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SUMMARY

An investigation was carried out in the Langley
two-dimensional low-turbulence tunnels for the purpose
of developing an optimum flan configuration for maximum
1lift on an airfoil section for the Republic XF-12 airplane
equinped with a double slotted flap. Lift and flap
loads were obtained at several flap deflections for two
flap paths. Drag characteristics of the section with
flaps retracted were also determined.

A maximum 1lift coefficient of 3.L,% was measured
for this airfoil-flan combination for a flap deflection
of 60° at a Reynolds number of 1l million. An investi-
gation of flap and fore flap configurations showed that
the configuration for which this maximum 1ift coefficient
Wwas measured was very nearly the optimum. MNaximum 1ift
coefficients were shown to increase with Reynolds number
for all deflections excent the best maximum 1ift
deflection, at which a decrease in Reynolds numver from
1l million to 5.5 million caused en increase of about
0.1 in maximum 1ift coefficient.

INTRODUCTION

*

At the request of the Army Air Forces, Air Technical
Service Command, tests have been conducted in the two-
dimensional low~-turbulence tunnel and the two-dimensional
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low=turbulence pressure tumnel on a 37,5-inch~-chord
model of a wing section of the Republic XF-12 airplane,
The model was equipped with a double slotted flap

which was deslgned to operate with a variable position
of the fore flap with respect to the flap. The section
at the staticn represented by this model is intermediate
betgeen the Republic R=l,)i0-318-1 and Rel,,0=}13-,6
airfoils.

Tests included an investigation of flap and fore
flap configurations for maximum 1ift, 1lift characteristics
at severel flap deflections for two flap paths, and flap
and fore~-flap loads. The effect of Reynolds number and
standard leading-edge roughness on the 1lift and drag
characteristics were determined for several configu-
rations.

SYMBOLS
e girfoll chord
Ao section angle of attack
cg section drag coefficient
cy section liftsceefficient
cy section maximum 1ift coefficient
max
Cne flap normal-force coefficient, based on flap
chord
Cnpy fore-flap normal-force coefficient, based on
fore-flap chord
€, flap chord-force coefficlent, based on flap
: chord
Ccff fore-flan chord-force coefficient, based on

fore-flap chord
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Crp flap moment coefficient about flap reference
point, based on flap chord

cmff fore-flap moment coefficient about fore-flap
reference point, based on fore-flap chord

R Reynolds number

6fr,0ffp deflections of the flap and Fore~flap,
respectively, measured from the wing chord
line

xpr, yer horlzontal and vertical positions of the fore-
flap reference woint measured from the most
rearward station of the wing slot in percent
of ¢, positive to the rear and below,
respectively

Xp ¥r horizontal and vertical positions of the flap
reference point measured from the fore-flap
trailing édge in percent of ¢, positive to
the rear and below,resvectively

MODEL AND METHODS

The model was constructed by the Republic Aviation
Corporation to the ordinates given in table I. The
flap alone had a chord equal to 0.238c and the fore
flap alone had a chord equal to 0.092c. Figure 1 shows
a sketch of the airfoil section, the flap, and the fore
fleap. The foreward portion of the model was constructed
of laminated mahogany. The flap and the fore flap were
constructed of aluminum alloy. The main wing section
and the flap and fore flap were provided with flush
pressure orifices at several stations along the mid-
span of the modsel.

Flap and fore-flap configurations for each of the
flap paths are shown in figure 2. The second path was
designed by the contractor to provide low operating
loads and will be referred to as the modified flap path.
The 60° configuration shown for the original flap path
is the position found to give the highest maximum 1ift.
Lift and drag tests were made by the methods described
in reference 1. Pressure distributions were read
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directly from a multiple-tube manometer connected to

the model pressure orifices. The orifices were filled
with glazing putty for all but the pressure-distribution
tests. Because of time limitations it was necessary to
run both the 1lift and pressure-distribution tests for
the modified flap path concurrently.

Data were corrected to free-air values by the
following equations in which the »rimed quantities
represent values measured in the tunnel.

eq = 0.97lecg?
= 0.95801'
ay = 1.036a,"

A complete discussion of these corrections as
applied to data obtained in the two-dimensional low-
turbulence tunnels is contained in reference 1.

Flap end fore-flap loads were obtained from
integrations of pressure-distribution diagrams. The
large amount of pressure-distribution data obtained
is not presented. -

RESULTS AND DISCUSSION

Lift.- An investigation was first carried out to
determine which of several configurations of the flap
and fore flap would provide the best maximum 1ift
characteristics. A configuration which was considered
good was set up end systematic variations of the
various Parameters were investigated. The values of
these narameters for the original configuration are
shown in the following table:

Spp = 250 5¢ = 60°.
Xff = -0-2)4. Xf = _205
Vep = 2.0 Y = 1.5
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The effect of fore-flan deflection is shown in
figure %(a). Fore-flap deflections of 20°, 25°,
and 30° were investigated, all other parameters being
kept constant. These results show that using a fore
flap deflection higher than 25° would cause an anpreciable
decrease in the maximum 1ift. Changes in the position
of the flap and fore flap es a unit were then investi-
gated. The maximum 1lift coefficients are plotted in
figure 3(b) as a funection of the horizontal and vertical
positions of the fore-flap reference point. The
highest maximum 1lift was obtained with the fore-flap
reference point 2 percent below and 0.5 percent behind
the trailing edge of the mein wing section. The fore
flap was then held at this position and the flap rotated
about its reference voint. The lil't characteristics at
flap ‘deflections of 550, 60°, and 65°_are shown in
figure L(a). The maximum 1lift is shown to increase
Graduallv with flap deflection but the 1lift curve obtained
at 65° shows a small breask st about C° angle of attack.
The flao deflection was therefore limited to 60°, With
the fore flap at its best position and the flap and
fore-flap deflections at 60° and 25°, respectively,
the flap position was varied. Maximum 1ift values are
plotted against the flap position parameters Xg and Ve

in figure li(b). The highest maximum 1lift obtained was
2,56 with the flap 2 percent below and 1.5 percent

forward of the fore-flap trailing edge. It is realized
that this survey of flap and fore-flap configurations

is not complete and that slightly higher values of maximum
1lift might be obtained by a more extensive investigation,
but the final configuration is believed to be very near
the optimum for meximum 1lift.

A comparison of figures % and }, shows that gener-
ally this double slotted flap is more sensitive to
changes in position and deflection of the fore flap than
of the flap. A decrease of approximately 0.2 in- maximum
1lift is caused by a 1 percent movement in either .the
vertical or horizontal directions from the best fore-
flap position while a decrease of only 0.15 is caused
by a total movement of % percent horizontally and
1.5 percent vertically from the best flap position.

Lift characteristics for the best flap configuration
at several Reynolds numbers are shown lP figure ¢« . The
maximum 1ift is shown to decrease from 3%.56 at a Reynolds
numker of 3.5 million to 3%.L3 at 14 ml 3 et bE should
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be noted that the optimum position was found at a
Reynolds number of 3.5 million. The optimum position
at other Reynolds numbers might be slightly different.

Iift characteristics for flap deflections of 0°,
200, l0°, and 60° are shown in figure & for the original
flap path at Reynolds numbers of 3%.5 and 1 million in
the smooth condition and with standard leading-edge
roughness for the higher Reynolds number. Figure 7 shows
the 1ift characteristics at several flap deflections
for the modified flap nath. Data for this flap path
were obtained only at a Reynolds number of 2.5 miklton
and the maximum lift values may be slightly low because
of slight surface irregulerities at the open pressure
orifices. Values of the maximum 1lift are shown in
figure 8 plotted against flap deflection for each of
these conditions. The effect of increasing the Reynolds
number is shown to be favorable for all but the best
maximum 1ift configuration and the effect of roughness
{s shown to be less on the best maximum 1ift configuration
than on any other. A comperison of the three sets of
1ift data in figure 6 shows that at the low flap
deflections the scale effect is confined to the maximum
1ifts while at the higher deflections the whole 1lift
curve is shifted downward by an increase in Reynolds
number. In most cases the roughness affects only the
meximum 1ift. The fact that the curves of maximum
1ift against flap deflection for the original flap
path are irregular and peak rather sharply at a deflection
of 600, particulsrly at a Reynolds number of 5.5 million
can be explained by the fact that, at this deflection,
the flap and fore flap are at, or very near their
optimum configurations while at other deflections,
their configurations are determined by the flap retracting
mechanism.

Drag.- Figure 9 shows the drag characteristics of
this aIr%oil section with flap retracted at Reynclds
numbers of 3.5 and 1l million and at 1} million with
standard leading-edge roughness. A comparison of the
data in this figure with data previously obtained on
other almost similar airfoills at lower Reynolds numbers
shows that the minimum drag of this section 1s slightly
higher than that of the Republic R=l,l0-318-1 airfoll
but that the effect of roughness is considerably less,.
The difference in minimum drag in the smooth condition
may be explained by the slight amount of unfairness at
~the flap and by the fact that the flap-alrfoil joint
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was not sealed against the possibllity of leakage. The
Increments in minimum drag caused by roughness are
probably dlfferent because of the difference in Reynolds
numbersa,

riag loads.- Normel 1o¥ce, chord forcs, end moment
coefficients, respectively, of the flap and fore flap at
various flap deflections for each of the flap paths
are presented in figures 10 to 12. No load data are
shown for the fore flap at the 20° flap deflection with
the original flap path, since, at this configuration,
the fore flap is completely stalled.
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CONCLUDING REMARKS

A 37.5-inch-chord model of a wing section of the
Republic XF-12 airpleme, equipped with a double slotted
flep, wes tested in the Langley two-dimensional low-
turbulence tumnzls. A flap configuration was developed
which is believed to be very nser the optimum for
nmaximum. 1ift and which provided a maximum lift coeffi-

£ Reynolds number of 1L million. The
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1ift configuration was shown to increase with Reynolds
number. The maximum 1liit coefficient for the optimum
configuration is shown to be approximately 0.10 higher
at %.5 million than at 1y million.

Tangley Memoriel Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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ORDINATES FOR WING, FLAP, SLOT, AND FORE FLAP

[Stations and ordinates given in percent of wing chor{]

Wing Sectlon

Flap

MR No.

Upper surface

Lower surface

Station Ordinate S8tation Ordinate
T77.330 1,100 77330 2.832
g .516 1.97 78.516 3.022

0. g 2.97 9.773 3,011
83.25 3.[91 0.000 2.976
82.62 3.662 85.000 2.19
8 .81§ 3.616 90.000 1.%12
88.12 3..,08 95.000 .680
90.000 2.987 100.000 1019
95.000 1.531

100.000 .019

L.E, radius:
L.E. radiug below wing chord line:

1.912

L.E, radius aft of wing L.E.s

0.925
78.058

Upper Lower
Station surface surface
0 0 : )
.50 1.62 1.040
.;5 ke 6Z 1,5%2
1.25 2.186 1372
2.50 E.uué 2'£E§
5.00 .795 E.
7.50 Z. 01 .123
10.00 .611 L.651
15.00 g.ssu 5.430
22 | | Im
38200 9[92& 61213
5.00 10.223 6.627
0.00 10. 361 6.619
e | Lz iz
gzgg 92;?& 5Igg§
65.00 32505 2:831
70.00 Z.séo E.uos
gs.oo .668 3.712
0.00 .545 2.97
88.88 g.aég 2.19
s s T
35-00 1-%31 .%80
100.00 .019 .019
L.E. radius: 1.830
Slope of ‘radius through L.E.: 0.133

Slot
Station Ordinate
69.377 -4.1480
69.377 -2.419
69.625 -1. Sﬁ
69.92% -
70.219 =451
70.812 .107
71.Lhol -52&
;2.;20 i.%}g
2102 3:8%
8.516 2.958
(0 BZ 3.598
83.22 3,768
82810 %:Z%Z
88.12 3,132

Fore Flap Dimensions

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

L6A08a




1.000

Main wing section

Fore-flap
reference point

o 0.238
0.092 =)
o
_/;K)/V g _;—_ : l
Fore flep Flap reference
point Flap

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flgure i1 .- Wing, flap, and fore flap; double slotted flap model for Republic XF-12 airplane.
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0.805

0.778¢

from L.E.

Modifled Flap Path

from L.E. bp

20°

Lo°®

60°

Original Flap Path
op xf ir Sr2 ELL, Iee
(deg) (percent ¢) (percent c) (deg) (percent c) (percent c)

20 0 6.00 =10 -Eg.zh L.66
0 0 5.06 20 07 2.80
0 =1.5 2.00 25 +50 2.00

Flgure 2 .- Flap and fore-flap configurations

o Xe Ve Sep xef Yee
(deg) (percent c¢) (percent c) (deg) (percent c) (percent c)
10 =4.05 3.79 =13 =13.04 L.09

20 -3,62 3.26 -8 -10.67 L.32

0 -3.62 2.8l 2 -7.35 h.ﬁo

0 -3.85 2.1i5 5 -4.80 3.90

5 +50 1.00 25 -2l 2.00

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

for flap paths tested.

‘ON MW

B8OVI9'1



i

Effect of fore flap defle
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(b)

Figure lj.-

Effect of flap deflection and position on max
Yer = 2.05 R = 3.5 x
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equipped with a double slotted flap.

Modified flap path.




MR No. L6AO8a

Maximun section 1lift coefficient,
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npe

Fore-flap nommal force coefficient,

Fore flap

1

i35

Flap path

original
- — Modified

Flap path

Original -

| ———-Modified

i
i [
Flap normal force coefficient,

(b)

Flap
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Figure10 .- Normal for wing section of the -
Republic XF-12 airplane. e
3 ] 3 ; :“ I 1 i im  eati fes 'f LIDRE TITR1SERY SRNR] ERES! Seand erest Erans £3R3T S3853 1323 a2
e i R H
115 0 1 T e
4 5 5 R 1 0 L G R R ‘




MR No. L6AO8a

Cerr

Fore-flap chord force coefficlent,

(a) Fore flap.

-

Section 1lift coefficient, ¢
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Flap path

Original

Flap path
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Flap chord force coefficient, cep

(b) Flap.
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1ift coefficient, ,
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Section 1lift coefficient,
(a) Fore flap. : T

Flap path

Original
——-—— Modifiled

Flap path

Original
- ——- Modified

Section 1ift coefficient, ey
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Figureil2 .-

Moment coefficlents of flap and fore flap for wing section of the
Republic XF-12 airplane.
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