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SYMBOLS A
drag coefficient <§§§5> I
w

lift coefficient (lift>

pitching moment coefficient <BIKCh1:§ goment)
w

aircraft mean aerodynamic chord, in inches

full-scale incremental drag, in pounds (difference bLetween
drag of dirty aircraft and corresponding reference aircraft,
extrapolated to full scaie)

free-stream Mach number
free-stream dynamic pressure

aircraft wiag planform arca

angle of attack, in degrees
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SUMMARY
(U) The third in a series of scale-model wind tunnel tests to determing
the effect of fuselage mounted stores on the drag of an attack aircraft is
reported. This phase investigates stores mounted semi-submerged, tangent,
and on short and long pylons on the fuselage of a low, 25° suvecp wing. Addi-
tional configurations include stores carried on a fuselage mounted Multiple
Ejcction Rack (MER) as well as on the fuselage without wings., Also included
in this report is the drag of partially loaded configurations. The angle of
attack ranged from -2° to 4° and the Mach number from 0.60 to 0.90.
(C) The vesults of this phase indicate that adding one-half bomb dianetor
depth to the underside of the fuselage had little cffect on drag. Empty
cavities were found very detrimental to drag while semi-submerging of the
stores produced the least incremental drag of the different types of car-
riage examined. 1In addition, it was found that the displacement of the stores
from the underside of the fuselage tended to increase the incremental store
drag. It was also observed that the first row of fuselage mounted stores

produced about one-half the incremental drag of the full leal.

NTRODUCTION

(U} &n funvesiigation ints the ofifccet of tuse
drag of aircrait cruising at‘hixh subsonic speeds was initiated at the
Naval Ship Resecarcii and Development Center carly in 1966. This study was
prompted by the requircments to develop a fighter/attack airplane (VFAX)
for use by the Navy.

(U)  Two earlier reports (References 1 and 2) describe the results of pre-
vious wind tunnecl tests of varioss aspects of fuselage store carriage.
This report, the thaerd in the series, presents the results of further in-
vestigations into the general arvn.uf fuselage mounted stores.

(U) In this investigation the parent aircraft was represented by a basic
bodv and a low, 25° sweep wing. Also, the basic bodvy was tested without
wings and was modified by increasing ics height bv ane-half the maxiour
diameter of a Mk 82 bomb to allow for seri-submerging of that bhouvi.

(U) Configurations examined included carviage of Mk 82 and Mk 81 boubs
with Snakeve tails tangent to the underside of the aivplane and on long

and short fusclage pylons. In addition, Mk 81 bombs were carrvied on
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fuselage mounted Multiple Ejection Racks and Mk 82 bombs were carried

semi-submerged. Both partial and full loads were tested in evaluating the
various types of store carriage. Tests were conducted at Mach numbers uf
0.60, 0.70, 0.80, 0.85, and 0.90.

(U) This study was initiated by Reference 3 in which the Aerodynamics Lab-
oratory of the Naval Ship Rescarch and Development Center was requested to
review drag and launch/release characteristics, and perform suitable stud-

ies and tests required for optimizing store carriage on the VFAX aircraft.

MODELS
(U) The wing-body model consists of a rectangular cross-section fuselage
rounded at the corners and faired to a point at the nos® and 25’ swept
wing with a NACA 64A008 airroil section. To provide the space necessary
for semi-submerging stores, the body height was increased one-half of the

maximum diameter of a Mk 82 bhomb. The additional height was added to the

bottom of the fusclage so that the distance between the wing and the top

of the fuselage remained the same. The additional volume was faired smoothly

into the nose. Details of the wing body configurations are shown in Fig-
ure 1 and a plot of their area distributions are shown in Figure 2.
(U) The external steres tested were 0.10 scale models of the Mk 81 and
Mk 82 bombs with Snakeve tails. Figure 3 gives pertinent information
ahount these hamhe
(U) The long pylons used had a depth of one-half the maximum bomb diam-
eter of a Mk 82 bomb which is equivalent to six-tenths of the maximum bonb
diameter of a Mk 81 bomb. The short pylons had a depth equal to one-
quarter and three~tenths of the same respective bomb diameters. Figure 4
gives pertinent information about the pylons.
(')  The MER was mounted tangent to the bottom surface of the model. Some
details of this configuration are given in Figure 4. Figure 5 shows some
typical configurations with diagrams locating the oxact store positions,
Table 1 lists all the configurations tested in this phase. 1In all cases
stores were mounted parallel to the wing body center line.

TESTS AND MEASUREMENTS
(V) dhe tests werce conducted in the NSRDC 7- by 10-Foot Transonic Wind

Tunnel described in detail in Reference 4. Configurations investigated
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include: semi-submerged stores, fuselage mounting of stores on various
length pylons and on Multiple Ejection Racks, fuselage mounting of stores
on a body without wings, gapping and staggering of store loads and par-
tial store loads. Reynolds number vartfation was also investigatcd by
changing tuanel conditier . Configurations discussed in this report will
be confined to a Reynolds number of about 3 - 10" per foot to enable
carly publication and to limit the subject to chat of drag effects. The
results obtained at a higher and lover Reynolds number will be discussed
in a subsequent paper. However, for information purposes tne list in
Table 1 contains all of the configurations tested in this phase.

(U) All tests were conducted with the model mounted on a cantilevered
sting support system throu h a six-component internal strain gage balance.
Data from all components were recorded and reduced to coefficient form
but only the three longitudinal components are presented in Figure 6.
(U) Test conditions included Mach numbers of 0.60, 0.70, 0.80, 0.85, and
0.90 and an angle of attack ranpe from -2° to 4°. Transition was fixed
on the aircraft wing at 10 percent of the chord and on the stores and fusc-
lage at 10 percent of their respective lengths with 1/8-inch wide strips
of number 90 carborundum grit.

CORRECTIONS AND ACCURACY
(U) Angles of attack lave been corrected for deflection of the model
support svstem and balance and are witnin 20,17, Liit, drag, ang pitcning
moment coefficients have an accuracy of 20.004, :0.005, and 20.001, re-
spectively, at a Mach number of 0.80. The Mach numbers reported are within
40.003 and since the blockage c¢f the model is less than 0.5 percent of the
test seclion arca, no corrcctions have been made for wall effects. Drag

data have been correcced for basce pressure effects on the aircraft moedel.

RESULTS AND DISCUSSION
(U) The study of the incremental drag of fuselage mounted stores discussed
initially in References1 and 2 has continued and some results of the third
phase are presented herein.
(U) 1Tnce incremental drag, AD/q, used in comparing the drag of the differ-
ent modes of store carriage was calculated by subtracting the dra;, ceeffi-
cient of a reference configuration from that of a corresponding conficuration

with stores. This difference is then multiplied by the model wing arca
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and scale factor to give full scale AD/q in square f-et. For all stores/
pylons carried on the standarvd wing/body the reference configuration was

the clean standard wing/body; for stores carried on the standard boly with-
out wings the reference configuraticn was the c¢lcan standard bodv and for
semi-submerged stores the refzrence configeration was the enlarged LYody/w ng
combination with cavities faired.

(C) 0f the three reference configurations the model without wings had the

lovest drag, wherecas the drag of the standard wing/body medel and the ern-
larged body/wing (with cavities faired) had about cqual drag as choun in
Figure 7. Drag rise hegins for beth of the latter two models at a Mach
number of about 0.8. Figure 7 also contains a curve for the drag of the
enlarged bedy/wing without faired cavicies. For this carse the drag in-
creases about S0 percent above that of the model witn cavitics favrred.

From Figure 8 onec sees ihaie adding pylons to the underside of

tae fuselage
produces onlv a small drag increment with the deeper of the two pylons
producing a larger dras; increment.

(C) Figures 9 and 10 present the increscntal drag of the various modes

of carriage of 9 Mk 82 and 12 Mk 81 bombs. respectivalv. As the stores were

moved further away from the underside of the fusclage the increie

increased. Thus the lowest drag was obtainced by scni-submevi

or tangent-mounting Mk 81 banbe and the highest by mount: ng the scoves
on long pylons for all cases of stores in the same horizontal plane. Actu-

ally, the highest drag for the 12 Mk 81 bombs was cbtained by mounting them

on two fuselage MER's as shown in Figure 10.

(€)  From Figures 9 and 10, it is evident that there is a substantial incre-
1

mental drag rise for Mach numbers greater than about 0.85% ror stores carried

external to the underside of the fuselage of the wing/body cembination.
However, for stores carried semi-submerged this incvemental drag risc is
not prescent.

(¢) Figure 11 shows the results of longitudinally spacing 12 Mk §1 bonbs
in the same manner they were spaced for the data contained in Figure 10 of
Reference 2 and as shown in Figure 5 of this report except that for this
report the stores were also mounted on pyleous. Again, the same detrimental

effect of lougitudinal spacing is revealcad,
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(C) Figure 12 shows the effect of adding s:ores to a body without wings.
The incremental drag of both 9 Mk 82 and 12 k 81 tanpgent mounted st .reg
is lower for the body without wings than on the wing/body combination.
This is more marked for 9 Mk 82 than for 12 Mk 81 bowubs.

(C) There are two possible explanations for this drag difference. F

the area distributicn of the body without wings when compared to tie wing

bedy is much smoother as shown in Figure 2. Thus, the addition of stores
to the wingless body simply raises the flat portion of the arvea distribution
curve, while the addition of stores to the already poor area distribution
of the wing body distorts and raises the peak of the curve anl thus accent
an already poor situat . on. This explanation is supported by the fact that
at higher Mach nuabers where the area rule really takes cffect, the differ-
2nce in drag becomes quite large.

(C) A second possible explanation is that the proximity of the wing to the
underside of the fuselage has a detrimeantal effect on incremental drag.
This contention is supported by the results portraved in Figure ¢ cf Refer-
ence ? whore stores carried on a low wing mocel had somewhat higher drag
than . same stores carried on a high wing model although the area distri-
bution of the twn configurations ave the same. In all likelihood the exact

description of whace is really happening involves both explanations,

(C) Figure I2 also contarns a plot of thie fncremental drag of 12 Mk /1
bombs in a staggered arrav ou a bodv without wings. Here, as in Figure Y
of Refercnce 2, no appreciable effect is seen as a result of staggering
the stores.

(C) Figures 13 and 14 ave the plots of the incremental drag ot partial
and full loads of Mk 82 and Mk 81 bombs, respectively. The store loads
were built up by addin; adjacent rows in a reavward divection. from these
figures it is evident that the tirst row of stores produces about 50 per-
cent of the drag of the full load. The remaining 50 percent is divided
between the second and third row of stores with the sccond row producing
somewhat more drag than the third. Of note is the incremental drag rise
for the full and two-thirds full loads of bombs; the incremental drapg for
these two cases converges at the higher Mach numbers tested and in sonme

cases crosses over. In general the smallest penaltics arve paid in adding

rows of tangent mounted stoves.
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(€) The above holds true for all cases except the semi-submerged mode of

carriage. For this case the empty cavities are the dominant drag producing
factor. The incremental drag of three Mk 82 bombs with six empty cavities
is greater than nine Mk 82 bombs with no cavities and the latter conf ju-

ration has only slightly more drag than six Mk 82 bombs with three cavitices.

CONCLUSIONS
(€) Based on the data obtained during this series of tests the following

conc lusions are drawn:

1. The additional fuselage depth required to semi-submerge stores
had little c¢ffect on drag.

2. Empty cavities arc very detrimental to drag. The unfilled cavities
had about twice the incremental drag of the cavities filled with stores.

3. The first row of stores produces about 50 percent of the incremen-
tal drag of a full load for all cases except semi-submerging.

4. The incremental drag of the stores tends to increase as the stores
are moved further away from the fuselage with the lowest incremental drag
for the s2mi-submerged stores and the highest for the stores on long pylens.

5. Lengitudinal spacing had a detrimental cifect on incremental store

drag while staggering of the stores had little cffect.

Acrodynamics Laboratory

Naval Ship Rescarch and Development Center
Washington, D. C. 20007

August 1968
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