet-
ric.24 The left boundary of each plot represents the wedge
surface and the lower boundary corresponds to the flat plate,
with 8 denoting the local boundary-layer thickness on the flat
plate in the two-dimensional region of the flow. The location
of the theoretical inviscid shock at each station is indicated by
the S arrow. The C arrow indicates the approximate location
of the line of coalescence of the surface shear stress (i.e.,
limiting streamlines or "three dimensional separation line"8).
The computed limiting streamlines for cases 1 and 2 are
shown in Refs. 28 and 4, respectively.

The pitot pressure contours indicate the size of the boundary
layers on the flat plate and wedge surface. The shock wave is
evident in the clustering of vertical pitot contours and is
situated slightly to the right of the theoretical inviscid shock
position due to the displacement thickness effect of the wedge
boundary layer. The shock-capturing nature of the numerical
algorithm effectively "diffuses" the shock wave over typically

two to three grid points. The overshoot in the pitot contours,
extending to the right at the intersection of the shock wave
and boundary layer on the flat plate, represents the upstream
propagation of the 3D turbulent interaction and was observed
in Fig. 4. The particular contour pp/pp(yo = 1.4 displays a
repeated U-shaped pattern in the region between the shock
and the wedge surface and above the flat-plate boundary
layer. This pattern is associated with the small variations in
Pp/Ppoo around 1.4 in this inviscid region (pp/pp™ varies
between approximately 1.35 and 1.5 in this region) and does
not represent a significant structure of the flow. The decrease
in boundary-layer thickness on the flat plate in the vicinity
of the wedge is also evident. This effect is attributed to the
large cross flow induced by the shock/boundary-layer inter-
action.9'10

The general structure agrees of the computed yaw angle for
case 1 shown in Fig. 12b is in agreement with the description
of Oskam et al.9'10 based upon measurements at Re8oo = 9.3
X 105. A region of large yaw angle develops within the
boundary layer on the flat plate, extending upstream of the
shock location. A region of yaw angle below the wedge angle
ag = 10 deg appears outside the boundary layer and down-
stream of the shock. The fluid in this region is moving toward
the wedge.

The contour plot of the computed pitch angle in the x-y
plane for case 1 at x/8x = 57.6 is shown in Fig. 12c. The
pitch angle is defined as tan~l(v/u) where u and v are the
Cartesian velocity components in the x and y directions,
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respectively. In the vicinity of the corner formed by the flat
plate and the wedge, a region of negative pitch angle is
observed at all streamwise locations, in agreement with the
flow model of Oskam et al. Close to the leading edge,28 the
minimum value of the pitch angle is approximately -10 deg.
These regions of large negative pitch exhibit yaw angles close
to ag = 10 deg, indicating the fluid is moving downward
toward the flat plate and roughly parallel to the wedge. This
downward motion acts to replenish the fluid that has been
swept in the spanwise direction.9-10 The magnitude of the
negative pitch decreases with distance x and, at the station
shown the minimum value of the pitch angle, is approximately
— 1 deg. A significant region of two-dimensional flow has
developed between the fin and the shock, with yaw angles less
than 16 deg and pitch angles less than 1 deg. The pitch angle
contour plot also displays a region of modest positive pitch
angle located to the right of the shock wave and centered
approximately on the line of coalescence, with a maximum
value of approximately 4 deg. This maximum value decreases
with x and, at the furthest downstream station, is approxi-
mately 3 deg. It is noted that the area of largest pitch angle
occurs outside the boundary layer and is associated with the
overshoot in pitot pressure. Although a region of positive
pitch of comparable magnitude was observed by Oskam et al.
in the vicinity of the shock/boundary-layer interaction,9'10 no
information was provided concerning the pitch behavior to the
right of the shock wave (i.e., equivalent to upstream of the
shock).

In Fig. 12d, the computed normalized static pressure p/p^
is displayed. The general behavior is similar to the measure-
ments of Oskam et al. at Re8oo = 9.3 X 105, displaying the
development of a constant-pressure region adjacent to the
wedge surface.

Conclusions
The flowfield of a three-dimensional oblique shock/turbu-

lent boundary-layer interaction, formed by a wedge attached
normal to a flat plate, has been computed at Mach 3 for a
wedge angle ag = 10 deg and Reynolds number Re8oo = 2.8 X
105. The full mean compressible Navier-Stokes equations are
utilized, with the turbulence incorporated through the alge-
braic turbulent eddy viscosity model of Baldwin and Lomax.
The computed results are compared to the experimental data
of McClure and Dolling for pitot pressure and yaw angle
profiles and found to be generally in good agreement. The
calculated pitot pressure profiles accurately display the ob-
served "overshoot" outside the boundary layer at stations
slightly upstream of the shock. The computed yaw angle
profiles, however, do not manifest the observed overshoot in
yaw outside the boundary layer at the same locations. The
computed pitot and yaw profiles are in good agreement with
the experimental data in the boundary layer at all stations and
predict the recovery of the boundary layer to a nominal
two-dimensional state downstream of the three-dimensional
interaction with reasonable accuracy.

The results of a previous computation by the author for the
same configuration at Re8oo = 9.3 X 105 are compared with
experimental data of McClure and Dolling. The computed
pitot pressure profiles display good agreement with the experi-
mental data within the boundary layer. The calculated over-
shoot in pitot pressure, however, is in only qualitative agree-
ment with experiment. The computed yaw angle profiles are
likewise in good agreement with experiment within the
boundary layer, although underpredicting the yaw in the lower
20% of the boundary layer. However, the asymptotic surface
yaw angle is predicted with reasonable accuracy. The com-
puted yaw profiles do not display the observed overshoot
outside the boundary layer at stations upstream of the shock.

The computed flowfield at ReSoo = 2.8 X 105 is analyzed
and compared to the flowfield model developed by Oskam et
al. based upon their measurements at ReSoo = 9.3 X 105. In

general, the computed flow exhibits the same basic features as
the Oskam model. The calculated flowfield also provides ad-
ditional detail concerning the pitch angle behavior in the
vicinity of the intersection of the shock wave and the flat plate
and the region of observed "overshoot" in the pitot pressure.
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