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AERONAUTICS

ZERO-LIFT DRAG OF A LARGE FUSELAGE CAVITY AND A PARTIULY

s~m STORE ON A 52.5° sWEHY31CK-WU?G-lWDY

‘ CONI?IGURATIONAS DEqmm’m FROMl?lWl&IZI(lWl?

TESTSAT MACHNUIBEIWOF 0.7 ~ 1.53

~ Sherwood Hoffman

SWMARY

A free-flight investigation of a rocket-propelledmodel at Mach
numbers of 0.7 to 1.53 was conducted to determine the drag at zero lift
of a config&at ion with a large fuselage cavity and partially submerged
store. The basic configuration consisted of a 52.S0 sweptback-wing-body
configuration that had a smooth distribution of normal cross-sectional
area at a Mach number of 1.0. The store was a.parabola of revolutim
with a fineness ratio of 8, had three fins, and had a length equal to
40 percent of the fuselage length. The midpoint of the store was located
longitudinallyat a station corresponding to the 10-percent station of
the wing mean aerodynamic chord. The cavity was designed from an hpres-
sion of the submerged part of the store and was made smooth with fair~s
and rounded edges.

The cavity reduced tbe configuration drag above a Mach number of
1.25 and had no unfavorable interference effects at high subsonic speeds.
When the store was tested in the cavity, the drag increment was twice
as large as the isolated store drag at high subsonic Mach numbers; was
equal, near Mach number 1.0; and was 40 percent greater, near a hch num-
ber of 1.35.

INTRODUCTION

The design of external stores for supersonic airplanes has been
@eatl.y enhanced by area-rule analysis and flow-field studies. Previous
investigationsgenerally have been limited to relatively small stores
(that is, fuel tanks, bombs, and nacelles) for locations on tigs. Very
large stores seemed to be out of the question, especially for airplanes
having thin and low-aspect-ratiowings. A possible solution to this
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problem would be underfuselage stores, either partially submerged b a “ “
cavity or exposed. partially submerged stores (ref. 1) and missiles
(ref. 2) can be located-to give tolerable drag penalties. When a store
is dropped to expose the cavity, however, the cavity drag may vary up
to three times that of the partially submerged store (ref. 1). It is
evident that more attention has to be given to the design and,.location
of fuselage cavities if such installations are to become practical for
large stores.

The present paper presents the zero-lift drag of a fuselage cavity
for a lsrge partially submerged store in the fuselage of a’52.50 sweptback-
wing-body combination. The fuselage of the combination was indented sym-
metrically to cancel only the exposed-wing areas at a Mach number of 1.0.
The store had a length equal to 40 percent of the fuselage length, a fine-
ness ratio of 8.o, and three fins. The store and cavity were located in
the region .ofthe fuselage indentation where some favorable interference
effects were expected from the wing-fuselage flow field. The midpoint
location of the store corresponded to the 10-percent station of the wing
mean aerodynamic chord. All the configurationswere rocket-propelled
zero-lift models W were tested,at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va. The flight tests covered continuous ranges
of Mach nmber vsrying between Mach niunbersof 0.7 and 1.53 with corre- 1

spending Reynolds nmbers
mesm aerodynamic chord.

from about 4 X 106 to 13 X 106, based on wing

SYMBOLS

cross-sectionalaxea, sq ft

tangential acceleration, ft/sec2

total drag coefficient based on ~

store drag coefficient based on SF

friction drag coefficient based on SW or SF

mean aerody~ic chord of wing, 1.293 ft

acceleration due to gravi~, 32.2 ft/sec2

length of fuselage, ft

free-stream Mach number

.,
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~ free-stream dynsmic pressure, lb/sq

R Reynolds number

% total plan-form

based on ~

mea of wing, sq ft

ft

‘3

SF maxhum cross-sectionalarea of store, sq ft

w weight of model, lb

x station measured from fuselage nose, ft

7 angle between flight path and horizontal, deg

MODELS

Details and dimensions of the models tested are given in figme 1
ti tables I to IV. The normal cross-sectional-areadistributions and
photo~phs of the models are presented in figures 2 amd 3, respectively.

- The basic configuration,mcdel A, was used originally as part of
the investigationof reference 3 and consisted of asweptbackw lagmoun&d
on an @ented fuselage with four stabilizing fins. The fuselage first
was formed from two parabolas of revolution joined at the msximum dismeter
station (40 percent of body length) and then was indented symnetrica13y
to cancel the exposed-wing cross-sectional areas normal to the axis of
symmetry. The resultant wing-btiy area distribution or Mach number 1.0
area distribtiion was smooth and corresponded to that of the original
fuselage alone. The overall fineness ratio of the fuselage before and
after indenting was 10.0.. The wing hsllan angle of sweepback of 52.5°
along the quarter-chord line, an aspect ratio of 3.0 (basal on totsl wing
plan-fomn area), a taper ratio of 0.2, and sm NACA 65AO04 airfoil section
in the free-stream direction. The wing plane passed through the fuselage
center line, and the quarter-chordpoint of the mean aer@namic chord
was located longitudinallyat the 60-percent fuselage station. The ratio
of total wing plan-fomn area to body frontal srea was 16.5. The stabi-
lizing fins were swept back 60° along the leading edge, had sharp leading
and trailing edges, and were ipterdigitated45° from the wing plane. The
models were constructed mostly from mahogany and sluminum alloys as may
be seen in figure 3. The fuselage nose was made from solid brass.

Model B consisted of the basic configurationwith a partially sub-
merged pqrabolic store in the bottom of the fuselage (fig. l(b)). The
store had a fineness ratio of 8, a lengbh equal to 40 percent of the
fuselage length, and three eqwlly spaced fins. The store was positioned
longitudinally~th its midpoint at a station corresponding to the

,
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10-percent station of the wing mean aerodynamic chord. The store EIAS
was made parallel to the fuselage center line and the store was rotated
to fit one of the fins into a vertical slot ti the bdy. For the present
design, the vertical displac~t was determind by submerging the pointed
store nose just below the fuselage surface. A smooth cavity was formed
from an impression of the submerged’part of the store by ustig smooth
fatiings and by rounding off the sbrp edges of the cavity. The cavity
reduced the fuselage volume by 4.5 percent; however, the partially sub-
merged store increased the volume of the original fuselage by approxi-
mately U percent. Model C was the configurationwith the cavity exposed
or with the store removed. Model D was a 0.385-scale model of the para-
bolic store.

TESTS ANDMEA~S

All the mcdels were tested at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va. Models A to C were boosted from zero-length
launchers by fin-stabilized 6-inch AELDeacon rocket motors (fig. 3(e)) to
supersonic speeds. After burnout of the rocket motors, the boosters drag-
separated from the models and the models decelerated throu@ the test Mach ‘
number range. The isolated store, mdei D, wasPrOPeUedto supersonic
speeds from a helirangun which is described h reference 4. Velocity and
trajectory data were obtained from the CW Doppler velocimeter and the NACA ‘
modified SCR ~ tracking radar unit, respectively. A survey of atmos-
pheric conditions includhg winds aloft was made by rawinsonde measurements
from an ascending balloon that was released at the time of each launching.

The rocket-propelledmcdels covered continuous rages of Mach number
varying between Mach numbers 0.7 and 1.53. The correspondingReynolds

6numbers varied from approximately 4 X 10 to 13 X 106, based on wing mean
aerodynamic chord, as is shown h fiwe 4. Model D cover~ ELr-e of
Mach nwnbers from O.~ to 1.35 with correspondingReynolds number range

from about 3 x 106 to 5 X 106 (fig. 4), based on scaled-down mean aero-
dynamic chord of the wing. The values of total drag coefficient, based
on total *g plan-fore area, were obtained during decelerating flight
from the expression:

~. ---&(a+gsiv)

where a was obtained by differentiat~ the velocity-ttie curve from the
CW Doppler velocimeter. The values of q and y were determin~ from .

the measuraents of tangential veloci@ and atmospheric conditions along

.,
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the trajectory of each model. The error in total drag coefficient was
estimated to be less than *0.0007 at supersonic speeds and fO.001 at
subsonic speeds. The Mach numbers were determined within AO.01 through-
out the test range.

The pressure drag or drag rise coefficieti was obtained by subtracting
the friction drag from the total drag coefficient for each model tested.
The friction drag coefficient at supersonic speeds was estimated by
adjusting the subsonic drag level for Reynolds number and lhch number
effects by using Vsm Driestts turbulent-frictioncoefficients for flat
plates (ref. 5). me pressure drag was not corrected for base-drag rise;
however, reference 6 and unpublished data indicate that the base-drag rise
would be small and of the order of 0.001 when based on wing area.

REsuLm

Basic Data

The basic drag data for the models me presented h figure 5. The
solid curves are fairings through the measured total drag coefficients.
All the models were flight tested at zero-lift ornear zero-lift condi-
tions. The data from models A and D, which were symmetrical configura-
tions, me at zero lift. Models B and C were unsymmetrical to the degree
of add~ the partially submerged store and the cavity, respectively.
The centers of gravity of these models were located to give static margins
greater than one mean aerodynamic chord length; this condition resulted
in very low trim lift coefficients where the induced drag is negligible.
The dashd curves are the computed friction drag coefficients through the
Reynolds number and Mach number rsmges of the tests. Although the isolated
store (model D) was smaller than the one used on configurati~ B, its fric-
tion drag and total drag coefficients are equally valid for the lager
store. The difference in store skin-friction drag coefficient due to
changing scale and Reynolds number is less than the accuracy of the drag
measurements.

Total Drag

The variations of total.drag coefficient with Mach
psred in figure 6(a). The store-plus-interferencedrag
in CD “of model B over mcdel C. At supersonic speeds,
drag increases from a value equal to the isolated store

number are com-
is the increment
the iqcraental
drag near M = 1.0

to about 40 percent more drag-than the isolat~ store near ‘M = 1.35.
Near M = O.~, the incremental drag is approximately twice the subsonic
drag of the isolated store. About half of this subsonic increment can be
accounted for by the store friction drag. The other ha~ appears to be

..— —.— —. — . ..——.——
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due to pressure interference and experimental errors.
in CD for model B starting near M = 0.8 indicates
interferencebetween the store, fuselage, smd wing at
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.
The qadual rise
the unfavorable
high subsonic Mach

numbers. It is possible that &is incr&ent may be reduced by a more
meticulous design in the region of the store afterbody md fuselage.

An important result of the present investigation is the favorable
drag from the cavity. A comparison,of CD for models A and C in fig-

ure 6(a) shows that the cavity lowered the drag of the basic configura-
tion (or configuratim with cavity closed) above M = 1.25 and had no
unfavorable interference effects at high subsonic speeds. At transonic
speeds, the drag incrment due to the cavity is less than half the diag
of the isolated store. In the cavity-fuselage (no wings) investigation
of reference 1, the cavities tested were impressions of a semi-submerged
store in three lcmgitudinalpositions and had no edge fairings or radii.
The drags from the referenced cavities wede either equal to or geater
than the drag of their isolatd store throughout the Mach number range.
It a~esrs that the low-drag cavity desigu achieved herein was due largely
to such factors as favorable pressure interference from the combined
f@.elage-w@ pressure fields acting about the cavity and, also, the
cavity fairings which effectively reduced the local peak velocities along
the cavity edges. h regard to the flow-field interference,reference 7

.

shows that it is possible to estimate whether the interferencewould be
favorable at supersonic speeds from an elementary lmowledge of the sur-
rounding flow fields.

.
For example, the positive pressure coefficients

from the wing leading edge acting on the forward part of the cavity and
the negative pressure coefficients from the midchord part of the wing
acting on the rear half of the cavity would be expected to produce a
thrusttig force. If the cavity is assumed to be in the pressure field
of the basic fuselage, the interferencepressure coefficients would be
negative throughout the cavity. Thus, a drag force would be obtaind at
the forward part of the cavity and a thrust force, at the rear part of
the cavity. The overall effects indicate favorable interference for the
cavity. Since the store-bcdy slopes are of opposite sign with respect
to the cavity and the titerferencepressure fields are aboti the ssme as
-those about the cavity, the opposite effect or unfavorable interference
would be expected for the store in its present location.

Pressure Drag

The pressure drags of the models sre presented in figure 6(b) for
comparison with the normal cross-sectional areas shown in figure 2.
According to the transonic area rule of reference 8, the zero-lift drag
rise (or pressure drag) nesr M = 1.0 is primarily dependent on the rate
of development of normal cross-sectional area. When the cavity was cut .

“ into the fuselage of the basic configuration, the configuration area
distribution was dented to give large changes in slope
tion in maximum cross-sectionalarea (model C). These

and a small reduc-
changes correspond

— -— —.— ————_ -. . .._ _. —______ _____ __
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to ticre~-ing the pressure drag .attransonic

7

speeds as may be seen by
comparing the results for mcdels C smd A in figure 6(b). By-installing
the store.in the cavity (model B),.the area slope distribution WaS altered
to give higher slopes and a much geater.maxbum cross-sectional area
than those of either model A or model C. Figure 6(b) shows that model B
had the highest transonic pressure drag. The degree to which these changes
h area distribution affected the pressure drag cannot be determined from
inspection of the area curves. “ In either case, according to the linearized
theory study made of bumps and indentations in reference 9, it can be shown
that the pressure drag increases at low supersonic speeds if volume is
added or subtracted from a smooth basic configuration as in the manner used
herein.

Above M = 1.3 the pressure drag increment due to sdding the store
to the cavity was approximately equl to the isolated store pressure drag;
whereas, the increment from the cavity measured with respect to the basic
configuration is negative. Althoughno supersonic area rule (ref. 10)
study was made, it seems reasonable that the areas removed by the cavity
(in its present location) would subtract from the wing ~eas cut by oblique
Mach planes and, possibly, improve the overall area distribution when the
cavity is left open. Hence, it appesrs that a more rewsrding procedure
by which reductions h pressure drag could be obtained at supersonic speeds
would be to design the cavity configuration specifically for a supersonic
Mach number.

CONCLUDING REMARKS

The present investigation shows that it is possible to desi~ a low
drag fuselage cavity for a large partially submerged store or bomb for
an airplane. The cavity was designed for an impression of the submerged
part of the store; however, it was kept tim”that smooth fati~s ~
round edges would favor low subsonic drag, a fairly smooth normal srea
distribution would be desirable for low transonic drag rise, and that a
favorable wing-body pressure field would have a desirable effect on the
interference drag. The results showed that the drag increments from the
cavity were negligible at high subsonic speeds, small at transonic speeds,
and negative above a Mach number of 1.25. When the store was added to
the cavity, the drag incremmt was”approximately twice he value of the

. —— —.. —— _———
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isolated store drag at high subsonic speeds,
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was equal to the isolated

store drag near Mach number 1.0, and was about 40 percent greater than
the isolated store drag near a Mach number of 1.35.

Langley Aeronautical Udxmatory,
National Advisory Committee for Aeronautics,

~ey Field, Vs., December 3, 1956.
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TAELE I.- cooRD~TES oF ~CA 6SAO04 A~m

~tations measured from leading edg~

Stationj Ordinate,
percent chord pertent chord

o 0

.5 .31J_

●75 .378
1.25 .481
2.5 “ .656
5.0 .877

795 I.062
10 1.21_6
15 1.463
20 1.649

1.790
z 1.894
35 1.962
40 I.996
45 1.9%
50 1.952

55
.’

1.867
60 1.742
65 1.584
70 1.400

75 1.193 ,
m .%6
85 .728

9 .493

95 .249
100 .009

L.E. radius: 0.102 percent chord
T.E. radius: 0.010 percent chord

,
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;

TABLE rl.- COORDINATES OF EASIC FUSELAGE

[ 1Stations measured from bdy nose

Station, Ordinate,
in. in.

o 0
1 .245

.481
E ,923
6 1.327
10 2.019
14 2.558
18 2.942
22 3 ● 173
26 3.250
30 3.176
34 2.934
38 2.619

2.341
:: 2.243
5’0 2.297
54 2.251
58 2.149
62 1.857
65 1.615

1-1.

..—. ——— .. . . — -—-
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TA13LEIII.-

— —.
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COORDINATESOF 26-mcH PMUIOLIC smml

.
LStationsmeasured from body noseJ

Station, Ordinate,
in. in.

o 0
1.3 .309.
2.6 .585
5.2 1.040
7.8 1.365
10.4 l.~o
13.0 1.625
15.6 1.560
18.2 1.365
=.8 1.040
23.4 .585
24.7 .309
26.0 0

l-Coordinatesfor the smail
parabolic store are 0.3846 scale
of these coordtites.

.

— —
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s

.

TABLE IV.- COORDINATES OF CAVIT#

[ 1Stations measured from fuselage nose

Stations,
in.

18.00
20.00
22.00
24.00
26.00
28.m
30.00
32.00
34.00
36.oo
36.67
38.oo
40.03
42.00
44.00
46.00
48.00

Cr

o
.030
.050
.180
.529
.931

1.1%
1.415
1.556
x.620
1.625
I. 610
1.525
1.352
1.108

.875

.762

13

Fr

o
l.~o
1.250
1.000

.625

.375

.312

.250

.187

.250

.270

.312

.375

.500
●750

1.125
0

l-cordinates are defind in figure l(b).

——.-.—-—— ——. . ——— .—. — — —. —— —-. ..— _———.— —..



uodel CkmOteristioa2

I

I

~ (@rter-ObOr.+ Mm

MM, m=.
6.5o

Q4.50

~6WJ-

(a

FW3ure 1.- Detail-s

Configurate ion

and dimens ions

BM1O ocdigumtion .. . .. . . . .. . . . .. . . kYdel A

Oonflmation with atora ............ Ibdel B

Omfiguration with oa~ity . . . .. . . .. . . Model O

Winganpaotrabio .. . . ... . . . .. ..

!llng taper ratio .. . . . .. . .. . .. . .
rllng mm amodynamlo ohord (o),

Free+ tro- airfoil . . ... . . .. . ..

Sweopbnok angle of quarter ohoti

TOtd Wimg plmform area, aq rt

Totcl axpoaed fln aren, -q fb . .
Fuselage fineness ratio . .. . .. . .

~alm frontal arm, aq ft . . .

,., ,.
. . . . .
I-t,.
UACA
. . . .

. . . . .
,. .,.
,! . . .

. . . . .

8toreflnmensmtlo . . . . . . . . . . . . . . . .

Store frontal area, nqrt . . . . . . . . . . .

2’5’-1”76
.019

SeotionA-A

Typioal. fin naotilm

9,10

+

40.5,,—_—’——d

with parabolic stare and cavity.

of modelm testd. All dimensions are in inches.
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(c) Plsm form view of model with cavity. Model C. L-89673:1
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(d) Side view of small parabolic store. Model D. kl.1

l?igure 3.- Continued.
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Figure 4.- Variations of Reynolds number with Mach nmber for models
tested. Reynolds number is based on wing mean aerodynamic chord.
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(b) Configurationwith partially submerged store.
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Figure 5.- Variations of total drag and friction drag coefficients with
Mach number for models tested.
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Figure 6.- Comparisons of
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