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NATIONAL ADVISBORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

LOW~-SPEED, LARGE-SCALE INVESTIGATION OF AERODYNAMIC
CHARACTERISTICS OF A SEMISPAN 49° SWEPTBACK WING
WITH A FOWLER FLAP IN COMBINATION WITH

A PLATN FLAP, SLATS, AND FENCES

By Edward F. Whittle, Jr., and Stanley Lipson
SUMMARY

An Investigation has been conducted in the Langley full-scele
tunnel to determine the effects of a Fowler type slotted flap on the
aerodynamic characteristics of a semispen 49.1° sweptbeck wing having
NACA 65A006 airfoil sections streamwise, an aspect ratio of 3.78, and
a taper ratlo of 0.59. Variocus slat and fence arrasngements were tested
in combination with the Fowler f£lap. The effect of longitudinal and
vertical location of the Fowler flap was investigated over a iimited
range of positions.

In addition, tests were made of a conflgurstion having the Fowler
flap located near the tralling edge of & plain flap. When the flaps
were deflected, this arrangement tended to produce a double-cambered
surfece at the rear portion of the wing.

The tests were conducted at Reynolds numbers of 6.1 X 106 and
L.k x 106 with corresponding Mach numbers of 0.10 and 0.07, respectively.

INTRODUCTIOR

As part of e general investligetion, at 1-rge scale, of means of
improving the low-speed static longitudinsl aerodynsemic characteristics
of high-speed wlng plen forms, tests have been conducted in the Langley
full-scale tunnel on a 49.1° sweptback wing equipped with varlous high-
1ift and stall-control devices. The wing had an aspect ratio of 3.78,

a taper ratio of 0.59, and NACA 65A006 airfoil sections parallel to the
plane of symmetry. References 1 and 2 present the resuits of pressure
and force measurements made with verious slat, plain trailing-edge flep,
and fence arrangements.
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This paper presents the results of force tests made, with the main
effort directed toward incressed 1ift, on the semispan sweptback wing
equipped with a 0.47-semispan Fowler type slotted flap located at several
longitudinal and vertical positions. The effect of various slat and
fence arrangements on the characteristics of the flapped wing was also
investigated. In addition, tests were made of a configuration having
the Fowler flap located near the tralling edge of a deflected plain
flap.

The tests were made at Reynolds numbers of 6.1 X 106 and k.4 X 106,
with corresponding Mach numbers of 0.10 and 0.67, respectively.

COEFFICIENTS AND SYMBOLS

The data are referred to the wind axes with the origin at the
quarter-chord point of the mean aserodynamiec chord. The dats have been
reduced to standard NACA nondimensional coefficlents which, together
with the symbols, are defined as follows:

Cr, 1ift coefficient, 2L/q,S
CLy—o 1ift coefficient at 0° angle of attack
AlT=0 value of CLa=0 for any configuration minus value of

Clg=p for basic wing
chax maximm 1ift coefficilient

ACT, o5 value of Cp ., for any configuration minus value of
CImax for basic wing

2 X Model drag

Cp drag coefficient,
S
Cm pitching-moment coefficlent about quarter-chord point of
mean serod ¢ chord, 2 X Model pitféing moment
qQoSc
b twice model span, ft
c locel wing chord measured parallel to plane of symmetry, £t
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c locel wing chord meesured perpendicular to center line of
8 corresponding unswept wing, £t

c'p local trailing-edge-flap chord measured perpendiculsr to
0.50c' line, £t

c:'s local glat chord measured perpendicular to 0.50c’ line, ft

5 b /2
mean aerodynemic chord, 3 f cldy, ft
0

ol

h distance from wing leading edge to hinge line of Fowler
flap, measured perpendicular to 0.50c' line, ft

model 1ift, 1b

M bending moment at wing root, ft-1b

v perpendicular distance from plain-fisp chord plane to
hinge line of Fowler flap, £t

pvV=

Q free-stream dynamic pressure, = 1b/sq £t

R Reynolds number, pVc/u

s twice model wing area, sq ft

v free-stresm velocity, £t/sec _

v spanwlse coordinate perpendliculsr to plane of symmetry, £t

(c.p.)y spanwise location of wing center of pressure, M/L g

a angle of atteck, deg

Spf plain-flep deflection measured relative to wing chord line
in a plane perpendicular to 0.50c’ line, deg

(¥4 Fowler flap deflection measured relative to chord lime of
plain flap in a plane perpendicular to 0.50c’ line, deg

Spp! Fowler flap deflection measured relative to wing chord line

in a plane perpendicular to O.50c' line, & + 8,7, deg
g pfsr |
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p mess density of air, slugs/cu £t
M coefficient of viscosity, slugs/ft-sec
MODIEY,

The geometric characterlstics end principel dimensions of the semi-
span wing are given in figure 1. Detalls of the high-lift and stall-
control devices (plain flsp, Fowler flap, slat, and fences) together
with section views of the various combinations tested are shown in fig-
"ure 2. The semigpan wing is shown mounted on a reflection plane in the
Langley full-scale tunnel in figure 3. A description of the reflection
plane ls presented in reference 3. The wing has 49.1° of sweepback at
the leading edge, an aspect ratio of 3.78, a taper ratio of 0.59, and
no geometric twist or dlhedral. The alrfoll sections parallel to the
plane of symmetry are NACA 65A006 sections. The wing tip is half of a
body of revolution based on the same silrfoil section ordinates.

The high-lift-and stall-control devices used were: a 0.25c¢' plain
flap baving a spen of 0.469b/2; a 0.20c' Fowler flap having a span of
0.h69b/2; 0.15¢' leading-edge slats of various lengths; and various
combinations of chordwise fences, having a height of 0.06c, installed
at various spanwise stations. (See table I.) The fences were made of
l/k—inch plywood and were mounted parallel to the plane of symmetry.
For all configurations on which the nose of the fences intersected the
slat, and for one case where the spanwise location of a fence practi-
cally coincided with the inboard end:of the slat, the fences were cut
off at 0.05¢ (see fig. 2(b)). The nose and upper surface of the slat
had the airfoil ordinates of the wing but the slat was not an integral
part of the wing and was mounted directly on the unmodified leading
edge of the basic wing with the slat brackets alined normal to the wing
leading edge. The minimum chordwise clearance between the slat and
wing and the distance of the slat nose ahead of the wing were selected
from the slat-positioning results for two-dimensional flow (ref. 4).
Further detalls of the slat arrangement msy be obtained from reference 1.

The Fowler flap was constructed of wood and had a 15-percent-thick
symmetrical airfoil section whose ordinates were such as to permit its
retraction within the plain flap. The plain flap was made of steel
plate and was contoured so as to duplicate the flap employed in the
tests of reference 2. Except for one test, whenever the Fowler flap
was deflected the undersurface of the plain flap was removed (see
fig. 2(a)) in order to simulate more realistically a production
configuration.
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The Fowler flap was menually positioned and deflected, and was
rigidly attached to the plain flap by means of steel brackets (fig. 3(b)).
The plain fiap was automatically deflected through the use of two elec-
trically powered actuators installed on the lower surface of the wing
inside of streamlined fairings (fig. 3(b)). With the Fowler flap
ingtalled, deflection of the plaln fisp produced a double-cambered
surface at the rear of the wing (fig. 2(b)).

TESTS AND CORRECTIONS

The model configurations tested are detailed in tsble I. Force
date (lift, drag, pitching moment, and bending moment) were obtained
through an angle-of-gsttack range from sbout 4% to 32~ and at Reynolds

numbers of 4.4 x 10 and 6.1 X 106 with corresponding Mach numbers of
0.07 and 0.10, respectively. With the fences installed 1t wee necessary
to conduct the tests at a Reynolds number of 4.4 X 106 because the
fences tended to vibrate in the high 1ift-coefficient range at the
higher tunnel speed corresponding to a Reynolds number of 6.1 X 106.

The data have been corrected for alrstream misalinement, blocking
effects, and Jet-boundary effects. As discussed in reference 3, the
Jjet-boundary corrections epplied to the data were celculated by the
procedure outlined in reference 5 from the downwash values for the
Langley full-scale tunnel presented in reference 6.

The Jjet-boundary correctlons for the wing are as follows:

sa = -0.8uCy,
ACp = -0.01281C2
ACp = -0.00427CK,

These values are added to the uncorrected date.
RESULTS

For the present serles of tests, the value of Cy,, . for the basic

wing was 0.97 (fig. k) as compared with a value of 1.00 obtained for the
seme model during the investigation reported in references 1 and 2. The
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small difference is probably due to the installation of the two flap-
actuator fairings on the lower surface of the wing for the present
investigation and to the very small contour changes that msy have
occurred during the refinishing of the model surface that was required
between the present tests and the previous tests of references 1 and 2.

It may be noted that the pltching-moment curve presented in refer-
ences 1 and 2 for the basic wing configuration ls slightly displaced
negatively and parallels the pltching-moment date of the present inves-
tigation. This discrepancy 1is due to a flow angularity close to the
surface of the reflection plane during the tests of references 1 and 2
which reduced the local angle of attack, and thus the 1ift, at the wing
root. During the present investigation, this angularity was eliminated
by the instellation of vanes In the tunnel entrance cone.

An index of the test conditions and the configurations tested is
given in table I and the results of the tests are presented in figures 4
to 14. A summary of the effect on Ly and ACL&=0 of Fowler flap

location, Fowler flap and plain-flap deflections, and Fowler £lsp

deflectlons tested in comblnation with various plein-flap deflections
is presented in figures 15, 16, and 17, respectively. The effect of
slat span on ACLmax for the basic wing and flapped wing with fences

is 1llustrated in figure 18.

Although the particular slat-wing combination tested herein may
not be an optimum arrsngement, because of the use of the unmodified
wing leading edge, 1t 1s believed that the arrangement 1g of sufficlent
aerodynamic efficiency to 1illustrate the generel effects which may be
obtained by employing a slat in conjunction with this wing.

In figure 17{(a) the results obtained with the Fowler flap deflected
30° in combination with various plain-flap deflections are compared with
predicted values which were obtained by simply adding the 1ift increases
produced by the plain flap alone (fig. 16) to the increments due to
deflecting the Fowler flap (plain flsp neutral, fig. 15).

At this point it is probably appropriate to note agein that the
Fowler flap angle relative to the wing chord 1ine ls altered when the
plain flep is deflected, since.the Fowler flap is rigidly attached to
the plain flap. Thus, in predicting the curves of figure 17(a) by the
use of the date in figure 16, as discussed above, the ACLmax and

AT = Values used were for the corresponding velues of Jpp' rather
than B¢p.
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The effect on Aly and Asﬁa=o of varylng the plain-flap

deflection for B&gf = 30°, g; = 0.95, and E#-=~0.01250 and for
c
h

0.00625 is presented in figure 17(b).

S = 45°, % = 1.00, and
C

Inssmich as the hinge locations were different for the two deflections,
this difference must be taken into account before the effect of deflec-
tion of the Fowler flap can be determined. Therefore, the data for

Bep = 30°, at g; =1.00 and 2 = 0.00625, were predicted from the
Cc

1

()

data of figure 16 by adding the appropriate values of ACLmax
and ACT, o for the corresponding deflections o&ppe' and Bpe. Since

the results of figure 4 show only smaell differences in the aerodynsmic
characteristics in the range of Reynolds numbers tested, the effect on
this comparison (fig. 17(b)) of the difference in the two test Reynolds
numbers is probably of no significance.

SUMMARY OF RESULTS

The main effort of this Investigation has been directed toward
determining the Influence on the 1lift erfectiveness of the Fowler flap
of such flap-positioning parsmeters as chordwise location, gap size,
and deflection angle. Although no detalled anaslysis has been made of
the results presented, a few of the more significant trends of the 1i1ft
characteristics which can be readlly noted from the data are as follows:

1. For the range of Fowler flap locations tested herein, the more
rearward positions produced the greater values of AlI,., &nd Acha=0

(fig. 15(a)).

2. At the larger Fowler flap deflections (8p¢ = 45°), gap size has
e significent effect on ACL, (fig. 15(b)).

3. The 1ift increments produced by the Fowler f£lap located near
the trailing edge of & plain flap (an arrangement that gives a double-
cambered surface at the rear of the wing) can be readily predicted by
simply adding the individual 11ft effects of each flap.

. When the Fowler flap was deflected, the use of leading-edge
stall-control devicee of 0.5 semispan or longer produced very signifi-
cant increases in ACLmax (fig. 18).
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One of the aims of this investigation, was to obtailn satisfactory
longitudinael stabllity at high 1ift coefficients. The particular com-
bination of sweep, aspect ratio, and airfoll thickness used in the
investigation, however, resulted in a severe longltudinal-stability
problem. Although none of the test arrangements Investigated herein
provided satisfactory stability throughout the lift range, several of
the fence and slat configurations tested increased the value of the
1ift coefflcient at which the flepped wing first exhibited sudden
longitudinal instability and, consequently, resuvlted in usable 1ift
coefflcients through a larger angle-of-attack range. It is probable
that for the wing investigated, as was the case for a wing of similar
sweep but higher aspect ratioc (ref. 7}, satisfactory longitudinal
stability can be obtained from certaln limited combinations of leading-
edge-slat and treiling-edge-flap spans.

Langley Aeronsutical Laborsastory,
National Advisory Commlttee for Aeronsutics,
Langley Fleld, Va.
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TARLE I.- INDEX OF TEST CONDITIONS ARD CONFIGURATIONS

2 x 10-6 Fowler flasp pogition apf Remarks Figure
hfe’ v/et Sep nuubex
bl '
= Fowler flap off o] Basic wing L
0
6.1 Fowler flap off 10 5
20
30
Fowler flap off ] Basic wing
0.90 0.00625
.95 .01250
6.1 02500 0 0 6
1.00 01250 |
00625
Fowler flap off [s} Baslc wing
.90 .00625
6.1 .95 01250 .
.02500 s (o} - T
1.00 .01250
.00625
Fowler flap off 0 Baslc wing
0
10
6.1 .95 01250 30 15 8
20
30
45 o
Fowler fiap off o} Basie wing
)
| 7|
6.1 1.00 .G0625 Lo ° 9
k5
30 30
Fowler flap off [} Basic wing
[ 0
6.1 1.00 00625 45 o Pla:i?:liﬂ.;p a:;d:::ﬂace 10
bk 0
Fowler flap off ] Bagic wing
)
5
h'_k 1.00 00625 45 10 1
15
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TAELE Y.~ INDEX OF TEST CONDITIORE AND CONFIGUBASTONS - Conciuded

' x 106 Fowler flep position Bpr Fence locations, Blat spen, 2y/b - Figre
B/e' v/c! | Ber 2y/b fram root from tip mma::( ) numher
(3
Fowler flap off o] oL Basic wing
orLe
ko i 0.k, 0.8 oLe 12
1.00 | 0.00625 | L5 (1] Full-chord fences
0.5, 0.8
0.k, 0.6, 0.8
Povler flep off . . ore oL Basic wing
Partial~chord fences
0.375 at %‘C = 0.6, 0.8
5 Partial-chord fences
5P at _;?!- = 0.8 13
kb 1.00 00625 L5 o 0.6, 0.8 -
R.1-L Partial-chord femces
500 at % = 0.5, 0.8
From 0.425 outboard
to 1.000 int a Full-chord fences
Fowler fiap off s} s} s o ore Basic wing
B,
.2, 0.6, ¢.8 Partial-chord fences
-0 at 2X = 0.6, 0.8
L.h b ik
1.00 | .o0fs | s o -500
0.k, 0.6, 0.8 .65 Partial-chord fences
at %’ = 0.k, 0.6,
1-000 0.8

Sherever the slat span was of sufficient length to intersect the leading edge of s full-chord fence, the fence

was cut to a pertiel-chord fence. (Bee fig. 2(b}).)
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Area (S/2) 1524 sq. ft
Aspect ratio 3.78
Taper ratio 0.59

c 109.1 In.

<~ 0.50¢ line

e

+0.14| b/2==—————0.469b/2 ‘_—l

i -

N
/ .L* 135.8
Moment center (c/4)

Figure 1.- Plan form of the semispan 49.1° sweptback wing. All dimensions
are given in inches umless otherwise noted.
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(a) Detsil of elat apd £laps.

Flgure 2.~ High-lift and stall-control devices.
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Plain flap deflected

-~ 0.06¢C

R S
L o20c] :

Full-chord fence; Fowler fiop defiecied

Portigi~chord fence; slat deflected; Fowler flap defiected

(v) Configurations tested.
Figure 2.~ Concluded.
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(a) General view of top surface.

ST

Figure .- The semispan 49.1° sweptback wing, with Fowler flap installed,
mounted in the full-scale tunnel.
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of plain flap

AR

(b) Close-up of undersurface.

Figure 3.- Concluded.
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Flgure 4.- Effect of Reynolds number on aerodynamic characteristics of
the semispan 49.1° sweptback wing. Basic wing.
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Figure 4.- Concluded.
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(a) € versus a. (b) ¢y, versus Cp.

5.~ Effect of plain-flap deflection on aerodynamic characterietics

of the semispan 49.1° swepthack wing. R X 10'6 = 6.1.
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(a) €y, versus

20 24
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(b) ©y, versus Cp.

Figure 6.- Effect of Fowler flap locatlon on aerodynamic cheracteristics
of the semispan 49.1° sweptback wing, R X 10"6 = 6,1; bep = 500;

Bpp = 0°.
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Figure 6.~ Concluded.
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Figure 7.- Effect of Fowler flep locatlon on merodymemic characteristlcs

of the semispen 49.1° eweptback wing. R X 108 = 6.1; 8gp = 45°%;

8pg = 0°.
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Figure 8.~ Effect of Fowler flep and plain-flsp deflection on the

aerodynsmic characteristics of the semlspan hQ.lc eweptback wing.

R x 1070 = 6.1; n/e' =0.95; v/e' = 0.01250.
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Figure 9.- Effect of Fowler flap and plain-flap deflection on the

(a) Cr, versus «a.

serodynamic characteristics of the semispan 49.1° sweptback wing.

R X 1076 = 6.1; hfe' = 1.00; v/e' = 0.00625.

600%ST WY VOVN

Lz




1.2 ;‘ﬁ
tk.
RN N
1.0 \B_\\ﬁ_-l 9
8 \Q‘n\im ] N
6 e Sr | | I
. O Basic wing | - ?{ érf-]&
“ e o 0 Tk
S R inaANNNt:
' A 30 30 ’
2 ) 4
TR
0 )
()
-‘2- )]

2 08 04 o -04 -08 -I2
Cm

(e) Cy, versus Cp.

Flgure 9.- Concluded.

&

1

i 4 5
(c.p)y

(d) Cr versus (c.p.)y.

ge

E0QCET W VOVN




G0@ECT WY VOUN

ST
By
or ] —‘Q\Ol\n\&
O SN e
7 ff} . / o
| ruo® B¢ '
: 0 Gt Basic wing
_ o6l 4§ !
/ OBl 45
(plain flap under-
r/ suafuce rfg;red I
eale
% e |
i SHE -
_ 1 1 |
4 8 12 I6 20 24 28 32
: ' 0 A 2 3 4 5 6
a,deg
Cp
(a) Cj versus o. (vb) Cr, versus Cp-
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vie' = 0.00625; Bpe = o°

62




1O

@oq

|
] "

rn)
O

—

R.XIO-B Sff

¢ 6.1 45

{plain flap under-[c

surface faired

and sealed)
A 44 45

A

cel s T
[
[
3

08 04 0

Cm

-04 -08 -I2

(C) C]'_, versugs Cp.

Figure 10.- Concluded.

cp)y

(d) ¢ versus (c:p.)y.

0¢

600LET WY VOVN



1.2
. .
10 5 . -0 e
Pl P PR
8 704 /}7/4) ~o0| . /})/‘7 O
[7 // pjﬁ*/o ‘J/c
6 A,/a/ o Bee & ol
/ 7/ ,d ff “pf
//4 P O Boskc wing
A 45 0 v
4 A/ : O 45 5 . /
/] A 45 10 /
& g 4 45 5 \
o v
0
3' W_
i...z : ' tL B .
-4 O 4 8 12 6 20 24 28 32
o, deg 0 A 2 3 4 5 3) 7
Co
(a) Cr, versus «. (b) Cp versus Cp.

Flgure 11.-~ Effect of plain-flep deflection on aerodynsmic characteristics

of the semispen 49.1° sweptback wing. R X 1070 = k.43 h/e' = 1.00;
v/e' = 0.00625.
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Flgure 12.- Effect of several full-chord fences on aerodynsmic charac-

teristics of the semlspan 49,19 sweptback wing. R'x- ]—.0"6.= 1+.1+;
bfe' = 1.00; v/c' = 0.00625; dyp = 0°.
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Figure 13.- Effect of various fence and slat combinations on aerodynamic

characteristics of the semispen 49.1° sweptback wing. R X lO"'6 = L.y
h/e' = 1.00; v/e' = 0.00625; &pe = 0°.
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Figure 14.- Effect of wverious fence and slat combinetions on sercdynamic

characteristics of the semispan 49,1° sweptback wing. R X 106 = 445
hfc' = 1.00; v/c' =0.00625; bpg = 0°.
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(a) Effect of chordwlse hinge position. (b) Effect of gap size.

Flgure 15.- Summary of the effect of Fowler flap hinge locatlon for
Fowler flap deflections of 30° and 45° on ACy and AC_ ..

R x 10" = 6.1 Bpp = 0°.
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Figure 16.- Summary of the effect of Fowler flap and plain-flap deflection
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(b) Effect of Fowler, flap deflection.

Figure 17.- Effect of the plain-flap deflection on the lift-coefficlent incremente due to the
comblnstion of plain flep snd Fowler flep.
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