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RESEARCH. MEMORANDUM

EXPERIMENTAT, AND THEORETICAL DETERMINATION OF
PORCES AND MQMENTS ON A STORE AND ON A STORE-PYLON
COMBINATION MOUNTED ON A 45° SWEPT-WING—FUSELAGE

CONFIGURATION AT A MACH NUMBER OF 1.61

By 0dell A. Morris, Harry W. Carlson,
and Douglas J. Geler

SUMMARY

An investigation of store-pylon forces and moments has been con-
ducted in the Langley 4- by 4-foot supersonic pressure tunnel at a Mach
number of 1.61. Separate forces and moments were measured simultaneously
on a store and on a store-pylon comblnation for a number of pylon-
mounted store locations below the wing of a 45° swept-wing—fuselage
combination. Tests were made through an angle-of-attack range of -4°
to 12° and an angle-of-gideslip range of -12° to 12°., The basic model
configuration, which was almost identical to the model used in refer-
ence 1, simulates a heavy-bomber-type airplane with a large ogive
cylinder store.

The results of the investigation indicate that the mest important
source of store-pylon side forces 1ls the pylon itself. When immersed
in a strong sidewash field, the pylon can assume & large load and also
produce a large incremental load upon the store. Both tend to increase
rapidly with increasing angle of attack or angle of sideslip. Location
of the store-pylon combination in & sidewash field of strong Intenslty
may alsc result in powerful secondary effects on the normal force end
axial force of the store. The large unstable pilitching moments obtained
for the sweptforward store-pylon installstions at moderate angles of
attack indicate that release of an unfinned store from a forward store
location could be hazardous. Tests with two stores mounted on the same
wing penel show that the presence of the inbosrd store-pylon comblnation
causes significaent decreases in the outboard store and store-pylon side
forces produced by angle of attack. The theory as used here provides a
useful estimation of the angle-of-attack-induced store or store-pylon
slde force. However, the side force 1s underestimated st the inboard
wing positions and is overestimeted at the outboard positions.
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INTRODUCTION

As & result of the wide use of external stores snd nacelles on
high-speed aircraft, extensive experimental investigaetion of the nature
end origin of store loads has been conducted by the National Advisory
Committee for Aeronautics. Previous investigations (see refs. 1, 2,
end 3) have shown that at supersonic speeds the interference from the
various airecraft components mey produce large performance penslties and
also large structural loads. The side forces are often the eritical
design load because of their magnitude and the inherent wesknegs of the
Pylon support to lateral loads and bending moments. The theoretical
work of reference 4 indicated that store side-force loads mey be calcu-
lated by linear theory with reasonable acciracy. However, the experi-
mental date avallable for correlation were somewhat limlited, particularly
in the case of pylon-induced store loads. To the suthors' knowledge, no
supersonic data for the loads on the pylon itself were in existence.

The results of these and other investigations have indicated & need
for additional experimental data on pylon-induced store loads and on
pylon loads as Well as a need to provide additions) checks on the theo-
retical methods for the prediction of these loads. The present investi-
gation extends the range of the tests of references 1 and 2 to obtain
date on pylon-mounted store configurations over a wide angle-of-attack
and angle-of'-sideslip range at a Mach number of 1.61. The store and
wing-fuselage combinetion of this investigation are geometrically
identical to the model used in reference 1 with the exception of the
fuselage afterbody. A pylon was not employed in the previous tests.

This report presents the forces and moments (five components)
measured on the store in the presence of the pylon, and the forces and
moments (three components) on the store-pylon combinations. The tests
were conducted for a number of spanwise and chordwise store positions
using several different store-pylon combinations for an angle-of-attack
range of -4O to 12° and for an angle-of-sideslip range of -12° to 120
at angles of attack of 0°, 4°, and 8°. Correlations between the calcu-
lated and experimental store and store-pylon side-force loads are also
included; some of these results have previously been presented in
reference 5.

SYMBOLS
cA,s axisl-force coefficlent of store, Fp/qF _.
Cm,s pltching-moment coefficlent of store about store midpolint,
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CN,s

Cn,s

8

CM; Sp
n,sp

CY,sp

[¢]]

normal-force coefficient of store, FN/qF

yawing-moment coefficient of store about store midpoint,
MZ/qFZ

yvawing-moment coefficlent of store about pylon midpoint at
wing chord plane, MZ/qFZ

side-force coefficient of store, FY/qF

bending-moment coefficlient of store-pylon combinstion about
pylon root at wing chord plane, MB/qFZ

yvawing-moment coefflicient of store-pylon combination about
pylon midpoint at wing chord plane, MZ/qFI

side-force coefficlent of store-pylon comblnation, Fy/qF

meen serodynamic chord

maximum frontel area of store, 0.0123 sq ft
axial force, 1b

normal forece, 1lb

side force, 1b

store length, 12 in.

bending moment, ln-lb

pitching moment, in-l1b

yewing moment, in-lb

free-stream dynsmic pressure, lb/sq ft
free-stream veloclity, fps

chordwise position of store midpoint measured from nose of
fuselage, in.

spanwise poesition of store center line, measured from fuse-
lage center line, in.
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z vertlical pogition of store center line, measured from wing
chord plane, In.

o angle of attack, deg

B angle of sideslip, deg
APPARATUS AND TESTS

Models and Equipment

The princlpal dimensions of the models and the general sarrangement
of the test setup are shown in figure 1. The 459 gwept-wing—fuselage—
store combilnation was designed to simulate a heavy-bomber-type airplane
wilth a large external store. The dimensions of this configuration were
identical to those of the semispan model used 1n references 1 and 2
except for the cylindrical afterbody on the present fuselage.

The wing, fuselage, and stores were constructed of metal and the
stores were supported by wing-mounted pylons attached to each wing panel.
Slotes were milled into the wing to provide a flat mounting surface for
the pylons at each store position tested. Also, a slot along the span
of each wing panel fitted with small cover plates provided e passage for
the store and pylon balance leads into the fuselage.

The store mounted under the right wing panel contained an internal

five-component strein-gage balance which measured the forces and moments ;n

on the store in the presence of the pylon. The store under the left wing
panel wes mounted to a three-component strain-gage balance enclosed
within the pylon falring which measured the forces and moments on the
complete store-pylon combinstion. The swept and unswept pylons used in
the tests had symmetrical 9-percent-thick clrcular-arc sections parallel
to the free air stream. The 9-percent thickness of the pylon, which was
somewhat larger than deslired, was necessary 1n order to permit instella-
tion of the pylon balance. The overall dimensions of the store-pylon
combination used for each wing panel were identical; however, they were
quite different internelly. (See cutaway drewing, fig. 1{c).) For the
three-component pylon balance, the pylon was merely a fairing which
enclosed the straln-gage beam and a different pylon was required for
each store position tested in order to meintein a constant clearance
(about 1/16 inch) between the pylon end wing surface. Two separate
three -camponent pylon strain-gage balences were necessary in order to
instrument both the swept and unswept pylons.

For mounting the five-component store balance on the cpposite wing
panel, the pylon was a solid strut (except for & small hole which allowed
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passage of the store-balance leads to the wing) and the same two pylons
(the unswept and swept) were interchangeable for any of the store posi-
tions tested. A clearance gap of approximately 1/16 inch was provided
at the store-pylon Juncture to allow for balance deflection under loads.
(See fig. 1(e).)

Tests

The complete wing-store model combination was mounted on the
standard rotary sting of the Langley 4- by 4-foot supersonic pressure
tunnel, which allowed the model to be pitched or yawed through a wide
range of positions. For each store position, tests were made through
an angle-of-attack range of -4° to 12° (B = 0°) and through an angle-
of-sideslip range of -120 to 12° at constant angles of attack of 0°,
49, and 8°. However, for some positions, the angle ranges were
restricted by the load limits of the test equipment or by fouling of
the bglance due to deflection under load.

The fifteen store-pylon configurations tested are shown in fig-
ure 2; figure 3 shows the positive direction of the measured forces
and moments. For all model configurations tested, symmetrical store
locations about the fuselage center line were employed. For all
tests, in order to insure boundary-layer transition from laminar to
turbulent flow, & l/h-inch-wide strip of No. 60 carborundum grains
and shellac was located on both surfaces of the wing at the 10-percent-
chord point, on the fuselage nose 1/2 inch from the tip, and on the
store nose 1/4 inch from the tip.

The tests were conducted in the Langley 4- by 4-foot supersonic
pressure tunnel at a Mach number of 1.61L with a stagnation pressure of
5 pounds per square inch absolute and a corresponding Reynolds number

of 1.k x 106 per foot. Also, repeat tests were conducted at a stagna-
tion pressure of 10 pounds per square inch absolute with a corresponding

Reynolds number of 2.7 X 106 per foot. Comparison of the data taken at
both pressures showed good agreement. (See fig. k4.)

Accuracy of Data

The angles of attack and sideslip have been corrected for deflection
of the balance and sting under load. No correction has been made for the
effect of gaps at the wing-pylon and at the store-pylon Junctures which
allow clearance for balance deflection. However, the effect of these
gaps on the accuracy of the data is belleved to be small.
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An estimate of the probeble accuracy of the present date as deter-
mined from en inspection of repeat test points and static-deflection
calibration is as follows:

o« T - = 0
By G88 + ¢ 4 4 o o o o 4 o o o s 6 s & o o e s & o 4 4 e e e s e +0.2
x, in. - & 07245
¥, in. - < 0 Y 05
z, in. © 6 6 6 s s s e s 6 e 4 s s e s s a s s e s s e s s« 0,025

Store:
C.A.,S L] . L] . a . 3 . - . . . - . . . . L] . . . L] . . . v o . i0.02

CN,S s e o o o s e & o e o e & e e e e & & o o s o s & s . . ) io.oe
Cm’s o o s & & ®© o e+ e s « o e o 8 * s o o s e s &+ & » s io-oz

CY’S . . . e s & & & o . e s o . ¢ =& & e+ . . e e s & s e i0.05

Cpryg » = » n ot o v o s oot a e e .. 30,02

Store-pylon combination:
CY SP . " s e e o « ® 8 & o @ s s o o & s e e @ e o o e io u06
2

Cn,sp L L] . . L L] L] . - . L L] . . L L] . L] L - . L] L L - L] L4 L] io.oe

CM,sp « o * e ¢ 8 e " s o e * e o e . e o o & o - LI ) L) . io-oa

PRESENTATION OF DATA

The isolated store axlal-force, normal-force, and pitching-moment
coefficlents for the store with and without fins (reported in refs. 1,
2, and 6) are presented in figure 5. Figure 6 presents schlieren photo-
graphs for some of the model configuretions tested. _

The bulk of the store and store-pylon date is plotted ageinst angle
of attack and angle of sldeslip for the various store positions and 1s
presented in figures 7 to 32. The figures are plotted with the data for
two, three, or four store positions in each flgure with the store-pylon
configuration used being identified by the symbol opposite the small-scale
drawings in each figure. The fifteen store-pylon combinations tested are
grouped in such a manner as to show the various effects of the different
store-pylon positions and combinations; thus, in a number of the figures,
some of the data are repeated for ease of comparison. The store yawlng-
moment coefficients that are plotted against angle of gattack gre pre-
sented both about the store midpoint end about the pylon center at the
wing-pylon juncture for convenience in making comparison with the store-
pylon data. Spanwise and chordwise comparlison plots of the store and
store-pylon deta, together with store datae of references 1 and 2, are
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presented in figures 33 and 34, respectively. Comparison of the experi-
mental and calculated store and store-pylon side-force loads 1s pre-
sented in figures 35 to 38.

A general index of the data figures presenting the results is as
follows:

Figure
Stagnation pressure PLOtE .« v & « &+ « ¢ s+ « ¢ o e 0 s 0 .. . L
Isolated store data « ¢« « ¢ = o ¢ o ¢ o o o o s s o o s o o o 5
Schlieren PhotOgraPHS « o« « o o « o o o « o s o o o s o o o« o 6
Store coefficients plotted against @ . ¢« ¢ ¢« « ¢ ¢ o &« & « & T to 13

Store-pylon coefficients plotted against &« . « « « ¢« ¢« & + & 14 to 19
Store coefficients plotted against B« « « « o« ¢ =« + » « » « 20 to 26
Store-pylon coefficients plotted sgainst g . . . . . . « . . 27 to 32

Store spanwise snd chordwise comparison plots . . . . . . . . 33 and 34
Comparison of store and store-pylon side forces . « . . .« « & 35
Theoretical components of side force . . . . . e e s s e 36
Comparlson of theoretlcal and experimentsal slde force .« « o« « 37 and 38

RESULTS AND DISCUSSION

Experience shows that the structural design of the pylon and its
attachment to both the wing end the store are generally determined by
the side forces on the store and store-pylon esssembly. The side-force
loads are important structurally because they produce large bendlng
moments in a direction of least structural strength and large yawlng
(twisting) moments on the pylon. The following discussion is therefore
directed principally toward the variations in side force, which is con-
sidered the fundamental component. Also included in this discusslon 1s
a comparison of the measured side forces with those computed by using
the methods of references 4 and 5.

Variation of the Forces and Moments With Angle of Attack

Effects of store position.- For most test positions of the basie
store, large changes in the magnitudes of all of the measured store and
store-pylon forces and moments occurred with increases in angle of
attack and wilth changes in store spanwlse end chordwlse position. (See
figs. 7, 8, and 1L.)

Of the components measured, the most significant changes were shown
for the store and store-pylon side-force coefficients. The side-force
curves for both the store and store-pylon combination showed essentlally
linear variation with increases in angle of attack. However, the slopes
of the store-pylon curves were at least two to three times greater
(depending upon store position) than those of the store.

CONFIDENTTAL
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In most cases, the bending-moment coefficients show sizable increases
with increasing esngle of attack (fig. 14(b)). It can be calculated that
the center of pressure of the store-pylon assembly moves downward about
20 percent of the pylon span (assuming span is equal to 2.09 inches) fram
agout thg pylon-midspan location as the angle of attack 1s increased from
0° to 12%.

Relatlive to the performence problem imposed by the use of stores, 1t
should be noted that for the forward store location (figs. 7(a) and 8(a))
the store axial-force coefficlent decreases wilth increasing angle of
attack, whereas an equally large increase was shown for the most rearward
location. The increase in axial-force coefficlent with span position
(fig. 7(a)) will be dlscussed in a later section. Of course, no conclu-
sions can be drawn about overall elrplene performance without the corre-

sponding wing-fuselage data. The pitching-moment date of figure 8(b) and

the normal-force data of figure 8(a) are of interest when there is concern
over the release characteristics of a Jettisoned store. The data indicate
that because of the large positlve plitching-moment coefficients obtalned
at moderate airplene angles of attack, release from a forward location
would be hazardous. (Also, see fig. T(b).) The large moments could cause
g nose-up store attitude at which enough lift might be generated to force
the store to strike the pylon or wing. At the rearwerd location

(fig. 8(b)), although the piltching-moment coefficients are not large,

the normal-force coefficlent may in ltself make a satisfactory release
difficult. For the mldchord positions, the negative initial moments
should aid in obtaining satisfactory releases.

Effects of store fins and store tall cone.- For the two store-pylon
configurations tested, addltion of the tall cone had only small and
generally negligible effects on the measured store characterlstics
(figs. 10, 11, 16, end 17). In general, addition of the fines to the
baslic store caused large changes in all the coefficlients except side-
force coefficient at store positions where the fins were placed in a low
sidewash region. (See figs. 9 to 12 and 15 to 18.) The large changes
which occurred for CN,s: Cm,s, and CA,s due to the fins, however,

were primarily a result of the changes shown by the 1solated-store fin
data. (See fig. 5.) The determination of whether the addition of fins
to the store at the mldchord locatlon would increase the possibllity of
a satisfactory release would require a detailed study. The large nega-
tive moment would ald release, but the positive normal force would tend
to make release more difficult.

Effect of pylon locatlon.- When the unswept pylon was moved from
a forward_to & rearward location while mailntaining the seme store posi-
tion, the largest changes occurred for store normel-force coefficlent
and for the store and store-pylon slde-force coefficlents (figs. 13 and
19). At the higher angles of attack, the side-force coefficients for
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the rearward pylon position were less than in the forward position,
whereas the store normel-force coefficient showed an increase. The
pylon in the forward location is in a sidewash region of greater Inten-
sity (shown by the higher store-pylon side-force loads in fig. 19); in
this position, the presence of the pylon results in larger decreases in
the store normal-force coefficient.

Interference effect of an inboard store on an outboard store.- Fig-
ures 12 and 18 show the effect on the.outboard store and store-pylon loads
of adding an inboard store at the location indicated in figure 2. Only
small chenges in store axlsl-force, pitching-moment, and yawing-moment
coefficients were produced by the presence of the inboard store. However,
a significant increase in store normsl-force coefficient and a significant
decrease in store and store-pylon silde-force coefficients were measured as
the angle of attack was increased. In addltion to the interference effects
produced by the flow field of the inboard store and pylon, this installa-
tion ig believed to act as a "fence" which reduces the outward wing side-
wash due to angle of attack. Consequently, these interference effects
produced by the inboard store reduced the store side-force coefficient
and increased the store normal-force coefficient on the outboard store.

Variation of the Forces and Moments
With Angle of Sideslip

For the basic store position, the store and store-pylon data
(figs. 20, 21, and 27) show large changes in the measured coefficients
with increases in B. The most noteworthy changes occurred for the store
and store-pylon side-force coefficients and for store normal-force coef-
ficlents. ILarge increases in the store and store-pylon side-force coef-
ficlents with increases in sideslip engle were accompanied by large
decreasges in store normal-~force coefficients. In general, for the store
end store-pylon side force, the effects of the combined o and 8
(shown for angles of attack of 4° and 8°) are additive when the store is
located on the rearward wing psnel (-B range for store, +B range for the
store-pylon combination) and thus results in even larger loads on the
store andostoreaPylon combination than previously shown by the data taken
at B = 0".

Effect of store position.- Examinstion of the coefficients of fig-
ures 20, 21, and 27 also shows that the effects of store spanwise and
chordwise position are sizable, with the variation of the coefficlents
being somewhat more pronounced for store chordwise movement than for
store spanwise movement over the range of positions tested. The effects
of store position are generally smaller than the effects produced by
varistion in angle of sideslip. In the case of the store and store-pylon
side-force coefficients, the changes over the range of store positioné
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tested are sbout one-third as large as the changes due to angle of side- '
sllp at the extreme angles of 12° tested. (See fig. 38.)

Effect of store fins and store tail cone.- The data of figures 22
to 25 and 28 to 31 show that addltion of the store fins caused modersate *
to large incremental changes in all of the store and §tore-pylon coeffi-
clents measured, wilth the incremental changes in CA,s’ CN,s’ and Cm,s

(for most cases) being little affected by angle of sideslip. However,
in the case of the store and store-pylon side-force and yawing-moment
coefficients, the addltion of the fins produces large increases in the
slope of the curves as would be expected.

Again, additlon of the falred tall cone ceused only small and gen-
erally negligible effects on all the coefficlents except store axial-
force coefficlent. :

Effect of pylon location.- Examination of the data of figures 26

and 32 shows that a change in pylon position produces only small to R
moderate changes 1in the measured coeffilcients with variation in B
except in the case of the coefficlents CN,s and Cn,sp' The lerge

slope change shown for the store-pylon yawing-moment curve would be
expected since the moments were computed about the pylon center. For
store normal-force coefficlent, moving the pylon rearward caused
unusually large increases in the coefficlents in the negative B range
and only small changes in the positive B range. :

Interference effect of an inboard store on an outboard store.-
Figures 25 and 31 show that the addition of the inboard store produced
large changes in all the coefficlents (except Cy,s) which increase with

angle of sideslip when the store was on the rearward wing panel (that is,
positive B for the store-pylon coefficlents and negative B for the
store coefficients). However, when the model was yawed so that the store
was located on the forward wing panel, the incremental changes in CN g

Cm gy and Cy ,5D for the outboard store decreased gradually with

increasing sideslip angle until the differences. became smaell or negli-

gible at the higher angles. This results from the fact that the flow
due to sidesllp tends to cancel the side flow due to wing angle of
attack and the flow due to the inboard store; thus, the outboard store
undergoes no sizable change in lnterference originating from the inboard-
mounted store.

CONFIDENTTAL
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Relative Contribution of the Store and Pylon Toward
Total Store-Pylon Loads

In order to show the relative contribution of the store and pylon
toward some of the total store-pylon loads, the comparison plots of
figures 33 and 34 were prepared by using the store data of references 1
end 2 (with no pylon) and the present store data. TFor the spanwise
compsrison plots (fig. 33), the most important effects of the pylon were
on the store and store-pylon side force and store axial force. This
figure, which illustrates more clearly the breakdown in side-force loads,
shows that the pylon carries the largest proportion of the total side-
force load, with the variastion due to spanwise positlon being relatively
small in comparison with the large changes caused by the additlon of the
pylon. The large changes which occurred in store axial force due to the
presence of the pylon were substantially greater for the outboard store
posltions than for the inboard store positions. Changes in Qm,s’ Cn,s,

CN,s were generally variable along the spen and were small. In con-

sldering these effects, it should be noted that the pylon location 1s
moved forward slightly on the store with outboard store movement. With
variation in store chordwise position (fig. 34), the presence of the
pylon also caused large Increases in the store and store-pylon side force.
Also, the presence of the pylon produced large increases in store axial
force; however, the incremental increases were only little affected by
store chordwise position and pylon sweep.

Figure 35 has been prepared to show the relative contribution of
the store and store-pylon side force to the total load over the B range.
Data at an angle of attack of 4.1° are presented for six test configura-
tlons. In general, 1t 1s seen that for the B range of these tests, as
well as for the a range, the pylon carries & load as large as or larger
than that on the store.

Theoretical Consideration

Store and store-pylon silde forces have been estimated by using the
methods of references 4, 5, and 7. The wing-fuselage flow-field informa.-
tion has been obtained from & number of sources. The wing-thickness
static-pressure distributions were determined by differentiating velocity
potential with respect to x Dby using methods similar to those shown in
reference 8, numerical integration being substituted for the graphical
integration used therein. Wing-thickness sidewash was found by differ-
entiating that velocity potential with respect to y. Fuselage-thlickness
effects were found to be small and are not included in this analysis.

The wing-angle-of-attack sldewash has been computed by using the formulas
of reference 9. .

CONFIDENTIAL
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The estimatlion of the complete side-force load on a store-pylon
installation immersed in a nonuniform flow requlres conslderatlon of a
number of factors whose relative importance will be shown later. The
buoyant side force acting on the store was found by a graphical integra-

tion over the store surface of the static pressures due to the wing thick-

ness. The potentlial side force due to the thickness and angle-of-attack
sidewash distribution along the store cehter line was calculated by
using the method of reference 10. The viscous side force due to the
thickness and angle-of-attack sidewash distribution along the store
center line was determined by a graphical integration of the crossflow
drag over the length of the store (ref. 7). The pylon side force and
the store side force caused by the presence of the pylon were calculated
by the method given in reference 5, which simply uses an average of the
sldewash over the surface of the pylon and assumes that the presence of
the pylon in no way alters the flow.

Figure 36 has been prepared to 1llustrate the relative importance
of the various theoretical components of the store-pylon side force;
one of the configurations of this test has been used as an exsmple.
Store or store-pylon side force has been plotted ag a function of air-
plane angle of attack. Contributions to the total store-pylon silde
force are made cumplatively. Each curve is identified by a component of
the theory and represents the sum of that component and all components
listed below 1it. The one qutstanding feature of thls figure is the
overpovering effect of the pylon on the total store-pylon slde force.

In figure 37 the theoretical side force ls compared with experimental
side force for elght of the configurstions tested. Agaln, the store or
store-pylon side force has been plotted as a function of airplane angle
of attack. In figure 37(a) data for the store and sweptforward pylon
are presented for the spanwise positions. The theory is seen to under-
estimate the experiment at the inboard station and overestimate it at the
outboard station. An examination of the schlieren photogrephs (fig. 6)
shows that the shock from the wing-lesding-edge-—fuselage Jjuncture gppears
to be a slgnificant distance ahead of the leading edge instead of being
behind as is the Mach line used in the theory. The schlleren photographs
of figure 6(a) show that the wing-leading-edge shock sngle for the wing-
fuselege combination i1s unaffected by the presence of the store and pylon.
Accordingly, the wing-angle-of-attack flow field was recalculated for a
Mach number of 1.4 for which the Mach angle equaled the measured shock
angle. Use of this theoretical sldewash distribution resulted in an
improved prediction of the slope of the store-pylon side-force curves
as was shown in reference 5. -

Also shown in figure 37(a) are data for a store and rearwsrd-swept
pylon. Store-pylon data are not presented here because the pylon yawing-
moment date teken during this run, which were obviously in error, throw
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doubt on the validity of the side-force measurements. Unfortunately,
the date were published in reference 5 before the error was discovered.

In figure 37(b) data are shown for four more configurations 1llus-
trating the effect of fins, a store tall cone, and a change in pylon
location for s fixed store position. Since the store or store-pylon
load is determined predominantly by the sidewash acting on the pylon,
it is interesting to note the change in loading with & change in pylon
location, everything else remalning constant. The large effect of the
relocatlion and the degree to which 1t could be predicted 1s shown in
the upper half of figure 37(b). The discrepancies between experiment
and theory may be caused by the fallure of the actusl sidewash to resch
fully the theoretical peak values near the leading edge. This was
demonstrated in reference 5 when, as mentioned before, the subsonic-
leading-edge type of sldewash distribution was found to give a better
agreement.

A comparison of the date for the closed store afterbody (that is,
tall cone on) with that of the boattall afterbody showed little or no
change. Although for isolated bodles the slender-body concept is greatly
dependent on the degree of boattalling, that factor was relatively unim-
portant in this case because of the smsll contribution of the potential
side force.

The remeining configuration treated in figure 37(b) is one with a
finned store which is the seme in other respects as an earlier configu-
ration. The increase in the slope of the curve has been fairly well
predlcted but the theory predicts a change in lntercept that is not
realized.

A simplified procedure has been applied to the calculation of the
side~force variation with sideslip angle. The pylon and pylon-induced
store slde force, the store potentiel side-force, and the store viscous
slde force were computed for a uniform sldewash angle equal to the
angle of sideslip. Thus, the theoretical side force due to sideslip
is dependent only on pylon aresa, store geometry, and the ratio of pylon
span to store diameter. Slnce the theory shows the same results for
all configurations of these tests except those having steore afterbody
changes, the theory and data from the.configurations tested are shown
in figure 38 on one set of axes. In this figure, the store or store-
pylon incrementel side force due to sideslip is plotted as a function
of sideslip angle for an angle of attack of 4°. The theory is seen to
overestimate by a substantial margin the experimental data for the con-
figurations shown. However it should be noted that the experimental
side force at constent o« 1is primeriiy a functlon of § rather than
of configuration. A more accurate prediction of the effects of angle of
sideslip may possibly be obtalned by considering the effects of the
changes in leading-edge sweep. (See ref. 1l.)
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In genersl, the theory as used here provides a useful estimation

of the angle-of-attack-induced store or store-pylon side force. However,'

the side force 1s underestimated at the inboard wing positions and is
overestimated at the outboard positions._  The simplified treatment of
the sideslip effects ylelded an overestimation of the side-force incre-
ment ranging from 50 percent to 100 percent, Also, it has been shown
that with & large pylon, as employed in these tests, a theoretical.
treatment of the pylon effect alone gives a prediction. which is
Improved only slightly by the addition of all the other theoretical
considerations.

CONCLUSIONS

Forces and moments have been messured at a Mach number of 1.61 on
e store and on a store-pylon combination for a number of pylon-mounted
store positions below the wing of a 45° swept-wing—fuselage combination.
Theoretical calculations of store and store-pylon side forces have been
compared with experimental data. Results of the investigation indicate
the following conclusions:

1. The most important source of store-pylon side force is the pylon
itself. When immersed in a strong sidewash fleld, the pylon cen assume
a large load and also produce & large Incremental loed upon the store. .
Both tend to increase rapidly with increasing angle of attack or angle h
of sldeslip. .

2. Location of the store-pylon combination in a sidewash fleld of
strong intensity mey also result in powerful secondary effects on the
normael force and axlal force of the store.

3. The large unstable pitching moments obtained for the sweptfor-
ward store-pylon installatlons at moderate angles of attack indicate
that release of an unfinned store from a forward store location could
te hazardous.

L, Tests with two stores mounted on the same wing pasnel show that
the presence of the inboard store-pylon combinetion causes significant
decreases 1in the outboard store and store-pylon side forces produced by
angle of attack. . . -

5. The theory as used here provides a useful estimation of the
angle-of -attack-induced store or store-pylon side force. However, the
side force is underestimated at the inboard wing positions end is over-
estimated at the outboard positions.

Langley Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 25, 1957.
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(a.) Dimenslions of wing-fuselage model combination and store positions lnvestigated.

Figure 1. Detalls of model and stores.
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Store midpoint
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Basic store configuration
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~ 1200 -

Baslc store with
fins added

Section A-A, typ.

l< e -

i 1200

. S

178

Basic store with
tall cone added

(b) Dimensions of store configurations tested. (Store nose and after-
body are ogive bodies of revolution.)

Figure 1l.- Continued.
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375
I 34
Pylon fairing %
(circular arc 3 component strain

section 9% thick—

Section A-A goge
Pylon
bending-moment axls——\ /—P'ylon yowing-moment axis
T‘G clearance gap A i I

T

2.09
T
T

e —

Store-pylon balance iInstallation
(straight pyfon shown)

i-——-3.75
\ , 11»——.34
Circular arc d ’

section, 9% thick
Section A-A

2
X, R 2 L p T e
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T% clearance gap
[ i
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Store balance installation
(swept pylon shown)

(¢) Dimensions of pylons and details of balance instellations.

Figure 1.+ Concluded.
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Fgure 2.- Store-pylon configvrations tested.
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(a) Store coefficients.
Figure k.- Effect of tunnel stagnstion pressure on the aerodynamic char-
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Store-pylon side-force coefficient, CY_sp

Store-pylon yawing-moment coefficient, Cn,sp
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(b) Store-pylon coefficients.

Figure 4.- Concluded.
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(a) Wing-fuselage slone. . L-5T7-1643

Figure 6.- Schlieren photographs of several model combinations.
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_ L-57-1644
(b) swept-pylon store combination: x = 26.14 inches; y = 10.2 inches.

Figure 6.- Continued. _ .
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a=12.3°

L-57-1645
(¢) Swept-pylon store combination: x = 26.4 inches; y = 10.2 inches.
Dummy store: x = 21.9 inches; y = 6.6 inches.

+ Figure 6.- Concluded.
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(a) Varistion of Cn,s 8nd Cp g Wwith a.

Figure 7.- Aerodynemic characteristics of the store in the presence of
the wing-fuselage combination for three spanwise store positions.
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Figure T7.- Contlnued.
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(c) Varistion of Cy o and Cp o' with a.

Figure T.- Concluded.
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uyaen

Store normal-force coefficient, Cy ¢
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Store axial-force coefficient, Gy ¢
n
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Angle of attack, a, deg

(a) Varistion of Cy o end Cp o with a.

Figure 8.- Aerodynamic characteristics of the store in the presence of
the wing-fuselage combination for four chordwise store positions.
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Store pitching-moment coefficient, Cm,s

Store yawing-moment coefficient, Cy s
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Figure 8.- Continued.
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Figure 8.- Concluded.
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Figure 9.- Effect of the store fins on the aerodynamic characteristics 07
of the store in the presence of the wing-fuselage combination.
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Figure 10.- Effect of store fins and store tail cone on the aerodynamic
characteristics of the store in the presence of the wing-fuselage
combination.
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Figure 10.- Continued.
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Figure 1ll.- Effect of store fins end store tail cone on the aerodynami;
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Figure 1l.- Continued.
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Figure 1l2.- Effect of store fins and inbosrd and outboasrd store inter-
ference on the aerodynemic characteristics of the store in the pres-
ence of the wing-fuselage combination.
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Figure 1l4.- Aerodynemic cheracteristics of the store-pylon combination

in the presence of the wing-fuselege combination for three spanwise
store positions.
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Figure 15.,- Effect of store fins on the aerodynemic characteristics of
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Figure 17.- Effect of store fins and store teil cone on the aerodynamic
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Figure 18.- Effect of store fins and inboard and outboard store inter-
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Figure 19.- Effect of pylon location on the aerodynamic characteristics

of the store-pylon combination in the presence of the wing-fuselage
combination.
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Figure 20.- Aerodynemic characteristics of the store in the presence of
the wing-fuselage combination for three spanwise store positions.
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Flgure 21.- Aerodynemic characteristics of the store in the presence of
the wing-fuselage combination for three chordwise store positions.
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Figure 22.- Effect of store fins on the aerodynamic cheracteristics of
the store in the presence of the wing-fuselage combination.
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Figure 24.- Effect of store fins and store tail cone on the aserodynamic
characteristics of the store in the presence of the wing-fuselage
combination.

CONFIDENTIAT.



82 CONFIDENTTIAL NACA RM I57K18
10 X,y
=2 oas  es
8 —Foas e
5 <9 s as es
- 4
& a=82°
5.
L
sg -
(=
-4 P
<‘§ - i a=4.°
-6 H r 2
o]
-2
4 -4
2 a=0° -6
s O -8
L? u
E -2
Q
L
I -6
9 .L+u‘u' } ";I.t; : 33 : poiTs t ,“.
_l‘o L et = xmiak i e e« H= :
-4 -2 -0 -8 -6 -4 -2 0 2 4 10 12 14

Huis.' !

NN

Angle of sldeslip, 8, deg

(v) Veriation of Cy,e Wwith B.

Figure 24.- Continued.

CONFIDENTIAL



NACA RM L57K18

§
|
&
§
|
2
2

CONFIDENTIAL

. T ; x,h ¥
(4% a 219 66
4 ——==ous e
66
. .
2
N
O H
‘ 3
2
a=4.°
I J
0
-1
2 .
J HER = )
o Ly : o
= ' a=0° 45
N S
-2 HEHE
TIsh BT
-3 [
-4
-5 HEH e : i
-14 4 =2 0 2 4 cE

Angle of sldeslip, B deg

(e) Veriation of Cp,e With B.

Figure 24.- Continued.

CONFIDENTTAT,

83

Store pitching-moment  coefficlerd, Cp,



84 CONFIDENTIAL NACA RM I57K18
28
24 : : S
] <1 2s s
20 5 C%‘Q 219 66
: é “h 213 €6
1.6
1.2 a=82°
3 8
53
g 4 20
o 1.6
§ -4 12
§ -8 a=4.l° 5
4
1.6 o
12 -4
©« 8 -8
3
g‘ a a=0° -12
o -6
»
g
2 -8
-12
-16 :
-4 -2 -0 -8 -6 -4 -2 ] 2 4 6 8 10 12 14

Angle of sideslip, B deg

() Veriation of Cy,g with B.

Figure 24.- Continued.

CONFIDENTIAL

"



NACA RM L5TK18 CONFIDENTIAL

Angle of sideslip, B deg

(e) Variastion of C with B.

n,s

Figure 24.~ Concluded.

CONFIDENTIAL

85
S : %y
chrz:s 66
4 60 219 65
<=9 s 23 es
3 :
w 2
S
E’ A
§ o
g -1 - 3
g . R
2 .
a=4,l°
HHHH O
i
- 3 -
S
E 2 -2
E a=0°
.l : = -L'
H " e -
o £ =
g -l
g 2
-3
-4.
--l4 -2 -0 -8 € -4 -2 o} 2 4 6 8 10 12 14

Store  yawing-moment cosfficlent, Cns



86

CONFIDENTIAL NACA RM I57K18
5 C% ' u; :a;"" TozL
o 264, ‘_. 102

ﬁ: & 2647102

Store axial-force coefficient, Gy o

&

o

==

N

Store axial~forcé coefficient, Cy

s 6 -4 -2 0 2 4 6 8 10 12 14
Angle of sideslip, B, deg

(a) Varistion of Cp g with 8.

(IR TR} T

hH

'L L‘&-‘x- Ili.ulilj- ;

'S

a0 i

L

ey

T EY S R VR

[
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Tigure 26.- Effect of pylon location on the aerodynemic characteristics

of the store in the presence of the wing-fuselage combination.
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Figure 27.- Aerodynaﬁic characteristics of the store-pylon combination
in the presence of the wing-fuselage combinatlion for three spanwise
store positions. :
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Figure 28.- Effect of store fins on the aerodynsmic characteristics of
the store-pylon combination in the presence of the wing-fuselage
combination.
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Figure 29.- Effect of store fins and store tail cone on the aerodynamic

characteristics of the store-pylon combination in the presence of

the wing-fuselage combination.
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Figure 30.- Effect of store fins and store tail cone on the aerodynamic
characteristics of the store-pylon combinastion in the presence of
the wing-fuselage combination.
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Figure 30.- Continued.
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Figure 31.- Effect of store fins and inboasrd and outbosrd store inter-
ference on the aerodynamic characteristics of the store-pylon com-
bination in the presence of the wing-fuselage combination.
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Filgure 37.- Comparison of theoretical and experimental side force.
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