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In-Flight Boundary-Layer State Measurements on a High-Lift
System: Main Element and Flap
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Flight experiments on NASA Langley Research Center’s B737-100 airplane were conducted to docu-
ment flow characteristics for further understanding of the flow physics on multielement high-lift systems.
The measurements presented in this paper show that significant regions of laminar flow exist on the main
element and the foreflap of the airplane. Flow mechanisms that affect the extent of laminar flow include
relaminarization of the flow in the leading-edge region of the main element and contamination of the
laminar flow on the flap by turbulent shear layers emanating from upstream elements. This information
should be valuable in the development and assessment of high-Reynolds-number wind-tunnel experiments
and numerical models for predicting the flows around multielement wings at full-scale high-lift conditions.

Nomenclature

pressure coefficient, (p — p..)/q.
maximum pressure coefficient in leading-edge
region of main element

= local chord length, ft

mean aerodynamic chord, 11.20 ft
pressure altitude, ft
relaminarization parameter
freestream Mach number

local static pressure, psf
freestream static pressure, psf
freestream dynamic pressure, psf
attachment-line Reynolds number
R: Reynolds number, V..c/v

surface distance, ft

time, s

= indicated airspeed, kn
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V. = true airspeed, ft/s

x/c = nondimensional chordwise coordinate
z/c = nondimensional thickness coordinate
a = airplane angle of attack, deg

v = turbulent intermittency factor

o = flap setting, deg

A = wing sweep angle, deg

v = kinematic viscosity, ft7/s

Introduction

HE accurate prediction of the aerodynamic performance

of a multielement high-lift system at full-scale flight con-
ditions is a critical part of the design and development process
of subsonic civil transport airplanes. However, the combination
of complex geometry and flow physics makes the aerodynamic
design and analysis of high-lift system at these conditions very
challenging. Prediction of full-scale aerodynamic performance
from computational fluid dynamics (CFD) is still inaccurate
because of deficiencies in modeling of the high-lift flow phys-
ics, as well as limitations in computer hardware. Also, the sen-
sitivity of the high-lift flows to variations in Reynolds number
makes the prediction of full-scale aerodynamic performance
based on wind-tunnel measurements at lower Reynolds num-
bers difficult, and this extrapolation process requires a com-
plete understanding of the scaling principles.

This lack of capabilities in the prediction of high-lift aero-
dynamic performance at full-scale Reynolds numbers was par-
tially responsible for the development of high-Reynolds-
number wind tunnels' and the need for detailed flight
measurements at full-scale conditions. In response to the need
for carefully documented data on aspects of the flows about
full-scale multielement configurations at high-lift conditions, a
multiphased flight research project was conducted on the
NASA Transport Systems Research Vehicle (TSRV), a Boeing
B737-100. The details of this project including relevant
publications are presented in a companion paper’ on the
boundary-layer state measurements of the slat. Extended runs
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of laminar flow were shown to exist on the slat for nearly the
entire angle-of-attack range. One of the unique features of this
experiment was that hot-film anemometers were not only in-
stalled on the slat (as was the case in the A310 experiment™®),
but also on the main element and the foreflap to determine if
regions of laminar flow exist downstream of the slat on mul-
tielement high-lift wings at full-scale conditions. In two-di-
mensional wind-tunnel experiments of a three-element airfoil
at high Reynolds numbers, it was found that for most of the
angle-of-attack range, the main element was laminar forward
from the suction peak on the upper surface, and forward from
about 75% of its chord on the lower surface.’ The lower sur-
face of the flap was completely laminar for most of the angle-
of-attack range, but on the upper surface, contamination by
turbulence caused transition in the strong favorable pressure
gradient ahead of the suction peak.’ Typically, three transition
mechanisms are considered in two-dimensional high-lift flows:
growth of Tollmien- Schlichting and inflectional instabilities,
laminar separation, and contamination by shear layers ema-
nating from upstream elements.® In three-dimensional flows,
attachment-line contamination and the growth of crossflow in-
stabilities provide additional possible transition mechanisms.
Given this multitude of transition mechanisms including pos-
sible turbulent contamination of the main element by the slat
and the flap by both the slat and the main element, the question
of whether or not extended runs of laminar flow can exist on
the main element and the flap surfaces of a subsonic transport
wing at full-scale conditions arises. Also, in the companion
article,” relaminarization of the turbulent flow originating at
the attachment line was observed in regions with strong fa-
vorable pressure gradients. Given this observation, it is ques-
tioned whether conditions exist on the main element and the
flap that would favor relaminarization.

This paper describes and discusses the boundary-layer state
changes that were measured in flight on the main element and
the foreflap of NASA Langley Research Center’s TSRV
(B737-100).

Flight Experiment and Instrumentation

An overview of the test conditions in terms of the Reynolds
number and Mach number is given in Ref. 7. The chord Reyn-
olds number (based on freestream conditions and a reference
chord of 11.20 ft) and the freestream Mach number ranged
from 1 X 107 to 2.5 X 107 and 0.16 to 0.48, respectively.
Reference 2 gives detailed descriptions of the test airplane, the
installed instrumentation, and the data acquisition system and
its accuracy. In this paper, the wing layout and instrumentation
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Fig.1 Layout of pertinent instrumentation on starboard wing of
NASA TSRV (B737-100). Wing depicted in landing configuration
(8> 25 deg).

pertinent to the measurements on the main element and the
foreflap are discussed. Only the starboard wing outboard of
the engine was instrumented. In this region, the wing section
in the high-lift configuration consists of five elements: the slat,
the main element, and three flap elements. There are three
outboard slats on the starboard wing identified as slats nos. 4,
5, and 6 (Fig. 1). During takeoff, these slats are deployed in
a sealed position, as typified by the sketches for the 5- and
15-deg wing sections in Fig. 2. Beyond a flap setting of 25
deg, slats nos. 5 and 6 are fully extended and deflected to form
a gap between the slat and the main element, as typified by
the 30- and 40-deg wing sections in Fig. 2. This extra slat
deflection creates a spanwise break in the leading edge be-
tween slats nos. 4 and 5 for the high-lift system in the landing
configuration (Fig. 1). Figure 1 also shows the pressure mea-
surement stations including the pressure belt wrapped around
the main element. A pressure belt was used on the main wing

main element fore flap

a0’ ‘
slat mid flap ‘x

aft flap

Fig. 2 Wing section geometry for 5, 15, 30, 40 deg (wing segment
that includes slat no. 5).
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Fig. 3 Location of hot-film sensors in leading-edge region of
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because the wing fuel tank prohibited the installation of flush
pressure ports. The pressure belt consisting of thin plastic tub-
ing (0.062 in. 0.d./0.028 in. i.d.) was located near wing-butt-
line (WBL) 336 just inboard of the hot-film belt in the leading-
edge region of the main element. In Fig. 3, the main-wing
leading-edge geometry and sensor layout are shown. Earlier
predictions® indicated that relaminarization of the turbulent
flow originating at the attachment line of the main element
could occur in this region and, therefore, a fairly dense distri-
bution of hot-film sensors was used. Figure 3 reveals that the
typical surface spacing of the sensors was about 1 in. in the
leading-edge region (note, the chord of the main element is
approximately 90 in.). Flush pressure ports were used to mea-
sure surface pressure on the foreflap as indicated in Fig. 1. In
Fig. 4, the geometry of the foreflap at WBL 324 is depicted
and the locations of the hot-film sensors just outboard of this
station are marked.

Results and Discussion

Boundary-layer state measurements for the main element
and the foreflap have been analyzed and are presented and
discussed in this paper. The measurements include hot-film
anemometry and surface pressures that indicate both the ap-
parent relaminarization of the upper surface flow in the lead-
ing-edge region of the main element and the turbulent contam-
ination of laminar flow in the leading-edge region of the
foreflap by wakes emanating from the slat and the main ele-
ment.

Main Element

In Fig. 5, the pressure distributions for a range of angles of
attack are shown for the airplane in the 40-deg flap configu-
ration. Here, the surface pressure distributions are plotted as a
function of the nondimensional surface coordinate s/c instead
of the nondimensional chordwise coordinate x/c. At this flap
setting, slat no. 5 is in the landing position and a gap exists
between the trailing-edge region of the slat and the leading-
edge region of the main element (Fig. 2). The results show
that the maximum pressure point remains relatively stationary
(s/c =~ —0.05) with increasing angle of attack. Hot-film sensors
4.8-4.10 bracket this region along the lower surface. The up-
per-surface flow encounters a strongly favorable pressure gra-
dient until s/c =~ 0.05 (sensors 5.4-5.5), at which point the
first suction peak occurs. Between this point and the second
suction peak at s/c ~ 0.15 (sensors 5.11-5.12), a dip in the
pressure distribution occurs. Infinite swept-wing boundary-
layer calculations have shown that the rise in pressure between
the two suction peaks is benign such that no laminar separation
is predicted (assuming a laminar attachment line) until just
downstream of the second peak.’

In the angle-of-attack range from 4 to 12 deg, the pressure
distribution around the maximum pressure point is relatively
insensitive to changes in angle of attack. This insensitivity re-
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Fig. 5 Location of hot-film sensors and pressure distribution in
leading-edge region of main element (40-deg flaps, &, = 20,000 ft).

sults in a nearly constant Ry, of approximately 350, based on
the calculation procedure discussed in Ref. 2. In Ref. 2, the
analysis has shown that attachment-line transition did not oc-
cur until this R, value was reached for the flow over the slat.
Any laminar flow in the leading-edge region of the main ele-
ment is contaminated by access panels, slat brackets/actuators,
cutouts, as well as the pressure belt that extended from the
upper surface trailing edge around the leading edge to the
lower surface trailing edge, as mentioned earlier. This surface
roughness in combination with the Ry, values in excess of 245
caused the attachment line to be turbulent, as indicated by the
hot-film signals of sensors 4.8-4.10 for an angle of attack of
approximately 7 deg (a typical angle of attack on approach for
landing) in Fig. 6.

A segment of the measured signals of sensors 5.1-5.14 dur-
ing a slow deceleration is depicted in Fig. 7. At the beginning
of the sequence (t = 72,195 s), the airplane had an angle of
attack of 5.1 deg (M., = 0.256, R: = 10.5 X 10°), gradually
increasing to 7.8 deg (M.. = 0.238, R- = 9.7 X 10°) at the end
(t = 72,238 s) of the sequence. Because the attachment-line
flow was turbulent, turbulent flow could also be expected
downstream of the attachment line. However, the signals of
sensors 5.1-5.6 (shown in Fig. 7), depict a pattern that
changes from transitional at the beginning of the sequence to
nearly fully laminar at the end of the sequence. Note the drop
in the fluctuations for the signals of sensors 5.1-5.5, and the
decrease in the mean value for the signal of sensor 5.6. The
drop in fluctuations and the decrease in the mean are indicative
of reversion from turbulent to laminar flow. Sensors 5.7-5.14
remained largely turbulent throughout the deceleration. These
results appear to indicate that the turbulent boundary-layer
flow in the leading-edge region of the main element was re-
laminarizing under the influence of the strong favorable pres-
sure gradient.

An important parameter when examining reversion from tur-
bulent to laminar flow is the inverse Reynolds number, K =
(Ut/v)~", based on the local inviscid velocity U and the char-
acteristic length { = U/U;, with U; representing the velocity
gradient along the inviscid streamline.”” ' In two-dimensional
flows, for K > 1 X 107°, the first sign of relaminarization is
evident in the form of a thickening viscous sublayer, and for
K >3 X 107° relaminarization occurs.”” In Fig. 8, the calcu-
lated maximum value of the relaminarization parameter K.«
and the corresponding a are plotted as a function of time dur-
ing the slow deceleration. The a curve demonstrates that the
deceleration was smooth and continuous from o = —1.5 to
11.5 deg. The K, curve shows a trend similar to the a curve,
until o = 8 deg, at which angle-of-attack K. levels out at a
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Fig. 6 Hot-film results (digital) measured during slow decelera-
tion, depicting attachment-line state in leading-edge region of
main element at o ~ 7 deg (40-deg flaps, &, = 20,000 ft). Segment
starts at t = 71,257 s, a = 6.4 deg, M.. = 0.250, R; = 10.2 x 105,
and ends at ¢ = 71,265 s, o = 7.0 deg, M., = 0.246,R-= 10.1 X 10°
Vertical scale range is identical for all sensors.
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Fig. 7 Hot-film results (digital) measured during slow decelera-
tion depicting boundary-layer state changes in leading-edge region
of main element (40-deg flaps, &, = 20,000 ft). Segment starts at ¢
=72,195s, a = 5.1 deg, M.. = 0.256, R-= 10.5 x 10° and ends at
t=72,238s,a =7.8 deg, M.. = 0.238, R-= 9.7 X 10° Vertical scale
range is identical for all sensors.
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Fig. 8 Variation of airplane angle of attack and maximum re-
laminarization parameter during slow deceleration (40-deg flaps,
h,, = 20,000 ft).

value well in excess of 3 X 10° which implies relaminari-
zation.

The intermittency factor y for each of the hot-film signals
over the entire deceleration is plotted in Fig. 9. The parameter
K oux is also plotted in Fig. 9. Initially, y = 1 (turbulent flow)
for all sensors in the leading-edge region. With increasing
time, i.e., increasing «, the intermittency drops to near-zero for
sensors 5.1-5.4, where y = 0 represents laminar flow. Sensors
5.5 and 5.6, located just downstream of the first suction pres-
sure peak (Fig. 5), show a minimum intermittency of 0.1 and
0.2, respectively, whereas sensor 5.7 remained fully turbulent.
Changes in intermittency are shown to occur for K > 1.5 X
107° in good agreement with previous studies. Correlation of
the intermittency factor and the relaminarization parameter
also shows that when the K curve levels at t = 72,240 s, the
intermittency curves for sensors 5.5 and 5.6 also level out.
These data suggest that the relaminarization parameter, as de-

fined earlier, is a valid parameter to predict boundary-layer
state reversion for three-dimensional flows with strong favor-
able pressure gradients.

At a given angle of attack, the increase in intermittency from
sensor 5.1-5.4 in the favorable pressure gradient region, ob-
served in the hot-film data of Fig. 7 as well as in the summary
plot of Fig. 9, has several possible explanations. One expla-
nation is that by the time the flow reaches sensor 5.1, the
turbulence in the boundary layer has not completely decayed
across the entire boundary layer. Although the pressure gra-
dient remains favorable, the local K value drops rapidly with
increasing distance from the leading edge because of the rise
in U and the fact that U? appears in the denominator of the
expression that defines K. As a result of this drop in K, the
level of turbulence in the boundary layer can increase down-
stream of sensor 5.1. (Note: anemometer data acquisition was
limited to two banks of seven sensors each. During the decel-
eration, the two banks containing sensors 5.1-5.14 were mon-
itored continuously. Consequently, no data could be acquired
for sensors 4.1-4.14 of bank 4 during this maneuver.) Another
possible explanation for this rise in intermittency is that an
external source is contaminating the laminarized boundary
layer in the leading-edge region of the main element. These
disturbances may originate from the unsteady separated flow
in the slat cove just upstream of the main element. In a two-
dimensional wind-tunnel investigation of the flowfields in cove
regions utilizing a Airbus A300 wing section in the high-lift
configuration, Savory et al.”> measured turbulence levels in
excess of 25% in the cove between the slat and the main wing.
Depending on the local K level, the main-element boundary
layer could be stable or unstable to these external disturbances.
Spalart’s numerical study'” of sink-flow boundary layers
showed that for K = 1.5 X 10" °, the laminar flow is stable to
small disturbances. In Fig. 10, a close-up of the hot-film traces
of Fig. 7 shows the appearance of turbulent bursts in the re-
laminarized boundary layer in more detail. If the first expla-
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Fig. 9 Correlation between hot-film signal intermittency and re-
laminarization parameter (40-deg flaps, &, = 20,000 ft).
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nation is correct, then these bursts originate from within the
boundary layer of the main element and are the result of re-
emerging turbulence. If the second explanation is correct, then
these spots originate from outside the boundary layer (presum-
ably the slat cove), and this turbulent contamination becomes
critical at the point where the local K drops below a certain
threshold. A third possible explanation for the increase in in-
termittency is that the relaminarized boundary layer is transi-
tioning as a result of amplification of crossflow instabilities.
In Ref. 8, the growth of these instabilities is studied using
linear stability theory and flight measured surface pressures for
the flow along the upper surface of the main element. The
study showed that crossflow-governed transition may occur
ahead of the suction peak at these conditions. Further research
using hot-wire probes to measure the off-surface flow fluctu-
ations in addition to the surface hot-films is required to explain
this flow phenomenon more completely.

Foreflap

In Fig. 4, the geometry of the foreflap at WBL 324 is de-
picted and the locations of the hot-film sensors just outboard
of this station are marked. Earlier studies, e.g., Ref. 8, pre-
dicted that extended regions of laminar flow can exist in the
leading-edge region of the foreflap, and the present flight ex-
periments confirmed this. Most of the results presented in this
section were obtained while the airplane was flying at a con-
stant airspeed (V; = 140 kn, M.. = 0.258, R: = 14.6 X 10° at
h, = 10,000 ft. During this run, the flap setting was slowly
changed from 5 to 40 deg. In Fig. 11, the measured flap angle
is plotted as a function of time for the period bracketing the
25-deg flap setting. At this setting, the outboard slat segments
(including slat no. 5) move from their takeoff position to their
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Fig. 11 Variation in angle of attack and flap setting at constant
altitude and airspeed (i, = 10,000 ft, V, = 140 kn).
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Fig. 12 Hot-film results (digital) depicting turbulent contami-
nation of laminar boundary-layer flow on foreflap (%, = 10,000 ft,
V,= 140 kn, M.. = 0.258, = R-= 14.6 x 10°. Segment starts at ¢
= 57,980 s, and ends at ¢ = 58,002 s. Vertical scale range is identical
for all sensors.

landing position. Note that the measured flap angle differed
slightly from the nominal flap setting as a result of flight
loads."” The change in slat position at # = 57,991 s occurred
at a measured flap setting of 27 deg. In Fig. 11, the airplane
angle of attack is shown to vary smoothly during this maneu-
ver. The hot-film sensors on the foreflap were located down-
stream of slat no. 5, and the measured signals for the time
period ranging from ¢ = 57,980 to 58,002 s are presented in
Fig. 12. There is a dramatic change in the hot-film signals
approximately midway, at = 57,991 s. For t < 57,991 s, the
signals of sensors 6.9-6.14 are shown to be laminar with tur-
bulent bursts, whereas for t > 57,991 s, these signals are fully
laminar except for an occasional turbulent spike. During this
time period, the pressure distribution of the foreflap changed
as a result of the increased flap angle, but the change was not
significant, as shown in Fig. 13. Closer examination of the hot-
film signals indicates that the turbulent bursts appear to be
caused by an upstream contamination source; i.e., the slat and/
or the main element. In Fig. 14a, a close-up of the signals is
shown for 7 < 57,991 s, and in Fig. 14b, a close-up is shown
for + > 57,991 s. In Fig. 14a, note that at one point a sharp
turbulent burst first appears on sensor 6.13, and at another
point in time a similar type of burst first appears on sensor
6.9. This seems to indicate that the turbulent contamination
originating from the slat and/or the main element intersected
the foreflap at a slightly oscillating chordwise location. The
current data set consisting of surface pressures and hot-film
signals is too limited to derive a definitive explanation of the
cause of the turbulent contamination on the foreflap. Further
research using hot-wire probes upstream of and on the fore-
flap to measure the off-surface flow fluctuations in addition to
the surface hot-films is needed.

Pressure data taken on the main element provide some in-
dication of the possible source of contamination. In Fig. 15,
the pressure distribution in the leading-edge region of the main
element is presented at t = 57,985 s, just before the change in
slat position, and at # = 57,999 s, just after the change in slat
position. Downstream of x/c ~ 0.15, the pressure distribution
of the main element is shown to be nearly unchanged as a
result of the change in slat position from the takeoff setting to
the landing setting. However, in the leading-edge region of the
main element, significant changes occur, including a rise in the
maximum pressure coefficient. In Fig. 16, the maximum pres-
sure coefficient is plotted as a function time, and at t = 57,991
s, the pressure coefficient is shown to suddenly increase from
0.56 to 0.74. Assuming infinite swept-wing conditions, the at-
tachment-line pressure coefficient is calculated to be 0.78 (A,
=28 deg, M. = 0.26). For t < 57,991 s, much lower pressures
were measured in the leading-edge region, indicating that a
regular flow-attachment condition didn’t exist. It appears that
the slat and the main element acted as a single element with
a large flow separation bubble, which stretched on the lower
surface from the slat cove to the leading-edge region of the

—o—1=57963 sec, 22.0° flaps
L —0-- t=57971 sec, 24.0° flaps
4 L ¢ t=57985 sec, 26.0° flaps
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—v— t = 58021 sec, 29.5° flaps

By
L /V/V PN

0.2 0.4
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Fig. 13 Effect of flap setting on surface pressures of foreflap (%,
= 10,000 ft, V, = 140 kn).
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Fig. 14 Close-up of foreflap hot-film traces for a) ¢ < 57,991 s
and b) ¢t > 57,991 s (k, = 10,000 ft, V, = 140 kn).
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Fig. 15 Effect of flap setting on surface-pressure distribution in
leading-edge region of main element (%, = 10,000 ft, V, = 140 kn).

main element (Fig. 17a). This separation region shed vorticity,
and this vorticity in turn contaminated the laminar flow on the
foreflap. For t > 57,991 s, a regular attachment-line condition
was approached, indicating that the flow separation zone had
shrunk and now was probably contained within the slat cove,
as depicted in Fig. 17b. As a result, the shedding was signifi-
cantly reduced and the contamination on the foreflap virtually
disappeared.

This contamination of the flow over the foreflap is not only
a function of flap setting but also of angle of attack. In Fig.
18, the maximum pressure coefficient measured in the leading-
edge region of the main element during slowly decelerating
flight is plotted for a takeoff setting (5,= 15 deg) and a landing
setting (8, = 40 deg). In both cases, the maximum pressure is
shown to be relatively low at low angles of attack, indicating
that the regular flow-attachment condition didn’t exist in the
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Fig. 16 Effect of flap setting on maximum surface pressure in
leading-edge region of main element (%, = 10,000 ft, V, = 140 kn).

Fig. 17 Sketches of streamline pattern in leading-edge region of
main element: a) irregular and b) regular flow-attachment con-
ditions.
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Fig. 18 Effect of flap setting and angle of attack on maximum
surface pressure in leading-edge region of main element and on
foreflap flow contamination (&, = 10,000 ft).

leading-edge region of the main element. Simultaneously, all
of the sensors on the foreflap indicated significant flow con-
tamination for both flap settings. With increasing angle of at-
tack, the pressure coefficient increased until a relatively con-
stant value commensurate with regular flow-attachment
conditions was reached. This occurred at an angle of attack of
approximately 2 deg for the 40-deg flap configuration, and at
approximately 12 deg for the 15-deg flap configuration. At
these conditions, contamination of foreflap flow had virtually
disappeared. Figure 18 shows that the maximum pressure co-
efficient in the leading-edge region of the main element at
which clean laminar-flow conditions were measured on the
foreflap is approximately 0.65; a value that is bracketed by the
maximum pressure coefficients obtained before (flap contam-
ination) and after the change in slat position (no flap contam-
ination) in Fig. 16.

The experimental data presented here and in a companion
paper’ show that extended regions of laminar flow occur not
only on single-element wings at cruise conditions but also on
multielement wings at high-lift conditions. On the TSRV, the
entire slat (except for the cove) experienced laminar flow over
a wide angle-of-attack range for all flap settings. In the landing
configuration (§; > 25 deg), the leading-edge region of the
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main element was laminar at medium- to high-lift conditions.
The foreflap was typically laminar over at least the initial 40%
of the upper surface and the initial 5% of the lower surface.
The fact that extended regions of laminar flow on the high-lift
elements are achievable and maintainable (at least for this class
of transport airplanes) has significant implications in terms of
the requirements that should be put on high-lift model testing
in ground-based facilities. If the goal of the test is to accurately
predict the high-lift characteristics of the full-scale vehicle in
flight, then the extent of laminar flow attained in the model
test should match that measured in flight.

Concluding Remarks

Flight experiments on NASA Langley Research Center’s
TSRV (B737-100) airplane have been conducted to document
high-lift flow characteristics. Detailed boundary-layer state
measurements conducted on the main element and the foreflap
are analyzed and presented in this paper.

The hot-film results validate earlier predictions that signifi-
cant regions of laminar flow can exist on multielement wings
at high-lift conditions. In the takeoff configuration (8, < 25
deg), the leading edge of the main element is immersed in the
separated slat-cove flow for most of the angle-of-attack range,
and, consequently, regular flow-attachment conditions are not
attained until near-stall conditions. In the landing configura-
tion, this flow problem only exists at very low angles of attack;
at regular flow-attachment conditions, the main-element at-
tachment line is turbulent. Under the influence of a strongly
favorable pressure gradient in the leading-edge region, the
main-element upper-surface flow appears to revert from the
turbulent state to the laminar state as measured by the surface
hot films. The boundary-layer state reversion in this three-di-
mensional flow is shown to correlate well with K, calculated
along the inviscid streamline. Possible contamination of the
relaminarizing boundary layer by the slat-cove separation
makes it difficult to determine the exact value of K at which
relaminarization occurs. However, changes in the hot-film sig-
nals in the leading-edge region are observed for K > 1.5 X
10°. Especially in the takeoff configuration, the cove-flow sep-
aration appears also to contaminate the laminar boundary-layer
flow on the foreflap. The foreflap contamination is virtually
eliminated when regular flow-attachment conditions on the
main element are attained as a result of changes in the flap
setting or angle of attack. Further research using hot-wire
probes to measure the off-surface flow fluctuations, in addition
to more closely spaced surface hot films, is required to docu-
ment more completely the relaminarization and the contami-
nation phenomena.
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