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EXPERIMENTAIL INVESTIGATION OF VARIOUS EXTERNAI—STORE
CONFIGURATIONS ON A MODEL OF A TATLLESS AIRPLANE

WITH A SWEPTBACK WING

By H. Norman Silvers and Kenneth P. Spreemann
SUMMARY

An experimental investigation of various external—store configu—
rations on a model of a tallless alrplane with a sweptback wing over
a Mach number range from 0.40 to 0.91 was made in the Langley high—
gpeed T— by 1O0—foot tunnel.

The results indicate that wing—tip— and fuselage—mounted stores
suspended on a swept pylon member that locates the extermal store away
from adjacent parts of the model resulted in the most favorable combi-—
nation of drag—break Mach number and drag at force break and also the
highest lift—drag ratios. The largest effect of external stores on the
aerodynamic—center location below force break was a forward shift of
2.5 percent. Except for the pylon—suspended tip-mounted extermal store
which produced a change in the effective dlhedral parameter that was
approximately equal to an 8° reduction in dihedral, the effect of stores
on the lateral stability of the test model was small. The effectiveness
of the elevon was increased considerably by the addition of a tip store
centrally mounted on the wing.

INTRODUCTION

The attachment of auxiliary equipment to the exterior of high-speed
alrplenes has introduced the problem of interference between these
obJjects and supporting members of the airplane. The first consideration
in the design of an extermal-store installation has been the drag pro—
duced by the installation, and, in the case of high—speed alrplanes,
the assoclated compressibility phenomenon. In order to provide the
designer with some information relative to the high—speed Interference
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effects of external stores, an investigation of a number of external—
store configurations was undertaken by the National Advisory Committee
for Aeronautics. The results of the studies pertaining to the mounting
of stores on unswept wings are presented in references 1 to L.

Presented in this paper are drag studies, longitudinal stability
and control characteristics, and lateral stability characteristics of
geveral external—store configurations on a model of a tailless sweptback—
wing airplane. Two general locatlons of stores were chosen for this
investigation: at the tip of the wing and on the fuselage in the plane
of symmetry. For purposes of discussion, the installations are con—
sidered as either wing—tip or fuselage—mounted configurations.

Analysis of the results has been made by a comparison of the data
obtained with the stores in place with those obtained on the basic model.
Eveluation of the characteristics of the basic model has been reported
previously and is presented in reference 5.

COEFFICIENTS AND SYMBOLS

The system of axes employed, together with an indication of the
positive forces, moments, and angles, is presented in figure 1. : Perti—
nent symbols and coefficients used in this paper are defined as follows:

CT, 11ft coefficient (Iift/qS) ]
Cp drag coefficient (Drag/qS)

e pitching-moment coefficient (Pitching moment /qSC)

(v rolling-moment coefficient (Rolling moment /qSb)

Oy side—force coefficient (Side force/qS)

Cn yawing-moment coefficient (Yawing mamant/qu)

q free—stream dynamic pressure, pounds per square

oot (ov2/2)

S wing area, 3.1T4 square feet on model
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el

b/2
wing mean aerodynamic chord (M.A.C.) % c2dy

0

chord, parallel to plane of symmetry, feet

wing span, 3.09 feet on model

velocity of free—stream air, feet per second
speed of sound, feet per second

Mach number (V/a)

Reynolds number (pVE/u)

absolute viscosity, pounds—seconds per square foot
mass density of air, slugs per cubic foot
acceleration due to gravity, feet per seoond2
angle of attack, degrees

angle of attack of model under no—load conditions, degrees

control deflection, measured in plane parallel to plane of
symmetry as the angle the chord line of control makes
with fuselage reference line, degrees

angle of center line of external store with respect to plane
of symmetry, positive when nose of store is outboard of
trailing edge of store, degrees

angle of yaw, degrees

lift—drag ratio (cL /CD)

wing loading (Weight/S)

Mach number for divergence of drag coefficient (see fig. 2)

drag coefficient at divergence Mach number (see fig. 2)
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Org = (0L )y

Cmgy, = (aom/acL)M |
cm{58 = OCy, /08,

Cpy = 3c, fov

Cnﬂr = OCp/oV

OYw = BGY/G\V

Note: A indicates an increment taken between data of the basic
model and that of the model with stores in place.

Example, AC, = -
D295 v Cwmodel + store C‘l’m.odel

MODELS AND APPARATUS

Tunnel

The tests were conducted in the Langley high—speed T— by 10-foot
tunnel, which is a closed—throat rectangular tunnel of the return—flow
type with a contraction ratio of 15.7 to 1.

The sting support system which was used to suspend the model in the
tunnel consisted of a horizontal member that extended from the rear of
the fuselage to a vertical member that was located downstream of the
test section. These struts were attached to the tunnel balance gystem
end shielded from the air flow by streamline fairings.

Basgic Model

The test model was a model of a tailless, Jet—propelled, fighter
airplane with a wing of 35° gweepback and aspect ratio of 3.01. The
physical characteristics of the gsolid—steel model with typical extermal
stores in test locations are presented in figure 3, and photographs of
the model mounted on the sting support struts used for this investigation
are presented in figure i, TFor that portion of the analysis for which




NACA RM LIK25 2

full-scale airplane dimensions were required, a model scale of 0.08 was
assumed. The control surfaces, which are plain flaps with sealed gaps,
are termed elevons and are intended to be used for both longitudinal
and lateral control. Rudders were not simulated on the model. No
restriction was placed on the alr flow through the Jet—intake ducts to
permit a comparison with the results obtained on the basic model
(reference 5). One of the intake ducts, together with its reflection
on the fuselage, can be seen in figure 4(a).

External Stores

As previously noted, the extermal stores used in this investigation
were mounted in two general locations: at the tip of each wing, tip—
mounted configurations, and in the plane of symmetry, fuselage—mounted con-—
figurations. A drawing of the tip—mounted stores tested is presented in
figure 5(a) and the fuselage-mounted stores in figure 5(b). The original
tip—mounted extermal store was located forward of the wing tip in a plane
parallel to the plane of symmstry of the model. Modifications to this
configuration included moving the store rearward on the wing tip, skewing
the store in the rearward location, and providing a fairing for the
Juncture of rearward—located, skewed, tip store. The body of revolution
used in this investigation was an NACA 661—014 profile (table I) with an

agssumed volumetric displacement equivalent to approximately 200 gallons
based on an assumed scale of 0.08. The pylon—suspension members were
NACA 66,—016 sections (table I) perpendicular to the leading edge.

The external—store configurations whose body members were not bodies
of revolution were designed to have full-scale volumetric displacement
of approximately twice the value of the body of revolution, that is,
about 400 gallons.

Corrections

The test results have been corrected for all the tare forces and
moments produced by the support system. The method by which the sting
tares were determined is explained in detail in reference 5. There are
small additional corrections to the pitching-moment and rolling-moment
coefficients that were determined subsequent to the completion of the
present investigation and have not been incorporated in the data.




6 NACA RM LIK25

These corrections, which are inherent in the balance system, can be
made to the data of this paper by the following formulas:

(Cm)corrected = (Cm)presented_ - 0.003

(Cl)corrected - (Cl)presented — 0.0008

The Jet—boundary corrections to the 1ift and drag were computed by
the method of reference 6. The Jet—boundary corrections to other com—
ponents were considered negligible.

The drag coefficients have been corrected for the buoyance produced
by the small longitudinal static—pressure gradient in the tunnel. A1l
coefficients and Mach numbers were corrected for blocking by the model
eand its wake by the method of reference 7.

TESTS

The investigation was made over a Mach number range from 0.40
to 0.91. Aerodynamic characteristics in pitch were measured over an o |
angle—of—attack range from 0° to 6°. Effect of a symmetrical deflection
of the control surface for the complete model was determined for two
configurations of tip-mounted stores (pylon—suspended and central—
tip, 8g = lOO, faired) throughout the angle—of—eattack range. Control

deflections investigated were th.4°, Aerodynamic characteristics in
yaw were measured with the model complete (fins on) and with the wing—

fuselage combination (fins off) at approximately 40 angle of yaw \
and 00 and 6° static angles of attack. Data were also obtained for

some external—store configurations at £5°

angles of yaw.

The variation of test Reynolds number with Mach number for average ‘
tegt conditions is presented in figure 6. The size of the model used
in the present investigation resulted in a tumnel choking Mach number
of about 0.94%. Experience has indicated that with this value of chcking \
Mech number, the data can be considered reliable up to a Mach number of ;
about 0.91.
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RESULTS

An outline of the results of the wind—tunnel investigation is pre—

gsented below.

The effect of changes in the location of mass of the

external store on the center—of—gravity position was not considered,
and the aerodynamic-moment coefficients are presented about an assumed
center—of—gravity location of 17 percent mean aerodynamic chord.

Aerodynamic characteristics in pitch

Tip—mounted stores . . .

Fuselage—-mounted stores . . .

EiEt—dras ratios « '« o o o o
Tip—mounted stores . . .
Fuselage—mounted stores .

Effect of Mach number on the
s isGeEC = SRR e o .

Effect of control deflection
atiay enliniedel © TSRS S RS

on the aerodynamic characteristics

aerodynamic

. . . . o e o o

e« . . e o e o

characteristics

Variation of control effectiveness with Mach number . .

Variation of control position for trim with Mach number

Aerodynamic characteristices in yaw:

Basic model:
eIl @atae B SHRE e BT ST SR
Tizintal Forimi S G SIS
Tip—mounted stores:
IBZETE (oral S RGNS SR
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Fuselage—-mounted stores:
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Variation of lateral—stability
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Tip—mounted stores . . .
Fuselage—mounted stores .
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Presented in table II is a summation of the high—speed drag
characteristics of the test model with tip— and fuselage—mounted extermal-—
store configurations. The method used to obtain the parameters is illus—
trated in figure 2.

Table IIT is a summary of the effects of the various external-store
configurations on the lateral—stability parameters of the basic model.
The values presented in table III were taken as representative of the
effects produced by each external-store configuration below force—break
Mach number. When the variation of a parameter is sufficiently large so
as to invalidate a single representative value, a mean value is presented
and designated as such.

DISCUSSION

Some results of a previous investigation (reference 5) of the basic
model without external stores are presented in this paper for comparative
purposes. These results are superimposed on the aerodynamic character—
igtics in pitch of the model with various external—store configurations
and are presented separately for the aerodynamic characteristics in yaw.

Lift-Drag Ratios

Mounting external stores at the wing tips has proven to be desirable
(reference 8) on ailrplenes with unswept wings because of the favorable
end—plate effects on the lift—drag ratios and the mild effects of Junc—
ture interference on the lift—drag ratio. The results of the present
investigation indicate that tip-mounted stores are equally effective on
a model with a sweptback wing at low Mach numbers, but that end—plate
effectiveness appears to be largely destroyed by Juncture interference
at the higher Mach numbers. This is illustrated in figure 9 where 1t is
gseen that the maximum lift—drag ratio of the tip-mounted stores is equal
to or greater than that of the basic model at M = 0.40, but at M = 0.80
the highest maximum 1lift—drag ratio for a tip-mounted store was about
11.5 percent lower then that of the basic model.

Mach number, in general, has less influence on fuselage-mounted
stores than on tip-mounted stores. The largest reduction in maximum
1ift—drag ratio is of the order of 10 percent at M = 0.40 and 15 per—
cent at M = 0.80. As might be expected from consideration of inter—
ference, the external stores located away from the wing tip and the
fuselage by swept pylon—suspension members gave the highest lift—drag
ratios. The fuselage-mounted configuration (pylon—suspended, overhead)
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gave the largest value of (L/D)max at the higher Mach numbers. This

may be attributed to the lower local velocities over the fuselage than
over the wing at a given free—stream Mach number.

Drag Characteristics

Drag studies of the model with various extermnal stores show that,
in addition to the strong influence of Mach number on the drag coef—
ficient as reflected in (L/D)p,,, changes in 1ift coefficient have an

appreciable effect on the drag characteristics of tip-mounted stores
(fig. 9). The forward tip store increased the drag of the basic model
only about 8 percent at Cr, = O, but at Cr, = 0.3 and a Mach number

of 0.80 the forward tip store was responsible for a 20—percent increase
in drag. The modifications to this configuration included moving the
store rearward on the wing tip (central—tip store), toeing it

out (8g = 10°), and fairing the store—wing Juncture (&g = 10°, faired);
each modification was effective in reducing the drag at the higher 1lift
coefficients. The lowest drag was obtained with the central—tip

store, 85 = 100, faired.

The drag contribution of this configuration was approximately one—
half that of the original forward tip store up to a Mach number of 0.80
and amounted to an increase in total drag of the model of about 11 per—
cent at Cp = 0.3 and M= 0.8. However, the lowest drag coefficient

measured on a tip—mounted store was with the pylon—suspended configura—
tion. An increase of basic model drag of less than 9 percent was noted
for this conflguration at € = 0.3 and M= 0.8,

The drag of fuselage-mounted configurations, although higher than
the drag of the tip—mounted stores at the lower Mach numbers, remained
virtually constant to the force—break Mach numbers. The effect of 1lift
coefficient on drag was much less pronounced for fuselage—mounted con—
figurations than for tip-mounted configurations.

The lowest drag coefficients for each location of extermal stores
at Cp, = 0.3 were generally obtained with swept pylon—suspended con—
figurations, and at the higher Mach numbers the fuselage mounted con—
figuration (pylon—suspended, overhead) gave considerably lower drag
coefficients then the tip—mounted configuration. At a Mach number
of 0.80 the drag contribution of the fuselage-mounted store on a swept
pylon was about 4.5 percent of the drag of the basic model.
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Buffeting

To evaluate the performance of an externmal-store installation, it
is of foremost importance to consider the Mach number at which the drag
coefficient of the model diverges with the extermal store in place. The
significance of this Mach number has previously been established (refer—
ence 3) as the speed at which buffeting of the airplane and its component
parts may seriously impair its combat usefulness. A well—designed
external—store configuration may be considered as one that does not lower
the drag—divergence Mach number of the basic model.

The method used to establish the drag-break Mach number in this
investigation is presented in figure 2. This method establishes My

as the Mach number where a line 45° from the horizontal becomes tan—
gent to the drag—coefficient curve when Cp is presented for a scale

of 0.01 per inch and M 1is presented at 0.1 per inch. Thus the drag-

iy

break Mach number is assumed to be that corresponding to —= = 0.10.

The most satisfactory combinations of Mg and CDd; that is, the

highest Mach number for drag divergence with lowest values of drag
coefficient at drag—divergence Mach number, were obtained with the exter—
nal stores suspended from swept pylon members. (See table II.) The
fuselage—mounted configuration gave the least reduction in Mg (0.042)

and, with one exception, the smallest increase in CDd (0.0035) of any
configuration tested.

Lift—Curve Slopes

Tip—mounted stores increase the lift—curve slope, with the largest
increases being produced by the pylon—suspended configuration (F1g. 9).
The increases range from 10 percent at M = 0.40 to a maximum of
about 15 percent at M = 0.85. The lift—curve slope was relatively
unaffected by the fuselage—mounted extermal stores, the maximum change
being less than L4 percent.

Longitudinal Stability Characteristics

Aerodynamic center.— The rate of change of pitching-moment coeffi-—
cient with 1ift coefficient at a constant Mach number CmCL is a measure

of the aerodynamic—center location relative to the assumed center—of—
gravity position in percent of the mean aerodynamic chord. The effect
of external stores on the aerodynamic—center location is presented in
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figure 9. Tt is seen that tip-mounted stores, in general, exert a small
stabilizing influence. Below a Mach number of 0.80 the maximm increase
of stability amounts to a rearward movement of the aerodynamic center

of 2.5 percent mean aerodynamic chord. It may be noted that the forward
tip store produces a small forward movement of the aerodynamic center
(about 1.5 percent mean aerodynamic chord).

The effects of fuselage—mounted external stores are less consistent
in that both stabilizing and destabilizing changes in OmCL are shown.

However, the maximum change in the aerodynamic—center location is
generally less than 2.5 percent below M = 0.80. Above a Mach number
of 0.80 a rearward movement of the aerodynamic center or stabilizing
trend is generally produced by both tip— and fuselage—mounted extermal
stores.

Control effectiveness.— The control—effectiveness parameter Cm5e

as a function of Mach number is presented in figure 11 for the basic
model and for two tip—mounted extermal stores: the pylon—suspended and
the central-tip store, &4 = 109, faired. The greatest increases in
effectiveness caused by the end—plate action of tip stores were given by
the central-tip store faired at &g = 10°. For this configuration an
average increase of 12 percent was noticed to a Mach number of 0.80
where Qmae increased sharply, reaching a maximum at M = 0.85 where it

was 22 percent more than the basic model.

An investigation of the effects of tip—mounted extermal stores on
the damping—in—roll characteristics of a model with a sweptback wing
(reference 9) showed similarly large increases in the control effective—
ness in roll.

Control position for trim.— Control position for longitudinal trim
in both level and maneuvering flight as a function of Mach number is
shown in figure 12 for an assumed wing loading of 34 pounds per square
foot and altitudes of sea level and 40,000 feet. It appears that tip—
mounted external stores do not produce any serious changes in control
position for trim within the range of flight conditions covered in this
investigation.

It should be pointed out that the control positions for trim were
calculated on the basis of the pitching-moment coefficient which do not
include a constant correction of 0.003 as previously mentioned. Including
the correction would result in a small and approximately constant change
in control position for trim.

The marginal longitudinal stability of the basic model in conJjunction
with the small changes in the untrimmed pitching moments produced by the
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stores result in relatively small changes in the control settings for
trim in spite of the increase in the control effectiveness produced by
the tip stores.

Directional Stability

The results presented in table IIT indicate that tip—mounted
external stores increase slightly the directional stability of the test
model; and, where comparisons are available, the stabilizing influence
is, in general, more pronounced on the plain wing, that is, with tails
off, than on the complete model. The central tip store faired
with &g = 10° produced, at Qgtatic = 0°, the only destabilizing

influence noted for tip stores.

Fuselage—mounted stores generally are slightly destabilizing. The
exceptions wherein fuselage—mounted stores increased the directional
stability of the basic model occurred for the single blister and the
pylon—suspended (overhead) configurations with the fins of the model
removed. The stability contributions of these configurations were,
however, small.

Effective Dihedral .

With the exception of the pylon—suspended, tip-mounted external
store, the change in the effective dihedral parameter ClW produced by

both tip— and fuselage—mounted external stores is small. (See table T,
The maximum change in Cy 1s —0.0005 which is equivalent to about 4°

of effective dihedral. The relation between CzW and the effective

dihedral angle established in reference 10 was used in this investiga—
tion. As might be expected (reference 11), the pylon—suspended, tip—
mounted store reduced the effective dihedral of the basic model by
about 8° at ogigtic = 0° and 8.6° at agtatic = 62

CONCLUSIONS

An experimental investigation of various external—store configura—
tions on a model of a tailless airplane with a sweptback wing over a
Mech number range from 0.40 to 0.91 indicates the following conclusions:

1. Tip— or fuselage—mounted stores suspended on a swept—pylon
member that locates the external store away from adjacent parts of the
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model resulted in the most favorable combination of drag-—break Mach
number and drag at force breek and also the highest 1lift-drag ratios of
the configurations investigated.

2. The largest effect of the external stores on the aerodynamic—
center location, below force break, was a forward shift of 2.5 percent
of the mean aerodynamic chord.

3. Except for the pylon—suspended, tip-mounted external store, which
produced a change in the effective dihedral parameter that was approxi-—
mately equal to an 8° reduction in dihedral, the effect of stores on the
directional and the lateral stability of the test model was small.

L, The effectiveness of the elevon control was increased consider—
ably by the addition of a tip store centrally mounted on the wing.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Air Force Base, Va.
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TABLE T

ORDINATES FOR THE EXTERNAL STORE AND THE PYLON—SUSPENSION MEMBER

[Dimensions kil inches?_l

External store
NACA 66;—01k4
Station | Ordinate
0 0
.070 +.148
« 105 +.177
% L {5 +.222
.350 +.295
. 700 +.407
1.050 +.496
1.400 +.571
2100 +.692
2.800 +.78k4
2.500 +.855
4.200 +.910
4.900 S (0] 1
5.600 1. 970
6.300 +.980
7.000 +.,97h4
8.400 +,019
9.800 & 73T
1152006 % 180
12.600 +.202
13.300 +. 077
14.000 0
e . radlug: 0.1332

Pylon—suspension
member

NACA 661—016

Station | Ordinate
0 0
.014 +.033
.020 +.039
.03k t.049
.068 t .,066
.136 +.091
.204 +.110
= ge) +.,127
.408 +.154
.54k +.174
.680 +.190
.816 +.202
2950 +.210
1.088 +.216
isoal +.218
15360 +.216
1.632 +.203
1.90k +.164
2.176 +.,107
2.448 +.045
2.584 +.017
2.720 0

. E. radius: 0.034%

15
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Table I
Summary of the High Speed Drag Characteristics at
G =.3 of the External Stores Installations Investgated

(a) Tip-mounted sfores.
Configuration M, am, Co, ACo,
basic mode/ 897 = o2 —
forward 846
&0 ; -05/ w42 oor7

T
_ py/g—:wspended 840 057 fo: 4 0044

central 820 =077 a0 0050

central 8% 059 x5 ooe2
g~ 10°

central(fared) a3 084 a7 0039
&=10°

(b) Fuselage-mounted stores.

pylon-suspended ] &5 o7é o287 0035
|
flush 830 ~067 e85 ooz
\
twin blister \ 835 -062 ez 0068
single blister &0 047 ao 0054
single blister 820 077 o303 005/
Upper)
fon- oed
’@,, VL Mm 855 o042 oes o35



TABLE ITT

SUMMARY OF THE EFFECTS OF THE EXTERNAI~STORE CONFIGURATIONS INVESTIGATED

ON THE LATERAL STABILITY PARAMETERS OF THE BASIC MODEL

@ll values presented represent average values between M = 0.60
and force—break Mach number except as noted]

Tail on Tail off
(e} (0]
Store configuration %gtatic = © W Ugtatic = 6 dgtatic = O° Agtatic = 6°
ACn\b ACyy, ACny AC7y ACp Y ACyy, Ac:nw ACy,
i
(a) Tip-mounted stores
Forward 8_0.00020 | 0.00025 0 0
Pylon—suspended 8_,00030 | ~.00100 | —0.0025 | —0.00110 || —.00060 | —.00100 | —0.00035 | 8-0.00110
Central —.00010 .00010
Central &g = 10° —.00010 | &.00010 0 —.00040 | —.00020 .00015 | 8-.00020 | @—.00025
Central &g = 10° (faired) .00025 | ~.00015 | 8-.00020 | &-.00025
(b) Fuselage—mounted stores
Pylon—suspended 0.00010 | 0.00010 0.00015 0.00020
Flush .00035 | ~.00050 .00035 .00035
Twin blister 0 0 0.00010 | —0.00010
Single blister .00010 (280 .00030 | 8-.00020 || O .00020 | —0.00010 | O
Single blister (upper) .00010 | ~.00040 &,00030 —.00035
Pylon—suspended (overhead) .00020 | © .00015 —.00040 || —.00010 | —.00015 | &-.00015 —.00050

a
Denotes a mean value below the force—breask Mach number.
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Figure |— System of axis and control- surface deflection.

Positive values of forces, moments, and angles are
/ndicated by arrows.
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Figure 2.— Illustration of the method of determining the high-

speed drag parameters of the test model with external stores.
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JTABULATED DATA

Wing
Area 3.174 sqg. ft.
Aspect ratio 3.014
Mean geometric chord 1046 Ft
Incidence 0°
Dihedral (6%
Airfoil (perpendiculor to 0.25c) Symmetricol
Mox. Thickness 012 e
Location of max. Lhickness o<40c
Verticol tail
Area (two) 0.62 sg ft,
Aspect ratio N Z5
C.G. Jocation 0.17 mgc

Figure 3.— Three-view drawing of the test model with the forward tip-mounted and flush fuselage-mounted external-store configurations.
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(a) Three-quarter front view.

Figure L.- Photograph of the test model with the forward tip-mounted and pylon fuselage-mounted
external-store configuration mounted in the Langley high-speed T- by 1l0-foot tunnel.
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(b) Three-quarter rear view.

Figure 4.- Concluded.
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Figure 5. — Drawings of the external store configurations showing the locations on the test model.
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Figure 6.— Variation of Reynolds number with Mach number for
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Figure 7 — Effect of several external store configurations on the aerodynamic characteristics in pitch of the test model.
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Figure 8.— Variation of the lift- drag ratio with lift coefficient of the test model with external stores.
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Figure 13. — Aerodynamic characteristics in yaw of the basic model, tail on.
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Yawing-moment coefficient, Cn
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Figure 14— Aerodynamic characteristics in yaw of the basic model. tail off.
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