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NACA T7-SERIES TYPE AIRFOILS EQUIPPED WITH
A SLOT—-LIP ATLERON, TRATLING—EDGE FRISE
ATLERON, AND A DOUBLE SLOTTED FLAP

By Albert L. Braslow and Fioravante Visconti

SUMMARY

A two—dimensional wind—tunnel investigation was made of two
NACA T—series type airfoils of approximate 17.7—percent chord and
15.4—percent chord thickness, each equipped with a 30—percent—airfoil—
chord double slotted flap, a slot—lip aileron, and a trailing—edge Frise
aileron with two amounts of aerodynamic overhang balance. Airfoil 1lift
and drag, Frise aileron hinge moment, and slot—lip aileron hinge moment
were measured for both airfoils through a large range of deflection of
flap, Frise aileron, and slot—lip aileron and section angle of attack.
The data presented indicate that for a wing having a profile of the
NACA T7-series type, a slot—lip aileron can be combined with a trailing—
edge Frise aileron on a full-span double slotted flap so as to provide
satisfactory lateral control characteristics at large flap deflections.

INTRODUCT ION

The use of full-span flaps on large airplanes with high wing loadings
to obtain the required high values of maximum 1ift coefficient for landing
and teke—off has complicated the problem of obtaining gatisfactory lateral
control during both the high—lift and high-speed flight conditions. A
collection of available test data on lateral—control devices used in con—
Junction with full-span flaps 1s presented in reference 1. A system con—
sisting of plain trailing-edge ailerons for the flaps—up condition and
slot—lip ailerons for the flaps—down condition has proven satisfactory.
Only a limited amount of data is available, however, on this type of
lateral—control system on low—drag-type airfoils equipped with double
slotted flaps.
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A two-dimensional investigation was made in the Langley two—
dimensional low—turbulence pressure tunnel of two NACA T-series—type
airfoils of approximate 15.4—percent chord and 17.T7—percent chord thick-
ness, each equipped with a double slotted flap, slot—lip aileron, and
straight—sided trailing—edge Frise aileron. The Frise ailerons were
tested with overhang balances of 35.1 percent and 40.8 percent of the

aileron chord. Tests were made at a Reynolds number of 6 X 106 and
included measurements of airfoil 1ift, drag, and aileron hinge moments
through a wide range of deflection of flap and ailerons.

SYMBOLS

The symbols used in the presentation of results are defined as

follows:

i

Ca

ACZ

Cha

ChZ

airfoil section 1lift coefficient
airfoil sectlion drag coefficient

increment of airfoil section 1lift coefficient

2

h
Frigse aileron section hinge—moment coefficient <}—ﬁ{>
acy

h
slot—1ip aileron section hinge-moment coefficient <: l%)
ac
7

airfoil section angle of attack measured with respect to wing

reference line, degrees (fig. 2)

increment of airfoil section angle of attack, degrees

chord of airfoil with movable surfaces neutral; measured parallel
to wing reference line

chord of Frise aileron measured parallel to wing reference line
from hinge axis to airfoil trailing edge

chord of slot—lip aileron measured parallel to wing reference
line from hinge axis to aileron trailing edge

chord of Frise aileron overhang measured parallel to wing
reference line from aileron hinge axlis to alleron leading
edge
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B¢ flap deflection with respect to wing reference line;
posgitive when tralling edge 1s deflected downward, degrees

Oa Frise aileron deflection with respect to flap; positive when
trailing edge is deflected downward, degrees

5, slot—1ip aileron deflection with respect to wing reference line;
pogitive when trailing edge is deflected downward, degrees

R Reynolds number based on airfoil chord

q free—gtream dynamic pressure

ha Frise aileron hinge moment per unit span; positive when
trailing edge tends to deflect downward

h2 slot—lip aileron hinge moment per unit span; positive when

trailing edge tends to deflect downward

: y Bcha
hau'o Bab Bg,,07 ,0¢

pel o
h%a aba a0’61)6f

The subscripts to the partial derivatives denote the variables held
constant when the partial derivatives were taken. The derivatives were
measured at zero angle of attack and at zero alleron deflection.

MODELS

The airfoils tested were of approximate 15.4—percent chord and
17.T7-percent chord thickness and were of the NACA T—series type (refer—
ence 2). Ordinates of the basic airfoils are given in tables I and IT.
The cusps near the trailing edge were removed by drawing straight lines
from the trailing edge tangent to the airfoil contour. A photograph
and profile sketches of the models showing the double slotted flap,
straight—sided Frise aileron,and slot—lip aileron, hereinafter referred
to as "flip," are presented in figures 1 and 2.

The arrangement and pertinent dimensions of the flap and control
surfaces are shown in figure 3. The vane of the double slotted flap was

fixed with respect to the remainder of the flap and the total flap rotated
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as a unit gbout the hinge axis shown in figure 3. The over all length of
the aileron remained constant and the percentage of overhang balance with
respect to the aileron chord behind its hinge axis was changed by changing
the position of the hinge axis. Overhang balances of 35.1 percent

and 40.8 percent of the aileron chord were tested with resulting aileron
chords of 0.150c and 0.1Lkkc, respectively. The angle of attack of the models
was measured with respect to the wing reference line as shown in figure 2.
The angle of attack during previous 1lift tests of the 0.15kc thick airfoil
with a double slotted flap, contour Frise aileron, and flip (reference 3)
was measured with respect to a different reference line also indicated on
figure 2.

The models had chords of 24 inches measured parallel to the wing
reference lines and were tested in an aerodynamically smooth condition.
All slots were unsealed except for a few tests In which the aileron slot
was sealed with modeling clay.

APPARATUS AND TESTS

The models were tested in the Langley two—dimensional low—turbulence
pressure tunnel. A description of this tunnel and of the methods by which
the 1ift and drag dsta were measured and corrected to free—air conditions
is 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.0.003cl)
and, therefore, were not applied.

Drag measurements were made on both airfoils with all movable gurfaces
neutral and on the 0.177c thick airfoll with only the flap deflected.
Lift, aileron hinge moment, and flip hinge moment ‘were measured for both
airfoils with the ailerons having overhang balances of elther 0.3510a
or O-hOBca. The measurements were obtained for a large range of deflection

of flap, Frise aileron, and flip. The scope of the investigation is
outlined in table ITI which may also be used as a figure index for the
basic data. The basic 1ift and flip hinge—moment data obtained on the
airfoils equipped with the aileron of larger balance are not presented
inasmuch as these data are very similar to the data presented for the
smaller aileron balance.

During each test run, the deflections of the movable surfaces were
held constant while the angle of attack was varied in both an increasing
and a decreasing direction. For some combinations of movable—surface
deflection a difference in 1ift or hinge-moment values existed at the same
angle of attack. TFor these conditions arrows are drawn along the curves
to indicate the direction of the change in angle of attack.
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The Reynolds number for all tests was approximately 6 X 106 and the
Mach number was less than 0.13.

RESULTS AND DISCUSSION

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

Lift Characteristics

The existence of sharp breaks in the 1ift curves of the 0.154c thick
airfoil equipped with a true—contour aileron was indicated in reference 3
for flap deflections of 50° and greater. For this investigation, therefore,
the flap deflection of the 0.154c thick airfoil was limited to 40°, A few
tests of the 0.177c thick airfoil with a flap deflection of 50° indicated
that sharp breaks in the 1ift curves and unsteady flow conditions also
existed (fig. 4(1)). The remainder of the tests on the thicker airfoil,
therefore, were limited also to a maximum flap deflection of 40O,

The variations of maximum 1ift coefficient with flap deflection for
the neutral aileron condition are presented in figure 15 for both airfoills
tested and for the 0.154c thick airfoil with the true—contour aileron
(reference 3). The change in the aileron profile from true to straight—
gided contour has no effect on the alrfoil maximum 1ift coefficients at
all the flap deflections tested. ‘

The rate of change of maximum 1ift coefficient with flap deflection
for the 0.177c thick airfoil decreases through a range of flap deflection
from approximately 20° to 25°, and then increases when the flap is
deflected more than 25°., A discontinuity also occurs near this range for
the thinner airfoil. This discontinuity is probably caused by the lower—
gsurface skirt of the airfoil which blocks the flow of air through the
slot between the flip and the vane of the double slotted flap at low flap
deflections. When the flap deflection is large enough to permit better
alr flow conditions through this slot over the vane, the maximum 1ift is
increased. A similar variation of maximum 1ift coefficient with flap
deflection wag shown by tests of a double—slotted—flap model with lower—
surface airfoll skirts of different lengths as reported in reference 5.

The maximum section 1ift coefficients of the 0.177c thick airfoil
are lower than those of the thimmer airfoil at flap deflections less than
approximately 18°, At flap deflections greater than approximately 30°,
however, higher values of maximum sectlion 1ift coefficients were obtained
on the thicker airfoil. Values of maximum section 1lift coefficient
of 2.92 and 2.85 were obtained on the 17.7—percent and 15.4—percent thick
airfoils, respectively, at a flap deflection of 40O with both ailerons
neutral.
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Aileron and Flip Lift Effectiveness

The variations of section 1lift coefficient with aileron deflection
and with flip deflection are presented in figures 16 and 17, respectively,
for the airfoil at zero angle of attack. In order to facilitate an
analysis of the aileron and flip 1ift effectiveness, values of the incre—
ment of section angle of attack required to maintain a constant 1ift
coefficient are plotted against aileron deflection in figure 18 for various
flip deflections on both airfoils with the double slotted flap retracted
and deflected 25° and 40°. The 1ift coefficient chosen at each flap
deflection for this analysis corresponds to approximately the minimum value
of maximum 1ift obtained throughout the range of deflection of the aileron
and flip.

At the double-slotted—flap deflections of 25° and 4OC the Frise
alleron was generally more effective for negative alleron deflectiong than
for positive alleron deflections on both airfoils with flip neutral. At
a flap deflection of 40° on the 15.4—percent—hord thick airfoil, the air
flow over the aileron became unsteady and erratically stalled and unstalled
at aileron deflections of 5° and greater (figs. 5(g), 5(h), 6, and 18(e)).
The effect of sealing the aileron slot was investigated at a flap deflec—
tion of L40°, and the results are presented in figures 5(h), 6, and 18(f).
Sealing the aileron slot precipitated aileron stall at aileron deflections
of 10° and 15° with the flip neutral but tended to prevent the aileron
stall at an aileron deflection of 5° with the flip neutral and at an
aileron deflection of 10° with the flip deflected —3°. The data for the
true—contour Frise alleron (reference 3) indicated that sealing the aileron
slot also precipitated aileron stall at ailleron deflections of 10° and 157
with the flip neutral at flap deflections of 45° and 500. Fairing the
aileron slot to the aileron contour, however, in addition to sealing the
slot eliminated the aileron stall at flap, aileron, and flip deflections
of 400, 109, and 0°, respectively (figs. 6 and 18(f)).

The variation of flip effectiveness with flap deflection is shown by
comparison of figures 18 and 19. With the flap retracted the flip is very
ineffective in producing a change in angle of attack at a section 1ift
coefficient of O.4. A large increase in flip effectiveness occurs with
increasing flap deflection with the result that at a flap deflection of L40°
the flip is more effective than the aileron. The flip 1s more effective
on the 0.154c thick airfoil than on the 0.177c thick airfoil through the
complete range of flip deflection at a flap deflection of 25°. With a 40°
deflection of the flap and with the alleron neutral the flip on the thinner
airfoil is also more effective than the flip on the thicker airfoil only
for flip deflections greater than —10°.

Inasmuch ag the change in angle of attack required to maintain a
constant 1ift coefficient is a measure of the rolling effectiveness of a
control-surface installation, a study of figure 18 indicates that use of
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the flip in combination with the aileron will most likely result in a
rolling effectiveness at a flap deflection of LO® equal to or greater than
the effectiveness of the alleron alone with the flap retracted.

Hinge—Moment Characterisitcs

A large quantity of basic hinge-moment data of the straight—sided
Frige aileron and of the flip 1s presented as an aid in the design of
similar complex control-surface installations. The discussion of these
data is restricted to the general trends of the hinge—moment parameters
and hinge—moment characteristics that are instrumental in determining the
design of control surfaces and the lateral—control linkage systems.

Frige aileron.— The variations of the straight—sided Frise aileron

gection hinge—moment coefficient with aileron deflection are presented in
figure 20 for flap deflections of 0°, 25°, and 40°., A summary of the basic

aileron hinge—moment parameters cy and cp is presented in
a
G a
table IV for a range of double slotted flap and flip deflections. All
values of cy and cy were determined at zero alleron deflection
ag
0 a

and zero angle of attack.

For the 17.T7—percent—thick airfoll with the double slotted flap and
flip neutral, an increase in alleron overhang balance chord from 0.35lcg

to 0.408¢cy increased positively the values of Ch&ub and chaa
a_ °
from 0.0003 to 0.0008 and from —0.0034 to —0.0013, respectively. On the
Bag %8s

positively from —0.0013 to —0.0002 and from —0.0060 to —0.0037, respectively,
with the Increased alleron overhang balance. The increase in alleron over-
hang balance on both airfoils also increased the values of cy posi—

ag,

a
tively at double—slotted—flap deflection of 25° and 40° with the flip
neutral, but generally Increased the values of cy negatively for the

8a

(o)

15.4-percent—thick airfoil, the values of cy and cy increased
|
|

pame double slotted flap and flip configurations.

Deflection of the double slotted flap with flip neutral, generally |

resulted in a negative increase in cy and cp with maximum values
() a
resulting at a flap deflection of 25°. At double—slotted—flap deflections
of 25° and 40°, however, the values of cy and cha5 varied incon—
a

sistently with flip deflection for all configurations investigated.
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The effects of flip deflection on the neutral aileron hinge—moment
characteristics at double—slotted—flap deflections of 25° and 40° are
presented in figure 21 for both airfoils investigated. In general, low
flip deflections appear to have little effect on the neutral aileron
hinge—moment coefficients; however, an increase in the magnitude of the
alleron hinge moments occurs at the high flip deflections.

As mentioned in the discussion of the 1ift characteristics, the
alleron stalled on the 15.4—percent—thick airfoil at a flap deflection
of 40° and aileron deflections of 5° and greater. At these combinations of
control-surface deflection, values of the 1ift coefficient measured when
the angle of attack was increased differed from those measured when the
angle of attack was decreased. This hysteresis effect i1s caused by a
change in air flow conditions through the various control-surface slots
when the airfoil is stalled. The irregular nature of the air flow is
evidenced also in the aileron hinge moments which differ in value for
increasing and decreasing angles of attack at the same control—surface
deflections. (See figs. 9(g), 9(h), 9(1), 10(e), and 10(f).)

Flip.— The values of the flilp hinge—mament coefficients are not con—

sldered to be as quantitatively accurate as the values of the Frise
aileron hinge moments because of considerable difficulty experienced in
eliminating friction from the flip strain-gage system. The flip hinge—
moment data, however, are believed to be sufficiently accurate quanti—
tatively to obtain indications of the order of magnitude of the flip
control forces.

The flip hinge—moment coefficients for several combinations of
control—surface deflection exhibited a hysteresis effect for increasing
and decreasing angles of attack (figs. 11 and 12). Hysteresis loops were
measured at some configurations for which a similar spread in 1ift or
alleron hinge moments was not measured. This result seems to indicate
that the flip was very sensitive to small changes In air flow conditions
over 'the airfoll that were not large enough to affect the airfoil 1ift or
Frise aileron hinge moments. Data not presented indicate, however, that
1f the angle of attack 1s not increased to the airfoil stall the value of
the flip hinge moment will be independent of the previous direction of
change in angle of attack. The fllp hinge—moment hysteresis loops that
occurred during these tests without a similar 1ift effect may not be
serious, therefore, under actual flight conditions.

Cross plots of the basic data showing the effect of alleron deflection
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 positive deflections of the Frise alleron cause an
opening tendency of the slot—lip aileron 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 aileron deflections in addition to the pocr 1ift
effectiveness of the flip with the flaps up appear to warrant a control
linkage system that would disengage the flip from the system when the
flap is retracted. For both airfolls at & flap deflection of 25° and at
an angle of attack of 0°, the flip has a closing tendency. For the
0.177c thick airfoil, negative aileron deflections have no appreciable
effect on the closing tendency of the flip, but reduce the closing
tendency for the thinner airfoil. Posititre aileron deflections increase
the flip closing tendency on both airfolls. Variation of flip hinge
moment with flip deflection was nonlinear (fig. 23).

Deflection of the double slotted flap from 25° to 40° decreases the
closing tendency of the flip at all Frise alleron deflections at an angle
of attack and flip deflection of 00, Aileron deflection has very little
effect on the flip hinge moments for both airfoils at a flap deflection
of 40°, An opening tendency exists at intermediate flip deflections
(fig. 23) from approximately —10° to —15° on the 17.7-percent—thick airfoil
and from approximately —10° to —21° on the thimmer airfoil. Elimination
of the opening tendency of the flip may be accomplished by modifying the
flip overhang balance. In a flight investigation of a slot—lip aileron
on an airplane (reference 6), a spring was incorporated into the lateral—
control system to counteract an opening tendency of the slot—lip aileron.

Drag Characteristics

Profile drag characteristics of the 17.7—percent chord and
15.4—percent chord thick airfoils are presented in figures 13 and 14,
respectively. With all control surfaces neutral, the drag coefficients
for the 17.T7—percent thick airfoil were lower than the values for the
15.4—percent thick airfoil at positive 1lift coefficients and greater
than the values for the thinner airfoil at negative 1ift coefficients.
The increase in section drag coefficient with flap deflection is shown
in figure 13 for the 17.T7—percent thick airfoil.

CONCLUDING REMARKS

Results have been presented of a two—dimensional wind—tunnel investi—
gation of two NACA T-series type airfoils of 17.T7—percent chord and
15.4—percent chord thickness, each equipped with a double slotted flap,
slot—1lip aileron (flip),and trailing—edge Frise aileron with two amounts
of aerodynamic overhang balance. Sharp breaks in the lift curves and
irregular flow conditions occurred at a flap deflection of 500 which
indicate the advisability of limiting deflection of the double slotted
flap to 40°. At a flap deflection of 40O with both ailerons neutral,
values of maximum section 1lift coefficient of 2.92 and 2.85 were
obtained on the 17.T7-percent and 15.4—percent thick airfoils, respectively.
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The 1ift effectiveness of the flip increased with flap deflection and

was greater than the Frise aileron effectiveness at a flap deflection of 400,

With the flap retracted, the flip 1ift effectiveness was negligible

and the flip hinge moments indicated an opening tendency at positive
deflections of the Frise alleron. This combination of flip characteristics
appears to warrant a lateral control linkage system that would disengage
the flip from the system when the flap 1s retracted.

With the flip neutral and with the flap retracted or deflected 250
and 40°, the increase in Frise aileron overhang balance was effective in
reducing the negative rate of change of alleron section hinge—moment
coefficient with aileron deflection cy . The increase in overhang

a

balance, however, generally caused the rate of change of aileron section

hinge-moment coefficient with angle of attack cy to increase negatively
a

(5
at flap deflections of 25° and 40°. The values of h and ¢

% ",

largest at a flap deflection of 25° and varied inconsistently with flip
deflection for the deflected flap configurations.

were

The data presented indicate that a slot—lip alleron can be combined
with a trailing—edge Frise aileron on a full-span double slotted flap so as
to provide satisfactory lateral-control characteristics at large flap
deflections on a wing having a profile of the NACA T-series type.

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

[Stat ions a

nd ordinates given in percent of airfoll chord
measured along wing reference line]

Ordinate

Station Upper Lower
surface | surface
0 2.599 2.599
o | 3.312 1.996
.25 2.75 1.713%
.5 .25 1.423
1 u.97g 1.040
1.75 57T .63
2.5 6.%12 .;él
7| Sl | Tl
. 5 & -1.11
18 g 3.986 -1.66%
12.5 10.639 -2.175
15 11.186 -2.65
17.5 11.889 -3.117
20 11.882 -3.557
22. 12.0 -3.980
25 Z 12.1%8 -E.%Bs
27.5 12.520 -h-zzg

20 125 -5.

22.5 12.021 -5.89
35 11.88 -5.83%2
7.5 11.6l -6.1,,8
0 11.343 -6.4l2
Az.s 10.985 -6.71L

Ordinate

Statlon | yoner Lower
surface surface
L5 10.575 -6.960
L7.5 10.113 -7.180
50 9.605 -7.368
52.5 .050 -7.519
29 8-553 =7.616
57+5 7.816 | -7.650
60 7. -7.616
62.678 6.383 -7.,486
65 2.700 -2.280

67.5 943 -6.98

70 L.171 -6.65
2.5 3.291 -6.317

75 2.606 -5.96

15 1.824 -5.61
0 1.050 -5.276
82.5 .292 -2.9 1
85 e, 5 -Ll.oé 8
87.5 -l.lhg -L.37hL
90 -1.7 -4.139
92.5 -2.38l =2:990
95 -2.838 -3.318
97+5 -3.28 -3,761
100.000 -3.675 -3.675

cT

£2d6T *ON W VOVN



TABLE II.=- ORDINATES FOR THE APPROXIMATELY 15.4~PERCENT=CHORD THICK
NACA 7-SERIES=-TYPE AIRFOIL

[Stations and ordinates given 1in percent of airfoil chord
measured along wing reference line]

Ordinate Ordinate

Station Upper Lower Station Upper Lower
surface gurface surface surface
0 2.0 2.0LL L2. 8.690 -6.556
<10 2.7 1.447 L5 ? 8.5?5 -6. 21
.25 3,10 1.153 L7.5 7 og -6.873
.50 .56 840 50 7.L6 -6.979
1.00 2l 0155 52.5 Z.oou -2.032
1.75 ly.951 057 2 91 c: -gﬁ%

2.50 5.538 —.25% 57«5 6.00 -6.

3.75 6.%33 -.67 60 Z.u72 -6.615
5.0 6.969 -1.02 62.5 .92% -6.333
7.5 g.9 7 -1.631 65 L;.%59 -6.031
10 .6l2 -2.156 67.5 3.783 -5.725
12.5 9.166 -2.633 70 3.197 -5.421
15 9.852 -3.077 72.5 2.602 -3.12
17.5 9.82] -3.197 75 2.002 -L.83
20 10.002 -3.896 7.5 1.398 -4 .559
22.5 10.098 -2.27 0 .79 =1 .297
25 10.120 -l .63 82.5 19 -1} .05l
27.5 10.076 -1.973 85 -.39% -3.83L
30 9.972 -5.292 87.5 -.960 -3.641
32.5 9.811 -5.890 90 -1.[,90 -3.48l
35 9.598 -5.866 92.5 -1.961 -3.372
T+5 3251 -6.121 95 -2.2%58 -3.307
0 9.033 -6.352 7.5 -2.699 -3.28
100 -3.010 -3,283%

€2d6T *ON WY YOVN

€T



Table III.- Test program and figure index of data obtained for each NACA 7-series-type airfoll equipped with
double slotted flap, straight sided Frise alleron, and flip.

(a)

0.177c=thick airfoll; cp = 0.351c,

Lrs 0 25 Lo 50

516‘ -25 |=20 |=15 |=10 | =5 [ 0 | 5 |10 |15 | 20 |=20 (=15 (=10 =5 | O | 5 |10 | 15|=15|=10| <5 o | 5 | 1015 |-10] O | 10

1| ba| Yo | Ya | Ya | ba | Ha | 4o |Ha |4a ba | Yo | Yo | Yo |le bo | 4o |lUo Yo | e | e | Me | Ue| Le| Le|le hy| Wy | Wy
o0 lal ZatliTai Tadl 7al 7a’]l 7a | 7s| a7 7a | 7o | 7e| 7o |7e 7e| Te|7e 7o | 7Th| 7Th| Th| 7h| Th| Th|7h

> 4 114 | 114 [1lec 0l¢ [1la [11b [11b [11b | 113|113 [11h |1le |1lg |1lg

1 Ie 4q 4a by
-1 |8 74 74 74

f 1lla 11b | 11b

1 boe | 4a|ka | ba be | Ug| 4g|lg by | by
-2 |a 74| 7474 | 74 75| 73]l me

T 1la | 11b 11b | 11lb 1le |1lg | 11g 11g

1 bo | L4a|la be | Yg| g
=3 |a e | 7e|7e T I

£ 1la | 11Db |11b 1lle [ 1llg |11k

1 Io e | U 4y
=l |a 7e Tk | Tk

r 1lla 1lle |1llg

1 Uba | Ua Le bo | Ug U | Ug
-5 |a .| T 7e 7e | Te Tk | Tk

oy 1lle [1la | 11D lle |[11g

1 ig
=G ile 7e

T 1lla

1 g | Mo e | e | 4eg 1
=7d|s rllre s Te | 7k | Tk

r 1lle (llc | 1la 11h |'31f |11p

1 4 | 4 Lo (Mo | 4o In | Ur L
-10 |a 70| 7B 762 iy 2 M < Bl n

r 1lle [llc | 1la 12k 11T

1 4 | by boe | 4o | ke bo bn | 4y | 4 L8
=15 |a Tv | 7b 2l Te| 72 = vl 7V TV

£ 114 | 114 [1lle 1lla 133 1138 1108

1 5) e | le g bh | 4h | Up Ly | 44
-20 g 7o 18 -7 1g v 7v | T

£ 114 |114 1la 133 111h 1108

1 Yh | 4 Yr by | W
=25 |a Im | Tm Im

L 111|113 11f

1

denotes airfoll 1ift data

a denotes alleron hinge-moment data

: 2

denotes flip hinge-moment data

HT
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Table III.- Test program and figure index = Continued

(b)

0.154c=thick airfoll; cp = O.35lc,

i 8g 25 ko
| 8, ’a =25 |=20 |=15 (=10 | =5 | O 5 10 | 15 | 20 (=20 (=17 [=20 | =5 | © 5 10| 15 |=15 |=10 | =5 | O 5 10| 15
; vl 5a | 5a | 5a|5a|Bafbalba|lba)5a|5af5b|6b|65b| 50| 65bf6b|56b| 5 58| 58| 52| 5g| 58| 58| 52 .
| O (a| 9|9 |92 |9 | 9a| 9a | 9a| 92| 9a | 9a| 9 | 9b| 9b| 9b| 9b| 9b| 9b | 9b| 92| 92| 92| 92| 9¢ | 92| 9g
t 124 1124 |12¢ [120 |12a |12b [12b |12b |12 | 123 {121 [12e |12¢ |12k |12k
1 5b 5¢ | 5d 5g.| 5hsl Bk | Bh
-2 |& 9¢ 9c | Ye¢ 9h | 9h | 9h | 9h
r 12a 12b |12b 12e [12g |12h |12h
1 5b |} 56 | -be bg | Gh | Bh
-3 |a 9¢ | 9¢ | 9e 911 91 | 94
[ R 12a [12b [12b 12e |[12g (12h
’ 1 G
- |a 91| 91
<4 12e |(12g
1 d | 5b | Be 5g | 5h
-5 |a 9a | 94| 9a 93 | 93
£ 12¢ |12a |12b 12e |1l2g
1 5b )|
| -6 |a 9d
| f 12a
1 e | 54 | 5b 54 | Bg | 5h
| -7 la 94 | 94 | 9a 93 [197 | 93
| £ 12¢ [12¢ [12a 121 |12e |12g
1 S5e | 5e | 54 | 5b b1
=10 (& 9e | 9e | 9e 9%k | 9%
i£ 12¢ [12¢ |12a 121 |12f
1 5f | Be | 5e 5b 5L | 51 | 5g
-15 |a 9e | 9e | 9e 9e 9k | 9k [ 9k
3 124 |124 |12¢ 12a 12) |121 [12f
] 5f | 5e 5b i | 51 | Bg
=20 |a 9f | 9f 9f 9t | 91 | 9t
£ 124 [12a 12a 12y |121 |12f
51 | 51 58
=25 |8 JLE09Y 91
f 12) |12 12¢

1 denotes airfoil 1ift data

a denotes alleron hinge=moment data
f denotes fllp hinge-moment data

NACA
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Table III.- Test program and figure index = Continued

(c)

0.177c=-thick airfoil; cp = 0.408c,

8¢ 0 20 25 ko
8q
8 «25 | =20 | =15| =10| =5 (o] 10 | 15 | 20 0 =20| =15| «=10| =5 0 10 | 15 | =15| =10 =5 0 5 10 | 15
1| * L3 » - * - * - * * * * * * * - * - ] » * * *
0 |a| 8 8a| 82| 8a|[8a |8 |8 |8 | 8a | 8a | &b 8o| 8o| 8c| 8 | 8 | 8 | % | 80 | 8e | %o | 8o | He e 8o | 8e
£ » - - ® [ am » - * - * * » » - - * - - * * - - » 3 - *
1 - * - » * L -
-2 |a &b 84 | 8 8 | &r | 8¢ | &
T * * - - *® * *
13 * * - * »*
-5 |a &b &a 8a 8¢ | 8
e * * * - L
1 » | = ® -
10 |a &b ga| 8 & | &
e Es - * * *
1 - - - * N -
=15 |a &b 83| 8a &g | 8¢ | &
C * - - * - -
1 ™ * - W - w*
20 |a g | 8| 8 8 | 8 | &
£ - - - * - -
1 * * -
o5 (2 8g | 8g &z
e - - *
1 denotes airfoil 1ift data lel
a denotes alleron hinge-moment data
£ denotes flip hinge-moment data

denotes data not presented

9T
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Table III.~ Test program and figure index = Concluded
(@) O.15lhc-thick alrfoil; op = O.408cy

8¢ 0 25 Lo
8a
8y =20 |=15 |=10 | =5 | O 5 10 | 15 | 20 |=20 |=15 |=10 | =5 | O 5 |10 |15 |=15|=10| =5 | O 5 |10 |15
1 * * * * * * * * * +* * * * * * * * * * * *
0 |2|10a [10a [10a |10a [10a |10a [10g |10a |10a [10b |10b |10b |10b |10b | 10b | 10b [10Db | 10e 10e |10e [10e |10e |10e |10e |
9 * * * * * * * * * * * * * * *
1 * * * * *
-2 |a 10¢ 10c [ 10c 10f |10f |10f |10f
£ * * * * * * *
1 * * * * *
-5 |a 10¢ |10c |10¢ 10f [10f
- 4 * * * * *
1 * * # * *
-10 (& 108 {104 [10d 10g 1 10g
e * * * * *
1 * * * * * * *
=15 |a 104 104 1 10g |10g |10g
7 * * * * * *
1 * * * #* * *
=20 |a 104 |104 104 10h |10k |10h
» * * w * * *
i #* * *
=25 |a 10h [10h 10h
£ * *
1 denotes airfoil 1ift data Il
a denotes alleron hinge-moment data
f denotes flip hinge-moment data
* denotes data not presented
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TABLE IV.- AILERON SECTION HINGE-MOMENT PARAMETERS MEASURED AT 6, = Oo, ay = o°

°h
aao
6 0 25 Lo
t o % 0 0 -5 -10 -15 -20 0 -5 -10 -15 -20
0.35135¢cq | =0.0013 | =0.0028 | -0.0026 | -0.0025 | =0.0039 |=0.0046 |=-0.0018 | -0.0013 | -0.0019 | -0.0030 | ~0.0022
0.15k4e .4,0845¢y | =-.0002 | -.0025 | -.0029 | =.0035 | -.0028 | -.0077 | =.0026 | =-.0017 | =.0025 | =.0019 | =.0033
.35135¢4 .0003 | -.0025 | -.00%1 | -.0043 | -.0047 | -.0029 | =.0016 | =-.0018 | -.0016 | =-.0017 | -.002L
ik L08l45¢, «0008 | 2,003l | =ecceca [ cmmmae [ mmeeme | cmmeee -.0030 | -.0032 | -.,0028 | =-.0025 | =.0033
Ch
aaa
5¢ 0 25 L0
5 e 51 0 0 <5 -10 <25 -20 0 5 -10 =35 -20
0.150kc 0.35135¢q | =0.0060 |=0.0065 |-0.0041 |=-0.0073 - | -0.0029 | =0.0026 | =0.0030 | =0.0019 | -0.0020
4o845¢c, | -.0037 | =.0037 | =.0038 | =.0050 | =ecmmmn |cccaaea -.002 | -,0031 | -,0041 | -.004 | -.0023
Pt +35135cq | =-.003L | -.0041 [ =.0043 | -,006% | -0.0061 [=-0.0029 | =.003L | -.0020. -.0034 [ -.00%2 | -.0009
L408450g | =.0013 | =.0019 | =.0043 | =.0036 | ~=ecece | ccacaa -.0020 | =-.0025 | =.0045 | =-.0045 | -.0035

8T
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Figure 1.— Photograph of the 24—inch chord approximately 15.l4—percent—chord thick
NACA 7—series—type airfoil equipped with double slotted flap, trailing-—edge
Frise aileron, and slot—lip aileron.

6T







Wing reference line—7

0.177c thick airfoil &
Skirt

Model reference line
(from reference 3)

Vane

0.154¢ thick airfoil

Flgure 2.= Profile sketches of the NACA T-series-type airfoils equipped with double slotted
flap, tralling-edge aileron and flip.
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i NACA RM No. I9B23

Flip alot 0.720¢
Station
Q1000 = . -
Flip hinge axis
rmmrﬁnmulme
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Aileron slot r Wing reference line
0. 0210 4
o
n
N Alleron hinge axis
o
v = Cq
0.203%¢c
0.250¢
0.300¢
Aileron
Alleron | Allero
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' Station x| y
op Ca
g£766° (Joe) |Goc)| (Qecy) | (Toc)
ation
85.0 5.3 5.1 15.0
85.6 5.2 ﬁo.s 1i.u

0.177c thick airfoll

Figure to scale
0.720¢c

t Station
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Flip hinge axis
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W >
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Sta. x
cp } Ca >
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b } 0.300¢
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g *hinge axl8 |palance | chord
= location
Flap hinge axis Station X| ¥ Cch Ca
Joc) Foc) (Toca) (Toe)
0.7660 5.0 | 5.0 5.1 15.0
Station 85.6 [5.0 8.8 1k
0.154%c thick airfoil
(a) 8p = 0°,

Figure 3.= Arrangement of the movable surfaces on the NACA T-seriles-type airfoils.




NACA RM No. L9B23
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(b) 8¢ = 50°,

Figure 3.- Concluded,
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Hpi‘ i

_, Section 1ift coefficient

_ Section 1ift coefficlent,

o

éection angler o; éttg

(a) &, = 25°
Figure 4.-= Continued.

'Section angle of attack,
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Figure l4.- Continued.
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e Section angle of attack, a,, deg

(£) 8 = 4o°.
Figure 4.~ Continued.
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Figure 4.- Continued.
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NACA RM No. L9B23

6 (approx.),

t=gided

o
(a) 6p = 0°,
Aileron balance, 0.35lcg; R = 6 x 10
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NACA 7-series-type alrfoll with double slotted flap, straigh

Frise aileron, and flip.

Flgure 5.= 13rt gharacteristics of the approximately 15.l4=percenteghord thick
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Figure 15~ Maximum 1ift characteristics of the NACA T-series-type
airfoils with double slotted flap, straight-sided Frise alleron,

and flip. R =6 x 106 (approx.); 6 = 0°; &, = 0°;
Cp = O.N—OSca .
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