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NATTONAL ADVISORY COMMITTIEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECTS OF A FUSELAGE ON THE AERODYNAMIC CHARACTERISTICS OF
A 420 SWEPTBACK WING AT REYNOLDS NUMBERS TO 8,000,000

By Reino J. Salmi, D. Willlam Conner,
znd Robert R. Graham

SUMMARY

The effects of a fuselage on the low-speed aerodynamic charac-
terlistics of a sweptback wing were investigated in the Langley
1g-foot pressure tunnel. Tests wers made in plich at Reynolds
numbers of 3,040,000 and 8,090 000 and in yaw at Reynolds numbers
of 1,720,000 and 5,300,000. The wing had an aspect ratio of &,
'ba.per ratio of 0.625 s ﬁ-2° sweepback at the leading edge, and
NACA 6ky-112 airfoil sections normsl to the 0.273 chord line. A
representative fuselage of circular cross section was tested with
the wing mounted in the high-wing, low-wing, end midwing positions.
Tests wore made without flaps end with 18.k-percent-chord split flaps

extending from 12.3 to 50 percent of the semispan.

The presence of the fuselage had negligible effect on the
values of maximuvm 1ift coefficlent and the slope of the 11ft curve.
The fuselage caused e destgbilizing shift in the rate of change of
pitching moment with 1ift. This effect remained fairly constant
regardless of the vertical posltion of the wing on the fuselage
except in the high 1lift range for the flaps-off conditlon at a
Reynolds number of 8,090,000, at which the effects caused by the high-
. wing and nidwing fuselage combinations increased repidly with 1irft.

The fuselage effects on the drag characterlstics were small,
and the vertical position of the wing had little effect except with -
the flaps on. The fuselage added increments to the effective
dihedral and directional stability parameters Oy ¥ and Cn\F vhich

were of the same magnltude as those observed for wings having little
or no sweep. When the Reynolds number was reduced from 5,300,000

to 1,720,000, these increments in C,;, hed unsystematlic veriations
at moderate and high 1lifts. L :

UNCLASSIFIED
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INTRODUCTTON

The use of sweptback wings as a means of reducing compressi-
bility effects in flight at high subsonic and supersonic speeds,
has preser.ted problems in obtalning adeqguate stability and control
at low speeds and high lifts for eny such aircraft. Simple theory
and wind-tunnel teate have shown that wings with high angles of
sweepback mey become longitudinally unstable at the stall and may
also have undesirably large positive dihedral effects in the high
1lift rangs.

Conslderable data 1s aveilable on the effects of interference
dvue to design components such as fuselages and nacelles, on the
longitudinal and latersl stebility characteristics of unswept wings,
but little date 1s available on the effects of any such additional
bodies on the aerodynamic characteristics of wings with high angles
of sweepbeck. Accordingly, tests were conducted to determine the
aerodynsmic characteristics of a 42° sweptback wing mowunted on a
fuselage at. high-wing, low-wing, and midwing positions. The tests
wore made with and without split flaps at Reynolds numbers of
3,040,000 and 8,090,000 for tests in pitch and of 1,720,000 and
5,300,000 for tests in yaw. These data are presented together with
corresponding wing slone data from reference 1.

" COEFFICIENTS AND SYMBOLS

. The_da%a are referred to a system of axes shown in figure 1.
Moments ars referred to the quarter-chord point of the mean sero-
dynemic chord and all uoefficients sre based on the area of the
basic wing. _ :

Cp. 1ift coefficient (Lift/qs)_

Cp drag coefficient (D/qS)

Cy longitudinal:force costfiotent (X/qS). .
Cy 1ateral force coefficient (Y/qs)

Cq ‘rollingrmoment coefficient (L/dSb)

C,  pitching-moment coefficient (M/qsg)

Cn, yawing-moment coefficient (N/qSb)
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R " Reynolds number (pVe/u)

M, free-stream Mach number (V/a)

& engle of attack mesasured in plene of symmetry, degrees

¥ angle of yaw, posltive when right wing is dbeck, d.egrees

N'C-; rete of change of rolling-moment coefficient with angle
¥ of yaw, per degree (dCy/S¥

cnq; rate of change of yawing-moment coefficient with angle

of yaw, per degres (3Ca/dv)

Cy.. rate of change of lateral—force coefficlent with angls

¥ of yaw, per degree (3Cy/dy)

4C3 ¥ increment in C; v

. dCp /30, rate of change of pitching-moment coefficient with 1ift
coefficlient

Lift = -Z

drag = -X at zero yaw
longitudinel force
lateral force
vertical force
pitching momeﬁt
rolling moment
yawing mbmeﬁt

wing ares

wing span

O W o2 K R N <K HN Y.

mean gerodynamic chord measured parallel to plahe of

b
symmetry (—é/(;g c2 dy)

ai
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c Jocal chord, pesrallel to plane of symmetry
¥y gpanwise coordinate | .

q free-streem dynamic pressure (%ﬁ?%)

v freo-streanm velocity

o mags density of elr

i coefficient of viscosity

a veloclity of sound

APPARATUS AND TESTS

Model

The wing end fuselage (fig. 2) were constructed of laminated
mahogeny, laccuered and sanded to an aorodynamically smooth finish.
The wing has a sweepback angle of 42,05° along the leading edge and
has NACA 647-112 sections normal to the 0.273 chord line. The
6.273 chord line of the swept wing, is the querter-chord line of a
straight wing penel which has been rotated LO® about the quarter-
chord point of the root chord. The aspect ratio is h, taper ratio,
0.625, and the tips are rounded in plan form and cross section
beginning at 97.5 percent of the semispan. There is no geomstric
dihedral or twist.

The fuselage 1 circular in croes section and tapers to a point
st each end. The maximum diameter, which 1s constent at the wing
intersection, 1s equal to 40 percent of the wing chord (measured at
the plane of symmetry), and the fineness ratio is 10.2. The center
portion of the fuselage has removable blocks to psrmit the mownting
of the wing at high-wing, low-wing, and midwing positions with
20 incidence between the wing chord plane and the fuselage center
line. No fillets were used at the wing-fuselage Juncture for any
wing position.

The spllit flapa were fabricated of sheet steel and extended
from 12.3 to 50 percent of the wing semlspen. The center gap was
malntained to facilitate flap deflection. The flap chord is 18.4 per-
cent of the local wing chord. -The flap deflection measured from ‘the

lowggosurface of the wing and in & plans noxrmal to the hinge line
is .
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_ Testa

The model was tested in the Langley 19-foot pressure tunnel
and was mounted on a two-support system for the pitch testis
gfigs. 3(a) and 3(b)}) and on a single support for the yaw tests
fig. 3{c)} s In the low-wing fuselaege combination the top of the
" yaw support wag shielded by the same falring used for the wing alone

tosts (reported in reference 1l). The pitch tests were made at )

Reynolds number values of 3,080,000 (M, = 0,769} and 8,090,000
(Mg = 0.190)« The tests were mede with and without split flaps.
Stall characteristics were studled by means of wool tufts attached
to the upper surface of the wing begimning at 20 percent of the wing
chord, The lateral-stebility perameters were obtalned Prom teste
through an angle-of-attack range of yaw angles of 00 and 159, at
Reynolds. number values of 1,720,000 (M, = 0.10} and 5,300,000
(Mg = 0.12). Tests through a yaw range of -10° to 25C angle of yaw
vere made with flaps off at 15° angle of attack and with fleps on
at 14.2° engle of attack at s Reynolds number of 5,300,000.

. - . CORRECTIONS TO DATA

The seme corrections, applied to the fuselage-off data of
reference 1 and discussed therein, have been applied to the fuselage-on
data, These corrections sccount for model support and inteference
effects, and for model blocking and jJet-boundary effects. No Jet-
boundary corrections were applied to the rolling-moment, yawlng-moment,
and lateral-force coefficients. : '

RESULTS AND DISCUSSION

Aerodynamic Charscteristics in Pitch

The 1lift, drag, and piliching-moment characteristics of the wing
mounted on a fuselage at the high-wing, low-wing, and midwing
positions and of the wing alone, with and without flaps, are
presented in figures 4 to 7. The variation of d.cm/dCI, with 1ift
coefficient 1is shown in figure 8.

1iPt and stelling characteristics.- Flgures 4(e) and 5(a) show
that at a Reynolds number of 5,090,000 the presence of the fusslage
hed very little effect on the maximum 1ift coefficient and the slope
of the 1iPt curve. The Reoynolds number of the data for the wing
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alone with flaps on is 6,080,000, but the tests of reference 1 show
that in the range of Reynolds mumbers from 6,080,000 to 8,090,000
there ie negligible scalo effect on the ssrodynamic cheracteristics
of the wing. Figure 6(a) shows that at a Reynolds number of
3,040,000 the fuselage effects were also negligible. No data were
obtalined at the lower Reynolds number for the wing alone with flaps
on. Visual observations of wool tufts attached to the upper surface
of the wing showed that the presence of the fuselage had no effects
on the stalling characteristics of the wing except for a small rough
erea at the wing-fuselage jJuncture of the low-wing combination. The
fuselage effects may differ considerably when the alr flow over the
wing is changed by devices such as leading-edge flaps.

Pitching-moment characteristics.- Figures 4(a) and 5(a) show
thet at a Reynolds number of 8,090,000 and at a Cp, of 0.l the
presence of the fuselage dlsplaced the pitching-moment curves of the
wing by increments in Cp varying from -0.006 to -0.013 with flape
off end -0.021 to -0.027 with flaps on for the high-wing to low-
wing fuselage combination, respectively.. Figure 8 shows that the
fuselage produced a positive change in 4Cy/dCy, of about 0.02 with

Plaps off and 0.03 with flaps on at a Reynolds number of 8,090,000
except in the range of 1l1ft coefficients above 0.3 for the flaps

off condition, where the midwing end high-wing fuselege combinations
caused rapidly increasing values of 4Cp/dCr, with Cp. The pitching~
moment curves of figures 6 and 7 show that the increments in d.cm/d.CL
at a Reynolds number of 3,040,000 were of approximately the same
magnitude as those in the low 1ift range at the higher Reynolds number,

Drag characteristica.- The results indicate that the effects
of fuselage position on the drag characteristics are small for the
wing without flaps but are appreciable when the aplit flaps are on.
The drag of the plain wing without flaps was increased about 0.00k0
throughout the 1lift range for all wing-fuselage combinations. With
flape on the Increment in drag due to the fuselage in the low-wing
combination was zbout the same as with flaps off, but in the midwing
condbination it was zero and In the high-wing combination it was
negative. There was no appreclable scale sffect on the increments
in drag.

Aerocdynamic Characteristics in Yaw

The lateral-etabllity parameters C-l,w, Cn* , &and CY* are

pregented 1n figures § and 10 as functions of 1ift coefficient for
the three wing-fuselage combinstions and the wing alone, with and
without split flaps. Increments in Cl\y due to changes In the
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vertical location of the fuselage are given in figure 1l. The
aerodynamic characteristics through a yaw range et a constant angle
of attack near meximum 1ift are presented in figures 12 and 13.

Effective-dihedral perametsr.- Figure 11l shows that at &
Reynolds number of 5,300,000 and wlth the flaps off, the presence
of the fuselzge in the midwing combination caused no change in the
effective-dlhedral parmster cw at zero 1ift, but that the high-

wing and low-wing posltions added increments in G4 ¥ equal to
0.00065 and -0.00065, vespectively. The increments in Cz‘{! due to

the fuselage decreased linesrly with increesing 1lift coefficient up
to values of 1ift coefficient of sbout 0.7. With the flaps on, the
high-wing and low-wing positions produced almost constant increments
in C?.ﬂ, through the 1ift range, equal to about 0.00050 and -0.00030,

respectively, end the midwing position hed no effect.

The increments in Czw produced by the various wing positions,

tend to become irreguler in the high 1lift range due to the unsteady
conditions associated with initisl separetion over the wing tips. A
comparison of this dste with corresponding datas from reference 2
shows that the increments in CZ‘I’ produced by the fuselage for

various vertical locations of the 420 sweptback wing are approximately
of the same order as have been measured on wings having lititle or
nO SWeep.

Reducing the Reynolds number from 5,300,000 to 1;720,000 caused
the Incremsnts in 07"5 to be shifted iIn & poeitive dlrection at low

1ifts with flaps off, for the high-wing snd low-wing combinations,
but 41d not effect ACZ‘F at zero 1lift for the midwing combination.

With flaps on, the high-winz and low-wing positions hed values of
qu, approxlmately equal to those at the higher Reynolds number,.

vhereas the mldwing position hed a more negative value. All combina-
tione showed vnsystematic variation of ACzq, at moderate and high

lifts,.

Figures 9 and 10 show that the scale effect on C-z* with the

fuselage on is the same as was noted in reference 1, in that reducing
the Reynolde number from 5,300.000 to 1,720,000 consid.erably reduced.
the linesr rarngs of the variation of C-qp, wi'bh Cy,»

Directional-siahilily parsmaters.~ The effect of the fuselage
on directional-stability paremeter C of the wing alone is

n\l,
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indicated by the almost constant unstadble increment through the 1ift
range as shown in figures 9 snd 10. Varying the vertical location
of the wing had little effect on the magnitude of the increment in
Cn*, slthough: 1t may be observed that the midwiag position caused

the smallest increment in Crys» with end without flaps. There was
no Reynolds mumber effeot on the increment in Cn¢ in the renge of

11£t coefficient up to the beginning of the wing stall.

Characteristics through a yaw range.~- The testa at high angles
of atteck through en extended yaw renge (figs. 12 and 13) reveal that
the fuselage interference effects at small yaw angles continued with
little ¢hange to the highest angle of yaw tested. The reversals
in Cp at high angles of yaw that appeared in the wing-alone tests

of reference 1 were also evident with the fuselage on. The fuselage
effected a constant positive increment in GYW vhich had & maximm

value of 0.0025 for the wing in the midposition.

SUMMARY OF RESULTS

The principal results from an 1hvestisation of the effects of
a fuselage on a. U2 gweptback wing are as follows:

1. The presence of the fuselage had negligible effect on the
valuee of meximum 1ift coefficient and the slope of the lift curve.

2. The fuselage caused a destebilizing shift in the rate of
change of pitching moment with 1ift. This effect remained fairly
constant regardless of the vertical position of the wing on the

selage except for the flaps-off condition at e Reynolds number of
,090,000, at which the effects caused by the high-wing end
midwing fuselage combinationa increased rapidly with 1lift.

3. The effects of fuselage position on the drag characteristics
wvere small for the wing without flape but wers appreciasble when the
split flaps were on.

L, The fuselags added increments to the effective-dihedral
end directional-stability parameters C;v and cnt which we»e of

the same magn!tude as observed for wings having little or no sweep.
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5. When the Reynolds number wes reduced from 5,300,000 to
1,720,000, the increments in CZ‘# had unsystematic veriations at
modsrate and high liftas.

Langley Memorisl Aeronsutical Laboratory

Netional Adviscory Committee for Aercnautics
Langley Fleld, Va.
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Figure 2.- Geometry of 42° sweptback wing and fuselage. Aspect
ratio = 4.01; taper ratio = 0.625; area = 4643 sq in.; € = 34.7 in.
No dihedral or twist. (All dimensions in inches.)




(a) High-wing fuselage combination on pitch supports,

Figure 3.~ The 42° sweptback wing and fuselage mounted for testing in the Langley 19~foot
pressure tunnel,
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(b) Pitch support details,

Figure 3.- Continued.



(¢) Low=-wing fuselage combination on yaw support,

Figure 3.~ Concluded,
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NACA RM No, L7E13
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Figure 8.- Varimtion of dCp,/dC

with C

for a }j2°0 sweptback
and mounted at three vertical positions on a fuselage. K = 8,090,000,

wing alone



Fig. 9a NACA RM No, L7E13
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(2) R = 5,300,000.

Flgure 9.- Varlation of Cy,, Cpy , 8nd CY,p with Cp for a L2° sweptback
wing alone and mounted ag'thre vertical’positions on r fuselage. Flepa
off.
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Fig. 9b

NACA RM No, L7E13
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Fig. 10a NACA RM No. L7E13
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1 {a) R = 5,300,000. ’ ’ il

}" Figure 10.- Varlation of C . , and with Cp for e L2° sweptback
k¥ Oy, L
wing alone and mounteé at’ three'vertlcal positions on s fuselege. Flaps
on.




NACA RM No, L7E13 Fig. 10b
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Fig. 11
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Figure 1l.- Effects of a fuselage on Cg
vertical positions of the wing.



NACA RM No, L7E13 ' Fig. 122
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Plgure 12.- Aerodynanic cherscterlstics In yew of a 29 sweptback wing slone
angé nounted at three vertical positions on a fuselage. Flaps off;
¢ = 15.2%; R = 5,300,000.




Fig. 12b
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Aerodynazlc characteristics in yew of a Li2° swsptbeck wing
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R = 5,300,000,
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Fig. 13b
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