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NACA RM No. SA8F09

.- NATIONAL ADVISORY COMMITTER FOR AERONAUTICS

RESEARCH MEMORANDUM
for the
Alr Materiel Command, U.S. Air Fdrce\
AN INVESTIGATION OF THE WING AND THE WING-FUSELAGE
-V COMBINATION OF A FULL*DCALE MODEL OF ”HE
REPUBLIC XP-91 AIRPLANE IN THE AMES
40~ BY £0-FOOT WIND TUNNEL

By Lynn W. Hunton and Joseph K. Dew

SUMMARY

Wind-tunnel %tests of a full~-scale model of the Republic
XP-91 airplane were conducted to determine the longitudinal
end lateral characteristics of the wing alone and the wing-
fuselage combination, the characteristics of the aileron, and
the damping in roll of the wing alone., Various high-1if%t
devices were investigated including trailing-edge '8plit flaps
and partial~ and full-span leading-edge slats and Kruegerwtype
nose flaps,

Resulte of this investigation showed that a very
significant gain in maximum 1ift could be achieved through use
of the proper leading-edge device., The maximum 1if%t coefti—
cient of the model vith split flaps and the original ‘partial-
span straight slats was only l.2; whereas a value of approxi-
mately 1.8 was obtained by droopinw the slat and extending
it full span. Improvement in maximum 1ift of approximately
the same amount resulted when a full-span nose flap was
substituted for the oriwinal partial-span slat. -

INTRODUOTION

The Republic XP~91 airplane is a jet-and rocket—powered
interceptor fighter ed
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wings. Owing to this unloue wing plan form on which little
data at present are available, the Air Meteriel Command, U.S.
Air Force, requested that teqts of a full-scale model of the
XP-91 be conducted in the Ames 4O- by 80-<foot wind tunnel to
determine its general aerodynamic characteristics.

Presented herein ere the lomitudinal- and lateral-
stability characteristics of the Wing alone and the wing-
fuselage combination, the charecteristics of the alleron,
end the dam11ng~wn—roil characteristics of the wing alone as
measured on a rolling stend. To improve the maximum 1ift of
the wing, several alternate lead1ng~edge euxiliery 1ift devices
were investigated and these results are also reported herein.
With the exception of the maximum 1ift characteristics of the
wing, no anslysis or discussion of thesge data is presented 1in
this reporst.

(‘/)

fBOLS

The results of the tests are presented ag standard NACA
coefficients of forces and moments referred to the stability
axes shown in figure 1, The coefficients and symbols are
deflned as" foilows ‘

CL 1ift coefficient <l_§i>

Cp drag coefficient (i*~g>
Cy  side-force coefficient - (side gOPCG\

‘ - aSe ‘
Cm pitchingsmoment coefficient | LPitohing moment)

a B b aSc
Cn yewing-moment coefficient . /yaW1ngS§oment\
a
Cy rolling-moment coeffictent (IOnNE Moment)
a ,

Cq dam Uing**n rOlltparameter Tote of change of

‘rolli ng~momenu coefflcient with wing-tip helix

{

a v oC
c,_ngle i 677571-? l
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Cny alleron hinge-moment coefficient (}ﬂnggaﬁ:ment

pb/2V  wing-tip helix angle, radians

o angle of attack of wing chord plane and/or fuselage
reference axis, degrees

B angle of sidesllip, degrees

8a aileron deflection, degrees

b wing span measured perpendicular to plane of
symmetry (31.33 ft)

T wing mean aerodynamic chord (1C.59 ft) <3§fb/3 ady)

My, first moment of area aft of aileron hinge line

about hinge line (22.11 £t3)
angular velocity in roll, radians per second
free-stream dynamic pressure, pounds per square footb
Reynolds number

wing area (320 sq ft)

< m W a w

free-stream velocity, feet per second

Model and Edquipment

The full-scale model of the XP-91 used for the tests was
supplied through the Air Materiel Command by the Republic
Aviation Corporation., A three-view drawing of the model
giving pertinent dimensions is presented in figure 2,

The wing plan form is characterized by 37. 5 of sweepback
of the quarter chord® line and a tip-to~root chord ratio of

*Except where noted, all chords and spans used in this report
are parallel and perpendicular to the plane of symmetry,
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1.63 (inverse taper). The basic development of the wing is
about the KO-percent chord line, The wing surface is determined
by two airfoil sections laid out normel to this line and
located 27 and 188 inches, respectively, from the plane of
symmetry, Both sections are the same (maximum thickness of
10 percent at the UO-percent-chord point and a design 1ift
coefficient of 0,17) except forward of the 0,l5-chord point,
Over this section, the ordinates and nose radius of the inboard
section are reduced as shown in the table of ordinates given

in figure 3. The wing surface at any spanwise station from

0 to 163 inches is generated by straight lines connecting the
points of equal chordwise percentage on the two given sections,
At station 163, the tip development begins and from this
station to station 188 the airfoil section is altered to give
the desired tip contour. The wing has zero dihedral and no
twist,

Ailerons on the model were of an internal sealed balance
type. The aileron chord aft of the hinge line was 27 percent
of the wing chord and the balance chord was 30.9 percent of
the aileron chord. (Balance area, after accounting for '
one-half seal area and for cutouts was 30,2 percent of the
aileron area aft of the hinge line,) The left alleron only
was tested and was rigged with an electric actuator, a selsyn
motor indicator, and an electrical resistance-type bending
strain gage for remote control and indication of the deflection
angle and hinge momegt, respectively, The maximum travel for
the alleron was + 18~,

The wing was equipped with two 1ift increasing devices:
split flaps over the inboard section and leading-edge slats
over the outboard section, The flaps were u0~perceng spag and
35, 5=-percent chord and could be deflected to 30°, 4o“, 50°,
and 60°,%2 The slat was originally only U9-percent span end
could be extended forward only in the chord »nlane. However, in
the course of the tests, modifications were made so that
partial- and full-span slats could he tested either in the
straight-out or drooped position. (See fig. 4.} Because the
wing leading edge was fixed over the inboard section of the
wing, the inboard slat had to be mounted ahead of the wing
leading edge, Consequently, for the full-span-slat installa-
tion, the juncture of the inboard and outboard portion was
discontinuous. Also investigated was a full-span Krueger-

BFlap deflection angles were measured in a plane perpendicular
to the flap hinge line,
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type nose flap. The dimensional details of this flép are
shown in figure 4.

The model was so designed that the wing could be tested
alone to determine its static force cheracteristics and its
damping-in-roll characteristics. For the wing-alone force
tests the wing was mounted on a faired sting support boom at

a2 5° incidence, and the boom in turn was attached to the three-
strut support system. A photograph of this installation 1is
shown in figure 5. The force tests of the wing and fuselage
combination were made with the model mounted on the three-
strut support system in the standard menner as shown in the
photograph of figure 6. The incidence of the wing with
reference to the fuselage reference line was 0°.

The investigation of the damping-in-roll characteristics
of the wing was conducted in the tunnel test section with the
wing mounted on the rolling apparatus shown in the photograph
of figure 7. The rolling apparatus congsisted of a support
stand on which was mounted a variable-gspeed electric drive
motor, a geared reducer, and a torque tube set in two roller
beerings with the axis of rotation coincident with the
center line of the tunnel. The angle of incidence of the
wing with respect to the rolling axis could be varied from
-19% " to 29°, A resistance-type tor31on gtrain gage equipped
with slip rings and brushes %installed between the geared
reducer and torque tube) and a recording oscillograph were
used to measure the rolling resistance torque of the wing in
a steady rolil.

TESTS

Force tests were made to determine the static longitudinal
ané~lateral characteristics through an angle-of-attack range
for both wing alone and the wing plus fuselage, each with the
wing clean, with partial-span split flaps, and with various
comblnations of leading-edge devices. The wing-alone investi-
gation also included tests of the left alleron to determine
effectiveness and hinge moments at several angles of sideslip
with the wing clean, with split flaps down, with the outboard
leading-edge straight slats extended, and with flaps and slats
extended.

Tegts were made of the wing in. steady roll teo determine
the damping-in-roll (Czp) characteristics of the wing clean,
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with split flaps deflected, and with flaps and the outboard
straight slats extended. For each configuration, the angle of
incidence of the wing with respect to the axis of roll was
varied from approximately -1° to 29° in 5° increments. For all
tests, the dynamic pressure w§% held constant at 25 pounds per

square foot and the value of §$ varied from about 0.02 to 0.11

by varying the speed of rotation of the wing. The CLpfdata
presented herein are average values for the wing in one complete
rolling cycle as determined from the integrations of the
recorded damping-torque time histories. '

All tests were run at a dynamic pressure of 25 pounds per
square foot which corresgpords to an airspeed of about 100 miles
per hour at standard sea-level conditions and to a test Reynolds
number of 9.3 X 10° based on the mean aerodynamic chord of 10.59
feet, .

CORRECTIONS

No support-strut tares have been applied to either the
wing alone or wing-fuselage-combination data. The tares for
the gupport struts (configuration used in the tests of the
wing-fuselage combination) are known to be relatively small
with the exception of the drag tare (ACp is of the order of
0.0030 at zero 1lift).

. To evaluate the sting-support boom tares for the wing-
alone tests, static pressure measurements over the boom were
made. All forces and moments except for drag have been
corrected for these tares. The drag tare of the boom, although
probably quite large, could not be measured readily owing to
the difficulty of supporting the wing in the presence of the
boom but not attached to it. Since the drag tares of the boom
and support struts are known to be appreciable (ACp = 0.0180),
the absolute values of the drag data, as presented herein for
the wing alone, have 1ittle significance other than to show
the effect of various configuration changes.

Corrections for air-stream inclination and tunnel-wall
effects have been applied to all the static force data. Brief
investigations of tunnel-wall corrections for swept wings have
indicated that corrections for boundary effects are determined
primerily by the spans and areas of models and are not greatly
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affected by sweep. Hence, the following standard corrections
for unswept wings have been applied to the angle of attack and
drag coefficient data:

P
Q
i

0.706 Cy,
0,012 C1?

D

a
o

i

For the dynamic rolling tests of the wing, a correction
was investigated involving the influence of the tunnel walls
on the measured damping in roll: AS an approximation,
interference effects were determined for two positions of the
wing (horizontal and vertical), it being assumed in both
cases that the test section was rectangular and that the
static induction effects of the wing at rest closely ‘
approximated those of a wing in steady roll. The computations
showed that the measured damping moments were 1 percent low
for the wing in the horizontal position and 7 percent high for
the wing in the vertical poeition. Since in these tests
average rolling-moment data were obtained for a complete
cycle in roll, the over-all effect of this wall interference
was of the order of 3 percent which has been neglected in the
data reported herein. ‘

RESULTS AND DISCUESEION

The results of this investigation of the wing alone and
the wing-fuselage combination are presented in figures &
through 37 as outlined in table I. In figures & to 14 are
shown the general longitudinal characteristics of the model,
and in figures 15 to 20 are given the aerodynamic charac-
teristics of the model in sideslip. Data showing the
effectiveness of the aileron are presented in figures 21 to
36, and in figure 37 are shown the results of tests of the
damping in roll of the wing at several values of 1ift
coefficient. All forces and moments are referred to the
stability axes originating at a center-of-gravity position
located on the wing-chord plane and at the 25-percent mean
aerodynamic chord for the wing-alone tesgts and at the 18&-
percent M.A.C. for the wing plus fuselage tests. All angle-
of-attack measurements refer to the wing-chord plane and/or
to the fuselage reference axis since the incidence of the
wing to fuselage was 0°.
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Ewrly in the 1nVestigatlon of the wing, it was found that
the straight slat (outboard only) was relatively ineffective
in increasing CLp,yx. (See fig. 11l,) In an effort to improve
CLmax, @& slat was added to the inboard section of the wing
and provisions made to test either or both the inboard and
outboard slats in the straight or a drooped position. As a
pogsible alternate for the slat, a full-span Krueger-type
nose flap was also provided. Details of these leading-edge
devices are given in figure !, and the characteristics of the
model ecuipped with split flaps and various leading-edge
configurations are presented in figures 10 through 13. To
facilitate comparison, the 1ift curves near stall. for these
configuratlions are reproduced in figure 38 and the approximate
values of the usable CLpax (fleps NO% are summarized in the
following table:

Leading edge - MCLmaX
Outboerd Inboard (epprox.)
Plsain Flain 1.1
Streight

slat Plain 1.2
Plain Streight
: o gslat
Stﬂalght 4. Straight . :
. slat . slat - 1.2
Droop
- slat Plain 1.2
Plain . . - Droop :
"Droop | Droop
© slat - 8let 1.8
Droop - ~ Droop
Sl@ t Sls,t lc 7
(sealed)
Nose flap Nose flap 1.7

For the optimum® stresight slat p031t*on (0.05 M.A.C.),

3The optimum straight slat position was based on the most favor-
able drag characteristics since further extension of the slat
showed negligible increases in 1ift,
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either partiasl or full span, an increment in maximum 1if¢
coefficient of only about 0.1 was obteinsble, However, by
rotating these same slats down to a drooped position it wes
found that, although no significant improvement in CLpgx
resulted from the individual installation of elther the
outboard or inboard partial-span slat in the drooped »osition,
an increase in CLpgx Of 0.7 was obtainable with the full-span
drooped slat, Likewise, the full-span Krueger-type nose

flap caused o similer improvement in Crp,y Of about 0.6.

This impressive improvement in the maximum 1ift characteristics
of the wing leads to the following generalizations: First,
the upwash induced at the wing tips by sweepbazck is apparently
reduced to such an extent by the inverse taper (as would be
predicted by the theoretical results of reference 1) that a
uniform spanwise distribution of section 1ift coefficient
results which causes separation to occur simultaneously over
the entire spon. Thus, to effectively delay this separation,
any corrective measure must be applied to the full span; and
second, the relatively sherp lesding-edge radius (about 0,6~
percent chord) of the wing promotes laminar separation at the
leading edge which can be controlled to a large extent by an
increase in camber of the leading edre such as was effected
by either the drooped slat or the nose flap. The ineffective-
ness of the fullespan streight slat wes apparently due to
geparation at the nose of the slat, hen in the drooped
position, the glat was acting primerily ss a camber-changing
device relieving laminar separation and not as a true slat
energizing the boundery-layer air to relieve turbulent
separation. Evidence substantiating this is given in the

- results of the tests of the wing with the full-span drooped
slats where closing of the slot behind the outboard slat
caused little effect on the value of Cprp,y.

Ames Aeronsuticel Leboratory,
National Advisory Committee for Aerconautics,
Moffett Field, Calif,

REFERENCE
1. DeYoung, John: Theoretical Additional Span Loading

Characteristics of Wings With Arbitrary Sweep, Asrect
Ratio, and Taper Ratio. NACA TN No. 1491, 1947,




TABLE I.- INDEX TO THE BASIC DATA FIGURES

General configuration Variable Fig. No.

Longitudinal characteristics

Plain Wing Fuselage g
Wing a.lone Flap angle 9
Wing + flaps | Fuselage 10
Wing alone % flaps Straight slats 11
Wing-fuselage + flaps Drooped slats 12
Wing-fuselage + flaps Full-span L.E.

devices 13

Wing-fuselage +
F.S. drooped slats Flap angle 14

Lateral-stability characteristics

Wing alone, plain B 15
Wing alone + flaps B 16
Wing alone + straipght slats B 17
Wing alene + straight slats

+ flaps ) B 18
Wing-fuselage, plain B 19

Wing-fuselage + F.S. drooped
slats + flaps B 20

Aileron characteristice

Wing alone, plain 8a, 21

Wing alone + flaps o 22
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TABLE I.- CONTINUED
General configuration Variable Fig. No.
Aileron Characteristics (Cont.)
Wing alone + straight slats da 23
Wing alone + straight slats da 2l
+ flaps
Wing alone, plain - g = 0.1° o 25
Do. g = 5.2° a 26
Do. B = &.6° « 27
- DO. ﬁ = __L’_.go a 28
DO. B = "'7090 a 29
Wing alone+ flaps - 8 = 0° o 30
Wing alone + straight slats -
B = 0.1° a 31
Wing alone + straight slats -
B = 5.2° o 32
Wing along + gtraight slats -
Wing alone + straigh®t slats -
E = —u—.zo a 324-
Wing alone + straight slats -
g = -7.9° a 35
Wing alone + straight slats
+ flaps - § = 0° a 36
Damping-in-roll characteristics
Wing alone Flaps and straight
slats 37
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FNTIAL

FIGURE LEGENDS

Figure 1.~ BSign convention for the standard NACA coefficients,
All forces, moments, angles, and control surface deflections
are shown as positive.

Figure 2.~ Three-view drawing of the Republic XP-91 full=szale
model with tail removed.

Figure 3.- Details of the Republic XP-91 inverse taper wing,

Figure 4,— The forms of the leading~edge auxiliary lift devices
investigated. :

Figure 5.~ The plain wing mounted on the support boom in the
Ames 4O~ by Z0-foot wind tunnel.

Figure 6,- The wing-fuselage installation in the Ames L4O- by
80-foot wind tunnel; partial-span drooped slats and split
flaps extended.

Figure 7.~ View of the installation of the plain wing mounted
on the rolling wing stand in the Ames 40- by 80-foot wind
tunnel,

Figure 8.~ Aerodynemic characteristics of the wing and Wing-
fuselage combination. Plain wing.

Figure 9.~ Effect of deflection of split flaps on the aerodyw
namic characteristics of the wing alone.

Figure 10.~ Aerodynamic characteristics of the wing and wing-
fuselage combination. Flaps, LO°, '

Figure 1ll.- Effect of various outboard straight leading~edge
slat positions on the serodynamic characteristics of the
wing alone, Flaps, 40°,

Figure 12,- Effect of various drooped leading-edge slats on
the aerodgnamic characteristics of the wing-fuselage model,
Flaps, 40°,

Figure 13.,- Comparison of the aerodynamic characteristics of
the wing-fuselage model with inboard and full-span straight
slats extented 0.05 M.A.C., and full-span nose flaps. Split
flaps, LO°,
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Pigure 14.- Effect on the aerodynamic characteristics of the
wing~-fuselage combination of deflecting trailing-edge split
flaps, Full-span drooped slats.

Figure 15.,- Effect of sideslip on the aerodynamic characteristics
of the wing alone. Plain wing. (a) Cp, o, Cp vs Cp.

Figure 15.- Concluded. (b) Cy, C,, Cy vs Cp.

Figure 16.- Effect of sideslip on the aerodynamic characteristics
of the wing alone, Flaps, 40°. (a) Cp, a, Cp vs Cr.

Figure 16.- Concluded. (b) Cy, Cp, C1 vs Cr.

Figure 17.- Effect of sideslip on the aserodynamic characteristics
of the wing alone. Outboard straight slats extended., 0,05
M.A.C. (a) Cp, a, Cp vs Cr.

Figure 17.- Concluded. (b) Cy, Cp, O3 vs Cr.

Figure 18.- Effect of gideslip on the aerodynamic characteristics
of the wing alone, Flaps, 40°, outboard straight slats
extended 0,05 M,A,C. (a) Cp, @, Cp vs Cp.

Figure 18.- Concluded. (b} Cy, C,, Cy ve Cp.

Figure 19.- Aerodynamic characteristics of the wing-fuselage
combination in sideslip, Plain wing. (a) Cp, a, Cy vs CL.

Figure 19.- Concluded. (b) Cy, C,, C1 vs Cp.

Figure 20.- Aerodynamic characteristics of the wing-fuselage
combination in sideslip., Split flaps, U0°, full-span
leading-edge drooped slats extended, ' (a) Cp, a, Cp vs Cp,

Figure 20.- Concluded. (b) Cy, Cp, Cy vs Cr.

Figure 21.~ Effect of aileron deflection on the aerodynamic
characteristics in pitch of the Republic XP-91 wing alone,
Plain wing. (a) a, Cp, Cp vs Cr.

Figure 21.- Concluded. (b) Cy, Ch, vs CL.

Figure 22.- Effect of aileron deflection on the aerodynamic
characteristics in pitch of the Republic XP-91 wing alone,
Flaps, 40°. (a) a, Cy, Cn vs Cr.

Figure 22.- Concluded. (b) Cy, Ch, vs CL.
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Figure 23.~ Effect of aileron deflection on the aerodynamic
characteristics in pitch of the Republic XP-91 wing alone.
Outboard straight slats extended 0.05 M.A.C.

(a) a, Cy, O Vs Cp.

Figure 23,~ Concluded. (b) Cy, Cn, vs Cr.

Figure 24,- Effect of aileron deflection on the aerodynamic
characteristics in pitch of the Republic XP-91 wing alone,
Flaps, L40°, outboard straight slats extended 0.05 M.A.C.
(a) a, Cp, Cp vs Cr.

Figure 2l.- Concluded. (b} Cy, Cp, vs Cp.

igure 25.- Aileron characteristics on the Republic XP-3Jl
wing. Plain wing; B, 0,1°. (a) Cy and Cp, Ve 84.

Figure 25.- Concluded. (b) Cp and Cp vs §,.

Figure 26,- Effect of aileron deflection on the aerodynamic
characteristics of the Republic XP~91l wing. Plain wing;
B, 5.2°% (a) Cy, Cn, ve 84. ‘

Figure 26.- Concluded. (b) Cp, Cp Vs 8g.

Figure 27.- Effect of aileron deflection on the aerodynemic
characteristics of the Repbulic XP~91 wing. Plain wing,
B, 8.6° (a) O, Ch, VS 8a.

Figure 27.~ Concluded. (b) Cp, Cp Ve 8g.

Figure 28,~ Effect of aileron deflection on the aerodynamic
characteristics of the Republic XP-91 wing. Plain wing;
B, -4.3% (a) C1, Cp, Vs 8a.

Figure 28&,- Concluded. (b) Cp, Cp ve 84.

Pigure 29.,~ Effect of aileron deflection on the aerodynamic
charactgristics of Republic XP-9l wing. Plain wing;
5, "7'9 L4 (a) GL, Gha Vs 53_»

Figure 29.- Concluded, (b) Cp, Oy Vs 84.

Figure 30.- Effect of alleron deflection on the aerodynamic
char%cteristics of the Republic XP-91 wing. Flaps, LOC;
g, 0°. (a) O, Cp, VS B4.

Figure 30,=- Concluded. (b) Cp, Cn Ve 84.
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Figure 31,- Effect of aileron deflection on the aerodynamic
characteristics of the Republic XP-91 wing. Outboard
straight slats extended 0,05 M,A.C.; B, 0.1°.

(a) Cy and Cp, vs 84,

Figure 31l,- Concluded. (b) Cp and Cp vs 8,.

Figure 32.- Effect of aileron deflection on the aerodynamic
characteristics of the Republic XP-91 wing. Outboard
straight slats extended 0.05 M.A.C.; B, 5.2°,

(a) C'L, Ch Vs Bac .
a

Figure 32,- Concluded, (b) Cp, Cp vs 84

Figure 33.-~ Effect of alleron deflection on the aerodynamic
characteristics of the Republic XP~9l wing., Outboard
straight slats extended 0.05 M,A.C.; B, &.6°.

(a) Cq, Cp, V8 8g

Figure 33.- Concluded, (b) Cp, Cp vs 84

Figure 3U,- Effect of asileron deflection on the aerodynamic
characteristics of the Republic XP=91 wing. _Outboard
straight slats extended 0.05 M,A.C.; B, ~E.5°.

(a) C‘L, Cha vs 88,‘

Figure 3U4,- Concluded., (b) Cn, Cpm ve 8a.

Figure 25,- Effect of aileron deflection on the aerodynamic
characteristics of the Republic XP-~91 wing. Outboard
straight slats extended 0,05 M.A.C.; B, -7.9°.

(a) CL, Cha, Vs aa.

Figure 35,- Concluded, (b) Cp, Cp ve 84,

Figure 36,- Effect of aileron deflection on the aerodynamic
characteristics of the Republic XP-91l wing, Flaps 40°;
outboard straight slats extended 0,05 lM,A.C.; B, 0°.

(a) C1, On, vs 84.

Figure 36.- Concluded. (b) Cn, Cp vs §,.

Figure 37,- Damping-in-roll parameter variation with 1ift coef-
ficlent for the wing plain, with fleps, and with flaps and
outboard straight slats extended 0,05 M,A.C. v

Figure 38,- Comparison of the maximum trimmed-lift coefficients
for the model with and without various leading-edge high-
1lift devices. Flaps, 40O,
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Figure [~ Sign convention for the sfandard NACA
coefficients. All forces, moments, angles, and
control surface deffections are shown as positive.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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Figure 5.— The plain wing mounted on the support boom in the Ames 40— by 80—foot
wind tunnel.




 Figure 6.~ The ving-fuselage installation in the Ames 40— by 80-Foot wind
tunnel; partial-span drooped slats and split flaps extended.
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Figure 7.— View of the installation of the plain wing mounted on the rolling wing stand in the Ames
Lo~ by 80~Ffoot wind tunn
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