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TECHNICAL NOTE ¥0. 524

WIND-TUNNEL TESTS OF A WING WITH A TRAILING-EDGE

AUXILIARY AIRFOIL USED AS A FLAP

By Richard W. Noyes -
SUMMARY

Thls report glves the characteristics of a wing with
an auxiliary airfoil mounted near its trailing edge and
used as a flap. The tests were made with a 10 by 60 inch
Clark Y main airfoil and an N.A.C.A. 0012 flap having a
ehord equal to 15 percent of the main wing chord, The
axls of the flap in all cases was on the flap chord and
20 percent back from its leading edge.

The optimum location of the flap axis relative %o the
maln wing for maximum 1ift was found to be 1.25 percent of
the main wing chord behind the trailing edge and 2.5 per-
cent below the chord. In this position CLmax wos ine

"ereased from l.250 (for tho plain wing) to 1.810 at 45° do-
flection of the flap and CDmin was decreased from 0.01l55

t0 040146 at -5° deflection, the coefficlient in each case
being based on the sum of the flap and wing areas. Xo
serious adverse change in lateral stability was found to
result from the use of the flap in the opitimum position.

INTRODUCTION

In most of the cases where flaps are employed to ine
crease the maximum 1ift of a wing they are so constructed
as to retract into or become a part of the nain wing when
in their natural or low-drag attitude. A less common type
consists of an auxiliary airfoil which remains external to
the main wing at all times. This latter type of flap has
been used on certain Junkers airplanes in Germany and tests
have been made in this country (reference 1) on a somewhat
gimilar installetion known as the Wragg compound wing.
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The present report gives the resulits of tests made
by the N.A.C.A. on a Clark Y wing with an auxiliary air-
foill, 15 percent of the wiung chori wide, mountsd in sev-
eral positions near the trailing edge. The data were ob-
tained in the course of a compreheusive investigation of
auxiliary airfoils for use as ailerons and for this reason
the information relative to their use as a high~1ift de—
vice 1s not complete at all test positions. The scope of
the tests, however, included tlhe determination of the max-
imum 1ift a2ad micimum drag ebtainabie and ths best walue
of the ¢limb criterion (L/D at Op = 0.7) =at nearly all
the positlions tested. In addition, more detailed 1ift,
drag, center-of~pressure, and lateral-stability data were
obtained with the flap in the most favorable location.
The range of locations of the flap axis was from 70 to 110
percent of thne wing chord and from O to 20 percent below
the wing chord. This range includes the flap positiorns
used by both Junksrs and Wragg.

APPARATUS

Models.~ The main wing was a laminated mahogany Clark
Y airfoil having & 10~inch chord and a €C~inch span. The
flap had an N.A.C.A. 0012 profile (see vable I for ordi~
rates), was made of duralumin, and had & l.5-inch chord

and a span equal to that of the main wing. t was ahttached
to the main wing by seven l/sz-inch sheet-steecl brackets.
Each bracket carrioed a hinge pin fitted in a svcket located
at the 20-perceunt~chord point of the flap. The angls of
the-flap o ths main wing was set by means of guadrants
fixed rigidly in the flap and so arranged that they could
be screwed to four of the brackets. The range of deflec-
tion available ai each location of the rlap axis (except
where the flap came in contact with the lower surfacs of
the wing) was from the grailing edge up 75° to the trail-
ing edge down 50, in 5 4increments. Figure 1 shows the
wing model with the flap mounted in the optimum position.

Wind tunnel.- A1l the present tests were made in the
N.a.Cioao 7 by 10 foot open-jet wind tunnel. In this tunnel
ths model is supported in such a marner that the forces end
moments about the guarter~chord point of the mid section of
the model are measured d&irectly in coefflicient form. For
antorotation  tests, tire gtandard force-test triped is re-
Placed by a special mounting that permits the model to ro-
tate about the longitudinal wird axis passing through the
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mid-span gquarter-chord point. This apparatus is mounted
on the bealance, and the rolling-moment coefficient can be
read dirsctly during the forced-rotation tests. 4 com-
plete description of the tumnnel and its equipment is gliven
in reference 2.

TESTS

The tosts were conducted in accordance with the stond-
ard procedure, and at the nusual dynamic pressure ard Reyn-
olds Rumber employed in the 7 by 10 foot tunnel. The dy-
namic pressure was 16.37 pounds per square foot, correspond-
ing to an air speed of 80 miles per hour at standard demnsi-
ty, and the Reynolds Number was 609,000, based on the chord
of the rain wing section.

With a few exceptions, short force tests using several
flap deflections were conducted at each location of the
flap to determine the maximum attainable 1ift, the minirmum
drag, and the best value of the climb criterion. A4t the
zost favorable location of the flap for maxinmun 1ift found
by these prelininary tests, the following tests were con-
ducted with the flap in both the high—lgft and the low—~drag
attitudes: 6-component force tests at O  and 20 yaw; free
autorotation tests to determine the angle of attack above
which autorotation is self-starting; and forced autorota-
tion tests at 0° and 20° yaw, in which the rolling moment
was nmeasured while the wing was rolling at a velocity egual
to the maximum likely to be encountered in controlled
flight in very gusty air.

The accuracy of the present tests is considered sat-
isfactory except in the range Just above the stall, where
values of the coefficients are erratic and often poorly
defined.

RESULTS

The results of this investigation are presented in
the form of contour charts (figs. 2 to 5) showing the ef-
fect of the flap~axis location on:

Crp,x (flap in best attitude for high 1ift)

CD5n (flap in best attitude for low drag)
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C
—EQQE (flap in best attitudes for high 1ift and low
CPrin  dreg)

L/D at Cy = 0.7 (flap in best attitude-for rave of
climb)

In addition, 1if%, drag, and center-~of-pressure curves are
given in figure 6 for the wing with the flap in the opti-
mum, location for ch ax’ . Table II presents in condensed

form the salient characterlst1cs for each position of the
flap axis tested,

. The coefficients as plotted and as given in table II
may be defined as follows:

= Zift
C;, = s
drag
C = e——=
D qs
Gy = ...2.\..;_’
qbs

where q is the dynamic pressure, S is the total aroca

of wing-plus~flap, b 1is the wing span, and A 1is the
rolling moment measured while the wing is rolling. The
coefficient C) 1is used as a measure of the degree of lat-
eral stability or instability of a wing undor varisus con-
ditions. In the present case, it is used to indicate the
rolling moments developed whon a wing is subjected to a
rolling velocity equal %o the ma ximum likely to be oencoun-—
tered .in controlled flight in very gusty air. This rolling
velocity may be expressed in terms of the wing span as:

p'® _
57 0.05

where V 1s the air spesed at the center of the wing and
p!' is the angular velocity in roll abYout the wind axis.

DISCUSSION

Maximam 1ift,- The value of the marximum 1lft coeffi-
cient of a wing system zay be used as a criterion of the
wing area reguired for a desired landing speed or, con-
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versely, for the’ landlng speed obtained with a gliven w1ng
area. .With the present wing system, consisting of a main
airfoil and an guxillary airfoil usged as a flap, a maximum
1ift coefficlent equal .to or,better than that of a plaln
wing was obtained with the flap axis lqcated almost any-
where within the’ limits of the area explored (See fig.
2.) TForward of about 85 percent of the wing chord the
flap reduces the valué of. CLpax  Pelow that obtainable

with the wing alone.. This reduction -ig apparent until
the smaller wing is at 1east O 2- chord length below the
main wing. . oA

An important increase in GL J'is'obtaiﬁé& only

when the flap axis is within a very 11m1ted aree just back
of and below the trailing edge of the widng. The optimum '
axis position for a 15-percent-chord flap hinged about a
point 0.2 of its width back from its leading edge was 1-1/4
percent chord behind the traillng edge and 2-1/2 percent
chord below the chord of the main wing. In this position’
a maximum 1ift caefficient of 1,810, based on the whole
wing area, 6r 2.080 based on the main wing area, was ob-
tained with the flap 45°% down.

Minimum drag.— The minlmum drag coefficient of a wing
may be used as a rough criterion of high speed ‘when com=
paring similar airplanes equipped with wings of equal area.
For the plain wing (flap removed) used in these tests the
minimum drag coefficient was.0.0155. Figure 3 gives con-
tours of the values of Cp min Tith the flap attached.

The fact that certain values of cDmin fall below that

for the w1ng alone is duse, in varying degrese, to three
factors: (1) The minimum drag coefficient of the flap
(based on its own area) is less than that of the wing;

(2) the, flap in some positions is operating in air that
moves at a considerably reduced velocity relative to the
uadisturbed air stream; and (3) a mutual interference ef-
fect exists which reduces the value of CDmln on the main

wing., The minimum drag coefficient of the flap (N.A.C.A.
0012 profile) may be assumed to be about 0.0135. This
value is obtained from data given in references 3 and 4,
weighted to compensate for the differences in the charac—
teristics of the. variable~density wind tunnel and the 7

by 10 foot atmospheric wind tunnel, The reduction in dy-
namic pressure in-a.limited aresa’dirsctly below the trail-
ing edge of the main wing has been shown to be in the or-
der of 30 percent (from unpublished data obtained in the
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N.A.C.A, full-scale wind tunnel). If the above wvaluse for
cDmiﬁ' 6f the flap -is sassumed;}$o be obtainadle in the -re~

gion of the ledsdt dynamic ‘prossure; cDmiﬁ: for tha wing-

plus—flap becomes O. 0147 Examinatlon of figure 3 and ta-
ble II1 shows that noticeably lower values of CDpin Were

obtained at ‘several -axis 1ocations, in . spite of the fact.
that the drag of—tne fixtures supporting the- flap is in-
cluded in .&1l .cases. ..The maximum degres .of. favorable .in-
terference occurred at position F, where a mlnimpm drag
coefflcient '0f '0.0141 ‘was" obtained.' ‘At pogltion’ C, which
was shown to be ‘the optimum with respect to maximum Lift,
CDmin = 0.,0146., The differerice between these two ‘values

of CDﬁin 'may be taken as Jjust - rotlceable when 1t 1s con-

sidered that the prodbable: accuraCy ‘of the determination of
GDmi - .'is about iO 0002.

. Where -the same velue : of . cD nin ‘for ‘tha flap is as-

sumed a8 in the previous case, but with =a location Buffi~ .
ciently removed from the wing to neglect any reduction in
veloclity or mutual 1ntorference offeé¢t, the minimum drag :
coefficient for ‘the- aystem becomes Q. 0152. ‘'This result .
shows that a net unfavorable interference occurs with

flap locations .farward of about the B0~ percent~chord point;
it 8led throws some ‘doudbt on the accuracy of the cDmin
value glven for position' M. . .

1 . .
. . c --

Cr L )
’figggﬁggggggir The'ratio E—E%E “is a convenient'fig—"
- : Rt min - . e
ure of merit for ‘comparing the effectiveness of different
wings in producing a2 large speed range. . Contowrse of this
ratio against axls. location are giwven in figure 4. Owing
to the rather small percentage variation in CDmin . the

contoums for the speed-range criterion follcw closely
those shown in figure 2 for GLmax The maximum value of

the .ratio occurs at position F, whoere & ratlio 56 percent
greater than that for the plaln wing is obtained,

This figure may be compared to that obtained for a
Fowler flap reported 1m reference 5. The Fowler flap had
a chord length of 40 percent of the main wing chord and
retracted completely within the main wing when in the low-
drag attitude. Thisg arrangenment gave a ratio of

Cy, . :
~—B2% =198, or 146 percont great®r than that for the
Chmin '

plain wing.
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Comparison may also be made. betwesen the preseat. flap
arrangement and the Wragg flap as reported in reference
1. In that case the flap was approximatsly 32 perceat of
the main wing chord but -in' other respects the models were
similar. The optimum angle for maximum 1ift 'was. found to
be about hslf of that determined in the present teets, but
the nose position of the flap relative to the trailing
edge of thHe mein wing and the values of maxipum 1ift co—
efflclents obtalned check reasonably well. ' -

Bate of climb.n-In order to establish a suiteble cri-,
terion for the: effect of the wing charaoter;etics on the
rate of -¢climb of an airplane, the performesnce- curves for.

a number of types and sizes of airplanes wers calculated,
and the relation of the.maxiwum rate of .climb to the liftn
and drag curvés - .studiéd, ‘This .investigabtion showed ﬁhat
the 'L/D at 0y = 0.7 'gave a consistently rellable fig-
ure of merit for "this purpose.  Thig giterion is plotted-
in the form o6f dontours of the axis .location of the flap .
in figure 5 ‘Highest values . of the criterion are -about

8 percent less-than ‘those 'for the .pleim wing; :they occur :
when the flap axis is 'slightly aft of the optimum location.
for CL '. With the flap in -the optimum pesitlcn for

Lmex (C) the drop in ‘the rate-of-clinb criterion amountsl

to 10 percent of that for the plain wing.

Optimun posgition.~ The data upon which to base the
choice of an optimum position for a 1l6-percent-chord ex-
ternal fl&p is not entirely complete without a knowledge
of the drag characteristics in the vicirity of maximum
1ift, Fowever, 'reference 5 indicates that the drag near
chax does not vary greatly with location of the- flap.

Consequently, the best pesition may Dbé taken as tnat glv—
ing the highest 1ift (posltlon ). M¥inimum drag at this
location is slightly greater than that obtained farther
below the wing.at position .F, dut the difference seenms
unimpertant when the accuracy of the determination of
GDmin is comsidered toge%her with the very slight differ-

ence in the ratio ,EEQ— for the two positions. Inasmuch
- R Dmin ) . PEEN

ag thé rdte-of-climb criterion is the same.for the two lo-

cations, position.. C was chosen as the most favorable

from all coneideratlons and 1ateral~stability tests were

run with the flap located here only, T
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Lateral stability.~ Lateral stabillity was measured
by determining the initial angle at which autorctation
was self-starting under various -counditions of roll and
yaw, as well as the maxzimum unstable torquss developed
when the wing was forced to rotate at & given rate. Such
tests were made on ths wing with the flap mounted in tho
optimum position only and set both for high speed and for
landing. The results of these tests, presented in tadle
II, show negligible changes in ©€) as compared to the
pleain wing. Initial angles of instability are approxi-
mately the same as those for the plain wilng when the flap
is in the high~spesd att1tude. With the flap down, how-
ever, and the wing yawecd 209, the wing shows a distinct
tenderncy, at all normal angles of attack, to incrsase an
initial rate of rotation in roll when the roll is in the
samne. direction as the yaw. The significance of this ten-
dency in relation to -the lateral-stabllity characteristics
of a complete airplane is largely dependent upon the fin
and rudder design, dihedral, and other structural features
of %“he airplane. : In general, however, the tendency corre-
spyonds to that- produced by an increase in dlhedral, a
cl.ange that ihcreases the spiral stability of an airplane
but makes it more difficult to maintain a yawed mttitude
such as might be employed in a cross-wind landing.

CONCLUSIONS

The . followling c¢onclusions may be drawn concerning the
nse of a l5-percent-chérd auxiliary airfoil flap of syn-
metrical profile with a:straight €lark Y wing. In every
case where the term "optimum location' 1s used reference
is made to the position at which the highest value of
chax waes obtained, .

l, Tre optimum location of the 20-percent~chord
point of the" flap (hinge axis) is gquite critical. It lies
1 1/4 percent of the main wing chord behind the tralling
sdge and 2»1/2 percent below the chord.

2. With the flap in the opt1mum position and de-
flected.: 45° down, CLmax = 1,810 Tbased on the totel wing

area, or 2.080 based on the adrea of the main wing. This
value répresents an increase of 4% percent over that obdb-
tained with the plain wing.
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3. TFavorable interference exists between the wing
and the flap (in the high-speed attitude) at all practical
locatlons of the flap axis behind 20 percent of the main
wing chord and within 20 percent of the chord line.

4, The flap decreases the rate—-of-climdb criterion by
10 percent in the optimum location,

5. Laterasl stability is unaffected by the flap when
mounted in the high-~speed attitude at the optlimum posi-
tien., With the flep in the landing attitude and the wiag
subjected to combined 20° yaw and a rolling velocity such

'd
that g-; = 0,05, +the wing shows an increased tendency to-
ward spiral stability.

Langley Memorial Aeronauticael Laboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., February 2, 1l934.
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TABLE I,

Technical Note No.

AIRFOIL ORDINATES

504

All Values in Perceant Airfoil Cherd

10

N.A C.A. 0012

Clark Y
station | BT | cuetace
0 %+ 50 3. 50
1.25 5,45 1,93
2.5 6.50 1,47
5 7.90 .93
7.5 8.85 63
10 9.60 .42
15 10.69 .15
20 11.36 .03
30 11.70 0
40 11.40 0
50 10.52 0
60 9.15 )
70 7.35 o
80 5.22 0
90 2.80 0
95 1.49 0
100 .13 0

Leading-edge radius = 1.50

Station | 3R oee | surface
0 0 o
1,256 1.89 -1.89
2.5 2.62 -2.62
5 3.56 -3.56
7.5 4.20 ~4.20

10 4.68 -4.68
15 B5.35 ~5.35
20 5.74 ~5.74
30 6.00 -6.00
40 5.80 -5.80
50 5.29 ~-5.29
60 4.56 -4.56
70 3.66 -3.66
8Q 2.62 -2.62
80 1.45 -1.45
95 .81 - .81
100 13 - 18

Leading-—-edge radius = 1.58
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" TABLE II.

Main wing: Clark ¥, 10-inch chorg.
Velocity = B0 m.p.h.

B.N. = 609,000,

CEARACTERISTICS OF A WING WITH A SYMMETRICAL AUXILIARY AIRFOIL USED AS A FLAP

Auxiliary airfoil: N.A.C.A. 0012, 1.5-inch chord
All coefficients based on area of wing plus flap

Axis

o
location Flop setting initial

Per- |Per- relative to main a insterbillty

cent-{cent~ wing chord in roll

age |age L/D initial at

Popi~ maln |main Glmax Begt a a instg-
tion| wing [wing {Cy _(Cp st [0 [og . lclimb bility | 'R _ dprimum

chgfd chord Ymex | Dmin GDmin Tmax | Dmin chax oDmin in rcil i 0.05 unsteble 0)\

from |fTom GL=0‘7

L.B. |chord 0°yaw |-2u%aw | 0%yaw [-20Cyaw

deg.| deg.| deg.| deg. ! deg. deg. deg. deg.

Plej_.n wicz 11.250'0.0155| 80.6| 15.8 - - - 118 -3 17 16 10 JO.OFJS 0.002
A:1110 0 1.850} .0145| 86.2 | 14.3 10 5117 -3 - T AT k_—.. -
B {100 2.5 11.7507 .0147{115.0] - 45 . - 113 - - - -~ - -

Flap setting -5°
C j1or.25!-2,5 |1.810; .0146;124.0 14.3 45 -5 51 -1 18 | 16 | 12 0[___._035! .08l
g Flap setting 45
p |12.5 |-2.5 11.704] .o1a5[117.6) %46 | 25 | -5 | 5 |13 | N 118 -7y 030 .04
% J101.25{-3.75({1.760| 01431123, 1| - 50 . - ~ 113 - - - - - -
¥ 1100 -B 1.778: .01411iz2e,1] 14.3 50 0 10 ) 14 -3 - - - - -
G 105 |-5 1.5421 .0142]107.9] 14.6 | B0 01 10 114 | -3 - - - - -
H 80 |-10 1.250] .0154] Bl.2] 14.0 50 0 0 - il - - - — -
I [100 [-10 1.4501 .012231101.4( 14.1 50 0 10 - -3 - - - - -
J $110 [-10 il.440] .01421101.4 14.4 40 0 5 |17 -3 -~ - - - -
[ K[ 70 [0 (1200 .0155( 77.4| 12.0 = 0 0 - 1.4 - - - - -
L | 90 [0 1.280] .0149] 85.8] 14.3 - 0 0 - -3 - - ~ - -
M 110 {20 1.2801{ .0141{ 90.87] 14.1 - 0 0 - -3 - - - - -

¥24¢ *OF 90K TeOoTUOoel *'Vv*'O°'v'X

1
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X.A.C.A. Figs, 1,3,3

1.6 in. N.A.Q.A. °
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and screw High-1ift

attitude
Figure 1l.—longitudinel oross section of wind-tunnel model. Flap mounted in the optimum
position. T
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mounting bracket
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-100—}—

Percaent choxrd

Figuree 2.-0ontours of c’-'ma_x . Symmetriocal, auxiliary eirfoil used ss a flap. Reference
point and flap exis: 20 percent point of flap chord.
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Figurs 3.--Contours of GD . Symmetrical, auxiliary airfoil used &s a flap. Hufarence
min
point and flap axiss 30 percent point of flep chord.
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