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. : RESEARCH MEMORANDUM

INVESTIGATION OF A THIN WING OF ASPECT RATIO L IN THE AMES
12-¥00T FRESSURE WIND TUNNEL. IT — THE EFFECT OF
CONSTANT—-CHORD LEADING— AND TRATLING-EDGE FLAPS
OR THE LOW-SFEED CHARACTERISTICS OF THE .WING

By Ben H. Johnson, Jr., and Angelo Bandettini

SUMMARY

Wind—-tunnel tests have been maje of a2 semispan model of an
unswept wing of aspect ratio 4 and a taper ratio of 0.50, egquipped
with leading— and trailing—edge flaps. The basic airfoil profile
was a diamond having a maximm thickness of 4.5 percent of the chord.
The 50-percent—chord line of the wing was normal to the plane of
symmetry. The purpose of the tests was to determins the low—-speed
serodynamic characteristics of the wing as affected by the separate
or combined deflections of a full—span, constant—chord, leading—edge,

. plain flap and s partisl-span, constant—chord, trailing—edge flap of
either the plain or split typs.

. Lift, drag, and plitching—moment data at & Mach number of 0.30
and a Reynolds number of 3,000,000 are presented for leading-
and trailing-edge flaps deflected separately and in combination.
The maximm 1ift coefficients obtained on the wing were as follows:

1.45 with the trailing—edge split flap and the leading—edge
£lap deflected

1.39 with the trailing-edge plain flap and the leading—edge
flap deflected

1.26 with the trailing-edge split flap deflected
. 1.16 with the trailing-edge plain flap deflected

. 1.0k with the leading—edge flap deflected
0.74 with all flaps peutral (plain wing)
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The leading—edge flap was particularly effective in improving the
pltching—moment ‘characteristics of the wing, whether the flap

was deflected alone or in combination with either of the trailing—
edge flaps. Any of the flaps were effective in improving the 1lift—
drag ratio at the higher 1ift coefficients.

The effects of scale and modification of the diamond profile
by rounding the ridges were also Investlgated for a comblnstion of
plain leading— and trailing—edge flaps, optimum for maximum 1ift.
The wing characteristice were little affected by profile modification
or varlation of the Reynolds number.

INTRODUCTION

For supersonic aircraft, the wings of which are not swept behind
the Mach cone, airfoil secgtions with sharp leading edges are considered
necessary to minimize the drag dus to wave resistance. The maximum
11ift of such a wing profile at subsonic speeds is relatlvely low due
to the occurrence of laminar separation et the wing leading edge at
small angles of attack. Accordingly, auxiliary lift—producing devices
are essentlal to provide the aircraft with acceptable laniing and
take—off characteristics.

In order to sscertain the effectiveness of constant—chord leading—
and trailing-edge flaps applied to such a wing, tests of a semispan
model heve been conducted in the Ames 12~foot pressure wind tunmel.

The model represented a wing of aspect ratio 4, a teper ratio of 0.50,
with a sharp-edge diamond profile of thickness ratioc 0.045. The
tests were made at Mach numbers of 0.20 and 0.30 and at a rangs of
Reynolds numbers from 3,000,000 to 10,000,000.

SYMBOLS

The following symbols are used in this report:

CL 1ift coefficlent légﬁ
n dra
Cp drag coeffisient __Eqs >
Cp piltching—moment coefficient about guarter-chord point of
the wing mean a.erod.yna.mic chord <Pitchizgcxfoment>
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maximum 1ift coefficlent

increment of maximm 1ift coefficlent due to flap deflection

angle of attack of wing—chord plane, degrees
angle of attack at maximm 1ift

leading—edge flap deflectlion, positive downward, degrees

trailling-edge plain-flap deflection, positive downward,
degrees

trailing-edge split-flap deflectlon, positive downward,
degrees

Mach muber (L)

V.
Reynolds mumber (ppf:)

area of the semispesn wing, squeare feet

wing mean aerodynamic chord, chord through centroid of area
of wing semispan plan form, feet

local chord, feet

free—stream dynamic pressure (%pvz), pounds per square foot
mass density of sir, sluge per cublc foot

alrspeed, feet per second

viscosity of ai¥b, glugs per foot—second

speed of sound, feet per second

MODET. AND APPARATUS

The tests were conducted in the Ames 12-foot wind tunnel which
is a closed—throat, variable—density wind tunnel with a low turbulence
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level, closely approximating that of free air. A description of the
tunnel will be found in reference 1.

The semispan model used in this investigation was the same as .
that used in the tests reported in reference 1. The effective
geometric aspect ratic was 4 and the taper ratio was 0.50. The
50—percent—chord line of the wing was normal to the fres stream. The
initial wing profile was a dlamond section having a thickness ratio of
0.045, Subsequent modification by rounding of the ridges resulted
in a thickness ratio of 0.042.

The wing was fltted with a full—~span, constant—chord, lesding—
edge, plain flap and with a paertial-span, constant-chord, trailing—
edge flap of either the split or plain type. The dimensions of the
wing are shown In figure 1. The area of the leading—edge flap was
15 percent of the total wing area and that of the trailing—edge
flaps was 12 percent. The two trailing-edge flaps were geometrically
similar in plan form. The unsealed gap between the plain flaps and
the wing was 0.015 inch with the flaps undeflected.

The model was constructed of solid steel and was mounted in
the tunnel as shown in figure 2. The plain flaps were hinged and
were held rigldly at given deflectlons by steel angle plates. The
s8plit flap was held in position on the wing by wooden blocks as
shown in figure 2. The deflection of the flaps under aerodynamic
loads was negligible.

CORRECTIONS TO DATA
The data have been corrected for effects of tunnel-wall inter—
ference and model-support tere forces. Because of the small size of
the model and the low Mach numbers, corrections for comstriction due
to the tumnel walls were negligible.

The data have been corrected for tunnel-wall interference by
the method of reference 2. The following corrections were added:

fated

0.363 Cr,
ACp = 0.0056 C;2
ACp = 0

Tare corrections due to air forces exerted on the exposed area of S
the turntable were obtained from force measurements made with the

«
-
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. model removed from the tunnel. Possible Interference effects between
the model and the turntable were not evaluated but they are believed
to be small. The magnitude of the measured tare drag varied with

. Reynolds number and hed the following values based on the wing ares:

Reynolds number Cp Tare
2,000,000 0.0063

3’m’wo .0059

6,000,000 .0057

10,000,000  .0056
TESTS

Lift, drag, and pitching-moment data were obtained as a function
of the angle of attack for both wing profiles. Data were obtained at
& Mach number of 0.30 and a Reynolds number of 3,000,000 for the
flap deflections given In the table below:

Leading—edge flap Trailing-edge plaln-flap Tralling-edge split—
. deflection, Bp deflection, & flap deflection, Bgp
(deg) (deg) (deg)
(2) (2)
' 0 0, 20, %0, 50, 60 0, %0, 50, 60, TO
20 0 (round—ridge profile) o}
25 0, 50, 60 Lo, 50, 60
30 0, 50, 60 Lo, 50, 60
35 : 0, 50, 60 ko, 50, 60, TO

1Sharp—ridge profile except as noted.
Z2Round~xrldge profile.
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Data were obtained on both the sharp—ridge and the round—sridge
profile at a Mach number of 0.20 for a range of Reynolds numbers
from 3,000,000 to 10,000,000 with a deflection of the leading—
edge flap 8&p of 30° and a deflection of the trailing—edge plain
flap 8r of 50°.

RESULTS

The 1lift, drag, and pitching-moment characteristics of the
wing as effected by individual deflections of the two types of
trailing—edge flaps and of the leading—edge flap are presented
in figures 3 to 5 and for various combinations of leading-
and trailing-edge flap deflections in figures 6 and 7. These
data were obtained at a Reynolds number of 3,000,000 and & Mach
number of 0.30.

Figure 8 shows the effect of scale and the effect of rounding
the wing ridges on the aerodynamic characteristics of the wing
with the leading-edge flap and the trailing—edge plain flap
deflected. These data were obtained at a Mach number of 0.20 and
Reynolds numbers of 3,000,000, 6,000,000, and 10,000,000.

DISCUSSION

Maximum Lift Characteristica

The following table summarizes the test data pertaining to
maximum 1ift characteristics at a Mach number of 0.30 and a
Reynolds number of 3,000,000:
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Flap angles | Cly,y |0 Cpm at |IL/D at
Model configuration (dog) (Imxdsg) C1 C1

Plain wing (sharp—
ridge profils)

______ o.7h | 12.5 | -0.10 | k.3

Plein win G
ridgewprgfg:l)m ------ o.7% | 13.0 | -.09 | k.3

Trgillng-edgs plain
flap (sharp-ridge 8¢ = 60 1.16 9.0 —.20 k.0
profile)

Trailing—edge splilt
flap (round-ridge By = TO 1.26 9.9 —.23 3.6
profile)

Leadin dge plain

flap (sharp—ridge 8, = 25 1.0k 19.5 -.12 k.3
profile) .

Leagi:re-iiiﬁ fladlg)e B, = 30
an 8, .

plain flap (sharp— &Edso 1.39 17 —-.13 5.0
ridge profile) =« |O£ <

Leadi{:blrg—edge flsp an'___ 30

;nl:in ;la.p m and 1.38 16,5 | =17 | 5.1
ridge profile) 8 = 30

Isading—edge flap 8y = 30 N

and trailling-edge
split flap (roumd—

ridge profile)

and 145 | 17 -.20 | 4.5
Bgr = 60

Of the varilous model configurations temted, the trailing-edge split
£lap in conjunction with the leading-edge flap produced the highest
maximm 1ift, However, substitution of a plain flap for the split
flap resulted in only slightly reduced maximum lift and somewhat
improved the lift—drsg ratlioc st maximm 1ift.

The Increased lift—drag ratlog with the leading-edge flap
deflected is evidence of the effectlveness of the leading-edge

T
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flap in delsying the flow. separution which occurs as a result of
the gharp leading-edge profile, The use of the leading-edgs flap
in conjunction with either of the trailing-edge flaps reduced the
pltching moment at maximum 1i1ft and greatly increased the angle of
attack of maximm 1ift,

The Increment of maximum 1ift and the angle of attack for mex—
lmm 1ift as functlions of flap angle with each of the three flaps
deflected independently are presented in figure 9. These data show
thet the split flap produces as much as 25 percent greater increment
of maximum 11ft than the plain flap., The angle of attack for maxi—
mm 1ift was also higher for the split flap than for the plain flap.

Pitching-Moment Charsacteristics

Plaps deflected independently.— Comparison of the pitching—

moment date of figures 3 to 5 indicatesthe effects of deflectioms
of the various flaps on the rearward movement of the aerodynamic
center which, as noted In reference 1, started at en angle of
attack of approximetely 6° for the plain wing. While deflectiom of
the tralling-edge flaps had only a small effect on the angle of
attack at which this movement started, deflection of the leading—
edge flap delayed the movement to very near maximum 1ift. (See,

©.8., £ig. 5(a).)

The data for the wing with the 'bra.iling—ed..ge flaps deflected
show that at zero 1lift there was a large aft movement of the center
of pressure dus to flap dsflection, the largest portiom of this
movement occurring for flap deflsctiomns less than 40°,

Flaps deflected In combinstion.— A comparison of the pitching—
moment date of figures 3 and & for the plain flap and those of
figures 4 and 7 for the split flap shows thaet deflection of the
leading-edge flsp in combinatlion with the deflection of the trailing—
edge flap increases the lift coefficlent at which the rearward move—
ment of the aserodynamic center starts. This is further evidence of
the effectiveness of the leading-edge flap in delaying the flow
separatlion caused by the sharp leadlng edge. =~

Drag Coefficilents

The drag data of figures 3, 4, and 5 indicate that the minimm

.
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dreg increases as the flaps are deflecbed. The rate of rime of drag
with 1i1ft decreases with inoreesing flap deflectlion for both of the
trailing-edge flaps. For the leadingedge flap, the rate of rise of
drag with 11iPt is decreased by flap deflection up to 25° dbut i=
1littls affected by deflection of the f£lap above 25°,

Lift-Drag Ratio

The lift—drag ratio as a function of 1lift coefficlent for the
wing with various desflsctions of the flaps l1s presented In figure 10,
Figures 10(a) and 10(b) show the lift—drag ratio of the wing with
the two types of. trailing-edge flaps deflected. Deflection of the
flaps caused a reduction Iin the maximum 1ift—drag ratio and a slight
increase in the lift—drag ratlo at the higher 1ift coefflicients.
Figure 10(c) shows the 1lift—drag ratio of the wing with the leading—
edge flap deflected. With 20° of leading—edge flap deflection, the
maximm lift~drag ratio was 17.7 percent above the value of 1k,1
obtained with the plain wing. With the flap deflected 25° or more,
the maximum lift—drag ratlio was less than that of the plaln wing.
For all flap deflections, the 1ift coefficient for maximum 1ift—
drag ratio increased with Increasing flap angle. The lift—drag
ratios of the wing with deflection of the leading—edge flap and the
trailing-edge flap optimm for maximm 1ift are presented in
figure 10(4).

The Effect of Reynolds Number and Profile Modiflication

The effect of Reynolds number on the 1ift, drag, and pltching— .
moment characteristics of the wing with the leading-edge flap
deflected 30° and the trailing-edge plain flap deflected 50° is
shown in figure 8. Data are shown for the wing with the basioc dia—
mond profile and also with the modified profile having round ridges.
At a Reynolds number of 3,000,000, rounding the ridges resulted in
a reerward shift of the asrodynamic center at high 1ift coefflclents.
For the wing with sharp ridges, increasing the Reynolds number fram
+3,000,000 to 6,000,000 results in a similar rearward movement of the
serodynamic center and also causes a slight reduction in drag. For
the modified wing with round ridges, Increasing Reynolds number had
no effect other than to cause a slight reduction 1n the drag.


http://www.abbottaerospace.com/technical-library

10

NACA RM No.

SUMMARY OF RESULTS
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The followlng results were obtained from the tests of s thin
unswept wing egquipped with constant—chord leading— and trelling—edge

flaps:

1.

sponding values of meximm 1ift coefficlent were as follows:

The optimum flap angles for maximim 1ift and the corre—

Leading—edge plain~|{Trailing-edge plain—|Trailing—edge split—|Maximum
flep deflection flap deflection flap deflection  |1ift coeffi-
(deg) (deg) (deg) cient
o] 0 o} 0.7%
0 60 —_—— 1.16
o - — 70 1.26
25 0 0 1.0k
30 >0 - 1.39
30 - 60 1.45
2, The leading-edge flap, whother used Indspendently or in

conjunction with a trailing-edge flap, had a favorable Influence on

the pltchingwmoment characteristics of the wing.

Deflection of this

Plap delayed the flow separation caused by the sharp leading edge
ag evidenced by the higher lift coefficlents at which the center of
1ift on ‘the wing moved rearward.

3.

The maximim llft—drag ratio was improved 17.7 percent over

the value of 14.1 for the plain wing by deflection of the leading-

edge fliap.

Deflection of either of the trailing-edge flaps for the

range of flap angles tested reduced the maximum lift—-drag ratio but
improved the lift—drag ratio at the higher 1ift coefficlents. The
lift~drag ratios at high 1ift coefficients were greater with the
trailing-edge plain flap than with the trailing-edge split flap.

hl

For the combinatlons of flap deflections tested, modification

of the wing proflle by rounding the ridges practlically eliminated a
small scale effect evident in the pltching-moment deta at the higher

1ift coefficlents.

Variation of the Reynolds number from 3,000,000

to 10,000,000 had no effect upon the 1ift and only elightly reduced

the dreg.

Ames Aercnautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif.
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All dimensions

Nose flap
hinge line,

)

2663
(Constani)

x/‘
L

\
| ‘J

given in inches
unless orherwise
specified.

Note: Leading-and
Iralling-edge radii
are 0.005.

36.000
——3.55/ (Constani)
| __—Tralling~ edge

flop and aileron
hinge line.

T LL—ZW.OOO——M

Wing plan form

si/‘ L

K.Ol.‘)‘ Constant gap

— foom

——— —

~—— .500c¢

53
I.045c

Original section,

Sharp ridge

: 0I5 Constant gap
R=1686¢
.04,
’& R 5006 _—.—-ngc .

—— — :
.I50¢——I

Modified section, round ridge
Figure [-Semispan model of a wing of aspect ralio 4,
tested in the [2-foo! pressure wind Iunnel.
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(b) Wing with the leading— edge f/ap deflected 30°

and the ftrailing—-edge split flap deflected 60°

Figure 2—

Semispan model of a wing of aspect ratio
4, mounted in the Ames [2-fool pressure
wind tunnel.
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Figure 6— Continued.
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