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RESEARCH MEMORANDUM

TWO-DIMENSIONAL, WIND-TUNNEL INVESTIGATION OF TWC
NACA T-SERTES TYPE AEFOI:!ZS EQUIPFED WITH
A SLOT-LIP ATIERON, TRATIINCG-EDGE FRISE
ATLERON, AND A DOUBLE SLOITED FIAP

By Albert L. Brasiow and Floravante Viscontl
SUMMARY

A two—dimensional wind~tummel investlgation was made of two

WACA T—series type airfolls of approximate 17.T—percent chord and

15.4—percent chord thickness, each equipped with a 30-percent-airfoil~

chord double slotted flap, a slot—lip alleron, and a tralling—edge Frise
- alleron with two amounts of aerodynamic overhang balance. Alrfoll 1lift
and drag, Frise alleron hinge moment, and slot—lip aileron hinge moment
were measured for both airfoéils through a large range of deflectlon of
flap, Frise alleron, and slot—lip aileron and section angle of attack.
The data presented indicate that for a wing having a profile of the
NACA T-series type, a slot—lip aileron can be combined with a tralling—
edge Frise alleron on a full-gpan double slotted flep so as to provide
.satisfactory lateral control characteristics at large flap deflections.

INTRODUCTION

The use of full—span flaps on large airplenes with high wing loadings
to obtain the required high values of maximum 1ift coefficient for landing
and take—off has camplicated the problem of obtalning satisfactory lateral
control during both the high—-1ift and high-speed flight conditions. A
collection of avallable test data on latersl—control devices used in oon—
Junction with full-span flape 1s presented in reference 1. A system con—
sisting of plain tralling-edge allerons for the flaps—up condition and
slot-1lip allerons for the flsps~down condition has proven satisfactory.

« Only a limited amount of data is availsble, however, on this type of

latersl—control system on low-drag-type alrfoils equipped with double
slotted flaps. ’
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A two-dlmenslonal investigation was made in the Langley two—
dimengional low—turbulence pressure tunnel of two WACA T-geries—type
airfoils of approximate 15.k-percent chord and 17.7~percent chord thick—
ness, each equlpped with a double slotted flap, slot—lip aileron, and
stralght-sided trailing—edge Frise aileron. The Frise allerons were
tested with overhang balances of 35.1 percent and 40.8 percent of the
alleron chord. Tests were made at a Reynolds number of 6 X 106 and
included measurements of airfoll 1ift, drag, and aileron hinge moments
through a wide range of deflection of fiap and ailerons.

SYMBOLS

The symbols used in the presentabtion of results are defined as
followsg: :

cq airfoil section 1ift coefficient
C4. airfoil sectlon drag coefficlent
Acy Increment of slrfoil sectlon 1ift coefficient
h
Cy Frige alleron gectlion hinge-moment coefficient ——5§
a qca
hy
chz slot—1lip alleron section hinge-moment coefficient 5
ac,
%y airfoll mection angle of atbtack messured with respect to wing
reference line, degrees (fig. 2)
Aab increment of glrfoll section angle of attack, degrees
c chord. of airfolil with movable gurfaces neutral; measured parallel
to wing reference line
Cgy chord of Frige aileron measured parallel to wing reference line
i from hinge aexis to airfoll tralling edge
cy chord of slot~llp alleron measured parallel to wing reference
line from hinge axlis to aileron trailing edge
cy, chord of Frise ailleron overheng measured parallel to wing

reference line from alleron hinge axis to aileron leading

edge
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8p flap deflection with respect to wing reference line;
posltive when trailing edge 1s deflected downward, degrees

3a Frilse alleron deflectlon with respect to flap; positive when
tralling edge 1s deflected downward, degrees

83 slot—lip aileron deflection with respect to wing reference line;
positive when trailing edge is deflected downward, degrees

R ‘Reynolds number based on sirfoll chord

free—stream dynamic pressure

ha Frise aileron hinge moment per unit span; positive when
tralling edge tends to deflect downward
11Z slot—llp ailleron hinge moment per unit span; positive when

trailing edge tends to deflect downward
) Boh&
aao aa”o Ba, 5 12 Sf

. _ Bcha_>
ha'ba aaa, d’osa 1 soF

The subscripbts to the partial derivatives denote the varlsbles held
congtant when the partiasl derivatives were teken. The derivatives were
meagured at zerc angle of attack and at zero alleron deflectlon.

MODELS

The airfolls tested were of approximate 15.k—percent chord and
17.7-percent chord thickness and wers of the NACA 7-serles type (refer—
ence 2). Ordinates of the basic airfolls are given in tables I and II.
The cusps near the trailing edge were removed by drawing straight lines
from the trailing edge tangent to the alrfoil contour. A photograph
and profile sketches of the models showing the double slotted flap,
straight—sided Frise alleron, and slot—lip aileron, hereinafter referred
to as "flip," are presented in figures 1 and 2.

The arrangement and pertinent dimenslione of the flep and conbrol
surfaces are shown in flgure 3. The vane of the double slotted flap wes
fixed with respect to the remsinder of the flap and the tobal flap rotated
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as a wnlt about the hinge sxis shown in figure 3. The over all length of
the alleron remained constant and the percentage of overhang balance with
respect to the alleron chord behind 1ts hinge axis was changed by changing
the position of the hinge axlsg. Overhang balances of 35.1 percent

and 40.8 percent of the alleron chord were tested with resulting aileran
chords of 0.150c and 0.lhkc, respectively. The angle of attack of the models
was messured wlith respect to the wing reference line as shown in figure 2.
The angle of attack during previous 1lift tests of the 0.15k4c thick airfoil
wlth a double slotted flap, contour Frise alleron, and flip (reference 3)
waa mesgured wlth respect to a dlfferent reference line also lndliceted on
flgure 2. :

The models had chords of 24 inches measured parallel to the wing
reference lines snd were tested in an aerodynamicelly smooth condition.
All plots were unsealed except for a few teghts in which the alleron slot
was gealed wlth modeling cley.

APPARATUS AND TESTS

The models were tested in the Langley two—dimensional low~turbulence
presgure tunnel. A description of thig turmel and of the methods by which
the 1ift and drag data were meaasured and corrected to free—eir conditions
ig given in reference 4. Hinge moments of the Frise aileron and of the
flip were measured with resistance—type electrical strain gages. The
corrections to the hinge moments are very small (in the order of.0.00301)
and, therefore, were not applied.

Drag messurements were made on both alrfolls with all movable surfaces
neutral and on the 0.I77c thick alrfoil with only the flap deflected.
Lift, alleron hinge moment, and f11p hinge moment ‘were measured for both
alrfolils with the allerons having overhang balances of elther 0.35lca
or O-hOBCa. The measurements were obtained for a large range of deflection

of flap, Frise sileron, end flip. The scope of the investigation 1s
outlined In table IIL which msy also be used es a figure index for the
basic data. The basic 1ift and flip hinge-moment data cbtained on the
airfoils equipped with the alleron of larger balance are not presented
Insgmach a5 these date are very similer to the desbta presented for the
smaller alleron bslance,

During each test run, the deflections of the movable surfaces were
held constent while the angle of attack was varled in both sn increasing
and s decresasing direction. For some combinatlions of movable—surface
deflection a difference in 1ift or hinge-moment values exlsted at the same
angle of atbtack. For these condiftlons arrows are drawn along the curves
to indlicate the directlon of the change 1n angle of attack.
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The Reynolds number for all tests was epproximaetely 6 X 106 and the
Mach number was lesg thsn 0.13.

RESULTS AND DISCUSSION

The basic date are presented in figures 4 to 14 and analysis curves
are presented in figures 15 to 23.

Lift Characteristics

The existence of sharp bresks in the 1lift curves of the 0.154kc Bhick
airfoil equlpped with a true—contour aileron was indicated in reference 3
for flap deflections of 50° and greater. TFor this investigation, therefore,
the flap deflection of the 0.15k4c thick alrfoll was limited to 4OC., A few
tests of the 0.177c thick airfoil with a flap deflection of S0° indicated
that sharp bresks In the 1ift curves and unasteady flow condltions also
existed (fig. 4(1)). The remainder of the tests on the thicker airfoil,
therefore, were limited also to a maximm flap deflection of hOO.

The variabions of meximumm 1ift coefficient with f£lap deflection for
+the neutral aileron condition are presented in figure 15 for both airfolls
tested and for the 0.15kc thick airfoll with the true—contour alleron
(reference 3). The change In the alleron profile from true to stralght—
glded conbour has no effect on the alrfoil maxiewm 11ft coefficients at
all the flap deflectlons tested.

The rate of change of maximm 1ift coefflclent with flap deflectlon
for the 0.177c thick sirfoll decreases through a range of flap deflection
from approximstely 200 to 25°, and then increases when the flap is
deflected more than 25°, A disconbtinulty also occurs near this range for
the thimmer asirfoll. This discontinuity l1s probably caused by the lower—
surface skirt of the airfoll which blocks the flow of alr through the
slot between the fllp and the vane of the double glotted flap at low flap
deflections., When the flap deflection 1s large enough to permit better
alr flow conditions through this slot over the vane, the maximm 1ift 1s
increased. A similar veriation of maximum 1lift coefflicient with flap
deflection waeg shown by tests of a double—slotited—flap model with lower—
gurface alrfoll skirts of different lengths as reported in reference 5.

The meximm section 1ift coefficients of the 0.177c thick airfoll
are lower than those of the thinner airfoll at flap deflections less than
approximately 18°. At flap deflections greater than approximately 30°,
however, higher values of meximm section 1lift coefficlients were obtained
on the thicker airfoil. Values of meximm gectiom 1ift coefficlient
of 2.92 and 2.8 were obtelned on the 17.T7—percent and 15.4—percent thick
airfoils, respectively, at s flap deflection of kOO with both eilerons
neutral. .
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Alleron end Flip Lift Effectiveness

The variations of section 1lift coefficient with ailleron deflection
and with flip deflection are presenmted 1n figures 16 and 17, respectively,
for the airfoll at zerc angle of attack. In ordet¥ to facilitate an
analysis of the alleron end fllp 1lift effectiveness, values of the incre—
ment of sectlon angle of asttack requlred to maintaln a constant 11ft
coefficlent are plotted sgainst alleron deflection in flgure 18 for verious
flip deflections on both alrfoilg with the double slotted flap retracted
and deflected 25° and L40°. The 1ift coefficient chosen at each flap
deflection for thls anslysils corresponds to spproximately the minimum value
of maximum 1ift obtalned throughout the range of deflection of the alleron
end flip. ,

At the double-glotted—flep deflectlons of 25° and LOC the Frise
alleron was generally more effectlive for negstive alleron deflectlions than
for posltive alleron deflections on both airfoils with flip neutral. AL
a flap deflection of 40° on the 15.4—percent—chord thick sirfoil, the air
flow over the aileron became unsteady and erraetically stalled and uwnstalled
at aileron deflections of 5° and greater (figs. 5(g), 5(h), 6, &and 18(e)).
The effect of mealing the aileron slot wes investigated at a flap deflec—
tion of 40°, and the results are presented in figures S5(h), 6, and 18(f).
Sealing the alleron slot precipitated aileron stall at aileron deflections
of 10° and 15° with the fiip neutral but tended to prevent the alleron
gtall st an aileron deflection of 5° with the f1ip neuiral and at an _
alleron deflection of 10° with the f1ip deflected —3°. The data for the
true—contour Frime aileron (reference 3) indicated thet sealing the alleron
slot also precilpitated aileron stall at alleron deflections of 10° and 15°
with the flip neutral at flap deflections of 45° and 50°, Fairing the
alleron. slot to the alleron contour, however, 1n sddition to sealing the
slot eliminated the alleron stall at flap, alleron, and flip deflectlons
of 400, 100, and 0°, respectively (figs. 6 and 18(F¥)).

The variatior of flip effectiveness with flesp deflection is shown by
comperison of figures 18 and 19. With the flap réetracted the flip is very
ineffectlive in producing a change in angle of attack at a section 1ift
coefficient of O.4. A large increasse in flip sffectiveness occurs with
increasing flep deflection with the result that at a flap deflection of 40°
the flip is more effective than the alleron. The flip is more effective
on the 0.15kc thick airfoll than on the 0.177c thick airfoil through the
complete range of flip deflection at a flap deflection of 25°. With a LO°
deflection of the flap and with the alleron neubtral the flip on the thinner
alrfoil is also more effectlve than the flip on the thicker alrfoil only
for flip deflections greater than —10°.

Inasmuch es the change in angle of abbtack required to maintain a
constant 1ift coefficient 1s a measure of the rolling effectiveness of a
control-surface installation, a gtudy of figure 18 indicates that use of
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the flip in combingtlon with the alleron wlll most likely result In a
rolling effectiveness at a flap deflectlion of L4OC equsl to or greater than
the effectiveness of the alleron alone wilth the flap retracted.

Hinge-Moment Characterlsltcs

A large quantity of besic hinge-moment datba of the straight—sided
Frise aileron and of the flip 1s presented as an aid In the design of
gimilar complex conbrol—surface Installations. The discussion of these
dats 1s restricted to the genersl trends of the hinge—momenit parameters
eand hinge-moment characteristics that are ingtrumentsl in determining the
deslgn of combtrol surfaces and the latersl—control linkesge systems.

Frige aileron.—~ The variatlions of the stralght-sided Frime alleron
gectlon hinge—moment coefficient with aileron deflectlon are presented in
Pigure 20 for flep deflections of 0%, 25°, and 40°. A swmmary of the basic
alleron hinge—~moment parsameters ch& and oy is presented in

%o a

tagble IV for a range of double slotted flap and fllp deflections. All
values of ¢y, and. chub were determined at zerc slleron deflection

(o] B,
and zero angle of sattack.

For the 17.7—percent~thlck sirfoill with the double slotted flap and
filp neutral, an increase in alleron overhang balance chord from 0.35lcg
to 0.408c, increased positively the values of ¢ and cy

ha“o “8a
from 0.0003 to 0.0008 and from —0.0034 to —0.0013, respectively. On the
15.4-percent—thick airfoil, the values of %n% and ch'a.b Increased
-1

positively from —0.0013 to —0.0002 and from —0.0060 to —0.0037, respectively,
with the Increased slleron overhang bslance. The increase in aileron over—
hang balsnce on both mirfolls slgo increased the vaiues of _chab posi—

a
tively at double—slotted—flap deflection of 25° and 4O® with the fiip
neutral, but generally increesed the values of ch‘cno negatlively for the

seme double slotted flap and fllp confligurations,

Deflection of the double slotted flap with £lip neutral, generally
resulted in a negative increase in ¢y and cheb wlth maximim values
o ) a
resulting at a flap deflectlion of 25°. At double—slotted—flap deflections
of 25° and 40°, however, the values of chau.o and chés varied incon—
a
slstently with fiip deflectlon for all configuratione investigated.
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The effects of flip deflection on the neutral ailercon hinge—moment
characteristice at double-slotted—flap deflectlons of 25° and 140° are
presented In figure 21 for both alrfolls Investlgeted. In general, low
flip deflections appear to have little effect on the neutral alleron
hinge—moment coefficlents; however, an increase in the magnitude of the
alleron hinge momenta occurs st the high flip deflectlions.

As mentioned im the discussion of the 11fy characteristics, the
alleron stalled on the 15.k—percent—thick alrfoll at a flap deflection
of 400 and alleron deflectlons of 5° and greater. At these combinations of
control—surface deflection, values of the lift coefficient measured when
the angle of atback was increased differed from thoge measured when the
angle of asttack wes decreased. This hysteresls effect 1s caused by a
change in gir flow conditions through the various control-surface slots
when the sirfoil is stalled. The lrreguler nsture of the air flow is
evidenced alsc In the alleron hinge moments which differ in value for
increasing and decreasing angiem of attack at the smame contral—surface
deflections. (See rigs. 9(g), 9(h), 9(1), 10(e), and 10(f).)

Flip.— The values of the flip hinge-moment coefficlents are not con—

sldered to be as quantitatively accurate as the values of the Frise
alleron hinge moments becauge of considersble difficullty experlenced 1n
eliminating friction from the flip strain—gage system. The flip hinge—
moment date, however, are bellieved to be sufficlently sccurate quanti—
tatively to obtaln indicatlions of the order of megnitude of the flip
control forces.

The flip hinge—moment coefficlents for several combinations of
control—eurface deflectlion exhiblited a hysteresis effect for increasing
and decreasing angles of attack (figs. 11 and 12). ZFysteresils loops were
measured at some configurations for which a aimilsr spread In 1ift or
aileron hinge moments was not measured. This result seems to indicate
that the flip was very sensltive to small changes In alr flow condltions
over the airfoll that were not large enough to affect the airfoll 1ift or
Frigse aileron hinge moments. Data not presented indicate, however, that
if the angle of abtack 1g not increased to the alrfoll stall the value of
the flip hinge moment wlll be independent of the previocus direction of
change in angle of attack. The flip hinge-moment hysteresis loops that
occurred during these tests without a similar 11ft effect may not be
serious, therefore, under actuel flight comditlons.

Cross plota of the bagilc data showing the effect of alleron deflectlon
and flip deflection on the flip hinge-moment coefficients are presented in
figures 22 and 23, respectively. With the double slotted flap retracted,
intermediate and large posltive deflections of the Frise alleron cause an
opening tendency of the slob—~lip alleron which would add to the stick
force if the flip were connected in the linkage system. This opening
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tendency at positive alleron deflections in eddition to the pocr 1ift
effectivenegs of the f1lip wilth the flaps up appear Lo warrant a control
linkage system that would digengage the flip from the system when the
flap is retracted. For both alrfoils at m flap deflection of 25° and atb
an angle of attack of 0°, the flip has & closing tendency. For the
0.177c thick airfoill, negatlve aileron deflections have no appreciable
effect on the clogling tendency of the flip, but reduce the closing
tendency for the thinner airfoll. Posikive alleron deflectlions Increase
the flip closing tendency on both alrfolls. Varilation of flip hinge
moment with flip deflection was nonlinear (fig. 23),

Deflection of the double slotted flap fram 25° to LOC decresses the
closing tendency of the flip at 211 Frise alleron deflections st an angle
of attack and flip deflection of 00, Ailleron deflection has very little
effect on the flip hinge moments for both airfoils at a flap deflection
of 40°, An opening tendency exlsts at intermediate flip deflections
(fig. 23) fram spproximately —-10° to —15° on the 17.T7-percent—thick esirfoil
and from spproximately —0° to —21° on the thimmer airfoil. Elimination
of the opening tendency of the flip may be accamplished by modlifying the
flip overhang balance. In a flight Investigation of a slot-lip aileron
on an girplsne (referenca 6), & spring wea Incorporated Into the latersl—
control system to counteract sn opening tendency of the slot—lip alleron.

Drag Chsracteristics

Profile drag characteristlics of the 17.T—percent chord and
15.4—percent chord thick airfolls are presented in figures 13 and 1k,
respectively. With all control surfaces neutral, the drag coefficients
Tfor the 17.7—percent thick ailrfoll were lower than the valuss for the
15.4—percent thick airfoll at positive lift coefficlents and greater
then the values for the thinner elrfoll at negative 11ft coefficlents.
The lncrease 1in sectlon drag coefficlent with flap deflectlon 1s shown
in figure 13 for the 17.T—percent thick alrfoil.

CONCIUDING REMARKS

Resulte have been presented of & two-dimensional wind—tunnel investl-—
gation of two NACA T—series type airfoils of 17.7-percent chord and
15.4—percent chord thickness, each equipped wilth a double slotted flap,
slot—1ip alleron (flip),and tralling—edge Frise aileron with two amounts
of aerodynemic overhang balance. Shsarp breaks in the 1ift curves and
irregular flow conditlons occurred at a flap deflection of 500 which
indicate the advisabllity of limiting deflection of the double slotted
flap to 4O°. At a Plap deflection of 40° with both ailerons neutral,
velues of maximum section 1ift coefficient of 2.92 and 2.85 were
obtained on the 17.T—percent and 15.4—percent thick airfolls, respectively.
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The 1ift effectivenemss of the fllip increased with flap deflection and
wes grester than the Frise alleron effectiveness st a flsp deflection of 400,
With the flap retracted, the flip 1lift effectiveness was negligible
and the flip hinge moments indicated an opening tendency at positive
deflections of the Frise alleron. This combinstlion of £llp characteristics
sppears to warrant a lateral control linkage system that would dimengage
the flip from the system when the flap 1s retracted.

With the flip neubtral and with the flap retracted or deflected 25°
and 40, the increase in Frise ailleron overhang balance was effective in
reducing the negatlive rate of change of aileron sectlon hinge-mombnt
coefficient with alleron deflectiomn cha.a . The increase in overheng

a

balance, however, generally caused the rate of change of alleron section
hinge—moment coefficient with angle of attack cha to increase negatively

o,
at flap deflections of 25° and 4L0°. The values of ¢ and ¢, were

e %,

largest =t a flap deflection of 25° and variled inconsistently with flip
deflection for the deflected flap conflgurations.

The dsta presented indicate that a slot—lip alleron can be combined
with a treiling-edge Frise alleron on a full-span double slotted flap mo asm
to provide satisfactory lateral-control cheracterisbics at large flap
deflections on a wing having a profile of the NACA T—series type.

Langley Aeronautical Laboratory
National Advisory Cammittee for Aeronautlcs
Langley Air Force Base, Va.
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TABLE I.- ORDINATES FOR THE APPROXIMATELY 17.7-PERCENT-CHORD THICK
NACA 7-SERIES~-TYPE AIRFOIL

and ordinates glven in percent of ailrfoil chord
measured along wing reference linej

[Stations
Ordinate
Station U'ppe!' Lower
surface | surfaoe
0 2.59 2.59
25 | s | 1
5 ﬁ:zs 11121
175 I <+
g, | |
: dodh | Zliiy
. Te5 9. -1,115
- 10 9.986 ~1.667
- 12.5 10.689 =2.1
15 11.186 -2.65
- 17.5 11'389 -%,11
20 11.882 -3,557
22.5 12.059 :3.9 0
25 12.189 .385
27.5 12.220 =l
1 | | 2
gs' 11.88 -5. Eﬁ
37.5 11.6 -6.1
0 11.343 =642
)-LE-.‘)- 10095 -6-71)4.

Ordinate
Station Upper Lover
purface s‘urfaoe
b5 10.575 | -6.960
L7.5 10.113 -7.180
50 9.605 ~7.368
52.5 8-050 "7. 19
4153 ~7.616
?05 : 7. 16 —7-650
5 0 Enll "'7.616
6‘2-678 ) 13 5 -7 I’-I-BB
65 2.700 -2.280
67.5 93 | - -98%
70 L.171 ~6.656 |
R e
? {15 1.82), -5:213
s | | g
g5 il | b
S0l 3| 18
92.5 208 | 3%
95 -2.88 ~3%.818
97.5 ~3.28 ~%.761
100.000 =% .675 -3.675

ST
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NACA 7-S8ERIES~TYPE ATRFOIL

TABLE Il.~ ORDINATES FOR THE APPROXIMATELY 15,4-PEROENT-CHORD THICK

[Stations and ordinatea given in percent of airfoll chord
measured along wing reference line)

Ordinate
Station Upper Lower
gurface | surface
0 2.0 2,00,
.10 2.71 1447
.25 %.10 1.141
.50 .56 840
1.00 .219 4155
1.75 L.951 057
2-50 2-558 -02
3.75 333 -.67
?.o 6.96? -1.222
-5 gl "l- 3
10 - 2 -2.1 6
12.5 9.166 -2.6?5
15 9-352 -5.077
L7.5 9.82l | 3. SZ
20 10.002 -3.89
22.5 10I098 -ZUET
2 10.120 -l .63
27.5 10.076 | «4.973
25 | 4| 2
55 9-598 - -326
37-5 9.357 ~6.121
0 9,053 | =6.352

Ordinate
Station Upper Lower
surface gurfaocas
5 8.690 ~6.556
ﬁ% 8.313 -6,73%1
7.5 7-203 -6.873
0 7.046 -6.979
52.5 Z.ggh _2'032'
1.5 6.00 -6133%
472 -6.615
62.5 EngB -6 .333
67.5 3.703 ~5.725
70 3.197 -5.42)
72.5 2.602 - ol .
75 2,002 -3.85
gg.s 1.538 -t.gg9
82.5 2192 G
85 -.39% -3.834
87.5 - 60 "3-6
90 ~1.590 -3,
92,5 -1.961 -3 .372
P | ik | 2
1007 | -3.010 | -3.283
‘v’

- E2HAT *ON WY VOVN
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Tgble IIl.~ Test program and figure lndex of data obtained for each FAGA 7-serieg-type airfoil equipped with
double slotted flap, straight slded Frise aileron, and flip.

(a) 0.1770-thick airfodl; op = 0.3510,
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olal 7a| 7o ]l 72| 78]l 7o 72|l 7|72 |7a | 7a] 7o | 7o | ToiTc | Fe! To|T7o | 7o| 7h! 7h{ Th ! Ml
t 114 {114 | 130 0l (11 [23b 01 |23b 324 | 234 (130 J13e |23 | 11g
1 he 44
-1 |2 7al. 78 | 78
£ 1la 11h | 11b
3} o] Rafka | ¥a ] gl U
-2 & 7a) 7a)78 | 74 il 7l a7
£ 11a | 11b b 11D e | 2g | 2g
1 ho | Ua e bl bg)| bg
-3 |a 7el 70179 Hlnl 7
s La | 11b 11b 1le | 11g
3 lio he !
-kt |a (] Tl
£ la e |1ig
: b | ko | 4g he | kg
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t 1la | 11p b LR EAT
3 o
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i ke |be | Ho i | 4| ke b1
-7 |2 7el7e | 78 Te | 7k Tk
z 11g 1o |11a 11, l13g [11e
1 i | by 4o | Un iy |
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) L) Be | ke | in | br by
=20 | i) 12| 7= Iz i
£ 114 1114, Lia 14 (2 1
L iy | Jig LN
=25 Ial Im In
4 111 | 11 111
1 denotes alrfoll 111t data NACA
a denotes aileron hinge-moment data
£ denotes £1ip hinge-moment data
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Table III,- Tesat progran and figure indsx = Contlnued
(b} 0.1p4o-thlck airfoll] op = 0.35Le,

by o 25 L1
8 o8 =23 |20 |15 (<10 | =5 | @ |5 | 20| 15| 20 |~20 =27 [~} | 5| ® {5 [10] 15]|~15|=20] 5] 0 | 5 | 10] 15
t| 5e Ga | Sa | On | 5a | e Lrlﬂ 5b ! b | iﬂ_&_m_x__arm,ﬁs__xrm_ss_
Dol % |9 |9 | 9 | 9 | 9 ) 92| 9% | 9% | 9% | 9| %9 9| o) g] ol m EE__EL_SK_}JZ...EL_‘QLJL
) 14 |1pa |12y |1Bo |28a |17b |2Eb |19 (123 |18% |123 120 [12x |100 | 220
1 5b 5o i} bh
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£ A 12b 120 118¢ 11
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+ 1Pa 112b | 12b 12e | 1Pg (18%
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Hy 12
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=7 94|94 94 831931 91
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1 denotes airfoll 11t Aata
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dsnates flip hinge-moment data

£Z96T "ON WY VOVN

€1




16

fgble I11,~ Teat program and figure index = (ontlnned

{8) O.l77c~thick airfoll; cp = D.B0S0,

NACA EM No. 19B23

) m. Li
Sie (& L_.
NSFERERSEE
g) < % L- Ui ..k_._._ | M
T % sl
T e AFARFSTET
T RER
By e S
a Ln Zle )
N M. e
Noses
) &- PHOE
g - Slelelde
7 ..M.. _.ju.._.u
§ree gF
gio*&f» glelslalalulafele|gelele
K- )=
9 .
3 || oo
w M_*M mn
o . 3
° | ¥ y mem
g [+ mmmw
Gl T
g9 EERE
2 |+ [ 2222
h.a.__..& IR EEEE LT U 9 P ey 8835
lelal ol glelglgl™™




Table III,~ Teat program and figure index - Concluded
(4} 0\15Mo-thiok alrfoil; ey, = 0.U08a,

8
H o 25 o
34|
5; \ =20 |~15 =10 | =5 | © 9 10)125] 20 |=20 (=15 |~10| =51 0 B |20 J15 |«lF |~10 | 5 b 15
1| ® * ) * L] * * L »* * » * * * #* * * - * * * *
0 |nli0a [10a |10g | .J.QL.:I.QLFIQL.I%M 10h p 11 |10 1100 1100 108 | rJ.C?sl-.
4 * * ) * L) * L] » % + * O * * L]
1 [} - * » * *
n2 g 100 100 110s 10 1108 108
F * * L - * L] *
1 * L] L] * *
-5 |a 10g 109 | 200 1
i | » . e |
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=10 |a 104 1109 1bg |
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~E0 108 10k |
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25 E 10h 1
- L]

LT

denotas airfoll 1ift data

denotag alleran hinge-nomant dalm
denotes Illp hipge-momant dnta
donao¥es date not presented
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TABLE IV

«~ ATLERON SECTION HINGE-MOMENT PARAMETERS MEASURED AT

8, =0, ap = 0°

op
l“
o
8 0 25 Lo
% 5 0 0 -5 ~10 «15 -20 0 -5 ~10 -15 -20
op
‘o 0.3513504 | ~0.0013 | -0.0028 —0.0026 | ~0.0025 | =0.0039 |-0.0046 -0.0018 | -0.0013 | =0.0019 | -0.0030 | -0.0022
0.15 J4oB45e, | ~.0002 | -.0025 0029 | =<0035 | -.0028 | -.0077 ~.0026 | -,0007 | =.0025 ] =.C019 | -.0033
7 .5513504 | 0003 | -.0025 -.0031 | -.0043 | -.0047 | ~.0029 w0016 | =-.0018 | -.0016 | ~.0017 -. 002k
. -}
L08450, L0008 | =.003h -.0030 | ~.0032 -.0023 | -.0025 | -.003
On
aua.
o 0 25 10
% &
on 0 o -5 -10 ~15 20 0 -5 =10 -15 -20
0.15%e 0.351350g | ~0.0060 | =0,0065 {=0,00k1. | =0,0073 | m=rwmmn | =~e—--- | ~0.0029 «0.0026 | =0.0030 | =0.0029 | «0.0020
0850, | ~.00357 | =.0037 | ~.0038 | -.0050 | =-w——= oo | ~a002ly | =.00%1 | -.0041{ -.OCkk | -.0023
2770 \351350g | =003 | -.O041 | =-0043 | -.0063 0.0061 | -0,0029 | =.008l | ~,0020 | -.0034 | ~.0032 | -.0009
L085ce | -.0015 | -.0019 | -.0043 | -.0036 -0020 | ~.0025 | «.0045 | =.0045 | -.0035
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Figure 1.~ Photograph of the 24-inch chord approximately 15.4~percent~chord thick
NACA T-geriee~typs airfoll equipped with double slotted flep, trailing-edge
Frige aileron, and slot~lip ailercn,
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Wing reference linei]

0.177c thick airfoll

Model reference line

(from reference 3)

-Wing reference line
e T ~ _]‘

T ———

Flgure 2.~

0.15le¢ thick alrfoll

Profile sketches of the NACA T-serles-type airfoils equlpped wlith double slotted

flap, tralling-edge aileron and flip.
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22 NACA BM No. L9B23
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Figure 3.= Arrangement of the movable surfaces on the WACA T-series-type airfoils.
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Figera Y.~ Continmed,
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