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SUMMARY

An investigation was conducted in the Langley high-speed T- by
10-foot tunnel to determine the effects of several wing-mounted
external -store configurations on the aerodynamic characteristics of a
small-scale model of a swept wing-fuselage combination through a Mach
range from 0.40 to 0.92. The external-store configurations investigated
included inboard underwing installations (pylon-suspended and flush-wing
stores) and wing-tip installations (forward-mounted and central-mounted
stores). The most satisfactory store investigated from considerations
of the effects on the drag rise Mach number, change in aerodynamic cen-
ter, and the maximum attainable ratios of L/D was the forward-mounted
tip store with its center line parallel with the plane of symmetry of
the model.

INTRODUCTION

An investigation was made in the Langley high-speed T- by 10-foot
tunnel to supplement existing material on the effects of external
stores on the aerodynamic characteristics of models by providing infor-
mation on a model with a swept wing of inverse taper ratio.

The results presented in this paper include the variations of 1lift
coefficient, drag coefficient, and pitching-moment coefficient with the
angle of attack for the model with and without stores through a Mach
range from 0.40 to 0.92.




2! NACA RM L9J06
COEFFICIENTS AND SYMBOLS

The coefficients and symbols referred to in this paper are defined
as follows:

model + store (CDd model + store CDmodel)

Cr, 1ift coefficient (Twice semispan 1ift/qS)
{ Cp drag coefficient (Twice semispan drag/qS)
|
} Cp pitching-moment coefficient, measured about the 15 percent
l T (M.A.C.) (Twice semispan pitching moment/gSE)
|
‘ M stream Mach number (V/a)
|
|
‘ q dynamic pressure, pounds per square foot (%pv2>
\
l o] mass density of ailr, slugs per cubic foot
| v velocity of air, feet per second
| a velocity of sound, feet per second
|
| S twice wing area of semispan (0.20 sq ft on model) i
\
| c mean aerodynamic chord (0.265 ft) -
1
| a angle of attack of fuselage reference line
] Bg angle of center line of external store with respect to plane
: of symmetry, positive when nose of store is outboard of
| trailing edge of sgtore
|
} Mg drag break Mach number (See table I.)
|
| AMd increment of drag break Mach number (Mdmodel L Gtene Mdmodag
|
| Cpg drag coefficient at drag break Mach number (See table I.)
|
|
; ACDd increment of drag coefficient at drag break Mach number of
|
\
|
|
|
|
|
\
|
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APPARATUS AND MODEL

The investigation was conducted in the Langley high-speed T- by
10-foot turnel.

A model consisting of a small-scale model of a sweptback wing of
inverse taper ratio and a fuselage without tail surfaces was investi-
gated as a half model using a boundary-layer plate mounted 3 inches
from the tunnel wall to minimize boundary-layer interference. Forces
and moments were measured by means of a strain-gage balance system
mounted outside the tunnel, which was sealed to prevent leakage of air
into the flow field of the model. In order to prevent fouling of the
model a clearance of approximately 1/32 inch was maintained between the
plane of symmetry of the model and the boundary-layer plate. The wing
of the model was 10 percent thick in a plane perpendicular to the
50-percent-chord line, and swept back 40° at the 50-percent-chord line
with a taper ratio of 1.628 (inverse taper), an aspect ratio of 3.05,
and with an angle of incidence relative to the fuselage reference line
of 12, Figure 1 is a drawing of the model mounted on the boundary-
layer plate showing the pylon-suspended external-store installation.
Shown in figure 2 are photographs of the model mounted on the boundary-
layer plate in the Langley high-speed T7- by 10-foot tunnel without
stores and with the pylon-suspended and the forward tip-store instal-
lations in place.

The pylon-suspended wing store (fig. 1) was mounted inboard on the
wing at an angle of incidence with respect to the fuselage reference
line of -20, and had a detachable tail plug to permit attachment of
vertical and horizontal stabilizing surfaces which were representative
of those utilized in flight to minimize the possibilities of store
interference with the wing when the stores are jettisoned. The pylon
suspension member was of 2.880 inches chord at the wing and 3.477 inches
chord at the store, and the maximum thickness ratio was about 6.35 per-
cent at the 4O-percent-chord point.

The flush-wing store (fig. 3) was mounted inboard, at zero inci-
dence relative to the fuselage reference line, so that the upper surface
of the store was tangent to the lower surface of the wing at about
50 percent of the wing chord. A fairing (designated as A, fig. 3) was
devised for the flush-wing-store installation. Illustrations depicting
the fairings on the flush-wing store and tip stores are presented in
figure 4. These fairings were designed to alleviate the large inter-
ference drag between the wing and the body by inducing local velocities
in the juncture that were no higher than those over the wing in the
regions that were undisturbed by the presence of the store. It should
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be noted that the resulting fairing profile was concave over a small
region at the forward part near the leading edge of the wing. (see

HigE . 5(b) and 6.) In the absence of pressure measurements, the fairings
utilized in this investigation were developed experimentally by tuft
studies in the Jjuncture and comparison of drag measurements for consecu-
tive modifications to the fairings at 0° angle of attack.

The forward-tip store in the original configuration was unskewed
(6S = 0°) with the center line parallel to and on the chord line of
the wing (fig. 5(a)). TIn an effort to reduce interference effects, the
store was modified by skewing the nose out (8y = 9.13°) and attaching
fairing B. The general characteristics of fairing B, particularly the
cusp near the wing leading edge, are shown in figures 4 and 5(b).

The central-tip store was located aft on the wing tip so that the
50-percent-chord line of the wing intersected the center line of the
gtore at its midpoint. The nose of the store was rotated about its
midpoint to a skewed-out position of &g = 9.88°. A fairing C was added
to the central-tip store which was similar to fairing B except that the
afterbody was flat sided resulting in a bluff trailing edge (fig. 6).

A closer duplication of the angle of skew of the forward-tip store
(dg = 9.13°) to that of the central-tip store was not feasible because
of structural limitations of the models.

The external store (fig. 7) used for all configurations was a body
of revolution of fineness ratio T7.43. The thickness distribution of the
external store corresponded approximately to an NACA 66-series section
and the airfoil section corresponded approximately to an NACA 651-210 air-
foil section in a plane normal to the 50-percent-chord plane.

TESTS

Lift, drag, and pitching-moment measurements were obtained at
geveral angles of attack for the model without stores and with several
arrangements of extermal stores through a Mach number range that
generally extended from 0.40 to 0.92.

Shown in figure 8 is the variation of test Reynolds number with
Mach number. The cross-hatched region of this plot indicates the
extreme limits of Reynolds numbers measured in this investigation. The
departure from the mean Reynolds number curve at any Mach number was
occasioned by changes in the atmospheric conditions.
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Jet-boundary and blockage corrections were considered negligible
and were not applied to the data.

RESULTS AND DISCUSSION

The variations of angle of attack, drag coefficient, and pitching-
moment coefficient with 1ift coefficient at various Mach numbers for
the model without stores and with several arrangements of external
gstores are presented in figure 9. Calculated lift-drag ratios as
a function of 1ift coefficient at constant Mach numbers for the model
without stores and with several of the external-store installations
tested are presented in figure 10. In figure 11 are presented the
variations of 1lift-curve slope, aerodynamic center, drag coefficlent
at Cr, = 0.2, and the maximum lift-drag ratio with Mach number for
the model with and without stores. Figures 10 and 11 were obtained
from the basic data in figure 9. Table I is a summary of drag break
Mach number M3, the increment in drag break Mach number AMy, drag
coefficient at the drag break Mach number CDd; and the increment in

drag coefficient ACpy at the drag break Mach number. As illustrated

in table I, the drag break Mach number was determined by drawing a 45°
line tangent to the drag curve and considering the point of tangency
to be the drag break Mach number of the combination.

Lift-Drag Ratlos

In general, all the externmal-store installations decreased the 1ift-
drag ratios (fig. 10). The pylon-suspended wing store shows the
greatest reduction in maximum lift-drag ratio. The tip-mounted stores
show somewhat less loss in maximum lift-drag ratio, particularly at
the lower Mach numbers, probably because of the end-plate effect and
favorable interference effects produced by the stores. The forward-
tip-mounted store, dg = 0°, exhibited better lift-drag characteristics
throughout the Mach range than any other external-store installation
investigated and from M = 0.40 to about M = 0.60 gave an (L/D)p.y
greater than the basic wing. (See fig. 11(b).)

Drag Characteristics

The drag break Mach number observed in the wind-tunnel data, in
addition to representing the highest speed obtainable without the
changes in forces and moments usually manifested by compressibility
phenomenon, has been found to be a good indication of the buffet
boundary of the airplane with external stores (reference 1). The
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drag break Mach number in conjunction with the drag coefficient at the
drag break Mach number has been used to evaluate the high-speed drag
characteristics of the external stores investigated. These results are
summarized in table I. The forward-tip store (SS = 0°) gave the least
drag increase while maintaining a high drag break Mach number and from
these considerations would appear to be the most satisfactory store
investigated. It appears however, that this configuration may intro-
duce aeroelastic effects that may present practical problems. Of the
inboard underwing stores, the flush-wing store with fairing A had only
slightly inferior characteristics to the forward-tip store while the
other configurations investigated on both the tip and inboard under
the wing displayed high-speed characteristics that were considered
inferior to these two.

Lift-Curve Slope

From figure 11 it appears that the lift-curve slope of the basic
model is not greatly affected by the addition of the inboard under-wing
gtores. For the wing-tip configurations, the augmentation in effective
aspect ratio produced by the end-plate effect of the tip-mounted stores
gave fairly large increases in the lift-curve slope (maximum of 23 percent)
throughout the Mach range investigated.

Pitching-Moment Characteristics

The pitching-momsnt coefficients were not greatly affected by the
addition of the wing-tip stores; but the flush-wing store caused small
positive changes and the pylon-suspended wing store gave appreciable
positive changes in the pitching moment at a constant 1ift coefficient.
(See fig. 9.)

The rate of change in pitching-moment coefficient with 1ift
coefficient at a constant Mach number (dCy/dCr)y in figure 11 is a

measure of the aerodynamic-center location relative to the assumed
center-of -gravity position in percent of the mean aerodynamic chord.
For most configurations there is a forward shift in aerodynamic center
of about 2 percent. However, in the case of the pylon-suspended wing
store with fins there was a rearward shift of about 4 percent at low
Mach numbers and for the flush-wing store a forward shift of about

4 percent throughout the Mach range.
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CONCLUSIONS

The following conclusions are based on a wind-tunnel investigation
of inboard underwing and wing-tip mounted external stores on a small-
scale model of a wing-fuselage combination having a sweptback wing of
inverse taper ratio through a Mach number range from 0.40 to 0.92.

1. Tip-mounted stores were generally superior to under wing
mounted external stores in regard to the effect of the store on the
Mach number for drag rise, the change in position of the wing aero-
dynamic center, and the maximum lift-drag ratios attainable.

2. The most satisfactory store investigated was a tip store
mounted in a forward position on the wing tip with its center line
parallel with the plane of symmetry of the model.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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Figure 1.- Drawing of the wing-fuselage combination with pylon-suspended

wing store.






(a) Basic model.

Figure 2.- The wing-fuselage combination mounted on the boundary-layer
plate,
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(b) Model with pylon-suspended wing store and forward-tip store installed.

Figure 2.- Concluded.
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Figure 3.~ Drawing of the flush wing store with fairing off and with
fairing A on the wing-fuselage combination.






Flush wing store
with fairing A

Central tip store
with fairing C

Forward tip store
with fairing B

Figure L4,- External stores with fairings tested on the wing-fuselage
combination.
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Figure 5.- Drawing of the forward-tip store on the wing-fuselage
combination.
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(b) Fairing B; dg = 9.13°.

Figure 5.- Concluded.
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Figure 6.- Drawing of the central-tip store with fairing off and with
fairing C on the wing-fuselage combination.
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Mean rest Reynolds rnumber

Mach number, M

Figure 8.- Variation of Reynolds number with Mach number for the wing-
fuselage combination investigated in the Langley high-speed T7- by
10-foot tunnel.
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Angle of attack, cc, deg
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0 D 23 4
Lift coefficient, G,

Figure 9.- Effect of several external-store installations on the
aserodynamic characteristics of the wing-fuselage combination.
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Figure 9.- Continued.

Pitching- moment coefficient, Cm

N

(e}

M
] BROZ
H"‘::&—\—_—Jﬁ
291
QT—_—-Q?F::Q 890
D S e i -\
a 875
= S
1 ] &185;
v .825
— % __;-*1
a0
] b1«
A—— T
© 70
-7
o .60
——
o 5
A s
g i

) 20 30T 5

Lift coefficient,C,

90L6T W VOVN

Ge



Angle of attack, cc, deg

Symbol  Store Fairing &, (deg)

o—— off — -
Germrer on off 6]
a— — on B 9.13
7 /:" M
0 Gt ° 9l
7~ "l |
W - il A
0 7 e.90
), g
o  lay an a 875
ol Lt ] 485
2z 2
Ot Lol o + 825
// - Z L > :
0 £ e’ //’ g Ia: 280
P =4 A’ =
40 G A A o0
£ T o
(0] —4;// % : ° 40
2

g oS 4 5

Lift coefficient,C,

o
/I /
/8
IEAVA7iWi
= e F
B S il 4
1A LA g
AT L
=l 4 o Iy M
> a7
o "-/ ﬁ’ﬁ (/ ° 9/
-/_ //’ . - s
0] ”; R ’f - 2.90
4 4 / /
m 0 W/—/ "/r /' & 7 % 86
V-'//(A/fa /' ,s- .
e v /

050 &?”” : 78 <85
8"040 el /_ dl /," 825
- — - v .
5 AN | A
8 030 +1..8 a 7 £ 80
T PP :

3 7

.02 0 e o,
§h 1.9 v
& !

0l 0 o .60

0 © 40

0 A 2 .3 g0

Lift coefficient, 65

(c) Forward tip store.
Figure 9.- Continued .

Pitching- moment coefficient, Cm

M
© 9/
P T-ot—t_]
e a.90
e o 875
':r~-:-_:a
T 4 285
& . Az v 825
= < 480
= - 070
- | % o .60
= 5
- wiie

0

RS2 S S R O
Lift coefficient, G,

9¢

90r6T W YOVN



Symbol Store Fairing &, (deg) P
e G =
o on off 988
e (3] C 988
B
A% /Q/ /E{ ‘/
»«/ M L z // Zl"
0 e ° 91 %W 7
P "‘ < Z
y — # v M
/7 a | 4
OV 2T A A ©.90 o} — s+ o 9/
| 7 - Z ] z A A
L& 7 o | |
0 At 4 a 875 0 zap: ol
i /;////’//w /4 v 90
7 Ao 285 06 0 M 77 NV Py
o /"/ Z Z = ; /« ‘,,/.//,
A/_,é‘f’/ —/—4//’ 2| . acF i £
8 (0] //;\W 7 //ﬁr ; v .825 (953 (6) /%;/ ;)/ }:(,D I 4 85
o 27| 27 Q =4 e 7
z % L O e - /
) A 4.80 .04 0 z v.825
8 z 4 A IS LV RP
x 1A 4 5 o =i g4
8 4 o 51— 070 8 03 of—F <4 4.80
3 - B ailloilr’
7 Q 16
=200 = t 60 262 o
z /;/q;“ / 4 2 & 1A i
—— - 7’ =
Q0 / o o 40 Q o 0 0.60
T 7
-2 & (0] ° 40

0] i 2 S 4 5] 4 2 3 4 45)
Lift coefficient,C. 1851 coefficient, C,

o

(4) Central tip store.

Figure 9.- Concluded.
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Figure 10.- Effect of several external-store installations on the lift-
drag ratio of the wing-fuselage combination.
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Figure 1l.- Effect of Mach number on the aerodynamic characteristics of
the wing-fuselage combination with several external-store installations.

NACA - Langley Field, Va.



|
|
A

e




