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SUMMARY

An investigation was made to determine the effects of a propeller
slipstream on the 1ift obtainable and the flow requirements for suction
applied to the porous area of a trailing-edge flap on a model of a twin-
engine airplane having a high-aspect-ratio, thick, straight wing.

The 1lift increment produced by the propeller slipstream increased
approximately in proportion to the slipstream velocity. The propeller
slipstream had no effect on the suction flow requirements, but the suc-
tion pressures required increased with thrust coefficient approximately
in proportion to the slipstream velocity.

Comparisons with the results of tests on the same model but having
a combination slot suction and blowing boundary-layer-control system
(Arado) on the trailing-edge flaps and ailerons indicated considerably
lower suction flow requirements for the area-suction flaps.

INTRODUCTION

The development of power plants having high ratios of power to
weight has made possible the reduction or elimination of the distance
required for take-off and landing by employing the power plant to gener-
ate 1lift. In one system large flaps are immersed in a propeller slip-
stream. This system was investigated in reference 1 on a model of a
twin-engine propeller-driven airplane with trailing-edge flaps. The
effectiveness of the flaps was improved by application of boundary-layer
control through a combination slot suction and blowing system (Arado).

Improved flap effectiveness also can be achieved by preventing
separation of the boundary layer with suction distributed through a
porous area along the flap leading edge. It has been shown (ref. 2)
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that the power requirements for such applications are low. The purpose
of the present investigation was to determine the effectiveness of the
latter type boundary-layer-control system when operated in a propeller
slipstream and to compare the flow requirements of the two systems
(Arado and area suction).

For this investigation, the model of reference 1 was modified to
incorporate area suction on the flaps and ailerons. The 1ift and suction
power requirements were measured for various flap and aileron deflections
throughout a range of propeller thrust coefficients. To obtain a basis
for evaluating the effects of the propeller slipstream, tests were also
made of the model with the propellers and nacelles removed. The tests
were made in the Ames 40- by 80-foot wind tunnel.

NOTATION
b wing span, ft
c wing chord, measured parallel to plane of symmetry, ft
o b/2
c wing mean aerodynamic chord, g Jf c2dy, ft
o
1 c
Cn section normal-force coefficient, E'Jf P dx cos «
o

.. drag

Cp drag coefficient, a5
[0 0}

Cp' drag plus thrust coefficient, Cp + Tg'

ift
C1, 1ift coefficient, Lok s
Ao
Cm pitching-moment coefficient computed about the moment center
. . pitching moment
shown in figure 2, =
a.5¢
: .. . . rolling moment
Cy rolling-moment coefficient computed about wind axis, 5D
ee]
awing moment
Cn yawing-moment coefficient, M &

(eJS]s)




NACA TN 4365

Cy

ig

side force

Qo

side-force' 'coefficient,

flow coefficient, i%g

prepelier diameter, fit
maximum thickness of propeller blade section, in.

tail incidence, deg

V.

propeller advance ratio, E%

propeller rotational speed, rps

static pressure, lb/sq ft

BT Py
4

pressure coefficient,

dynamic pressure, lb/sq £t

volume of air removed through porous surface, based on standard

density, cu ft/sec

chordwise extent of porous surface measured along surface, ft

wing area, sq ft

wing area spanned by flaps or ailerons, sq ft

thrust
thrust coefficient, —_—

Qo
suction air velocity, fps

velloedty; fps

propeller ‘blade width, in.,

distance along the wing chord from the leading edge, parallel to

the plane of symmetry, ft

spanwise distance measured perpendicular from fuselage center

lLiie SR
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(o# angle of attack of fuselage center line, deg

B propeller blade angle at 0.75 blade radius, deg

e} movable surface deflection measured in plane normal to hinge
line, deg

Ap pressure drop across porous material, lb/sq £t

Subscripts

a aileron

d duct

e external

£ flap

L left

min minimum

R right

s slipstream

u uncorrected for tunnel-wall effects or strut interference
0 free-stream conditions

MODEL AND APPARATUS

The model is shown in figure l(a) and represents a twin-engine
propeller-driven airplane having a high-aspect-ratio (A = 10), thick
(t/c = 0.17), straight wing. The wing was twisted 4,8%° between root and
tip sections with the root section at 8.30 incidence with respect to the
fuselage center line. For some of the tests, the nacelles and propellers
on the model were removed. The model thus tested is shown in figure 1(b)
The geometric dimensions and areas of the model are given in figure 2 and
table I. Flush orifices were installed in the left wing for measuring
external surface pressures. A simulated leading-edge flap was used on
the model for some of the tests. When installed, the flap extended along
the full span of the wing except in the regions occupied by the fuselage
and by the nacelles. The flap was a chord-extension type and thus
increased the wing area by approximately 8 percent.
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The model tested was that used for the tests reported in reference 1
modified to incorporate area-suction flaps. Also, for the present tests,
the length of the fuselage was increased 8.19 inches ahead of the 0.25¢
and 16.35 inches aft of the 0.25¢.

Flaps and Ailerons

The slotted-type trailing-edge flaps and ailerons on the wing were
hinged at the 0.75 wing-chord station and the upper surface over the
hinge line was constructed of a porous material. Details of the flaps
and ailerons are shown in figure 3. To simulate a plain flap, the flap
slot was closed for some of the tests by extending the wing upper-surface
skin until it met the flap.

The permeable material used in the porous area was a composite
arrangement of a fibrous-glass mat (ref. 3) sandwiched between two perfo-
rated steel sheets having 0.125-inch-diameter perforations staggered on
0.187-inch centers (33 holes per sq in., approximately L4O-percent open
area). The outer perforated sheet formed the surface of the flap. This
type of porous material arrangement, described in more detail in refer-
ence h, was of uniform porosity throughout. The air-flow resistance of
the porous material is given in figure 4. Various extents of porous
area were obtained by closing portions of the porous surface with a
nonporous tape.

The suction pressure required to induce flow through the porous
material was provided by a centrifugal compressor driven by a variable-
speed electric motor located in the fuselage. Air was drawn through
the porous material into ducts in the flaps and ailerons and then through
ducting from each end of the flaps and ailerons into a ducting system in
the wing to a plenum chamber and the compressor in the fuselage. The
exhaust air from the compressor was discharged into the fuselage from
which it entered the tunnel air stream through a slot (approximately
2.5 sq ft) in the afterportion of the bottom of the fuselage. The forces
exerted on the model by this exhaust air were negligible. The ducting
in the flaps and ailerons was large enough to reduce the dynamic pressure
of the induced air to sufficiently low values to insure uniform internal
static pressure across the span of the flaps or ailerons. Flush orifices
were used to measure the internal static pressures in the ducts.

The flow quantity was controlled by valves in the ducts and by the
compressor speed.

Propellers

The propellers were made from four-bladed Aeroproducts propellers
(hub designation A-542-Bl, blade designation H20-156-23M5) modified by
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cutting off the tips (no tip plan-form rounding) to give a propeller
diameter of 6.75 feet. The geometric blade characteristics of the modi-
fied propellers are shown in figure 5. The blade angle at 0.75 blade
radius was set at 29.5°., This blade angle was chosen to allow the pro-
pellers to absorb the maximum power output of the drive motors at the
maximum propeller rotational speed determined from considerations of
propeller strength. Both propellers were rotated in a clockwise-
direction (viewed from the rear).

Each propeller was driven through a gearbox by a variable-speed
electric motor. The gearbox and motor were housed in the engine nacelles
shown in figure 1(a).

TEST METHODS

In most tests the angle of attack was varied while the tunnel speed,
the suction flow quantity, and the propeller rpm were held constant. For
some configurations, the critical suction flow requirementsl for the flaps
and ailerons were determined by varying the flow quantity while the angle
of attack, the tunnel speed, and propeller thrust were held constant.

The tests were made at free-stream velocities from T2 to 93 feet per
second (qoo from 6 to 10 1b/sq ft), corresponding to Reynolds numbers
of 2.0 to 2.6 million based on the mean aerodynamic chord of the model
of 4.73 feet.

Thrust Calibration

A calibration was made to determine the propeller thrust for a given
condition of tunnel free-stream velocity and propeller rotational speed.
The calibration was made with the model with flaps and ailerons undeflected
and with the model at the angle of attack for zero 1lift. Measurements
were made of the drag force for various values of propeller rotational
speed and tunnel dynamic pressure. The gross propeller thrust (with slip-
stream effect neglected) was assumed to be the difference between the
measured drag force with propeller operating and with propeller removed.
The propeller thrust thus determined was converted to a dimensionless
coefficient by means of the relationship Tg' = thrust/q“S. The propeller
rotational speed was converted to the usual dimensionless form of
propeller advance ratio, J = V,/nD. The variation of Tg' with J is
shown in figure 6 (for the 29.5° blade used in the tests) and for the

lThe critical suction flow coefficient, CQ.pit, is defined as in
reference 2 as the flow coefficient above which only small gains in iIRG
are obtained for large increases in flow coefficient.
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purposes of this report was assumed to be independent of the angle of
flow into the propeller as affected by angle of attack, wing 1lift, and
flap deflection. In the tests, propeller rotational speed and tunnel
dynamic pressure were set to give the value of J required (fig. 6) to
obtain the desired thrust coefficient Tg'.

The force data presented in the figures include the direct propeller
thrust and normal forces as well as the aerodynamic forces, except that
the thrust coefficient Tg¢' has been added to the measured drag force
for all test conditions with propellers operating (TC' cos a was assumed
equal to Tg').

Flow Quantity

The suction flow quantities were determined independently for each
flap and aileron by thin plate orifices, and by total and static pressure
tubes in the ducts. A standard ASME orifice meter (ref. 5) was used to
calibrate this flow measuring instrumentation. The flow quantity was
regulated by valves in the ducts which were adjusted to give equal flow .
quantities from each flap and aileron.

CORRECTIONS

Corrections for the influence of the tunnel wall were applied to the
data as follows:

ay + 0.41 oy,

Cp, + 0.0073 Cp2

Cp = Cm, + 0.0147 Cr, (tail on only)

a

Cp

where the subscript u denotes uncorrected values. No corrections were
made for strut tares or strut interference.

ACCURACY OF DATA

Low free-stream tunnel dynamic pressures were used in order to obtain
high thrust coefficients without exceeding the limitations of the power
available from the propeller drive motors; this affected the accuracy of
the test data. An estimate of the accuracy of the data is given in the
following table. The values given are the maximum deviation from an
average and can be attributed primarily to fluctuations of the wind-
tunnel balance system resulting from unsteady air loads, and to the error
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in setting and maintaining a given frequency input to the propellers and
hence propeller rpm and thrust. These values were determined at an angle
of attack of the model below that for Crp... The table also gives values
of the least reading on the scales. These values are the minimum forces
(converted to coefficients for g = 6 1b/sq ft) which can be read on the
scales without interpolation.

Coefficient dgi?iiggn LeiitSZZiiing

CL 0.03 0.01

Cp .03 .002

Cp' .05

Cm S OIf .049

Cy .02 .002

Cn .003 .0005

C1 (01l .002

25 .0001 .0001

I’ .05 .001

RESULTS AND DISCUSSION

Aerodynamic Characteristics

The basic longitudinal aerodynamic characteristics of the model for
various flap deflections with and without suction are presented in fig-
ures T(a) to 7(k) with nacelles and propellers on, and in figures 8(a)
to 8(e) with propellers and nacelles removed. Data are also presented in
these figures for symmetrically deflected ailerons in combination with
the deflected flaps. The data in figure 7 are for various values of
propeller thrust coefficient (held constant while the angle of attack was
varied). The porous area on the flaps and ailerons for the data in fig-
ures 7 and 8 was located as shown in the following table:

dp or d,, | Forward edge of | Aft edge of
deg porous areal porous areal
30,40,60 0 3.0
70 -202 3.0

lpercent chord measured along surface of flap
or aileron from reference point shown in
figure 3.
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These porous openings are equal to or greater than the opening required
to obtain maximum 1ift at a given angle of attack with minimum suction
quantity.

The data in figures 7 and 8 for CQ& = 0 were obtained with the

valves closed in the suction ducts to the ailerons. Data for both
CQa = 0 and CQf = 0 are with the suction pump not operating. For the
data with suction on, the suction quantity was maintained at a value
above Cchit'

Lift due to flap deflection.- The increment of 1ift (above the plain-
wing value) resulting from flap deflection is shown in figure 9(a) for the
model with nacelles off, and in figure 9(b) with nacelles on and the
propellers operating at zero thrust. The values shown are for an angle
of attack of zero but are nearly constant up to maximum 1lift. The data
with nacelles on were obtained by an extrapolation to zero thrust of the
data in figure 7 (replotted as Cy, vs. TC'). A 1ift increment for a flap
deflection of 60° with nacelles on and propellers removed included in
figure 9(b) shows close agreement with the propeller-on data extrapolated
to zero thrust. Comparison of the data in figures 9(a) and 9(b) shows
that the addition of the nacelles with the propellers operating at zero
thrust did not appreciably affect the 1lift increment due to flap deflection.

A flap 1ift increment computed by the method of reference 6 assuming
linear flap effectiveness?® is compared with the experimentally measured
values in figure 9. The experimental data in the figure are for the
model with tail on whereas the computed values are for wing alone with
the assumption the flap does not extend across the fuselage. It is
assumed that the 1lift carried by the tail does not affect the 1lift
increment due to flap deflection.

The 1ift increments developed by the flaps were considerably below
the values predicted by the theory. The application of suction to the
flaps greatly increased the flap 1lift increments; however, the values
were only T5 percent of those computed from the theory. This may have
been a consequence of the inability of suction to completely suppress
flow separation on the flap. Such a conclusion is supported by the pres-
sure distributions shown in figure 10 for the flap deflected 60° with
suction. The relatively constant pressures near the trailing edge and
the failure of the pressures to completely recover at the trailing edge
(for angles of attack below that for maximum 1ift) are indicative of
flow separation (ref. T).

To determine if the slot between the flap and the wing in any way
affected the ability of the suction to control flow separation, values
of flap 1ift increment were obtained with the slot closed by extending
the wing upper-surface skin until it met the flap. The 1lift increments
obtained with this simulated plain flap (fig. 9(a)) were approximately
the same as those with the slotted flap.

2The computed 1ift increments in figure 9 are based on a 1lift
effectiveness parameter da/dd of 0.61, giving a dCp/dd of 0.029.
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Lift due to thrust.- The increase in Cr, at oy = 0 and in Cp .
with Tp' 1is shown in figure 11.

One method developed for predicting this 1ift increase from propeller
operation is given in reference 10. This method is based on lifting line
theory and is limited to moderate thrust coefficients. The 1ift increase
due to thrust determined by this method is dependent on the ratio of the
propeller diameter to the chord of that portion of the wing immersed in
the propeller slipstream. For a wing chord small in comparison to the
slipstream diameter, the 1lift increase is proportional to the dynamic
pressure in the slipstream. As the wing chord is increased in relation
to the slipstream diameter, the 1ift due to the slipstream is reduced to
a limiting condition which is proportional to the slipstream velocity.
The 1ift due to slipstream computed by the methods of reference 10 for
the two limiting conditions is compared with the experlmental data in
figure 12 for flaps undeflected and deflected 60°. The values presented
in the figure are the 1lift increments above the plain wing value for an
angle of attack of 0°

For flaps undeflected, the experimentally measured 1ift increase
was approximately proportional to the slipstream velocity. For the wing
chord to slipstream diameter of these tests, this result appears to be 3
in agreement with the predictions of reference 10.

With flaps deflected 60° (with suction), the measured 1ift increment J
due to thrust coefficient is below the theoretical value at low thrust
coefficients. As was shown previously, this difference was primarily due
to the inability of area suction to completely eliminate flow separation
on the flap. With increasing thrust coefficient, the flap 1lift increment
was increased, giving closer agreement with the computed value. The
improved flap 1lift increment at the high thrust coefficients appeared to
be a result of a reduction of flow separation on the flaps as indicated
by the pressure distributions of figure 13. This reduced flow separation
is indicated by the improved pressure recovery at the trailing edge of
the portions of the flap in the propeller slipstream at the high thrust
coefficients.

Although the slipstream enables the flap with suction to achieve
attached flow, the slipstream is not sufficiently powerful to reattach
the flow without boundary-layer control on the flap, as indicated by the
pressure distributions in figure 1k.

Lift due to aileron deflection.- The use of area suction on the
ailerons enables consideration of the use of drooped ailerons to increase
1ift. The extent of the 1ift realized from a 30O symmetrical deflection
of the ailerons is shown in figure 15. The 1lift increments in this fig-
ure are for an angle of attack of zero but are nearly constant up to ”
maximum 1ift and appear to be unaffected by flap deflection (fig. 15(a))
or thrust coefficient (fig. 15(b))
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Effect of a leading-edge flap.- With the application of boundary-
layer control to the trailing-edge flap, the additional load induced
over the forward portion of the airfoil increases the problem of maintain-
ing attached flow at the leading edge at high angles of attack. The pres-
sure distributions in figure 10 for the model with suction on the deflected
flap show that as the angle of attack was increased beyond that for maximum
1ift, a loss in leading-edge peak pressures occurred with a redistribution
of pressures along the chord into a more or less flattened form. This type
of pressure change, as well as the abrupt loss in 1lift following maximum
1lift, is indicative of a leading-edge type of stall (ref T )s

This flow separation from the leading edge of an airfoll can be
delayed, as shown in reference 11, by some form of camber near the leading
edge, such as a leading-edge flap or drooped leading edge. To see if the
above reasoning regarding the limitation to maximum 1ift by leading-edge
flow separation was correct, the model was tested with the simulated
leading-edge flap (fig. 3). The results are presented in figures 16
and 17. Apparently, leading-edge flow separation was contributing to
the stall since the addition of the nose flap resulted in approximately
a 4° increase in the angle of attack for maximum lift, Part of the gain
in maximum 1ift shown in figures 16 and 17 is the result of the 8-percent
increase in wing area when the nose flap was added.

Longitudinal stability and control.- The effectiveness of the Bowri=
zontal tail for longitudinal control is shown in figure 18. The tail
effectiveness as indicated by (dCm/dit) _ o was -0.06 and was relatively
unaffected by thrust (fig. 18(d)). e

The data in figure 18(c) indicate that the use of variable
horizontal-tail incidence for longitudinal control may be limited at high
flap deflections and high thrust coefficients. Longitudinal control at
low angles of attack for these high flap deflections and thrust coeffi-
cients may require tail angles of attack which exceed that for maximum
1ift of the section. The resulting stall of the tail causes the abrupt
change in pitching-moment curve slope at low 1lift coefficients shown in
figure 18(c).

The longitudinal stability of the model as affected by flap deflec-
tion, boundary-layer control, and thrust is shown by comparison of the
data in figures T and 8.

TLateral control.- The aerodynamic characteristics of the model with
the ailerons asymmetrically deflected are shown in figure 19. The rolling
moment due to aileron deflection (from fig. 19) is shown in figure 20.

The aileron deflections in this figure are the total asymmetrical deflec-
tion measured from a symmetrically drooped position of 300. As an indica-
tion of the relative effectiveness of the ailerons, the rolling moment

due to aileron deflection computed by the methods of reference 12 is

shown in figure 20 for comparison with the measured values.
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With suction (CQaL = 0.0008) the aileron effectiveness was approxi-

mately equal to the theoretical value at lift coefficients below 2.0 but

decreased to approximately 75 percent of the theoretical value at a 1lift

coefficient of 4.0. Without suction, the effectiveness was approximately
55 percent of the theoretical value. The aileron effectiveness appeared

to be relatively unaffected by thrust coefficient.

Flap Suction Requirements

Porous opening.- An extensive investigation was made to determine
the effect of the position and extent of the porous area on the flap lift
increment and suction quantity required for a flap deflection of 60°
(ailerons deflected 30°) and a Tg' of 1.2. The primary effect of varia-
tions in location or extent of the porous area was to alter the value of
Cchit' The results indicated that there was a critical location and
extent of the porous area to obtain the full value of ACL,p.q¢ Tor the
least CQopite It was found that for minimum CQ..;y, the leading edge
of the porous area should be roughly at the chordwise location of the
peak external pressure over the flap and the porous area should extend
approximately 3-percent chord downstream of the pressure peak. Progres-
sively moving the leading edge of the porous area downstream of the pres-
sure peak or reducing the chordwise extent of the porous area to less
than 3-percent chord aft of the pressure peak resulted in, first, an
increase in C(CQu.pi+ @nd then an inability to maintain attached flow on
the flap. In general, extending the porous area upstream of the pressure
peak or downstream more than 3-percent chord increased Cchit but did
not increase ACLopite These results are in qualitative agreement with
other data obtained on suction flaps (refs. 2 and 4).

The location and extent of the porous area which gave maximum 1ift
with lowest suction quantity were also determined for flap deflections
of 40° and 700. In general, the results were similar to those obtained
for 60° flap deflection. The location of the forward edge of the porous
area coincided roughly with the peak external pressure on the flap. The
extent of the porous area increased with flap deflection as shown in the
following table:

of, Extent of porous
deg openingl

Lo 1.5

60 3.0

70 3.8

lpercent chord measured along
surface of flap from refer-
ence point shown in figure 3.
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This variation of extent of porous opening was in qualitative agree-
ment with the results of other tests on suction flaps (e.g., ref. 2).

Suction quantity.- The suction flow requirements of the flap are
shown in figure 21 for propellers and nacelles removed and for various
values of thrust, angle of attack, and flap and aileron deflection. This
figure shows that the critical suction flow coefficient CQapit, 18 pri-
marily a function of flap deflection independent of thrust coefficient
and angle of attack and is unaffected by aileron deflection. The results
of other tests of suction flaps (refs. 2 and 4) also showed flap deflec-
tion to be the primary variable governing the critical suction flow
coefficient.

Suction pressure.- The suction pressures in the flap duct (for the
left wing panel) required to obtain Cchit are presented in figure 22.

The suction pressure is a function of the external surface pressure and
the flow resistance of the material in the porous area. The peak external
pressures on the flap (at the leading edge of the porous area) are included
in figure 22. The magnitude of the external pressures was dependent on
the thrust coefficient and flap deflection, and varied with the spanwise
position on the flap. A rough estimate of the variation of peak external
pressure on the portion of the flap in the propeller slipstream with
thrust coefficient can be obtained by multiplying the pressure at zero
thrust by the ratio of the slipstream velocity to free-stream velocity
determined from simple momentum theory. This ratio is shown in fig-

ure 22(c) for comparison with the measured values. The data in figure 23
show that the external pressures on the flap were a minimum at span sta-
tions behind the propeller and increased for stations outside the slip-
stream. Since the duct in the flap is uncompartmented, the duct pressure
must be at least equal to the minimum external pressure on the flap.

Aileron Suction Requirements

The suction requirements for the ailerons are shown in figure 24.
This figure shows the variation of rolling-moment coefficient with suc-
tion flow coefficient for the left aileron for asymmetrically-deflected
ailerons. The suction pressures in the left aileron duct for CQ ’

s . ; crit
are given in the following table:

5aL: 5aR: (Pdcrit)

deg deg L

50 10 -4l
60 0 -4,5
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The aileron flow requirements were determined with the flaps
deflected 60° with a flap suction flow coefficient of 0.0028 and the
propellers operating at a thrust coefficient Tg' of 1.15. The data
show trends similar to that obtained on the flaps in that CQ,,.jt and
Pacrit increased with deflection. However, the magnitude of CQ.,it
and Pdcrit for the ailerons was considerably less than the values for
the flaps. The reason for this difference is not known.

Comparison With the Arado System

Since the basic wing of the model used in the investigation of the
Arado type boundary-layer-control flaps reported in reference 1 was the
same as that used with the area-suction flaps in this investigation, it
is possible to obtain a fairly reliable comparison of the relative merits
of these two types of boundary-layer control. However, in making this
comparison, it should be noted that the chords and hinge-line locations
of the two flaps are different, as is shown in the following table:

Fla Chord, Hinge-line location, .
p percent percent chord
Area suction 34,7 75 .
Arado 25 81.4

The spans of the two flaps were the same. For the Arado type boundary-
layer-control system, the inboard 73 percent of the flap span contained
a suction slot. A blowing slot extended over the remainder of the flap
and over the ailerons.

A comparison of the variation of 1lift coefficient with flow coeffi-
cient for the two systems is shown in figure 25. The comparison 1is made
between the Arado model with propellers windmilling and the area-suction
flap model with propellers and nacelles removed. The flow coefficients
in figure 25 are based on the wing area spanned by the flaps or ailerons.
The flow coefficients for the Arado system are for equal quantities of
air flow through the suction and blowing slots. For the area-suction
flaps, the flow coefficient for the ailerons was held constant at a value
of Q/S‘VOo = 0.0023. The data in figure 25 show that the suction quantities
required for a given lift increment were considerably greater for the
Arado type boundary-layer-control system than for the area-suction flaps
and ailerons. To obtain a 1ift coefficient of 2.0 (approximately CLcrit)
with the area-suction flaps required a combined flow coefficient as
defined by Q/S'Voo of 0.003. For the ailerons, Q/S'Voo was assumed
equal to 0.001. For the Arado system, the flow coefficient required to
obtain a 1lift coefficient of 2.0 was almost five times the combined value
for the area-suction flaps and ailerons. With large flow quantities, the .
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1lift increments obtained with the Arado boundary-layer-control system
are larger than for the area-suction flaps, primarily as a result of the
1lift contributed by the blowing portions of the Arado flaps and ailerons.
The spanwise variations of normal-force coefficient for the two systems
are compared in figure 26. For the Arado system, the normal-force coef=-
ficient in the region of the ailerons with a blowing slot is greater than
the inboard flap portion of the wing with a suction slot. For the wing
with area-suction flaps and ailerons, the 1ift provided by the ailerons
is a smaller part of the total wing lift.

The maximum 1ift coefficient for both wings was approximately 2.8
and appeared to be limited by flow separation from the wing leading edge.

CONCLUSIONS

The following conclusions are drawn from the results of the investi-
gation reported herein.

1. The propeller slipstream had no effect on the suction flow
requirements but the suction pressure required increased with thrust
coefficient approximately in proportion to the slipstream velocity.

2. The lift increment produced by the propeller slipstream increased
approximately in proportion to the slipstream velocity.

3. With the propellers and nacelles removed, 1lift increments due to
flap deflection with suction were obtained that were approximately T5 per-
cent of values predicted from linear theory. The inability to attain the
theoretically predicted flap 1lift increments was primarily due to the
inadequacy of suction applied at the leading edge of the flaps in con-
trolling flow separation at the trailing edge.

4, The suction flow quantities for a given flap 1lift increment for
the area-suction flap were approximately 25 percent of the flow quantities
required for a combination slot suction and blowing (Arado) system. With
large flow quantities, 1ift increments could be obtained with the Arado
system that were larger than what could be obtained with the area-suction
flaps.

5. With the application of boundary-layer control to the trailing-
edge flaps and ailerons, maximum 1ift appeared to be limited primarily
as a result of flow separation from the wing leading edge.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., July 2, 1958
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TABLE I.- GENERAL GEOMETRIC DIMENSIONS OF THE MODEL

Dimension Wing Horizontal Vertical
surface surface
Area, sq ft 205.4 56.5 30.6
Span, £t 45.00 16.03 T<18
Mean aerodynamic chord, ft 73 3.50 4,68
Aspect ratio 9.86 k.55 1.69
Taper ratio )50 0.45 025
Geometric twist, deg 5.8° 0 0
(washout)
Dihedral from reference 0.8 0 ——=
plane, deg
Incidence from reference 843 -—- -
plane, deg
Section profile (constant) NACA 23017 NACA 0012 NACA 0012
Root chord, ft 6.07 4,61 5.68
Tip chord, ft 3.06 2.54 Bs65
Sweep of leading edge, deg 2 12 oL
Tail length, ft - 18.01 -—-
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A-22323

(a) Nacelles and propellers on.

Figure 1.- The model with flaps and ailerons deflected.
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(b) Nacelles and propellers off.

Figure 1l.- Concluded.
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Figure 2,- Geometry of the model.
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Figure 3.- Details of flaps and ailerons.
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Figure L4.- Air-flow resistance characteristics of the porous material
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(b) 8¢ = 40% 8y = 0% Cq. = Cq, = 0; iy = -3°
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(a) The 0.150-semispan station.

Figure 10.- Effect of angle of attack on the chordwise distribution of
pressures on the left wing; dp = 60°; 84 = 30°; Cqe = 0.0033;

Co, = 0.0016; iy = =3°%; Ta' = 0.15.
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Figure 10.- Continued.
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Figure 13.- Continued.
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Figure 1hk.- Effect of thrust on the chorgwise distgibution of pressure
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Figure 21.- Suction flow requirements for the flap; it = -3°.
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Figure 24.- Aileron suction flow requirements; df = 60°; Cqp = 0.0028;

4 = =32 = 15,
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Figure 26.- Comparison of the span load distribution of the model of this
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