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Results from. an experimental investigation of a small-scale separated flow at a sharp trailing edge are
presented. The separated flow was a result of sustained adverse pressure gradients. Experiments were carried out
at a transomic Mach number, without any shock wave in the flow, and at a high Reynolds number.
Measurements include surface pressure distributions, mean velocity, turbulem shear stress, turbulent kinetic
energy, and some streamwise turbulence intensity profiles in the region from just upstream of separation to
downstream into the near wake, following wake closure. The results show noticeable changes in the mean and
turbulent quantities in the separated region although the wall adverse pressure gradients are relatively weak.
Turbulent no‘rmal stress becomes important in the vicinity of separation and in the separated zone with regard to
both mean flow. development and turbulerice energy production. The experimental data are used to assess the
performance of simple algehraic‘turb‘ulence models and two boundary-layer calculation methods.

Nomenclature
o = wall skin-friction coefficient, 27,,/p, U?
= shape factor, 6*/0 :
I = Prandtl mixing length
M =Mach number
p = static pressure
Py =total pressure
Re = Reynolds number per meter
U =mean velocity in X direction
U, = sonic (reference) velocity
{uv) =mean velocity correlation
{(u?) =mean square velocity fluctuation in X direction -
(v?) =mean square velocity fluctuation in Y direction
X =streamwise coordinate parallel to model centerhne
measured from trailing edge of model
Y =vertical coordinate normal to model centerline
' measured from model surface and in the wake from
the model trailing edge
Yp = downstream intermittency
6 =boundary-layer thickness
¢ =reference boundary-layer thickness
5* = displacement thickness
€ = =eddy viscosity
0 =momentum thickness
o =density
T =shear stress
Subscripts
e =boundary-layer edge conditions
L = based on model length
n =nominal freestream condltlons
w = wall
Introduction
RAILING-edge boundary-layer separation, resulting
from sustained adverse pressure gradients in the rear
portions of ‘airfoils and wings, occurs frequently. 13
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Separation usually leads to an increase in drag and a reduction
in lift. Viscous effects at transonic speeds are significant,*5
even under attached flow conditions, and proper treatment of
the trailing-edge region, accounting for wake curvature,
normal pressure gradients, and viscous-inviscid interactions is
necessary to obtain satisfactory predictions* of lift and drag.:
Modern transonic airfoil shapes (e.g., rear-loaded super-
critical airfoils) are such that the turbulent boundary layer
grows rapidly toward the trailing edge, because of the large
adverse pressure gradients, and the flow is often under nearly
separating conditions. Small-scale trailing-edge separation is
a common occurrence on these airfoils,?% even under slight
off-design conditions, and it can have appreciable effects on
airfoil performance. At transonic Mach numbers, the
problem may be more complex because of the presence of a
shock wave on the upper surface, whose effects on the
boundary layer generally promote trailing-edge separation.’

Successful ‘predictions of the turbulent boundary-layer
separation at high Reynolds number, and calculations of the
separated flow, at least to engineering accuracy, depend
greatly on satisfactory modeling of turbulence, as well as
accounting for strong viscous-inviscid interactions. Currently,
in most of the viscous-inviscid interactive calculation
methods,*%7 viscous effects are taken into account suc-
cessfully through boundary-layer  displacement thickness
distributions on the airfoil and in the near wake. A similar
treatment may be adequate, even with a small-scale separated
flow at the trailing edge. However, our ability to calculate the
mean turbulent flow, and consequently the displacement
thickness, in strong adverse pressure gradients and in the
separated region is not satisfactory,®3® a major deficiency
being in the modeling of turbulent stresses in these complex
flows. Navier-Stokes computations!® also suffer from the
inadequacy of turbulence modeling. Further progress relies
very much on extracting information relevant to modeling
from  well-planned - experiments involving turbulence
measurements. A recent study!! has provided some data on a
supercritical airfoil with weakly separated trailing-edge flow,
and has also revealed someof the complexities of the flow. It
is the primary objective of the present work, to study in some
detail, a small-scale trailing-edge separated flow on a
relatively simple configuration with a view to understanding
some of the basic features of the flow and to improve flow
modeling.
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The experiment is conducted at a transonic Mach number
and at.a high Reynolds number of practical interest. The
freestream conditions have been chosen so as to avoid the
shock on the upper surface of the model, thus reducing the
degree of complexity of the flow. Laser Doppler velocimetry
is used. for measuring mean and turbulence quantities
throughout the flowfield, including the separated region. The
experiment has also been designed, following some of the
guidelines suggested in the recent Stanford Conference,!? to
be useful as a test case for evaluating turbulence models and
prediction methods. This effort is a continuation of earlier
studies!®14 on unseparated trailing-edge flows.

The experimental results of mean and turbulence flowfleld

are presented. Observations of separated-flow characteristics, -

a discussion of mean-flow dynamics, and some data analysis
related to turbulence modeling in the separated region are
included. Results from boundary-layer computations are also
presented.

Experiments

Experimental Setup and Test Conditions

The experiments were conducted in the 38.1 X 25.4-cm high
Reynolds number channel blowdown facility at Ames
Research Center (Fig. 1a). The model configuration, which
'spans the test section, is made up of two parts: 1) a forebody,
which is a flat plate 56.75 ¢cm long and 2.54 cm thick with a
24.51-cm-long tapered forward section having a rounded
leading edge (Fig. 1b); and 2) an aft body sharp trailing-edge
flap, which is 14.1-cm long. The cross section of the flap is the
upper rear quadrant of an 18%-thick circular-arc airfoil; the
arc has a radius of curvature of 40.4 cm and the trailing-edge
included angle of the flap is 20.4 deg. The design of the flap
was guided by our experience from earlier studies, >4 as well
as by some of the criteria for turbulent boundary-layer
separation suggested in the literature. The lower surface of the
flap prov1des a zero pressure gradient boundary-layer flow
thus minimizing the overall complexity of the flow. The
model has these added advantages: 1) it provides a thick and
fully developed turbulent boundary layer on the flat plate,
which is desirable for modehng studies, and 2) the relatively
long length of the model combined with the stagnation
pressure available with the facility gives high Reynolds
numbers, a unique feature of the present experiments.

Although the freestream Mach number was varied during
the preliminary phase of the experiments, all detailed
flowfield measurements were made at a nominal freestream
Mach number M, of 0.7 and at a Reynolds number (based on
model length) Re, of 40x 106, This Reynolds number
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Fig. 1 Schematic of test section and test model.
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corresponds to a nominal total temperature of 470°R and a
total pressure P, of 275 kPa.

Surface and Flowfield Measurements

The flat-plate flap model described has 75 static pressure
orifices, most of which are located.on the centerline of the
model on both the upper and lower surfaces. Spanwise static
pressure orifices were also provided to assess spanwise
uniformity of surface pressures. Static pressure orifices were
also provided on the top and bottom walls of the tunnel in the
region of the model, as well as downstream to a distance of 45
cm. The pressures were measured with strain gage pressure
transducers; each transducer was calibrated before each
tunnel run.

Most flowfield measurements were made using a two-

" dimensional laser Doppler velocimeter (LDV) described

previously.!3!4 The two channels of the LDV were operated
independently in two beam orientations: 1) beams aligned at
+45 deg to the tunnel axis allowing measurements of U, V,
{uv), and (u?+v?), and 2) beams aligned along and normal
(0-90 deg) to the tunnel axis, thereby measuring U, V, (u?),
and {v?). Most measurements, however, were carried out in
the +45 deg orientation; the 0-90 deg orientation was used
only at selected stations where turbulence intensity
measurements were desired. Some  measurements using
conventional pitot and static probes w’ gre also made. These
probe pressures were measured by Statham pressure trans-

- ducers.

The flow was visualized, using conventional Schlieren and
shadowgraph methods, and the surface flow on the flap was
examined, for example, for .flow reversal and three-
dimensional effects, using an oil-flow technique.

Accuracy of Measured Data

The various sources of -error considered for the LDV
measurements include optical, electronic, statistical, and
positional. The accuracy assessment is based .also on
repetition of ‘data points and comparison with velocity data
derived from pitot-static measurements. The mean velocity is
estimated to be accurate to +4% or =4 m/s, whichever is
greater. Similarly, the turbulence quantities (uv), etc.) are
deemed accurate to +8% or +16 m2/s2, whichever is
greater. Due to glare and low seed level, the greatest inac-
curacies occur in the separation region close to the body
surface. Positioning accuracy of the LDV system was found
to be £0.04 cm. More details on the accuracy assessment are
described in Ref. 15.

Two Dimensionality of the Flowfield

‘Two dimensionality of the mean flow was validated, based
on oil-flow patterns on the. flap surface, observations of
spanwise variations of certain flow quantities, and estimates
of the two-dimensional boundary-layer momentum 1ntegral
equatlon from the measured data 16

Results and Discussion

Mean Flowfield and Separation Characteristics

The initial phase of the experiments consisted of acquiring
model static-pressure. distributions to identify a suitable
separated flow case for detailed flowfield measurements. This
was achieved by varying -the tunnel Mach number M, in
discrete steps, at constant total pressure Pz.

Figure 2 shows the static-pressure distributions, normalized
by P, on the upper surface of the flap at three different
Mach numbers. The static pressures on the lower (flat-plate)
surface of the flap are also shown (dotted lines). At each M,

a circulation develops around the model, and pressures on the
upper and lower flat-plate portions (not shown) are nearly
constant but at different levels. At all three values of M, the
pressure on the upper surface first decreases (from the
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pressure level on the flat plate) toward the hinge line in
response to the change in model curvature and then increases
toward the trailing edge. The pressure gradient over the
middle of the flap is nearly constant at each M,, but this
gradient does increase with M,,. The data also exhibit a relief
in pressure gradients toward the trailing edge with increasing
M,, indicating separation of the boundary layer.!” At
M,=0.5, the boundary layer is probably attached; with
increasing M,,, the separation forms at the trailing edge and
moves upstream because of the increasing adverse pressure

gradients. Surface oil-flow patterns on the flap confirmed .

these observations.!¢. Further increases in M, beyond 0.7,
resulted in the formation of a shock downstream of the hinge
line. On the lower surface, at M, =0.6 and 0.7, there is a weak
acceleration of the flow over the flat plate toward the trailing
edge in response to the reduced pressure recovery on the upper
surface, resulting from the separated flow. The flow at
M,=0.7 was selected for detailed flowfield measurements
because it showed maximum length of separation and was
shock free. The pressure distributions for the complete model
at M, =0.7 are shown in Fig. 3.

A spark shadowgraph of the flowfield is shown in Fig. 4.
The boundary layers and the wake can be distinguished from
the background. Vortex-like structures, rotating coun-
terclockwise, are being shed at the trailing edge on the lower
surface; these result from the large velocity differences

existing across the trailing edge. No such structures are seen |

on the upper surface, probably because of the reduced
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Fig. 4 Spark shadowgraph of the trailing-edge flowfield: M ,
Re; =40x 106,
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Fig. 5 Measured mean velocity profiles: M,, =0.7, Re; =40X 106,

velocity gradients associated with the thicker separated
boundary layer. Similar structures have been observed on
unseparated asymmetric trailing-edge flows.!# The existence
of these structures could play an important role (e.g., new
time and length scales) in the determination of the wake
closure and in the development of the near wake.

The development of the turbulent boundary layers on the
upper surface of the model and into the near wake is discussed
next. Ahead of the flap, on the flat plate (X= —27.3 cm) the
mean velocity profile measured showed good agreement with
the law of the wall suggesting a fully developed turbulent
boundary layer.!® Over the initial part of the flap, the mean
velocity development showed a continuous deceleration due to
the adverse pressure gradients. All the mean and turbulent
velocity profiles to follow are presented normalized by the
sonic speed (U, =295.7 m/s). The velocity profiles measured
(with +45 deg LDV system) downstream through separation
and in the near wake are shown in Fig. 5. Not all the measured
profiles are shown for the sake of clarity. From all the
measured velocity profiles, separation is inferred to have
occurred in the range —2.38 <X'< — 1.9 cm. This location is
consistent with the location at which flow reversal was in-
ferred (X;, = —2.0+0.25 cm) from surface oil-flow pattern. 6
The height of the reversed flow is small (=0.20 cm) compared
with the boundary-layer thickness. An interesting feature of
the velocity field in the separated zone is that there are rapid
changes (deceleration) all across the layer, although the wall
adverse pressure gradient is very small.

Wake closure occurs downstream of the trailing edge at
X=0.40 cm. The quite rapid wake closure is a result of the
interaction of the energetic lower side (flat-plate) flow with
the separated shear layer on the upper surface. There is some
evidence? that such rapid wake closure occurs downstream of
the trailing edge even on supercritical airfoils. Downstream of
wake closure, an asymmetric wake is formed. In the near
wake only the velocities inner region (around minimum
velocity) increases rapidly with distance while the outer
regions of both the upper and lower sides show only small
changes.
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Mean flow streamlines on the flap and in the near wake,
calculated using the mass flow concept, are presented in Fig.
6. The separation point S, the wake closure C, and the
dividing streamlines are also shown in the figure. Even though
the height of the reversed flow is small, typically 4-5 data
points could be obtained in the reversed flow at each X
station, which were used to locate the dividing streamline on
the upper surface.!® The streamlines sketched downstream of
the trailing edge are also only approximate.! A noticeable
feature in the boundary layer on the flap upper surface is the
significant reduction (compared to the surface) in the con-
vexity of the mean streamlines, particularly close to the wall.
This is a result of the continuously decelerating velocity field
(giving diverging streamlines), which is a result of the adverse
pressure gradient. Consequently, across the boundary layer,
the static pressure changes in the region —8<X<0 cm are
small; the estimated maximum pressure change was only
about 5% of the wall pressure.

The variation in boundary-layer integral thickness
parameters on the upper surface of the flap and in the upper
part of the near wake is shown in Fig. 7. The integral
thickness parameters are defined taking into account (in an

AJAA JOURNAL

1.0

7p 5F

0 .5 1.0
Y, cm
Fig. 8 Downstream intermittency distributions: M, =0.7, Re;
=40x10°.

approximate sense) the weak pressure variations across the
boundary layer in a manner suggested in Ref. 18. The
calculations shown in Fig. 7 will be discussed later. The rapid
increase in 6* and H toward the trailing edge and their rapid
initial decay in the near wake may be clearly seen. These
variations are typical of those found on airfoils at transonic
speeds. The shape factor has a value of about 2.8 £0.1 at the
surface-flow reversal location.

We next discuss a feature of the time-dependent nature of
the flowfield in the vicinity of the separation point. One
measure of the unsteady nature of separation is v, defined as
the fraction of the time the flow has a positive streamwise
component. It was estimated from the measured data of
streamwise velocity fluctuations in a manner similar to that of
Simpson et al.!? Measured U velocity distribution functions
were used rather than an assumed Gaussian distribution.
These results are presented in Fig. 8 for five different
measurement stations. According to Refs. 19 and 20, in-
termittent separation point occurs for a value of v, near the
wall of about 0.8, and fully developed separation point occurs
at v, of about 0.5. Also, from Fig. 7 of Ref. 19, v, appears to
be nearly constant in the inner 8-10% of the boundary-layer
thickness. In the present experiments (Fig. 8) the first data
point near the wall corresponds to about 0.056. If we assume
the near constancy behavior of v, near the wall in the present
flow, the preceding definitions imply intermittent separation
at X= —2.86 cm and fully developed separation at X= —1.91
cm. This latter location (X= —1.91 cm) is consistent with
the location at which surface-flow reversal was inferred (X,
= —2.0 cm). The pressure-gradient relief, according to Fig. 2,
has already begun slightly upstream of intermittent
separation. There is broad agreement of these separation
characteristics at this transonic condition with those observed
at low speeds.

In this experiment, the turbulent boundary layer on the flap
separates under the combined action of adverse pressure
gradient and convex curvature, with the influence of the
former the greater. The curvature of mean streamlines in the
boundary layer is: much smaller than at the surface. Since
convex curvature of mean streamlines has the effect of
reducing wall skin friction, even in a zero pressure-gradient
flow,%! boundary-layer separation in the present case may
have resulted farther upstream compared with a curvature
free flow with the same pressure gradient.

Turbulence Flowfield

As stated earlier, turbulent shear, kinetic energy and the
two turbulent intensities were measured in the vicinity of
separated region. Here we present only the shear stress and
kinetic energy profiles.

Turbulent shear stress — {uw) profiles through separation
and in the near wake are presented in Fig. 9. Since p variation
across the boundary layer is only about 10%, p is neglected in
the preceding definition of shear stress. The magnitude of
shear stress increases, particularly in the outer part of the
boundary layer, in the separation zone. The normal gradients
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near the wall are decreasing progressively toward the trailing
edge. This is a result of the continuous reduction in the wall
pressure gradient. The Y location, say, Y,, at which
maximum shear stress occurs moves outward with increasing
streamwise distance along the flap. Similar behavior is also
seen with kinetic energy profiles, as we shall see later. This
feature is often seen in adverse pressure-gradient boundary-
layer flows.?? In the separated region (for —2 <X <0), this
outward movement of Y,, could be attributed, at least partly,
to the outward displacement of the mean streamlines because
of the separated bubble.

In the near wake, following the wake closure, large normal
gradients in shear stress develop, as a result of merging of
shear layers. These gradients decrease farther downstream. In
the narrow region, where the shear layers are merging, the
shear stress varies nearly linearly with Y. The wake profiles
show two peaks of differing sign, corresponding to the upper
and lower sides of the wake. The magnitudes of these peaks
decay as the flow moves downstream. The wake data also
show that shear stress changes sign in the neighborhood of
aU/0Y =0. For this flow, the eddy viscosity concept to model
Reynolds shear stress may be adequate. Many of these wake
features are similar to those observed!*!4 in the unseparated

_ asymmetric near wakes.

The two-component kinetic energy profiles are displayed in
Fig. 10. The kinetic energy levels increase in the separated
zone, particularly in the outer region. Similar behavior was
also observed in the {u?) profiles.!¢ In the near wake, large
normal gradients develop like the shear stress profiles. Again,
two peaks are seen in the near wake and they decay with
distance downstream.

Fig. 11 Gradients of wall static pressure and Reynolds stresses:
M, =0.7, Re; =40x 105,
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Fig. 12 Turbulence production owing to Reynolds stresses:
M, =0.7,Re; =40x10°.

To obtain better insight into the dynamics of mean flow in
the vicinity of the separated region, the different terms of the
X momentum equation (including the turbulent normal stress
but ignoring the small density variations) were estimated from
the measured data after smoothing. Figure 11 shows these
estimates of the nondimensional wall pressure gradient,
Reynolds shear, and normal stress gradients at three
streamwise locations. The first location (X = —2.86 cm) is just
ahead of separation, and the other two stations are in the
separated region.

The following observations can be made: 1) the streamwise
wall pressure gradient decreases rapidly in the separated
region; 2) in the wall region (say, Y/6=<0.10), transverse shear
stress gradients are much larger than the streamwise normal
stress gradients; and 3) in the outer region (Y/5=0.10), the
normal-stress gradients are comparable to the shear stress
gradients, particularly in the separated region. These results
show that away from the wall, the turbulent normal and shear
stress gradients are significant to the mean flow development

* (deceleration) in the separated region. Further analysis

(unpublished) shows that the normal stress is significant also
in the region of wake closure.

The influence of turbulence normal stresses on turbulence
production in the turbulence energy-transport equation is
examined next. Nondimensional turbulent shear stress and
normal stress production terms are estimated and presented in
Fig. 12 at the same locations as Fig. 11. Production by normal
stresses is significant at all three stations and is comparable in
magnitude to the shear stress production. Maximum values of
production at each streamwise location occur close to where
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the shear stress and mean-velocity gradient (3U/dY) reach
maximum values. The turbulence production owing to
normal stress probably accounts, in part, for the increased
turbulent kinetic-energy levels (more in the width than peak
value of the profiles) observed in the separated region.
Simpson et al.!® and Delery?® have also emphasized recently
the importance of turbulence normal stress in the streamwise
momentum equation and in the production of turbulence in
other separating flows.

To assess the utility of some of the algebraic eddy-viscosity
models often used in engineering calculations, the eddy
viscosity € and Prandtl mixing length? ,, were calculated from
the measured shear stress data and estimated mean velocity
gradient. Here we show only the eddy viscosity distribution
(Fig. 13) at four locations in the vicinity of the separated
region. The value of U, was determined from the measured
surface pressure and isentropic flow relations. In the outer
region, the nondimensional eddy viscosity (e/U,0%)
distributions are reduced by nearly half from the Cebeci and
Smith values? (with intermittency), which may be reasonably
expected to be valid on the flat plate boundary layer ahead of
the flap. Only small variations in these nondimensional eddy
viscosity values are seen in the separated region. The smaller
eddy viscosity levels may have resulted in part from the in-
fluence of convex curvature of mean streamliries on the flap
boundary layer. Similar reduction in the nondimensional eddy
viscosity levels have been observed!! in progressing from
about the midchord to the trailing edge on a supercritical
airfoil with a weakly separated trailing-edge flow. However,
their actual levels near the trailing edge are much higher
(comparable to the Cebeci and Smith values) than those
observed in the present study, possibly due to the significant
differences in the upstream history of the boundary-layer flow
(e.g., a shock wave on the airfoil), and in the flow Reynolds
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number between the two experiments. Similarly smaller
nondimensional mixing lengths (¢,,/0) compared to the flat -
plate boundary-layer values were seen in the outer region. 6

Boundary-Layer Calculations

The performance of two boundary-layer calculation
methods for the flow over the flap upper surface are assessed
in the following. The first method uses a two equation eddy-
viscosity model?® and the second involves an integral
method? widely used in transonic airfoil calculations. Both
calculations are made using the measured surface pressure
distributions after matching (within a few percent) the
calculated 6*,¢, with measured values at X= —27.3 cm on the.
flat plate.

Figure 14 shows comparisons of wall skin friction coef-
ficient ¢, on the upper surfaces of the flat plate and of the flap
with boundary-layer computations. On the upper surface of
the flap, the experimental wall shear stress was inferred by
fitting the velocity data near the wall (obtained using a pitot
probe) to the law of the wall.!s The effect of curvature on ¢,
in the two-equation model calculations may be seen by
comparing curves a and b. It is clear that separation is not
predicted by the two-equation model calculations. Following
Cebeci et al.,!” the calculations were repeated with an ex-
trapolated pressure distribution (extension of the linear
portion, see Fig. 2, beyond X= —4.0 cm) and the results are
also shown in Fig. 14 as curve ¢. As may be seen, ¢, ap-
proaches zero at a location extremely close to the location at
which minimum ¢, occurred using the experimental pressure
distribution. We infer calculated separation to be at X= —3.2
¢m, which is about 0.56 upstream of the experimental flow

‘teversal point. The predictions of ¢, from the integral method

(Fig. 14) show variations qualitatively similar to that of the
two-equation model results, and the separation point with the
extrapolated pressure distribution was found to be close to
measured X;.. The results for separation location by either
method, we believe, is at least as good as those obtained by
Cebeci et al. at low speeds.

The displacement thickness predictions are included in Fig.
7. The calculations show good agreement up to X=—5 cm;
however, because the calculations do not predict separation
for the measured pressure distribution, the downstream
predictions are appreciably lower than the data. The results
from the integral method do not differ significantly from the
boundary-layer calculations employing the two-equation
model of turbulence. According to Ref. 26 the integral
method is not expected to be accurate for H= 2.5, which for
present flow occurs around X= -3 cm. Similar under-
predictions of 6* near the trailing edge have been observed on
supercritical airfoil studies (e.g., Ref. 27).

Concluding Remarks

To improve our understanding of some of the basic features
of small-scale trailing-edge separated flows and to enable
improved flow modeling of them, a detailed experimental
study has been conducted. The experiments are conducted on
an elongated airfoil-like model at a transonic Mach number
and at a high Reynolds number that is representative of flight
conditions. Detailed flowfield measurements of mean and
turbulence quantities, in the region from upstream of
boundary-layer separation to downstream of wake closure
(into the near wake) are made using a laser Doppler
velocimeter. ’

Some of the characteristics of the separated flow may be
summarized as follows.

First, fully developed separation, as inferred from 7,
measurements using the low-speed criterion, occurs close to
the location at which surface flow reversal is observed; wake
closure occurs just downstream of the trailing edge, a feature
that may be typical of small-scale separated flows.

Second, in the vicinity of separation and in the separated
zone, 1) noticeable streamwise changes in mean and tur-
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bulence quantities are observed, although there is con-
siderable reduction in the wall adverse-pressure gradients;
2) the turbulent normal stress term, usually neglected in the
boundary-layer approximations, assumes importance away
from the wall and is significant to the mean flow develop-
ment; and 3) the turbulent normal.stress contributes ap-
preciably to the turbulence production and, hence, cannot be
ignored in the turbulence kinétic-energy-transport equation.
Third, in the separated zone, the nondimensional eddy-
viscosity distributions are appreciably less than the Cebeci and
. Smith values in the outer' region, and show only a small
variation. '
Boundary-layer calculations did not predict separation
when uséd with the measured pressure distributions. Good
predictions of separation location are seen with a modified
pressure distribution in the vicinity of separation and in the
separated region.
 The experimental results presented here provide a good
data base for guiding turbulence modeling as well as for
comparison with predictive methods. A detailed report!
containing all the measured data and calculated quantities in
tabular form is available. :
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