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High Reynolds Number, Multielement Airfoil
Flowfield Measurements

Frank W. Spaid*
The Boeing Company, St. Louis, Missouri 63166

A unique set of high Reynolds number experimental results are presented that illustrate some of the crucial
flow physics issues controlling the aerodynamic performance characteristics of transport-aircraft-type high-lift
geometries. Data include static-pressure distributions, lift and drag measurements, and boundary-layer and wake
surveys. Results presented provide important insights into the underlying causes of differences in performance
associated with various geometry modifications. The two most significant and instructive examples involve the
effects of a relatively small flap gap change at a fixed flap deflection and the effects of an increase in flap deflection.
For the former, decreasing the flap gap eliminates an observed flow separation on the flap at (lower) approach
angles of attack, but also results in a reduction in maximum lift caused by enhanced merging and spreading of the
wakes above the flap. For the latter, it is observed that the wake spreading is increased substantially at the higher
flap deflection, thereby minimizing improvement in maximum lift. These data have been used for computational
fluid dynamics (CFD) code calibration and should provide a means to identify the shortcomings of existing CFD
methods, thereby identifying areas where improvements are required.

Nomenclature

C; = skin-friction coefficient, 7,/ ¢e

C, = lift coefficient

C, = pressure coefficient, (p — pe)/qo

C,; = localtotal pressure in coefficient form

q = dynamic pressure, é(pUz)

U = velocity magnitude

x/c = reference axial location of traverse on model surface
normalized by clean airfoil chord, measured
from nose of clean airfoil; value refers to the
airfoil in the clean configuration

y/c = distance normal to the local surface, normalized
by the chord

o = angle of attack

S = uncertainty in quantites derived from five-hole probe
measurements

6 = displacement thickness

0 = pitch-plane flow inclination relative to local model
surface, positive upward

P = density

Subscript

00 = freestream, tunnel reference

Introduction

URRENT design methods or computational fluid dynamics

(CFD) methods are presently incapable of predicting the per-
formance of multielement configurations to the level of accuracy
that is necessary for high-lift system design. Accurate modeling of
the very complex flowfields associated with high-liftconfigurations,
includingconfluentboundarylayers and merging wakes from multi-
ple elements, is essential to predict the performance of such config-
urations. Detailed flowfield measurements are necessary to improve
our understanding of the fluid physics governing performance of
high-lift systems from which improved designs can be derived and
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to provide a basis for improvements in CFD codes tailored to the
design and analysis of high-lift systems.

Reynolds number variations have been shown to have a large
impact on the performance of high-lift configurations, and ob-
served variations in key performance parameters with variations
in Reynolds number do not follow trends that allow reliable
extrapolation.'? Therefore, it is important to make flowfield mea-
surements at Reynolds numbers representative of flight conditions.
Studies reporting measurements obtained in flows about multiele-
ment airfoils have been published previously***; however, these re-
sults typically correspondto either idealized configurations or have
been made at Reynolds numbers too low to be of direct practical
value.

The experimental data presented here were obtained with a rep-
resentative multielement airfoil at Reynolds numbers approaching
flight conditions and include angles of attack up to and beyond
maximum lift. This project utilized a unique traversing unit that is
sufficiently rigid to withstand the high dynamic and unsteady pres-
sures associated with high Reynolds number operation, but is also
sufficiently slenderto cause acceptably small flowfield interference.
This paper summarizes results presented in Refs. 5 and 6, with em-
phasis on the most important results from surface static-pressure
measurements and flowfield surveys with five-hole and flat-tube
probes. The present work has been extended by Bertelrud’ using ar-
rays of surface hot-film anemometers and by McGinley et al.? using
hot-wire anemometry. Comparisons of the data with results of CFD
simulations are presented in Refs. 9 and 10.

Experimental Methods

Test Facility and Model Description

Testing was performed at the NASA Langley Low Turbulence
Pressure Tunnel (LTPT). The LTPT is a closed-throat, single-return
wind tunnel that can be pressurizedup to 10 atm. Reynolds numbers
approaching full-scale flight conditions can be obtained in tests of
nominally two-dimensional airfoil models at low Mach numbers
in this facility. Although the investigation included data obtained
at several values of Reynolds number, all of the data presented in
this summary were obtained at a Reynolds number based on airfoil
chord in the clean configuration of 9 X 10°. The test section of the
tunnel is 3.0 ft wide and 7.5 ft high. Airfoil models are supported
by turntables in the sidewalls connected to an inner drum assembly
of an external balance. Models can be pitched about the midchord
point of the stowed airfoil through a range of —4 to 24 deg.
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A boundary-layer control system is used to promote two-
dimensional flow by reducing tunnel sidewall boundary-layer
effects. The system utilizes the pressure difference between the
tunnel and atmosphere to apply suction to the sidewall boundary
layers near the model through porous plates. The suction is con-
trolled by setting valves at the onset of each run to obtain nearly
uniform spanwise pressures at a high angle of attack. Studies have
been performed to determine the optimal porous area pattern.

A wake-rake traverse system is used to measure drag, consisting
of three five-holeprobes connectedto an arm that traverses vertically
in the center (midspan) of the tunnel aft of the model.

The model is a three-element, high-lift configuration model that
spans the test section and has a clean (stowed) airfoil chord of 22 in.
The model is a 11.55% thick airfoil; the chords of the slat and flap
are 14.48 and 30%, respectively. Four rows of streamlined support
brackets for each of the high-lift devices were required because of
the high loads developed at maximum lift conditions. Chordwise
pressure-tap rows are located at 50 and 77% span. Spanwise rows
of pressure taps are located at the trailing edge of each element and
on the flap upper surface.

Data were obtainedfor four multielementconfigurations. Figure 1
illustratesrigging terminology for multielementairfoils, and the slat
and flap settings are presented in Tables 1 and 2. Figure 2 shows
a cross-sectional view of the baseline configuration (configuration

Table 1 Slat gap and overhang
positions (% of chord)

Configuration Gap  Overhang
A,B,C, 291 -2.50
D 248 -2.50

C3nves

Slat rigging

6 = 30°
Flap rigging

Fig. 1 Definitions of gap and overhang for multielement airfoils.

Table2 Flap gap, overhang (% of chord),
and deflection, deg

Configuration Gap Overhang Deflection

A,D 1.27 0.25 30

B 1.50 0.25 30

C 0.95 0.00 35
0.108 045 0.85 718

87
0.925
0.975

« 7

a) Configuration A with typical survey locations

b) Configuration B

¢) Configuration C

d) Configuration D

Fig. 2 Baseline multielement airfoil section and rigging variations;
——, configuration A, and - - -, alternate riggings.

A) with locations of typical flow survey stations and also presents
overlays of the alternate configurations for comparison with the
baseline. The flow survey stations are identified as fractions of the
cleanairfoil chord. Figure 2¢ shows that configuration C is primarily
a change in flap deflection relative to configuration A. However,
Table 2 shows that configuration C is also associated with small
changes in gap and overhang relative to configuration A.

Instrumentation and Test Procedure

Model pressures were measured by the LTPT PSI pressure mea-
suring system consisting of electronic sensing pressure (ESP) mod-
ules. The ESP modules had differential pressure ranges varying
from =15 to =100 psi with an accuracy of +0.1% of their full-
scale range. Pressure distributions obtained at 50% span were inte-
grated to determine lift. Drag was calculated by integration of the
static and total pressures obtained by the wake-rake system. Val-
ues of drag were computed for a <16 deg. Uncertainty estimates
for the lift and drag data are based on both the observed test-to-
test repeatability and influence of the traversing unit on these data.
The overall uncertainty estimates for lift and drag coefficients are
+0.03 and *0.001, respectively. Changes in lift associated with
rigging changes during a single test can be resolved greater accu-
racy, approximately +£0.015. A discussion of repeatability and the



Table3 Estimated overall uncertainties
in five-hole probe measurements

0, deg 60, deg 0C oc,

0 0.53 0.003 0.003
20 0.53 0.020 0.038
30 0.36 0.024 0.040

Boundary-Layer and Wake Traversing System

Motor
Fairing

Horizontal
Fairing

Strut
Housing

Fig. 3 Boundary-layer traversing system.

influence of the traversing unit on the airfoil flowfield is presentedin
Ref. 5.

The boundary-layertraversingunitis shownin Fig. 3. The travers-
ing unit consists of a streamlined traverserthatis attachedto a curved
wall plate by a horizontal support. The position of the traversing
strut and probe assembly is controlled by a stepper motor and mea-
sured with the aid of an optical encoder. The motor, encoder, and
gear assembly are located within the motor fairing. A motor-driven,
airfoil-shaped fairing surrounds the horizontal support, which can
be aligned with the local flow direction during a run. The traverser
is manually positioned along the wall plate and can be rotated about
the axis of the horizontal support. The horizontal support positions
the traverser at the 77% span location.

The probe assembly consists of a flat-tube pitot probe and a
hemispherical-shaped five-hole probe mounted at the ends of two
prongs. Calibration of the five-hole probe allows local total pres-
sure, static pressure, velocity, and flow angularity to be determined
from the probe-pressure data. The probe was calibrated from —10
to +45 deg in the pitch plane and =20 deg in the yaw plane. An
error analysis was performed on the five-hole probe calibration and
data acquisition process. Estimated overall uncertainties in total
pressure, static pressure, and flow angularity (pitch and yaw an-
gle uncertainties are the same) for five-hole probe data obtained
at a chord Reynolds number of 9 X 10° are presented in Table 3.
Gaps in the profiles represent locations where the data lie outside
the range of the probe calibration. Most of the flowfield data were
obtained from the five-hole probe; the flat-tube probe was used to re-
solvethe boundary-layerprofile near the surface. The flat-tube probe
thicknessis 0.010 in., and the five-hole probe diameter is 0.127 in.
Spanwise separation of the probe tips is 1.34 in. The flat-tube probe
tip is electrically insulated from the traverser and is connected to a
foulingcircuit, which senses contact with the surface. The centers of
the probe tips are displaced vertically by 0.07-0.10 in. (the position
of the flat-tube probe was occasionally adjusted between runs), to
allow clearance for the five-hole probe when the flat-tube probe tip
is in contact with the surface.

The traverser motor and encoder are connected directly to an
IBM-type personal computer. The traverseris controlled and the po-
sition is recorded by software running on that computer. Probe pres-
sures are measured by precision pressure transducers connected to
the LTPT MODCOMP data acquisition system and are acquired by
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the traverser-controlcomputer from that system through a sequence
of interrogations of the MODCOMP. During most of the runs com-
prising this test, 20 data samples were obtained.

Data Reduction

Skin friction was estimated from most of the velocity profiles
obtained from the flat-tube probe by means of the Clauser chart
technique®!! Velocity profiles used to estimate C ; were computed
from the flat-tube total-pressure data and the static pressure mea-
sured by the surface static-pressure orifice. The estimated uncer-
tainty in the skin-friction coefficient data is £0.0005, based on ob-
served repeatability and on comparison of the present data with
results of Preston-tube measurements.'?

Because of the relatively large values of unit Reynolds number
corresponding to the present test conditions, the sublayer and the
inner portion of the logarithmic region of the boundary layer are
not resolved in these data. For this reason, some of the velocity-
magnitude profiles do not appear to approach zero with decreasing
distance from the surface.

The conventional definition of displacement thickness applies to
a uniform external flow. With few exceptions, the viscous layers
in the present series of experiments were embedded in regions of
significant static-pressure variation normal to the local mean flow
direction. The definition of 6* used here is an attempt to remain as
close as possible to the conventional definition. An inviscid veloc-
ity distribution is based on the freestream stagnation pressure and
the smoothed static-pressure distribution. A corresponding density
distribution is computed from the pressure and velocity distribu-
tions, using the assumption of constant stagnation temperature. The
displacement thickness &* is defined in terms of an integral of the
difference between the inviscid and measured profiles and refer-
ence conditions evaluated at the centroid of the mass flux deficit.
At the stations downstream of the flap trailing edge, the integrals
were terminated at the origin of the profile, the projection of the flap
upper surface with the path of the traversing probe. This procedure
excludes the contribution of the lower-surface boundary layer and
providesintegral propertiesthat are consistent with profiles obtained
farther upstream.

Regions of total-pressure deficit extend beyond the range of the
probe traverse for a significant number of profiles obtained near the
flap trailing edge. Integrals of these profiles, therefore, represent
lower limits to accurate values. The accuracy of these profiles and
the associated integrals is also limited by unsteadiness and three
dimensionality.Examinationof the profiles indicatesthat qualitative
trends indicated by plots that include these data are correct. These
data are indicated in the displacement-thickness plots (Fig. 15) by
filled symbols.

Results and Discussion

Effect of Slat Position

Figure 4 shows a comparison of lift and drag data for configura-
tions A and D. The slat for configuration D is translated downward
relative to the A configuration, resulting in a reduced gap at a con-
stantoverhangand deflectionangle. The general trends of increasing

TOTAL

MAIN ELEMENT

o-1

2 16 20 24 0.000.010.020.030.040.050.06
o (deg.) Cy

;
0 4 8

Fig. 4 Effect of change in slat position on lift and drag performance.
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loading on the slat and main element and decreasingloading on the
flap with increasing a are typical. The role of the wakes of upstream
elementsin decreasingthe loadingon the trailing-edgeflap has been
recognized for decades. The changesin aerodynamiccharacteristics
caused by this change in slat position are small; the smaller slat gap
is associated with a more pronouncedloss in lift beyond stall and a
small increase in drag at lower lift coefficient.

Static-pressuredistributions for the three elements are compared
inFig. 5 for o =21 deg, thatis, the maximum lift condition. The only
differences between these two configurations are a slight increase
of the suction peak on the main element associated with the closer
proximity of the slat and more positive values of C,, on both surfaces
of the slatnear the trailing edge. This latter effect is associated with
the slat trailing-edge positionrelative to the stagnationregion on the
main element.

Figure 6 presents velocity profiles obtained from the probe survey
datafor configurations A and D at the maximum lift condition,at the
forward station on the main element, x/¢c =0.108, and two stations
ontheflap, x/c =0.87 and 0.925.Note the differencesin both length
and velocity scales between Fig. 6a (flow above the main element)
and Figs. 6b and 6¢ (flow above the flap). The variationsin velocity
and length scales follow directly from the pressure distribution and
the spreading of the wakes, respectively. Only the outer portion of
the thin main-element boundary layer is resolved by the flat-tube
probe at x/c =0.108. Mixing of the slat wakes has reduced the
minimum total-pressuredeficits at x/c =0.108, so that the velocity
deficitsin the slat wakes are small at this station. The shiftin position
of the slat wake remains evident in all of these profiles. The skin-
frictionmeasurements confirm thatboundary-layerseparationis not
an issue on the main element over this angle-of-attackrange.

It can be seen that, with this relatively small change in the slat gap,
there is essentially no change in the boundary-layerportions of the

—20
1 SYM. | CONFIG.
-18 1 — A
- D
__‘]6 -
—14 4

-

2 Tt T T T T T T
0 5 5 20 3% 50 65 80 70

x/c (%)

Fig. 5 Effect of changein slat position on static-pressure distributions,
a =21 deg.

85 100

profiles, in all but the outermostportionof the main-elementwake. In
other words, the slat gap has not been reduced to the point where it is
having a significantly greater adverse effect on the wake spreading
over the flap. This observation is consistent with the unchanged
value of maximum lift. Note that C;is established when the rear
portion of the main element is unloaded because of an unloading of
the flap caused by the spreading wakes.

Detailed total-pressure data are presented in Fig. 7 for both slat
positions at x/c =0.108 and several angles of attack. Although the
maximum values of velocity deficitin the wakes are small, the wake
total-pressureprofiles are adequatelyresolvedat all angles of attack.
The total-pressure profiles show a difference in character between
the lower and the higher angles of attack. At the lower angles, up to
8 deg, the wakes are relatively wide and exhibit a small maximum
total-pressure deficit. At oo >16 deg, they become narrower, the
centerline shifts farther from the surface, and the maximum values
of total-pressure deficit become much larger. The two distinct types
of slat wakes imply a qualitative change in the flow about the slat at
a~ 12 deg. This change in character of the slat wake occurs in the
same a range as the progressionof transition from the trailing edge
to the leading edge of the slat measured by Nakayama et al.,'> and
it seems clear that this progression of transition is the cause of the
observed change in the slat wake profile.

Effect of Flap Position

Figure 8 shows a comparison of lift and drag data for configu-
rations A and B. These results show how a small change in gap
(0.23% increase from configuration A to configuration B) can cause
a significant change in performance. Between o =12 and 16 deg,
there is areductionin lift and an increase in drag for configuration B
relativeto configuration A. However,beyonda =16deg, theliftcor-
responding to configuration B is greater than that for configuration
A. The C,,,, for configuration B is approximately 0.05 greater than
that for configuration A, and the stall angle is 1 deg greater. These
results further illustrate how crucial the merging/spreading wakes
are in establishing maximum lift characteristics.

Flap pressure distributions for both configurations are compared
in Fig. 9 at o =8 and 16 deg. The flap suction peak is slightly
higher for configuration B, which is consistent with the larger gap.
At a =8 deg, the pressure is nearly constant over the aft portion
of the flap upper surface for configuration B, indicating a tendency
toward flow separation on the flap.

Comparisons of velocity profiles over the flap corresponding to
the A and B configurations at @ =21 deg are presented in Fig. 10.
The profiles obtained near the flap leading edge, x/c =0.718, show
the high-velocity flow emanating from the gap between the main
element and the flap. Note that these comparisons correspond to
fixed locations with respect to the flap. The data associated with
configuration B show a reduced tendency toward developing an off-
body recirculation region above the flap and exhibit significantly
less scatter in the profiles resulting from unsteadiness.

0.07 0.254
1 Config.
0064 — A
] D 0.204
0.05+
0.04- 0.154
yle yle
0.03 \ 0.104
p L
0.02 (
k 0.054
0.01-
0.00————————t 0.00
0.0 1.0 2.0 3.0 4.0 0.0
U0,
a)x/c =0.108 b) x/c = 0.87

L5 0.0

¢) x/c =0.925

Fig. 6 Effect of change in slat position on velocity profiles, o = 21 deg.
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Fig. 7 Effect of angle of attack on total-pressure profiles, x/c = 0.108.
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Fig. 8 Effect of increased flap gap on lift and drag performance.

Effect of Flap Deflection

Lift and drag data for configurations A and C are compared in
Fig. 11 (recall that the C configuration corresponds to a 5-deg in-
crease in flap deflection relative to configuration A). It can be seen
from Fig. 11 that the total lift at intermediate angles of attack was
not increased with increasing flap deflection, thereby implying an
offsetting flow separation on the flap, which is confirmed by the
flap pressure distributions shown in Fig. 12 at « =12 deg. A small
increase in maximum lift was observed with the increased flap de-
flection, but substantially less than expected. It will be shown sub-
sequently that the less-than-expected increase in maximum lift is
associated with a significant increase in displacement thickness of
the viscous regions above the flap, caused by the increased adverse
pressure gradient associated with the increased flap deflection. Val-
ues of C, corresponding to the 35-deg flap deflection are greater
at intermediate values of C;. This increased drag is associated with
separation on the flap.

Figure 12 presentscomparisonsfor the flap pressuredistributions
for o =12 and 16 deg. As expected, the leading-edge suction peak
is greater for the larger flap deflection. The upper-surface pressure
distribution for configuration C shows nearly constant pressure on
the aft portion of the flap and negative values of C,, at the trailing
edge for a =12 deg. These features are consistent with the pres-
ence of separated flow on the aft upper surface of the flap. The flap
pressure distributions obtained at @ =16 deg are similar for the two
configurations, with the exception of the leading-edge suction peak
and a reduced static-pressure gradient on the aft upper surface for
configuration C.

Comparisons showing the effect of the change in flap deflection
on velocity profiles correspondingto four angles of attack are shown
in Fig. 13. A key difference between the flowfields associated with

SYM. | CONFIE.
fA

B

a=16deg

Fig. 9 Effect ofincreased flap gap on flap static-pressure distributions.

configurations A and C is that, for the latter, the flow is separated on
the aftuppersurfaceof the flap atlow to moderate angles of attack. At
o =8 deg, the profiles correspondingto configuration A are attached
and steady, but the profile corresponding to configuration C shows
evidence of separation. At a =12 deg, the flow for configuration C
is separated and unsteady over the aft portion of the flap. By contrast,
all of the profiles shown for @ =16 deg (Fig. 13c¢) are steady and
attached. Note the tendency of the main-element wake to follow the
flap at o =8 deg, and the lack of this tendency at a =21 deg. At
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Fig. 10 Effect of increased flap gap on velocity profiles above the flap, o = 21 deg.
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Fig. 11 Effect of increased flap deflection on lift and drag perfor-
mance.

angles of attack near C,,,, the flap boundary layer is attached. As
will be shown later, the increased flap deflection results primarily in
an increasein the displacementthickness above the flap, rather than
in the increased turning of the flow needed for an increase in lift.
Wakes from the slat and the main element remain in approximately
the same position in space as the flap deflection angle is increased.

Skin-Friction Data

Skin-friction data for configuration A obtained on the flap upper
surface are compared successively with similar data corresponding
to configurationsB and C in Fig. 14. Variationswith x/c and . areil-
lustrated. Skin-friction coefficients presented in Figs. 14 are defined
as the wall shear stress normalized by the freestream dynamic pres-
sure. This type of comparison ensures that variationsin skin-friction
coefficient are associated with variations in wall shear stress, rather
than from variations in local external-flow velocity or static pres-
sure. The most forward station on the flap for which skin-friction
data were obtained is x/c =0.80, which is forward of midchord.
The boundary layers on the flap at x/c =0.718 were always too
thin to permit skin friction to be estimated by the Clauser technique.

For configuration A, these data show 1) decreasing C; with in-
creasing x/c for all angles of attack and 2) decreasing C, with
increasing a at the forward station and increasing C; with increas-
ing a near the trailing edge. The latter trend is consistent with the
decreasedflap loading observed at the higher angles of attack. Skin-
friction data corresponding to configuration B show consistently
lower values at corresponding conditions than data obtained with
configuration A. Several velocity profiles corresponding to con-
figuration B at the lower values of o do not show a logarithmic
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80 85
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-35
-3.0
-25
-2.0

P —15

~0.5

80

85

</ (%)

90

a=16deg

Fig. 12 Effect of flap deflection on flap static-pressure distributions.

region near the wall, an indication either of separation or incipi-
ent separation. Data correspondingto configuration C show signifi-
cantly decreased values of skin frictionrelative to the baseline, with
gaps in the data at the lower angles resulting from separation. Data
obtained with configuration D (not shown) show values similar to
the baseline data at the lower angles of attack and slightly lower
values at the higher angles.

Following the present investigation, Preston-tube skin-friction
measurements were made on this model by Klausmeyer and
Lin."? In addition, a two-dimensional Reynolds-averaged Navier-
Stokes code was used to compute the flow about this model for
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Fig. 15 Displacement-thickness distributions on the flap, filled symbols: wakes extend beyond range of probe traverse.

several test conditions. Data from the presentinvestigationand both
experimental and computed data from Ref. 12 were shown to be in
good agreement.

Displacement-Thickness Data

Figure 15 presents distributions of displacement thickness above
flap as a functionof x/c and o.. The data for configurations A and B
are in good agreement at the lower angles of attack, includinga =4
and 8 deg (not shown). At the higher angles, the values of §* are
consistently smaller for configuration B. The data correspondingto
configuration C show consistently larger values of 6* than similar
data obtained with configuration A. Also shown is a significant
lack of repeatability for &« =21 deg (approximately 30%) at the flap
trailingedge for configuration C, associated with flow unsteadiness.
The data correspondingto configurations A and D (not shown) are
in good agreement at the lower angles of attack; at the higher angles
and larger values of x/c, limited data show values of &* that are
smaller for configuration D.

Conclusions

Data are presented from an experimental study of flow about
an advanced multielement airfoil at high Reynolds numbers
and lift coefficients extending beyond C,,, . Data include sur-
face static-pressure distributions, lift and drag measurements, and
boundary-layer and wake surveys. The present study includes data
corresponding to three perturbations in configuration geometry: a
change in slat gap, a change in flap gap, and a change in flap deflec-
tion angle.

The results illustrate the following.

1) Spreading/merging wakes play a crucial role in establishing
and controling the maximum lift capability of representative multi-

element high-lift airfoils. The maximum lift is caused the chain of
events beginning with the rapidly spreading wakes above the flap
that unload the flap. Unloading the flap, in turn, results in unloading
the aft portion of the main element.

2) Interaction of the slat wake with the main-element boundary
layer is negligible for representative slat riggings (slat gaps associ-
ated with good maximum-lift performance).

3) Flap riggings that promote merging of the flap boundary
layer and main-elementwake are associated with less-than-optimum
maximum lift, but can be helpful in suppressing flap separation at
approach angles of attack, thereby limiting improvements in maxi-
mum lift capability.

4) Subjecting the main-element and slat wakes to higher ad-
verse pressure gradients by increasing flap deflection significantly
increases wake spreading, thereby limiting any improvements in
maximum lift capability with increasing flap deflection.

Data from this series of experiments are unique, in that they rep-
resent high Reynolds number flowfield measurements pertaining
to stall of a multielement airfoil. The data are have been used for
CFD code validation, and insights provided by these data should
contribute to improved airfoil design.
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