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WIND-TUNNEL INVESTIGATION OF THE T
AFRODYNAMIC CHARACTERISTICS IN PITCH AND SIDESLIP AT HIGH

SUBSONIC SPEEDS OF A WING-FUSELAGE COMBINATION HAVING A
TRIANGULAR WING OF ASPECT RATIO L

By Peul G. Fournier
SUMMARY

The results presented in the present paper are part of a program
conducted to investligate the effect of wing plan form on the aerodynamic
characteristics in pitch, in sideslip, and during steady roll. This
paper presents the aerodynamic characteristles in pitch and sideslip at
high subsonic speeds of a wing-fuselage combination having a triangular
wing of aspect ratio 4, a leading-edge sweep angle of 459, and with an
NACA 65A006 airfoil section parallel to the plane of symmetry. The range
of Mach number was from 0.40 to 0.95 at a range of Reynolds number from

2.k x 10° to 3.9 x 1°.

The results indicate that the effective-dihedral parameter CZBC
L

determined st low 1lift coefficients for the wing-fuselage combination is
considerably higher than would be expected from avalleble methods -
particularly in the range of Mach number from 0.75 to 0.92.

The wing-fuselage combination wae longitudinally unsteble at 1ift
coefficients from approximately 0.50 to 0.70 and at Mach numbers from
0.40 to 0.80. At Mach numbers above 0.80, the high-1ift stebility
eppeared to improve.

INTRODUCTION

A systematic research program is being conducted in the Langley
high~speed T7- by 10-foot wind tunnel to determine the aerodynamic char-
acteristies of various model configurations in pitch, in sideslip, and
during steady roll up to a Mach number of sbout 0.95.

The date presented in this paper were obtelned from tests of a
wing~fuselage combination having a triangular wing of aspect ratio It with

leading-edge sweep angle of 45° an NACA 654006 airfoil section par-
allel to the plane of symmetry. 4 sideslip date for the
W
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fuselage alone are presented in references 1 and 2, respectively. The
range of Reynolds number for the sting-supported model tested varied

from 2.4 X 106 to 3.9 X 106. 1In order to expedlte the issuance of the

results, only a limited analysis of some of the more sfgnificant char-
acteristics is presented.

COEFFICIENTS AND SYMBOLS -

The stability system of axes used for the presentation of the data
together with en indication of the positive forces, moments, and angles
are presented in figure 1. All moments are referred to the quarter-
chord point of the wing mean aerodynamic chord.

Cr, 1ift coefficient, Lift/qS
Cp drag coefficient, Drag/qS
C pitching-moment coefficient, Pitching moment/qSG
Cy rolling-moment coefficient, Rolling moment/qu
Cn yewing-moment coefficient, Yawing moment/qu
Cy lateral-force coefficient, Lateral force/qS
&Cp drag due to 1lift, Cp - CDCL=O
ACDbp base pressure~drag coefficlent - _
CDCL=O drag at zero 1lift _ :' _ —— _ -
L/D 1ift-drag ratio, CL/Cp =
a dynamic pressure, pV2/2, Ib/sq ft
p mess density of air, slugs/cu ft
\' free-gtream velocity, fps -
M Mach number
L it
o ARt TR T
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R Reynolds nunber, pVE/u

absolute viscosity of air, slugs/ft-sec

A aspect ratio, b2/S
5] wing area, sq ft o
b span, ft
c local chord, ft
b/2
c mean aerodynamic chord, %\/ﬁ c2dy, £t
O . -
y spanwise station, ft
o angle of attack; deg ——
B angle of sideslip, deg
Cry lift-curve slope per deg, oCr/dx
aCZ
Cy;, = — per 4
L 35 ber deg )
9Cy
= —= per de
ng T 3p T 8
)
Cyﬁ = ggg.per deg
oCy
zBCL = - per deg L

MODEL AND APPARATUS =

The wing-fuselage combination tested is shown in figure 2. The wing,
made of aluminum alloy, had an NACA 654006 airfoil section parallel to the
plane of symmetry and was attached in a midwing position to the aluminum
fuselage. The ordinates of the fuselage are presented in reference 1.

The wing aspect ratlo is 4 and the leading-edge sweep angle is 45°,

“
)
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The model was tested on the sting-type support system shown in fig-
ures 3 and 4. With this support system the model can be remotely oper-
ated through a 28° angle range in the plane of the vertical strut. By
means of couplings in the sting, the model can be rolled through 90° so
that elther angle of attack (fig. 3) or angle of sideslip (fig. 4) can
be the remotely controlled verisble. With the model in a horizontal
position (fig. 3), couplings can be used to support the model at angles
of sideslip of approximately -4° and 4° while the model is tested through
the range of angle of attack. The data were obtained by use of an inter-
nally mounted electrical strain-gege balance.

TEST AND CORRECTIONS

The tests were conducted in the Langley high-speed 7- by 10-foot
wind tunnel through a range of Mach number from 0.40 to 0.95. The size
of the model caused the tunnel to choke at & corrected Mach number of
sbout 0.96. The blocking corrections which were applied to the data were
determined by the velocity-ratio method of reference 3.

Jet-boundary corrections, which were applied to angle of attack,
1lift, and drag, were calculated by the method of reference 4. The correc-
tions to pitching moment, lateral force, yawing moment, and rolling moment
were consldered negligible. ' . -

Sting-support tares were determined, but were found to be negligible
for a wing-fuselage conbination except.for drag. The drag tare results
from the influence of the sting on the external model pressure - particu-
lerly near the rearward end. This tare value amounted to a drag-coefficient
increment of about 0.002 throughout the test ranges of angle of attack
and Mech number and should be added to the drag date presented. The _
correction has not been applied as somé uncertainty exists regarding its
exact magnitude and alsc because the correctlon was obtained after the
results of some investigations (for example, ref. 1) which are related
to the results of the present investigdtion had already been published.
The angle of attack and angle of sideslip have been corrected for the
deflection of the sting-support system and balance under load.

The drag data have been corrected to correspond to a pressure at
the base of the fuselage equal to free-stream static pressure. For this
correction, the base pressure was determined by measuring the pressure
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ingide the fuselage at a point about 9 inches forward of the base. _The
following corrections were added to the measured drag coefficients:

M CDop

0.k0 0.0022
.60 .0022
.80 .0027
.90 .0032
.95 . 0033

No corrections were made for the effects of aerocelastic distorilon.
Experience with other related plen forms indicate that these effects
would be small. The variation with Mach number of the mean test Reynolds
nunber based on the wing mean aserodynamic chord is presented in figure 5.

RESULTS AND DISCUSSION

The results of the present investigation are presented in the fol-
lowing figures: _ B o

Figures
Basic data:
Tongitudinal ¢ ¢ ¢ ¢ v 4 4 4 4 4 e e e e s e e e e e s e e s ... B
Tateral .« ¢« ¢ ¢ o o o o o o o o o o o e o o s s = s o o o 0 o o « T
Summary plots:
Effects of Mach Number . + &« « 4 « 2 2 & o o 2 o o o s « o « + + . 8
Drag due 0 1ift « ¢ v ¢ 4 v v o 6 4 4 4 4 ¢ 4 o e s o s 2 e« . 9
Effective dihedral parameter . . « « ¢« ¢« ¢« & o & o ¢« o« o &« o« o « o 10

The baslc longitudinal and lateral data for the fuselage alone were
previously presented in references 1 and 2, respectively.

The basic pltching-moment characteristics (fig. 6(b)) indicate
longitudinal instaebility of the wing-fuselage cormblnation at a range of
Mach number from 0.40 to 0.80 and at a range of 1ift coefficient from
approximately 0.50 to 0.70. The rearward shift in low-1ift aerodynamic-
center position which beglinsg at about 0.80 Mach number seems to be accom-
panied by a sgomewhat improved high-1lift stebility.

The basic data of figure 7(a) also show that at high 1lift coeffi-
clents the values of CZB are considerably larger at high subsonic Mach

numbers than at low speeds. The effective dihedral parameter CIB

an“l'.!!..'-..-Ill



6 T T, NACA RM 153Glha

determined at low Llift coefficients through the range of Mach number is
presented in figure 10. The experimental values are compared with the
theoretical values computed by the method of reference—S and corrected

for the effects of Mach number by the method of reference 6. The experi-
mental values are considerably higher than the estlimated values, partic-
ularly in the range of Mach number from O0.75 to 0.92. TFor the wing tested,
CZBCL exhibited a rapld reduction in magnitude with Mggh_number gbove

the force-bresk Mach number.

‘Some of the more important stability derivatives are presented in
figure 8. The experimental values of . C1,, show fair agreement with the

wing-alone values calculated by the method of referencé 7. The experi-
mental maximum lift-drag retlo is compared with two theoretical curves.

The upper curve (ref. 8), é CDKA , was obtained from the experimental
d CI0 .

drag at zerc 1ift CDCL_O and the induced drag factor for potential

flow for an elliptical loading . 1/nA and represents the condition of
the resultant force normal to the local relative wind (full leading edge

suction). The lower curve, s, was obtained from the experi-

meatal drag at zero 1lift CDCL:O and the experimentalmlift-curve slope
C1, &nd represents the condition of the resultant force due to angle of

attack normal to the wing chord. . o ;

For the present wing, the experimental values of__(L/D)max lie

between the two theoretical curves up to a Mach nunber of about 0.85,
then approach the curve which 1s based on the assumptibn that the
resultant force is normal to the wing chord. The decrease in experi-
mental values of (L/D) ., sbove a Mach number of 0.85 is due to a

higher drag due to 1ift at the higher Mach nuumbers (fig, 9).
CONCLUSIONS

The results of the present investigation of the aerodynamic char-
acteristics in pitch and sideslip at High subsonic speeds of a wing-
fuselage combination having & triangular wing of aspect ratio 4, a
leading-edge sweep angle of 45°, and with an NACA G5A006 airfoil section
parallel to the plane of symmetry indicate the follow1ng conclusions:

|||
i
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1. The effective-dihedral parameter CIBCL determined at low 1lift

coefficients was found to be considerebly higher than would be expected
from available methods - particularly in the range of Mach number from
0.75 to 0.92.

2. The wing-fuselage combination was longitudinally unsteble at
1ift coefficlents from approximately 0.50 to 0.70 and at Mach numbers

from 0.40 to 0.80. At higher Mach nunbers the high-1ift stabillity
appeared to improve.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsautics,
Langley Field, Va., July 1, 1953.
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\
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Rolling moment

v-_\ k.-

Relative wind

Figure 1.- Stability system of axes showing positive direction of forces,

moments, and angles.



Fuselage
I \\ Length 2100f
Max. diam. o416
\ €4 Position of max. diam.
N 5] (from nose of model] 2.500ff
< 2500 >
¢ TN \ \
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AN \
\L
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[ 1 NN _ _
L /S
- - /

E /' / Wing Geometry
Area 2250sgft
i / / Aspect ratio 4
! 8 / S | Taper ratio 0
§ Span J000ft
| Sweep of leading edge 45°
Mean aerodynamic chord OO0t
h | : | L Root chord - 1500 ff
0 / Dihedral o
Scak, feet Z;gifgcﬁbﬁ paratiel ¢
BT o fuselage ¢ 654006

Figure 2.- Drawing of trianguler wing of aspect ratio k.
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Figare 5.- Model
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L=T79561
Figure k.~ Model installed for tests of variasble angles of sideslip shown
at O angle of atteck.
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Lift coefficient,C,
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Figure 6.- Longitudinal stability characteristics of a wing-fuselage
combination having a triangular wing of aspect ratio h._ Datea are

not corrected for aerocelastic distortion.
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(b) Pitching-moment characteristics.

Figure 6.- Continued.
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(c) Drag. Drag data are corrected for free-stream static pressure
- at fuselage base, but not for sting-interference tare.

Figure 6.- Continued.
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Figure T.- Lateral stabllity characteristics of & wing-fuselage combination
having a triangular wing of aspect ratio 4. Data are not corrected for
seroelastic distortion. Flagged symbols répresent tests in which angle
of sideslip was varied. = —
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Figure 8.- Summery of effects of Mach mumber on aerodynamic characteristics
of a wing-fuselage combination baving & triangular wing of aspect ratlo 4.

Drag data are corrected for free-stream static pressure at fuselage bese,
but not for sting-interference tare.
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Figure 9.- Drag due to 1ift at several Mach numbers for a wing-fuselage
combination having a trianguler wing of aspect ratio k&,
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Figure 10.-~ Effective-dihedral parsmeter of = wing-fuselage combination
bhaving a triengulsr wing of aspect ratio 4. q =~ 0°.
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