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Experimental Investigation of a Simulated Compressor
Airfoil Trailing-Edge Flowfield

Robert W. Paterson*
United Technologies Research Center, East Hartford, Connecticut

and
Harris D. Weingoldf

Pratt & Whitney Aircraft Group, East Hartford, Connecticut

This study was motivated by the need for improved understanding of blunt trailing-edge compressor airfoil
flow fields. The objective was to provide data that could be used to assist the development of computational pro-
cedures for predicting such flows. A large-scale, low subsonic Mach number, wind tunnel simulation of a com-
pressor airfoil trailing-edge flow field was conducted using a flat-plate test model and laser Doppler velocimetry
for flow field definition. Of potential importance in the numerical modeling of the flow was the finding that
outer flow velocity profiles in the near wake were nearly identical, with viscous interaction effects confined to a
region near the wake centerline having a thickness and length comparable to that of the trailing-edge thickness.
Qualitative agreement with circular cylinder near-wake data and an observed lack of dependence of results on a
change in plate boundary-layer thickness suggest that the flow is not strongly dependent on boundary-layer
thickness at separation. Periodic vortex shedding was encountered and shown to affect base pressure signifi-
cantly. The associated strong transverse velocity fluctuations would be expected to be the dominant mechanism
for mixing out the velocity defect in the initial wake region.

Introduction

COMPRESSOR airfoils are designed, for structural and
durability reasons, with thick rounded trailing edges that

cause trailing-edge boundary-layer separation and attendant
flow recirculation and unsteadiness. The principal analysis
used in the design of high-performance supercritical com-
pressor airfoils is an inviscid transonic cascade calculation
coupled to a boundary-layer calculation. The resultant designs
can be influenced significantly by the modeling of the blunt
trailing edge in the inviscid analysis. Imposition of an inviscid
Kutta condition produces calculated pressure spikes near the
trailing edge, which in turn influence the calculated boundary
layer further upstream. Data suggest that the actual viscous
flowfields present in such geometries moderate the magnitude
of these spikes. Therefore, improved prediction of the tur-
bulent, separated blunt trailing-edge flowfield is important to
the design process.

A recent review of the application of viscous-inviscid in-
teracting flow theory to the trailing-edge problem is given by
Werle.1 For this or other numerical approaches, experimental
data are required to assess the accuracy and assist the develop-
ment of trailing-edge flow computational procedures. Pre-
sently, however, there is a general lack of experimental data
on thick, rounded trailing-edge flowfields. [Circular
cylinders, thin plates (or airfoils) with sharp trailing edges,
and thick trailing-edge configurations with salient edges (and
hence fixed separation points) have received the most atten-
tion. Even for this wide range of geometries, the number of
detailed near-wake investigations with turbulent boundary-
layer separation is surprisingly limited.] A large-scale cascade
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investigation by Hobbs et al.2 delineated certain features of
such flows but also indicated the need for experimentation at
larger scale than that achievable in cascade (trailing-edge
thicknesses on the order of several millimeters). The present
study, described in more detail elsewhere,3'4 was undertaken
to provide detailed code assessment data at large scale.

Approach
Model geometry and flow conditions were selected that

would provide simple, yet relevant, test cases to which predic-
tions of a computational procedure could be compared. The
scale of the experiment (1-in. thick circular arc trailing edge)
was determined by the need to acquire a detailed definition of
the velocity and pressure fields in the vicinity of the trailing
edge. A flat-plate model was selected since compressor airfoil
curvature is small in the trailing-edge region. Relative to flow
conditions, the approach was to conduct the experiment at low
subsonic Mach number in a two-dimensional flow environ-
ment. Modeling of compressibility effects was not considered
to be of first-order importance in determining the suitability
of a code to treat blunt trailing-edge flows.

The remaining flow condition of interest was the nature of
the boundary layers incident upon the trailing-edge region.
For full-scale engine compressor blades, boundary layers near
the trailing edge are turbulent and thicknesses and shape fac-
tors vary over an appreciable range. The approach taken here
was to conduct the experiment with two different sets of initial
boundary-layer conditions and with the absolute value of
boundary-layer-thickness to trailing-edge thickness ratio in the
range expected for typical supercritical airfoil designs. One set
of initial conditions consisted of equal thickness turbulent
boundary layers on the two surfaces of the plate. This sym-
metrical boundary-layer configuration was intended to pro-
vide the simplest test case for code assessment purposes. It was
considered desirable that the symmetrical configuration
boundary layers have characteristics close to those obtained in
a zero-pressure gradient environment. This would provide
near-equilibrium boundary-layer "initial conditions" that
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could be generated by boundary-layer codes. The second set of
initial conditions consisted of unequal thickness turbulent
boundary layers on the two surfaces. In this asymmetrical con-
figuration test case, it was desired to achieve a substantial dif-
ference in relative thickness (on the order of 2). Comparison
of symmetrical and asymmetrical configuration results was in-
tended to provide insight into the importance of variations in
initial viscous conditions in the absence of trailing-edge
loading effects (pressure-to-suction surface differential
pressure).

Experimental Arrangement
Test-plate length was determined by the need to generate

thick boundary layers (relative to trailing-edge thickness)
characteristic of compressor airfoils. Typical boundary-layer
characteristics for supercritical airfoils are given by the Build I
cascade data reported by Hobbs et al.2 At a position 0.032
chord upstream of the trailing edge, ratios of pressure and suc-
tion surface momentum thickness to trailing-edge diameter
were 0.09 and 0.26, respectively. To achieve relative
thicknesses in this range, a natural boundary-layer develop-
ment length in excess of 3 m was required.

The resultant test model, shown in Fig. 1, consisted of a
3.65-m-long (axial direction), 1.07-m-wide (spanwise direc-
tion), 2.54-cm-thick flat plate equipped with a 3:1 elliptical
leading-edge fairing. The large ratio of plate width to
thickness (42) was chosen to yield two-dimensional flow con-
ditions in the midspan region over the axial extent (approx-
imately 15 plate thicknesses) of the trailing-edge interaction
region. Whereas the overall plate aspect ratio was 0.34, the
aspect ratio relevant to two-dimensional flow (lack of signifi-
cant stream convergence due to sidewall boundary-layer
growth) in the trailing-edge interaction region was much larger
(42/15). The leading-edge region of the plate was flared out-
ward in the spanwise direction to fit the contour of the wind
tunnel inlet contraction. The study was conducted in the
United Technologies Research Center Open-Jet (Acoustic)
Wind Tunnel,5 an open-circuit, low turbulence level (0.2%),
subsonic wind tunnel. The open-jet test section is surrounded
by a 4.5 x 5 x 6 m sealed chamber. A schematic of the model
installation in the tunnel is shown in Fig. 2. The aft end of the
plate extended 0.48 m into the open-jet test section of the tun-
nel. In addition to the use of a large span-to-thickness ratio to
minimize end effects, 90-deg circular arc sideplate extensions,
shown in Fig. 2, were installed at the nozzle exit to reduce
open-jet shear-layer penetration into the test section near the
ends of the plate. The upper and lower quadrants of the test
section in the region of the sideplates were left open. To pro-
duce the asymmetrical boundary-layer test condition, the
ramp fairing shown in Fig. 2 was employed. For the sym-
metrical case, no ramp was provided and the turbulent trips
were installed at the plate leading edge. For the asymmetrical
case, the lower surface trip was moved to a plate position aft
of the ramp.

Test Program Definition
Based upon code assessment requirements and experimental

considerations, the axial and transverse mean and fluctuating
velocity components, total pressure, reference total
temperature, reference static pressure, wake centerline static
pressure, and surface static pressure were selected as the
variables to be measured directly. In regions where total
pressure measurements were reliable, total pressure and
velocity data could be used to calculate flowfield static
pressure within certain error bounds. To meet the code assess-
ment objective, a "benchmark" experiment must provide data
at a location to start the computation and at relevant locations
to determine prediction accuracy. A plane normal to the plate
located upstream of the trailing edge (termed the initial
measurement plane) was selected to provide starting condi-
tions. Hot-wire anemometry was used to define velocity pro-
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Table 1 Asymmetrical configuration initial plane parameters

Upper
surface

Lower
surface

6* /t
e/t
8*/6

0.221
0.173
1.28

0.133
0.097
1.38

files in this plane. To assess velocity and displacement surface
predictions, laser Doppler velocimetry (LDV) was employed
to measure the axial and transverse velocity components in ap-
proximately ten planes located between the start of the
trailing-edge circle and six plate thicknesses downstream of the
trailing edge.

Objectives were identified at the outset of the experiment
regarding symmetry of measured quantities relative to the
plate centerline for the symmetric boundary-layer configura-
tion, and spanwise uniformity of initial plane velocity profiles
for both configurations. Agreement of upper and lower sur-
face boundary-layer integral properties within 5%, at the in-
itial measurement plane, was established as an objective for
symmetrical configuration profiles. The same tolerance was
identified for the spanwise uniformity of profiles in the initial
plane. Agreement of individual velocity components, above
and below centerline, for the symmetrical configuration, was
expected to be within 3% of the reference velocity, based upon
LDV measurement uncertainty estimates.

The experiment was conducted at a constant Reynolds
number of S . lx lO 6 (based on plate length). Since tunnel
stagnation temperature varied with atmospheric conditions,
the tunnel Mach number was varied from 0.09 to 0.1 to main-
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Fig. 3b Symmetrical configuration initial plane near-wall velocity
profiles (plate centerline, x/t= —10.6).

tain a constant Reynolds number. Measured velocities were
normalized by freestream velocity, (7REF (open-jet test section
velocity). The difference between a measured static pressure p
and freestream static pressure /?REF was normalized by tunnel
dynamic pressure p£/REF/2 to yield the pressure coefficient Cp.
These normalized quantities were shown to be invariant with
respect to tunnel speed changes, as would be anticipated.

Experimental Results
Initial Measurement Plane Conditions

Plate boundary-layer conditions approaching the trailing-
edge interaction region were defined in an initial measurement
plane located 10.6 plate thicknesses upstream of the trailing
edge. Average boundary-layer thicknesses (normalized by
plate thickness) and related parameters obtained at midspan in
this plane for the symmetric configuration are tabulated as:
99.5% thickness, 5/7=1.47; displacement thickness,
d*/t = 0.183; momentum thickness, 0/^ = 0.139; shape factor,
H= 1.31; and momentum Reynolds number Ree = 7860. These

4 6
FREQUENCY, kHz

Fig. 4 Wake hot-wire spectrum.

values represent the average obtained above and below the
plate. The boundary-layer thickness was approximately 1.5
plate thicknesses with the momentum thickness about one-
seventh of the plate thickness. The measured shape factor of
1.31 was reasonably close to the value of 1.33 quoted by
Coles6 for a constant-pressure turbulent boundary layer at the
measured momentum thickness Reynolds number of 7860.
This is an indication that a near-equilibrium, zero-pressure
gradient boundary-layer initial condition was achieved.

Initial measurement plane velocity profiles obtained at
midspan showed that 1) a nearly symmetrical (upper surface
vs lower surface) boundary-layer configuration was obtained,
and 2) good agreement between measured profiles and predic-
tions of the UTRC ABLE7 code was achieved. Figure 3a pro-
vides these profile data in the form of axial velocity Ux nor-
malized by freestream reference velocity C/REF as a function of
distance normal to the plate yr. Circular symbols correspond
to measurements above the plate and square symbols corres-
pond to measurements below the plate.

In terms of upper-lower surface boundary-layer symmetry,
individual data points tend to agree within 1%. Differences
between upper and lower surface displacement and momen-
tum thickness were close to the 5% tolerance identified at the
outset of the experiment. Figure 3a also compares data to the
predictions of the ABLE boundary-layer code. In this figure,
the inner region axes are to the left and bottom while the outer
region axis scales are at the top and to the right. Shown dif-
ferences between upper and lower surface predictions were
due to the slightly different plate static distributions input to
the code (and shown subsequently). The favorable comparison
of predicted and measured results indicates that a boundary-
layer code can be used to provide initial conditions for com-
putational procedures used to predict the plate trailing-edge
interaction. In addition to these code comparisons, profile
data were found to be in good agreement with law of the
wall,6 as shown in Fig. 3b.

Initial plane boundary-layer integral properties for the
asymmetrical test configuration are given in Table 1. The ratio
of up£>er-to-lower surface momentum thickness of 1.8 was
reasonably close to the desired value of approximately 2.

Vortex Shedding
Vortex shedding from the plate trailing edge occurred with

both symmetrical and asymmetrical boundary-layer test con-
figurations. A clear indication of this was the presence of an
audible tone in the test chamber. Hot-wire measurements, ob-
tained in the wake of the plate, confirmed a strong discrete
frequency signal at approximately 250 Hz (depending on tun-
nel speed), which, when normalized by plate thickness and
freestream velocity, resulted in a Strouhal frequency of 0.18.
A typical wake hot-wire spectrum, showing the magnitude of
this discrete frequency signal relative to the broadband (ran-
dom) wake turbulent signal, is shown in Fig. 4. This figure
displays an off-centerline spectrum which is dominated by the
250-Hz frequency associated with the fundamental period of



MAY 1985 COMPRESSOR AIRFOIL TRAILING-EDGE FLOWFIELD 771

y/t = 0.83
Vy = - 2.0 m/sec

= 4.1 m/sec

V;, m/sec
15

. 10

y/t = 0
Vy = - 0.2 m/sec
vy = 8.0 m/sec

-20 0
Vj, m/sec

20

Fig. 5 LDV probability distributions for transverse velocity compo-
nent in the wake (x/t = 3).

the shedding cycle (the period of shedding from one surface).
On the plate centerline, the dominant frequency was a factor
of 2 higher since the hot wire responded to shedding from both
upper and lower plate surfaces.

Vortex shedding had a strong influence on the nature of the
LDV probability density distributions obtained in the wake.
Shown in Fig. 5 is a sequence of distributions for the vertical
velocity component starting three plate thicknesses above the
plate (y/t = 3) and proceeding to the wake centerline at a fixed
axial position of x/t = 3. Plotted is the percentage of LDV seed
particles which had an instantaneous velocity of Vj during the
period of time required to acquire 3000 validated seed particle
counts. Listed in each part of the figure are the vertical mean
velocity component Vy and vertical rms velocity fluctuation
component vyt which were calculated from the shown prob-
ability distributions. At a position above the plate and remov-
ed from the centerline (y// = 3), the probability distribution
was narrow and the calculated rms fluctuation low (1 m/s)
relative to the local axial velocity of 33 m/s. As the plate
centerline was approached, the distribution broadened and the
rms level increased. On centerline, y/t = Q, the probability
distribution had acquired a nearly symmetrical double-peaked
shape resulting in a calculated near-zero vertical mean velocity
component. The broadened distribution caused the calculated
fluctuating component to increase by a factor of 8 relative to
the y/t = 3 value. While the calculated mean velocity was zero,
Fig. 5 indicates that the flow resided at ± 8 m/s a much higher
percentage of the time. It remains to be seen whether a time-
independent code can account for the axial momentum
transfer associated with this transverse mixing by appropriate
adjustment of the turbulence model.

At positions below the plate the distributions were similar3

in character to those above the plate, although reversed in
sign, as would be expected if this were due to a symmetrical
upper and lower surface shedding process. By an independent
test, it was established that the behavior described above was
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Fig. 6 Symmetrical configuration overall surface static pressure
distributions.

due to the presence of vortex shedding. A splitter plate was in-
stalled on the wake centerline, extending from the test-plate
trailing edge to eight plate thicknesses downstream. It is
known that introduction of a solid boundary of this length
between shear layers emanating from a bluff body suppresses
vortex shedding. When measurements were obtained with this
plate installed, the double-humped character of the vertical
component LDV probability distributions was eliminated.

In a recent thesis by Haji-Haidari,8 bubble-wire flow-
visualization results for a thick, circular geometry trailing-
edge flowfield are given as well as comparison of hot-wire pro-
files with a tapered trailing-edge geometry having no vortex
shedding. A conclusion of the study is that wake mixing is
strongly enhanced by the shedding process.

Static Pressure Distributions
For the symmetrical boundary-layer configuration test con-

dition, the test plate was aligned within the tunnel inlet nozzle
to produce nearly equal static pressure distributions on the up-
per and lower plate surfaces, as shown in Fig. 6. Following a
region of favorable pressure gradient associated with the pro-
jection of the plate leading edge into the wind tunnel contrac-
tion, a region of near-zero pressure gradient existed from
about x/t= -60 to -10. From the rapid decrease in static
pressure between x/t= - 10 and 0, it is apparent that the trail-
ing edge influences the approaching flowfield over a signifi-
cant distance upstream of the actual edge. A more detailed
definition of the trailing-edge pressure distribution as well as
wake centerline pressure measurements for the symmetrical
test configuration are shown in Fig. 7. Wake centerline static
pressure measurements were obtained by positioning the static
pressure ports of a small (1.6 mm) cylindrical tube at various
axial positions along the centerline. To avoid leading-edge
flow disturbances that would exist with conventional static
pressure probes, the tube extended upstream into the plate. As
the tube was withdrawn from inside the plate, a ring of four
static ports drilled at one axial position of the tube traversed
the wake. The tube was extended downstream of the ports to
eliminate interference from end effects. This procedure is sub-
ject to some uncertainty since the cylindrical tube is subjected
to a time-dependent crossflow associated with vortex shedding
transverse velocity fluctuations. The multiport averaging is
believed to have minimized errors due to this fluctuating field.

Based on static pressure measurements at 10-deg increments
on the trailing-edge circle, a minimum pressure coefficient of
-0.25 was observed to occur at an azimuth angle of 80 deg
relative to the trailing edge. Surface flow-visualization results,
discussed subsequently, indicated that separation occurred at
approximately 76 deg. Within the 10-deg resolution in static
pressure measurements, the onset of an adverse pressure gra-
dient and location of separation were therefore in close agree-
ment. The wake centerline measurements, denoted by the
circles in Fig. 7, show that the near-wake static pressure
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decreased abruptly from its trailing-edge value, reached a
minimum at x/i = 0.375, and then increased monotonically,
approaching freestream static pressure at x/t = 3.5. Based on
LDV measurements discussed subsequently, the length of the
recirculation region downstream of the plate was approx-
imately 0.8f. The wake pressure minimum, therefore, occur-
red near the midpoint of this region.

In 1954, Roshko9 demonstrated that a similarly strong wake
centerline pressure minimum existed behind circular cylinders
undergoing vortex shedding and this minimum was associated
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with the vortex formation process. By extending a splitter
plate downstream of the cylinder on the wake centerline,
Roshko suppressed vortex shedding and observed a significant
reduction in the magnitude of the pressure minimum. To
determine whether vortex formation was the cause of the
abrupt decrease in static pressure just downstream of the trail-
ing edge in the present study, wake centerline static pressure
measurements were acquired with the previously described
trailing-edge splitter plate installed. Static pressure taps in the
plate were used to obtain these data. As shown in Fig. 8, the
effect of the splitter plate was to alter the trailing edge and
wake static pressure distribution significantly. In addition to
reducing the magnitude of the near-wake static pressure
depression, static pressure increased above the freestream
value further downstream. Vortex shedding, therefore, ap-
pears to be important in determining the nature of the plate
trailing edge and wake static pressure distribution. This is con-
sistent with the findings of Roshko who concluded that, for
both flat plates normal to the flow and for cylinders, "The
main mechanism for the base pressure is to be found not in the
diffusion of momentum across the shear layers but in the
dynamics of the vortices." This similarity between cylinders
and the present case occurred even though the ratio of
boundary-layer thickness at separation to trailing-edge circle
(or cylinder) diameter was significantly larger here.

For the asymmetric test configuration, the plate static
pressure distributions were significantly different on the upper
and lower surfaces (as a result of the ramp fairing) except in
the trailing-edge region, -6 <x/t<0, where they were not
only identical but indistinguishable from those for the sym-
metrical case.3

Flow Visualization
Surface flow visualization of the plate trailing-edge region

was performed to define separation lines. For symmetrical and
asymmetrical configurations, separation lines on the upper
and lower surfaces were found to be straight, over a spanwise
extent greater than six plate thicknesses, with a maximum
deviation of 1 deg of arc from a mean separation location of
approximately 14 deg (as measured from the tangency point of
the plate and trailing-edge circle). Flow visualization
photographs are given elsewhere.3 The tests confirmed surface
static pressure results which had suggested that separation
locations were similar for both upper and lower surfaces and
both boundary-layer configurations. The straight separation
lines were consistent with the expectation of two-dimensional
flow conditions.
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Fig. lOb Outer region axial velocity distributions.

Symmetrical Configuration Mean Velocity Field
LDV was employed to define the axial and transverse (ver-

tical) mean velocity components from the start of the trailing-
edge circle (x/t= - 0.5) to 6.5 plate thicknesses downstream of
the trailing edge. The general character of the near-wake
velocity field is displayed in Fig. 9. Only data for y>Q are
shown since>><0 data agreed within the estimated 3% velocity
measurement uncertainty bound. In the figure, vectors in-
dicate local flow direction and associated numbers provide
velocity magnitude relative to the open-jet test-section veloci-
ty, £/REF. The region containing vectors having an upstream
axial component is shown bounded by a dashed line. Inter-
polation between neighboring data points was used to define
this line.

The axial extent of the reversed-flow region on the plate
center line is seen to be 0.8/ with a maximum reversed-flow
velocity of 20% of freestream achieved at the midpoint
(x/t = 0.4) of the region. In a study of a cylinder near wake,
Owen10 found that mean wake closure occurred 0.8 diameter
behind the cylinder trailing edge, in agreement with the 0.8
plate thickness value obtained here. This occurred despite the
fact that the cylinder boundary layers at separation were thin
compared to those of the present study.

Figure lOa provides profiles of the mean axial velocity com-
ponent at axial locations close to the trailing edge (x/£<0.8)
and for the "inner" region of the wake (where "inner" is
defined as that portion of the wake between the wake
centerline and the plate surface extended, y = Q.5t). In this
region, profiles are observed to vary significantly although
there is a trend toward coalescence of profiles at y/t = Q.5.
This is explored further in Fig. lOb where profiles for the
"outer" region (y/t>0.5) are shown at an expanded velocity
scale relative to Fig. lOa. Deviations from the curve faired
through the data are observed to be very small (typically
within 1 or 2%) for axial positions ranging from upstream of
the trailing edge (x/t= -0.25) to the wake closure point
(A://= 0.8). As noted by Werle,1 the outer flow, over the axial
extent of the recirculation zone, appears to act as a basically
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Fig. 11 Comparison of wake centerline axial velocity distribution
with cylinder wake results of Ref. 10.

inviscid rotational flow with viscous-induced velocity profile
alterations confined to the inner region. This observation pro-
vides support for the numerical modeling of this flow by
viscous-inviscid interaction theory.

The wake centerline axial velocity behavior is shown in Fig.
11, where normalized wake defect has been plotted as a func-
tion of normalized downstream distance (x + d)/t, a being an
empirically derived parameter. For cylinders, the far-wake ax-
ial velocity defect is predicted, and found experimentally to
follow, a decay law of the form11:

UREF-Ux(x,0)
U \ d /

where A is proportional to the drag coefficient of the cylinder
and a the distance between the cylinder axis and the upstream
origin of similarity (virtual origin). The figure shows that a
similar decay relationship can be fitted to the present data at
distances greater than approximately two plate thicknesses
downstream of the trailing edge. At positions closer to the
trailing edge, the decay rate is much more rapid, having a
negative second power dependence. The cylinder near-wake
measurements of Owen10 follow a similar pattern, as indicated
by the triangular symbols in Fig. 11.

Further general agreement between plate and cylinder wake
results is given by the axial velocity correlation shown in Fig.
12. Plotted is the ratio of the off-axis wake defect to the
measured wake centerline defect as a function of the
parameter £ used to correlate cylinder far-wake results.11 The
constant a = 2.1, derived from Fig. 11, has been retained and
the constant of 0.45, appearing in the exponent, has been
chosen to fit the off-axis velocity profile data. The Gaussian
form of the wake defect correlation, shown in the figure,
results from both a far-wake and a constant eddy-viscosity
assumption.11 Using a constant of 0.26, instead of the 0.45
value employed here, the Gaussian relationship has been
shown to be in close agreement with Townsend's cylinder far-
wake data. Thus, while constants differ, the off-axis axial
velocity correlation provides a second example (in addition to
the previously discussed wake centerline correlation) in which
use of a far-wake assumption provides results relevant to the
plate near-wake case.

The displacement surface location in the plate near-wake
region for the symmetrical configuration is shown in Fig. 13.
Plotted is the sum of displacement thickness calculated from
the axial velocity profiles and the height of the trailing-edge
surface relative to the centerline h (/z = 0 for x>0). The loca-
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Fig. 13 Displacement surface location.

tion of the displacement surface at the initial measurement
plane (x/t= -10.6) is indicated by an arrow. Between this
plane and the start of the trailing-edge circle (x/t- -0.5), the
displacement surface decreases in height. A rapid decrease oc-
curs in the immediate vicinity of the trailing edge
(-0.5<jt//<1.0). In the far wake, theory11 predicts a con-
stant value for the displacement thickness. A gradual ap-
proach to a constant value is indicated in the figure.

The displacement surface results, as well as previously
discussed wake centerline and off-center line axial velocity cor-
relations, indicate that the flowfield begins to assume far-
wake characteristics at a distance approximately two to three
plate thicknesses downstream of the trailing edge.

Transverse mean velocity component data are provided
elsewhere.3 The maximum measured outwardly directed com-
ponent was 12% of freestream velocity, obtained at
x/t- -0.1; the maximum component directed toward the
wake centerline was 22% of freestream, measured at the end
of the recirculation region, jc// = 0.8.

Asymmetrical Configuration
Axial velocity profiles, the displacement surface location,

and the wake centerline velocity distribution were nearly the
same for this configuration as for the symmetrical. Some dif-
ferences were noted in transverse velocity profiles and, to a
lesser extent, in the displacement surface location.3 Overall,
the velocity data confirmed the similarity of the two con-
figurations inferred from pressure measurements and flow
visualization. These results apply to a change in relative
boundary-layer thickness at a nearly constant shape factor
(d*/0 of 1.28 on the upper surface and 1.38 lower) in the
absence of trailing-edge differential loading. In this situation

the lack of a relative shift in upper and lower surface separa-
tion locations is understandable. With similar separation loca-
tions and a large-scale vortex dominated near-wake mixing
process, the lack of noticeable velocity profile asymmetry
downstream of the trailing edge also appears reasonable.

Total Pressure Measurements
A conclusion of the referenced detailed report of this in-

vestigation3 is that total pressure measurements close to the
trailing edge cannot be used in conjunction with LDV velocity
data to calculate the wake static pressure field in a sufficiently
accurate manner to be meaningful. The primary source of the
error is believed to be the unknown effect of the strong
unsteady velocity field on the measurement of total pressure.
Total pressure data, while not reported here or in the refer-
enced publications,3'4 are available from the authors.

Conclusions
1) Trailing-edge surface pressures and wake static pressures

were strongly influenced by the presence of vortex shedding
from the plate trailing edge. Installation of a splitter plate at
the trailing edge suppressed vortex shedding and reduced the
base region static pressure depression in a manner similar to
that observed in experiments with circular cylinders.

2) The ratio of boundary-layer thicknesses on the two sur-
faces of the plate in the trailing-edge region does not appear to
be a critical parameter in determining the character of the
near-wake flowfield. A change in thickness ratio by a factor of
1.8 (at nearly constant shape factor and in the absence of
trailing-edge loading) had a negligible influence on the loca-
tion of separation points, surface pressures, and axial velocity
distributions. Inclusion of trailing-edge loading in subsequent
simulation experimentation would be expected to contibute to
improved understanding of trailing-edge flowfields.

3) Viscous-induced velocity profile alterations were con-
fined to a region near wake centerline having a thickness com-
parable to the trailing edge. Over the axial extent of the recir-
culation region, the outer flow acted as a basically inviscid
rotational flow.

4) Vortex shedding would be expected to be a more impor-
tant mechanism for lateral transport of axial momentum in
the near-wake region than turbulence.

5) The trailing-edge interaction region, as indicated by
static pressure distributions, extended from about ten plate
thicknesses upstream of the trailing edge to three plate
thicknesses downstream of the edge. At distances greater than
two to three plate thicknesses downstream of the trailing edge,
axial velocity data could be correlated using functional rela-
tionships applicable to the far wake.

6) The axial extent of the reversed-flow region downstream
of the trailing edge was approximately eight-tenths of the plate
thickness. This was similar to results reported for cylinders
when plate thickness and cylinder diameter were taken as the
relevant length scales for comparing plate and cylinder results.

7) Qualitative agreement of other plate and circular
cylinder near-wake velocity data suggests that the absolute
value of boundary-layer thickness to plate trailing-edge
thickness is not a critical parameter in determining the near-
wake flowfield.
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