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RESEARCH MEMORANDUM

INVESTIGATION OF THE EFFECTS OF GEOMETRIC

CHANGES IN AN UNDERWING PYLON-SUSPIXfDEDExTERmL-sToRE

INSTALLATION ON THE AERODYNAMIC CHARACTERISTICS OF A

45° SWEFT3ACK WING AT HIGH SlJ2SONICSPEEDS

By KenriethP. Spreemann and William J. Alford, Jr.

SUMMARY

investigation has been made in the Langley ht@-speed 7- by
tunnel through a Mach number range of 0.41 to 0.96 to determine

the effects of external-store fineness ratio, store shape, store chord-
. wise position, pylon thickness, pylon length, and pylon sweep angle on

the aerodynamic characteristics of a number of underwing pylon-suspended
external stores in combination with a 45° sweptback semispan wing and

d fuselage. The Reynolds nuniberrange of this investigation was from

about 0.50 X 106 to 0.75 X 106. The store profiles corresponded to
NACA 65A-series bodies of revolution, the pylons were NACA 64A-series
airfoil sections, and the wing was an NACA 65AO06 airfoil section
pzuxil.lelto the free stream.

.

The results showed that in the range of external-store fineness
ratios investigated (4 to 12) and for the particular mounting used In
this investigation, the lowest installation drag per unit of store volume
was obtained with a store of fineness ratio 8. Variations in pylon
length showed that for a particular chordwise location of the store and
pylon, the least interference drag was obtained with a pylon of about
25 percent of the local wing chord in length. Decreases in pylon thick-
ness, particularly from 30 to 20 percent of the pylon chord, also
resulted in large reductions in drag, especially at the higher Mach num-
bers. It appeared, in general, however, that the most effective means
of obtaining minimum drag for the store installation was to position the
store in extreme forward or rearward chordtise locations by mounting the
store on swept pylons.

.

.
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—
The use of external stores on high-spee~ airplanes has been fre-

quently accompanied by severe losses In perf~rmance and stability and
control because of the adverse interference &ffectsprOduced by the
store installation. These adverse interference effects are largely
dependent cm the magnitudes and locations of the peak negative pressures
of the component parts of the external-store installa~ioriin combination
with the peak negative pressures of the wing. It is apparent”that the
changes in the peak-negative-pressure charac&?ristics of the store com~..
ponents can be affected by such-store @comet@.c parameters as store
fineness ratio,”store shape, store chordwise position, pylon thickness,
pylon length, and pylon sweep angle. .,

Investigationshave been made to determi~e the effects of several
of these geometric parameters on the interfer&nce of external-store
installations (references 1 to 5). The results have indicated the need
for an investigation of systematized changes “tiinstall..tiongeometry.
The present paper presents the results of SUC% an investigate.onby show&
the effects of changes in some of the geomet@.c parameters on which the .1
interference depends.

—— ....

The investigation was made on an inboard.underwing-pylon-suspended.
external-store installation on a model with a;45° sweptback semispan
wing over a Mach number range that generally extended from 0.41 to 0.96.

COEFFICIENTS AND SYMBOLS —

The system of axes empldyed, together.ti-& an indi~ation of the
positive forces, moments, and angles, is presented in figure 1. The ~.. ..
pitching-moment coefficients are referred to @e2>percen&chord point
on the mean aerodynamic chord. Pertzlnentcoefficients .~d symbols used
in this paper are defined as follows:

CL lift coefficient (Twice semispanlift/qS)

cm pitching-moment coefficient ‘(Twicemmispanpitchingmoment/qSE)

CD drag coefficient (Twice semispan drqg/qS)
LL.=..-—-

CDS
theoretical drag coefficient of stqr~s alone based on model ~
wing area .

*..

MD increment of drag coefficient due to’external-;tore installation ‘

(C%odel + store installation “)

.

- C%odel

—.

-1
.



NACARM L50LI.2 3
.

-z
.

-x

M
M

MB

v

a

9.

c

%

b

Y

R

v’

a

. A
..

lift, pounds

drag, pounds

pitching moment, foot-pounds

free-stream Mach number

(drag-break Mach number free-stream Mach number at which

free-stream velocity,

distance between wing

feet per second
●

chord line and center line of store, feet

-c pressure, pounds per square foot

mass density of air, slugs per cubic foot

twice wing area of semispan model, 0.125 square foot

mean aerodynamic chord (M.A.C.) of wing, 0.181 foot; based on

relationship ~ rb” c% (using theoretical tip)
Ud o

local wing chord measured streamwise, feet

pylon chord measured perpendicular to pylon
feet

twice span of semispan model, 0.866 foot

quarter-chord

spanwise distance from plane of symmetry, feet

Reynolds nwn%er (pVF/V)

absolute viscosity, pound-seconds per square foot

singleof attack relative to wing chord line, degrees

line,

angle of pylon quarter-chofi line sweep,“degrees (positive,
sweepback)

external-store fineness ratio



4
,—..- --—— —

NACA RM L50L12
.

zp/c pylon length, presented in percent!of local%ing chord

tb-p ~lon thickness, presented in percent of pylon chord

x/c store chordvise position (positive, aft of wing leading edge),
presented in percent of local wing chord

1 length of body, feet —: —

d maximum diameter of body, feet

t maximum pylon thickness, feet

.x chordwise distance between nose of store and wing leading edge
at spanwise location of store, feet

-.

,...” —

—
—

—

.—

Subscripts:
-.. .

f basic fuselage
—

—

s store
.— .

.: -...
—

P pylon (when referred to pylon length it is ti-riimumdistance
—

between wing lower surface a~d stbre upper”surface) -
.—

‘9

APPARATUS AND MODELS .-

The investigation
10-f.oottunnel using a

was conducted in the Langley high-speed 7- by
semispan model mounted-on a reflection-plane —

plate, located 3 inches from the tunnel wall-in order to bypass the
wall boundary layer (figs. 2 and 3). The-seii@pan mod~ was provided “_ ~“.... ..=
with an end plate that was attached to the fi.iielageat=e plane of
symmet~. To prevent fouling of the model, a’clearance-of approximately

~-inch was maintained between the fuselage@d plate =~nd the reflection--”.“ - ~

plane plate. Forces andm&&ts were measured by mean; of an electrical
strain-gage balance system mounted outside the tunnel. The balance system ‘- “
was enclosed in a sealed container to minimize leakage of air from OU%-

side the tunnel test section into the flow field o’fthe~model.

Basic Model

The basic semispan model.consisted of a’~ng-fuselage combination. “““. ~l;
The wing was Wde of bemlllum copper and had.,45°of sweepback referred , ---‘.”.:
to the quarter-chord line, aspect ratio 4, tatierratio 0.6, and an .
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NACA 65AO06 airfoil section parallel to the
which was made of brass, was half a body of
ness ratio 10 (and basic fineness ratio 12),

free stream. The fuselage,
revolution of actual fine-
the ordinates of which are

given in table 1. A two-view drawing of the wing-fuselage combination
is presented in figure 2 and photographs of the model in figure 3.

Stores

The external stores were bodies of revolution of fineness ratios 4,
6, 8, 10, and12. The variations in store fineness ratio were made by
changing the diameters of the stores while maintaining a constant store
length. The store profiles corresponded to NACA 6Z-series airfoil
sections. The ordinates are given in table II.

The fineness-ratio-6 store was modified to effect a change in shape
of the rear portion of the store by reflexing the store center Une so
that the upper surface of the store followed closely the contour of the
rear part of the wing lower surface and in plan form was fan-shaped.
The ordinates of this store are presented in table III.

. Pylons

The three variables of pylon geometry investigated were thickness,
* length, and sweep angle. All the pylons had NACA 64A-series airfoil

sections perpendicular to the leading edges and were of 1.0- and 1.5-inch
chord. The l.O-inch-chord pylons were used only in the store shape and
store chordwise position phases of the investigation.

The pylon thicknesses (in terms of pylon chord) were 10, 20, and
30 percent. The pylon ord~tes sre given in table IV.

The pylon lengths based on the minimuq distance between the wing
lower surface and the store upper surface in p“ercentof the wing local
chord were 9.45, 18.9, and 37.8.

Configurations

The external-store installation,was an inboard underwing pylon-
suspended type of installation. The installation was such that a single
geometric parameter could be varied independently, except for the store
chordwise position parameter where-init was also necessary to sweep the
supporting pylons.

The store finen~ss ratios investigated were 4 to 12 at > = 9.45 p-er-

cent and 4 to 8 at ~ = 37.8 percent. The fineness-ratio stores are
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shown in figure 4 located on the test model and a photograph of the
—

fineness-ratio-4 store on the model is given in figure 3(a). ..
I .—

The store-shape phase of the investigation consisted of a fineness-
ratio-6 body of revolution and the fantail-shaped body ‘ona pylon of

.—

t
— = 20 percent and ~ = ~ @gercentq ‘: ““-The fantail-shaped store is
% c’
s&n#n in figure 5 installed on the model. In figure 3.~b)is a photo-
graph of the model.with the fantail store. .—

The fineness-ratio-6 store was located at three chordwise po~itions
such that the distance between the nose of the store ~d the wing leading
edge based on the’ting local chord was 141.3 percent and 41.1 percent
ahead of the wing leading edge And 40.0 percent @hind the ying leading
edge. (See fig. 6.) A photograph of the model with the store in the
most forward position is presented in figure 3(c).

The fineness-ratio-6.storewas utilized--forthe in~estigations of
the three pylon variables; thickness, length, and sweep angle. The
pylon thicknesses of 10, 20, and 30 pert@.ntw&e investigated at

‘P _ g 45 Percmt ~d ‘P
c“ —= 37.8 percent.e

..-

—

.

.

‘PThe three pylon lengths of ~ = 9.45, 18.9, and 37.8 percent were . 1

investigated at A = 0° for 10 =Gd 20 percent thickness and at A = 45° %

for 10 percent thickness. Figure 7 shows the pylons and store installed
on the model.

The pylon sweep angles of 0°, 30°, and 45° were ifiestigated at

~= 18.9 percent for two thicknesses, ~ =“10 percent end 20 per-
.

c ..— ----

cent. The ‘pylonswere siept about the int~rsection of the p“y16nquarte~-
chord line and the wing lower surface. The external store remained in
the same vertical and chordwise location for each group of pylon sweep
angles. Figure 8 shows the installation of the external store and swept “
pylons on the model. .

The pylons and stores were checked for +ristallat.io~accuracy and
found to be alined within *0.5° of the plane o’fsymmet~.of the model
(vertical plane) and within M. 2° of the Witig--chordline (horizontal
plane).

.
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TESTS AND RESULTS

Lift, pitching moment, and drag measurements were obtained through
an angle-of-attack range that usually extended from -2° to 10°. The
test Mach number range generally extended from 0.41 to 0.96. The test
Reynolds numbers over this Mach number range are presented in figure 9.

The figures showing the results of the investigation are tabulated
as follows:

Summary figures

Model parameter
Basic
data
figures

I
I
l-sic model
lSt.orefineness ratio
~Storeshape
lStorechordwise position
Pylon thickness
Pylon length
Pylon sweep angle .

10
11
12
13
14
15
16

7

CD
against

M

17
19
24
27

%
42

1fw~against MB
M

-- --

20 21
25 --
28
33 ;;
38 39
43 44

(L/D)wx

--
22
--
30
35

g

)aca
— and
*L

()

*L

c

gainst M

18
23
26
31
36

E

It should be noted that summary figures of drag-break Mach numbers
and maximum lift-drag ratios were not presented for the external-store-
shape phase of the investigation because the fantail-shaped store did
not readily lend itself to any common basis for systematic geometric
comparison; however, point values of MB are presented in figure 24.

The slopes of the pitch~g-moment coefficient (&~&L) and of the

lift coefficient (~L/&) Were,generally measured through a lift-coefficient
range of O to 0.4. The rate of change in pitching-moment coefficient with
lift coefficient at a constant Mach number (@m/&~ is a measure of the
.aerot@amic-center location relative to the quarter-chord point of the
mean aerodynamic chord.

Corrections have been applied to the lift and drag coefficients
presented herein to account for the effects of the residual air-flow
leakage from within the reflection-plane-plate support into the flow
field of the model. The pitching-moment coefficients were found to be
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virtually unaffected by this induced air flo~ into the flow field of tie
model. The corrections were determined from ’testsof a wiper-type sponge

.—.

seal which was located between the model supp”ortand the reflection-ylane
plate. It was impractical to test tith the sponge seal in all the time
because the seal required adjustment for each angle of-attack.

.-

No corrections have been made in these data to ac~o&t for the fuselage —

end-plate tares. Drag coefficients presented”include me
fuselage base pressure. Jet-boundary and tunnel blocking
considered negligible because the model was very small in
the tunnel.

DISCUSSION ‘
●

Basic Model

drag due to the -
corrections were
size compared to -

—

The basic wing-fuselage data are presented (figs. 10, 17, and 18)
for comparison with the results obtained on the model with the external-
store installation. Discussion of the basic-model results is presented
in the following sections and is limited to a-presentation of the points
necessary for analysis of the effects of chaages in the geometry of the
external-store installation.

● —.
—

–“
External-Store Fineness Ratio

Drag characteristics.-An illustration 0$ the effegts of changes in
store fineness ratio is shown in figures 20(a) and 20(b) where increases
in store fineness ratio are seen to produce substantial reductions in
the &ag coefficients of the installation, With the short pylon, inter-
ference effects appear to produce excessive installation drag coefficients .__.
for etiernal stores of fineness ratios less than 6. me data also indicate
that only small reductions in the installati~ drag coefficient can be
expected with store fineness ratios above 12. With the.long pylon (which
effectively locates the pressure field of the “storeat a greater distance
from the pressuze field of the wing) large r@uctions in”the -install~tim
drag coefficients result for the range of store fineness ratios for which
interference appeared to produce excessivedrag coefficients, particularly ““
at an angle of attack.

In order to evaluate the installation drag coeffic~ent per wj.t of-
etiernal-store capacity, figure 20(c) was prepared. The model was assumed
to be 1/45 scale for calculations of.the voltietric cap&cities of the
stores. The resultsshow that the stores with fineness ratios between 6-
and 10 produced the minimum drag per unit volw and that a fineness ratio
of about 8 was the optimum. In general, the reductions in &D at the

.:

~-

.
—



2
.

.

NACA RM L50L12

lower fineness ratios, using the long pylon,

9

resulted in shifting the
point of minimum drag”coefficient per unit volume to lower fineness
ratios. It appears that for Mach numbers below the drag bresk a lower
drag coefficient per unit volume was obtained with a fineness-ratio-k
store on the long pylon than with the optimum fineness-ratio store of 8
on the short pylon.

In order to provide a quantitative indication of the importance of
interference, the increments in drag coefficient due to the external-
store installation have been compared to the calculated drag coefficients
of the isolated body (shown in fig. Z?O(b)),and the results plotted as a
function of store fineness ratio are presented in figure 20(d) for a
representative Mach number of 0.8. The theoretical body alone drag coef-
ficients were calculated by the method of reference 6 utilizing the theo-
retical velocity distributions over the surfaces of the bodies calculated
by means of reference 7. The calculations were based on an assumed
transition-point location of 25 percent of the store length for all fine-
ness ratios. It is seen, figure 20(d), that the installation drag coef-
ficient at a fineness ratio of 4 with the short pylon is from 4 to 6 times
greater than the drag coefficient of the isolated body over a lift-
coefficient range of O and 0.3; whereas at a fineness ratio of 12 it is
only ~ percent greater than the drag of the isolated body.

The reduction in interference producedby lengthening the pylon is
shown to affect a reduction in installation drag cc-efficient,that is}
from 1 to 2 times the drag of the isolated body at fineness ratio 4. It
is to be noted however, that with the longer pylon the fineness-ratio-8
store (highest fineness-ratio store investigated on the long pylon)
produced higher installation drag coefficients at zero lift coefficient
than with the short pylon. The lower installation drag coefficients
with the short pylon at zero lif% coefficient and store fineness ratios
greater then 5 are particularly evident in figure 20(d).

Drag-break Mach number.- The variations of hag-break Mach number MB,

with store fineness ratio, (fig. 21), show that large reductions in MB
accompany excessive installation drag coefficients resulting largely from
the serious interference effects of the low fineness-ratio stores. A
progressive increase in MB resulted frcm increases in store fineness

ratio. At the highest stare fineness ratio investigated the drag-break
Mach number and, consequently, the expected buffet Mach number(refer-
ence 1) of the wing-fuselage external-store installation was only 0.01
to 0.03 less than MB of the basic wing-fuse~ge combination (fig. 17)

over the lift-coefficient range from O to 0.3.

—

It would seem evident that the best store installation will depend
somewhat on the tactical mission of the aircraft. For example, an external-
store installation employing a high-fineness~ratio exbernal store and short
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pylon (which gives low installation drag coefficients at low lift coef-
ficients and comparatively high drag-break Mich,numbers) is of interest .

for airplanes designed for high-speed operations. However, an external
store of low fineness ratio (to provide large tank capacity) on a long
pylon~ which gives low installation drag coefficients per unit volume.
at lower speeds but which has comparatively low &rag-break Mach numbers,
would be of interest for long-range aircraft having lower speed requirements.

Maximum lift-drag ratios.- The maximum l~ft-drag~atios (fig. 22) of
the model with the external-store installation employing a short pylon .-
increase with increasing store fineness ratio, particularly for store
fineness ratios of 4 &nd 6. The (L/D)mx of the fineness-ratio-k store

on the short pylon was from # percent at low”Mach numbers to 32 percent
at high Mach numbers of the (L/D)mx for the-fineness-rabio-12 store.
In the low Mach number range the highest maxfium lift-drag ratios, which
were obtained with a fineness-ratio-12 store, compare favorably with the
(L/D)mx of the basic modelj t(See fig. 22(a).) With the long pylon

the (L/D)m values (fig. 22(b)) were “genera3J.yhigher throughout the ““

external-store fineness-ratio range investigated. These results also
show that the maximum lift-drag ratios for the model with all fineness-
ratio external-store configurations whether on the short or long pylon
were always reduced by increasing Mati.rium%er,incontrast to the basic
modelon which the maximum lift-drag ratios were virtually unaffected
by changes in Mach number.

Aerodynamic-center location.- Comparison,of the (&#YJ~ curves

for-the model.with”the external-store finenesi-ratio installation (fig. 23)
with the (~~~~ curve formthe basic mtiel:(fig. 18) shows that the

external-store installation produced a forward or destti~ilizingchange ‘“
in the aerodynamic-center location. Below the drag-bre&k Mach number,
the maximum forward shift was obtained with the finenesg-ratio-4 store _.
and was of the order of 8 to 9 percent of the ‘meanaer~~c chord.
The minimum change was obtained with the.fineness-rati”o-12store and wag
about 4 percent of the mean aerodynamic chord: ‘

.

-.

-. —
—

—

.

*

. .

-.

—

Lift-curve @pe.-’The lift-curve”slopes~of the model with the
—

external-store installation (fig. 23) compared favorably with the lift- ‘“---
curve slope-of the basic model (fig. 18) excefitin the case of the

h . 9.45 percent.fineness-ratio-4 store at - ~With the:fineness-ratio---

store on the short pylon, .thGelift-cu~e’slope~ was sli@’tly less than ““ .. ..
that of the basic model.

..-

.

.

-... .
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Etiernal-Store Shape

Drag characteristics.- The effect of the modification (fantail-
shaped store) to the fineness-ratio-6 body of revolution on the drag
coefficients of the external-store installation is shown in figures 24
and 25(a). At low Mach numbers the modii?iedfineness-ra.tio-6store pro: ‘“
duced higher installation drag coefficients than the basic fineness-
ratio-,6body. However, with increasing Mach number the installation
drag coefficient of the fantail store approached values approximately “
equal to those of the basic body of revolution. It should be noted that
the modification produced a store of greater volume than the basic
fineness-ratio-6 body of revolution. A comparison of the installation
drag coefficients on the basis of volumetric capacities is presented in
figure ~(b). It can be seen that the installation drag coefficients
per unit volume cf the fantail-shaped store was substantially lower than
that of the body of revolution at the higher Mach numbers. At a hch
number of O.gO the reduction was of the order of 22 percent of the drag
coefficient per unit volume of external-store capacity of the basic
fineness-ratio-6 body insta~ation.

Drag-break Mach number.- The modified store shape also showed an
increase in the drag-break Mach number (fig. 24) compared to the fineness-

. ratio-6 body of revolution (about 0.015 to 0.03 throughout the lift-
coefficient range investigated). Similar results have been obtained on’
such a store installation on a model with an unswept wing (reference 2).

.

Aero@ tic-center location.- The modification gave an aerodynamic-
center shift of about 3 to & percent rearward of that of the basic
fineness-ratio-6 installation-(fig. 26) and resulted in an aerodynamic-
center location of only 1.5 percent ahead”of that of the basic wing-
fuselage combination (fig. 18). The fantail-shaped store caused less
change in aerodynamic-center location than any store installation
investigated. “

Lift-curve slope.- E&low the drag-break Mach number the modified
body showed an iqcrease in lift-curve slope over that of the basic wing-
fuelage combination”(figs.18 and 26), whereas the basic fineness-ratio-6 ‘
store produced a slight decrease. —

Store Chordwise Position

Drag characteristics.- The effects of external-store chordwise
location on the drag characteristics of the exLernal-store installation

. with the fineness-r~tio-6 boti of revolution is presented in figures 27
md 28. l?he.resultspresented in this section include, in addition to
the effects of store chordtise positions the effects of pylon sweeP “ .

.
because it was necessary for structural reasons to sweep the pylon



12

—.
—

NACA RM L50L12
.

suspension member to achieve the extreme forward and aft positions of
the external store. An examination of these data reveals that extreiue
chordwise positions of the external store gave substantially lbwer
installation drag coefficients throughout the Mach number range
investigated than the store located so that the peak negative pressure
of the external store was near the peak negative pressure of the wing

f?

x )- = -41.1 percent . At the higher Mach numbers where adverse inter-C
erence effects are more pronounced, the forward- and rearward-located
stores produced installation drag coefficients of about 3 to ~ percent
of the drag coefficients of the midpositioned store installation. Of
the two etireme chordwise store positions, the rear position gave the
lowest installation drag coefficients. It is @teresting to note that
in this osition the drag coefficients of the external-store installation
(fig. 28f’were equal to or less than the calculated drag coefficient of
the isolated body of revolution (fig. ~(b)) up to a Mach number of 0.8
It then appears that particularly favorable interference effects exist
for this chordwise location of the external store. It is also apparent
that, of all the external-store geometric pa~eters investigated, etireme
chordwise location of the stores was the most effective means of reducing
the store-installation drag. A previous investigation of extreme chordwise-
positioned external stores shows similar results for a m~el @-th an .
unswept wing (reference 2). —

Drag-break Mach number.- The results presented ti-figure 2g show
that external-store chordwise location had an appreciable effect on the
drag-break Mach numbers of the model with the external-store installation.
k increase in MB is shown to accompany either a forimrd or rearward
movement of the store from the middle chordwise position. The increase
in drag-break Mach number is from 0.06 to O.Og over the lift-coefficient
range from O to 0.3. The forward and aft chordwise-located stores
reduced MB about 0.05 to O*O6 compared with the basic model.

Maximum lift-drag ratios.- The variati~ of the maximum lift-drag
ratios of the model with the external store in the several chordwise
positions,are presented in figure 30. These results show that increases
in (L/D)m accompany either forward or reaiward movement of the external

store frcm the middle position. Italso appears that increases in Mach
number effect reductions in the maximum lif%drag ratibs for any chord-
wise position of the store, whereas the basic model (L/D)mx was
practically constant for all test Mach numbers.

Aerodynamit-center location.- C?omparisoqof the (&!#C~ curves of

the model with several chordwise locations of the exte”rnd store (fig. 31)
with the (bC#3C~ curve of the basic model (fig. 18) indicates &at the

ti’nimumforward movement of the aerodynamic c>nter was-incurred with the
extreme aft-located store and was about 2 percent of the mean aero~amic

.

—

.

-.

. .

‘r!
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chord. The maximum foiward movement of the aerodynamic center was
obtained with the extreme forward position of the store. In this position,
the aerodynamic center was about 8 percent of the mean aerodynamic chord
ahead of the aero~amic-center location of the basic model.

It should be noted that no attempt has been made in these data to
consider changes in the center-of-gravity location that may be expected
from such etireme chordwise positions of the external store.

Lif%-curve slope.- Below the drag-break Mach nuniber,only small
variations in lift-curve slope were apparent due to changes in the store
chordwise position (fig. 31), and these values of the model with the
external-store installation compared favorably with the lift-curve slope
of the basic model (fig. 18).

Pylon Thickness

Drag characteristics.- As may have been expected, decreasing the
pylon thickness for both pylon lengths (figs. 32 and 33) resulted in
noticeable reductions in the installation drag coefficients. The largest
reductions were obtained between pylon thicknesses of’30 and 20 percent.
It appeared that, in general, reduction in pylon thickness below 10 per-.
cent may be expected to result in only small further reductions in the
bstallation &g coefficients. It is also important to note that, under

w the conditions where interference effects resulted in high installation
drag coefficients with the short pylon (at the greater pylon thicknesses
and higher Mach numbers), increasing the pylon length produced even
higher installation drag coefficients.

Drag-break Mach number.- The variations of drag-break Mach number
with pylon thickness for the installation with the short and the long
pylons are presented in figure 34. These data show that m ticrease
in drag-break Mach number accompanies a reduction in pylon thickness
and that the increases with the short pylon sxe smsll co~sred to
those for the installation utilizing the long pylon. It may also be
observed that the highest drag-bresk Mach number, obtained with the
10-percent-thick pylon, was given by the installation with the short
pylon.

Maximum lift-drag ratios.- The variations with pylon thickness
of the maximum lift-drag ratios for the model with the external-store
installation, presented b figure 35, show that the maximum lift-drag
ratios are increased with reductions in pylon thickness and that the
largest increases occur for the installation with the long pylon.

Aerodynamicc-center location.- A study of figure 36 shows that
the variations in pylon thicbess generally produced destabilizing



14
.-

NACA RM L50L12
—

.

shifts in.the aerodynamic-center locations of about 2 to 3 percent of the
mean.aerodynamic chord. The changes ti aerodynamic-cegter locatiog were ‘,

.——

about 5 to 8 percent of the mean aerodynamic“chordcoxtiparedto the mean-
aerodynamic-center location of the basic model (fig. 18). The thinnest ‘ ._
short Qylon gave the minimum destabilizing shift which amounted to about
5 to 6 percent of the mew aerodynamic chord ~ead of the aerodynamic- .
center location of the basic model. ,: .—

.—
Lift-curve slope.- The variations”in lift-curve slopes of the-model

due to changes in pylon thickness, presented~n figure36, show that the ._
external-store installation with the lowest ~lon thickness gave a
lift-curve slope that compared f~vorabl.ywith that of the basic model ““
(fig. 18). It is al~o shown that increases in pylon tQickness generally
produced decreases in lift-curve slope. The largest reductions in lift-
curve slope due to increasing the pylon thickness were observed for the
longer pylon installation and thickest pylon.”

.-

, Pylon Length .. ““ “ .

D&g characteristics.-The effects of &@ges in pylon length on
the drag coefficients of the extequal.store inst~ation are shown in
figures 37and 38. It appears that, with pylons of 10-percent thickness”
and 0° sweep angle, a pylon length of about 3 percent of the local wing
chord gave the lowest installation drag coefficients. It should be
observed that at zero lift coefficient and O.x Mach number the installa-

‘Ption drag coefficient at about ~ = ~percen{ (fig. 38(b)) w& appro&

mately equal to the theoretical drag coefficient of the body alone
(fig. 2b(b)). It.is also apparent that pylon lengths below this optimwn .
introduce detrimental interference effect~ due to the prox~mity of the
peak negative pressure of the exte-1 store tothe peak negative pressure
of the wing. On the other hand, lengths beyoridthis optimum (from con-
sideration of the.additimal pylon, wetted area).appear to produce pylon
drag in excess of any reductions in the interference drag of the
installation.

Increasing the thichess of the pylons t{ 20 percent resulted in gene&l
increases in installation drag coefficients throughout the range of ~lon
lengths investigated. The results indicate that at a Mach number of O.~
the optimum pylon length was also about 25 per~centof the local wing chord
(fig. 38(b)), but as the Mach number was increased the minimum installation
&g coefficients were obtained with pylons le% than 25 percent length.

Comparison of the resultsobtained on a 45° swept pylon of varying
lengths (figs. 37(c) and 38) with the results obtained on the unswept
pylon of varying lengths (figs. 37(a) and 38) illustrates the reductions
in installation drag coefficients that occur with pylon sweep @ the

—
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longer pylon lengths. However, these results are believed to be of
l~ted design interest bekause the additional weight and critical aero-
elastic properties of such a pylon configum,tion would not suggest pref-
erence qver a short unswept pylon configuration with equally low installa-
tion drag coefficients.

Drag-break Mach number.- The effects of changes in pylon length on
the drag-break Mach number of the model with the external-store installa-
tion, presented in figure 39, show that lengthening the pylon on the two
10-percent-thick configurations a~pears to cause only minor changes in
the drag-break Mach number, although the values of MB tith the 45° swept
pylon were generally higher than those obtained on the unswept pylon.
However, the ’drag-breakMach numbers were noticeably decreased with
increased pylon length for the 20-percent-thick group of pylon lengths
(fig. 39(b)), about 0.06 in the range of lengths investigated. It may
also be observed (fig. 39) that the effect of lift on the drag-break
Mach numbers appeared to be reasonably constant with variations in pylon
length regardless of pylon thickness or pylon sweep angle.

Maximum lift-drag ratios.- Changes in pylon length appeared to have
negligible effects on the matium lift-drag ratios, (fig. 40), for all
three groups of pylon lengths investigated. However, as previously
indicated in the discussion of pylon thichess, the msximum lift-
drag ratios were substantially reducedby increasing the pylon thickness
from 10 to 20 percent.

Aerodynamic-center locatio”n.-A study of the (aC#&.L) values for

the pylon lengths investigated (fig. 41) shows that variations in pylon
length had negligible effect on the aerodynamic-center location. All
pylon lengths investigated produced large destabilizing shifts in the
aerodynamic-center locations (fig. 41) which were about 7 to 8 percent
of the mean aerodynamic chord, compared to the basic model (fig. 18).

Lift-curve slope.- In general, the lift-curve slopes for all pylon
lengths investigated (fig. 41) compared favorably with that of the basic
model (fig. 18), and were not greatly affected by changes in pylon length.

Pylon Sweep Angle

Drag characteristics.- The results obtained with a 10-percent-thick

pylon, # = 18.9 percent, (figs. k2(a) and 43) show that sweeping the

pylon did not produce any substantial chemges in the external-store
installation drag coefficients. Increasing the pylon thickness to 20 per-
cent gave approximately the same trends of installation drag coefficients
(f igs~ 42(b~-and 43) as the 10-percent-thick

..

pylon except tiiatthe values =

.
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of drag were generally higher for the’20-percent-thi& pylons. In con= “~ ___
sidemti.on of the ‘effectsof pylon length pr~iously discussed it appears
that the pylon length used for this investigation of pylon sweep angle
was lower than that for which pylon sweep efiects reductions in the
installationdrag coefficients. It should b~ noted *at the st,resmwise.. .-
chord of the pylon was lengthened with sweep :angle.

Drag-break Mach number*- The drag-bresl.Mach numbers tith the
10-percent-thick pylon (fig. kk(a)) were virtually una~fected by”pylon
sweep; however, with the thick pylon the drag-break Mach numbers
(fig. kk(b)) were increased about 0.015 by s~eping the pylon from 0°
to 450.

Maximum lift-drag ratios.- The maximum lfft-drag ~tios (fig. k5)
were practically constant with pylon sweep aggle for both pylon thick-
nesses investigated. .

Aerodynamic-center location.- A study ox figure 46 shows that the
aerodynamic-center location was varied.about-2 percent by sweeping the
pylon and, compared with that of the basic m~el (fig.:18), was generally
shifted forwa”rdabout 5 to 7 percent of the man aerodynamic chord.

Lift-curve slope.- The lift-curve slopes Wre virtually unaffected
by sweeping the pylons (fig. 46) and were generally slightly lower than
that of the basic wing-fuselage combination (fig. 18).

Pylon Chord Length :

Insufficient data were obtained to make a complete”analysisof the”
effects of pylon chord length and, for this ~ason, figures devoted to
the comparison of pylon chord lengths were no% included. However, results”””
of the effects of two pylon chord lengths (lb and 1.5 inches) with the
fineness-ratio-6body of revolution (figs. 25(a) “and38~(a))show that :
slightly lower installation drag coefficient%were obtained with the

;.O-inch-chord pylon at ~ = 9.45 percent. At a longer length,

-P _ 18.9 percent, (figs. 28(a) and 38(b)) the difference was negligible - -

i;installation drag coefficient* Higher drcig-breakMach numb$rs (figk. 24

and 39(b)) were also obtained with the shorter pylon chord at ~ = 9.45 per-‘P

cent. The drag-break numbers (figs. 29 and 39(b))

chord lengths at > =

An examination of

for ~ = 9.45 percent

18.9 percent.

(&2@@ in figures 26 and. .

the ratio of pylon chord to

~~

were identic~l for both
.—

kl(b) indicates that-

the iocal wing chord

.
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was an important factor in the sta%ility contribution of underwing pylon-
suspended external-store installations. It may be observed that the
aerodynamic-center location generally was moved about 2.0 to 4.5 percent
of the mean aerodynamic chord farther forward with the 1.5-inch-chord

.

pylon. @ = 18.9 percent,With the longer pylons, c the (aC#aCL) values

in figures 31 and 41(b) indicated little change in the Aerodynamic-center
location for the two pylon chord lengths.

A study of figures 26 and 41(b) for > = 9.45 percent and figures 31

and 41(b) for > = 18.9 percent indicates that there,is little change in

lift-curve slope with changes in pylon chord length.

CONCLUSIONS

The following conclusions are based on
of the effects of chsmges in geometry of an

a wind-tunnel investigation
underwing pylon-suspended

external-store installation on the aerodynamic characteristics of a
semispan wing-fuselage model with a 45° sweptback wing:

1. Variations in external-store fineness ratio from 4 to 12, when
the store length was held constant, indicated that aerodynamic inter-
ference resulted in excessive installation tiag coefficients and low
drag-break Mach numbers for fineness ratios less than 6 and that a store
of fineness ratio of 8 on the shorter of the two pylons used for this
investigation produced the minimum installation drag coefficients per
unit of external-store volume.

2. Modi&ing the rear portion of a body of revolution by reflexing
the store center line toward the wing lower surface and flattening the
rear portion in plan form resulted in less drag per unit of store volume
and higher drag-break Mach numbers than the original body of revolution.
This modification also produced the least change in the aerodynamic-center
location.

3. The most effective means of minimizing the adverse effects of
interference to obtain low installation drag coefficients was to position
the store in extreme forward or rearward chordwise location by means of
swept pylons.

4. Reductions in pylon thickness ratio from 30 to 20 percent of the
pylon chord gave large reductions in installation drag coefficients and
higher drag-break Mach numbers. Less significant changes in these charac-
teristics were obtained with pylon thickness ratios below 20 percent of
the nylon chord.

-“
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5. Variations in pylon length frou-9.45 to 37.8 percent of the local ~
.-

wing chord showed that for the particular chordtise loc&tion investigated, .

the minimum installation drag coefficients were obtain~d with.a pylon ,,:,
that was about 25 percent of the local wing-chord in length.

6. For a given chordwise location of the: store, v>riqtions in pylon
sweep angle from 0° to 45° showed that sweep was effective in reducing
the installation drag coefficients only a+ the longest-pylon length
investigated (about 38 percent of the local wing chord).

Langley Aeronautical Laboratory
-,

National Adviso~ Committee for Aeronautics
—
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TABLE I.- IUSELAGE ORDINATES

~sic fineness ratio 12; actual,fineness
ratio 10 achieved by cutting off rear -
one-sixth of body; E/h located at 2f/2]

Ordinates, percent length
—

Station Radius Station Radius
—

o 0 45.0 4.143
.5 .231 .jo.o 4.167
●75 .298 55.0 4.130

1.25 .428 60.0 4.024
.7’22 g.;” 3.842

;: z 1.205 3.562
7.5 L 613 75:0 3.128

10.0 1.973. 80.0 2.526
15.0 2.593 83933 2.083
20.0 3.090 85.0’ 1.852
25.0 3.465 90.0 1.125
30.0 3.741 95.0 ,439
35.0 3.933 100.0 0
40.0 4.063

L. E. radius = o.05-
—

-1

.
—

—
—

. ..-
.

.
.



, .

station

o

:?!3
1.25
205-
:;

10.0
~.o
20.0

65.0

-(0.0
~y.o

ecl.o
85.0

~.o

*.O

lCQ.O

L.E. rd.
T.E. rd.

!.f.4 +=6 +=8 }=10 +.IZ

o 0

1.* 1.B
2.32 L 9
2.96 1.*
4.06

:$
% 4.42
~. m 5.06

g.u+ 6.10

10.32 6.88
I.1.m -(. 48
IL ‘%

12. * ;%’

12. 4a 8.32

12.46 &w
12.16 8.10
11.S Y,Y2
10.T6 y.la
g.~b 6.Y
8.~ ~.T2

4.86
~~ 3.92

2.96
2.* 1.*
1.~ 1.02
.06 .04
1.@ 1.d
.& .04

Ra&hm Radius SRaiw

o

‘.%
1.16
1.48
2.02

2.’72

3.32

:::

5.16

5.63
5.92
6.14

2:2

6.09

!!).&

% 3fJ

!%

3.64
2.94

:: Et
.76

.02

.&l

.02

‘:JJ
1..la
1.62
2.18
2.66
3.04

R
4.48

4. 7h

4.92
5.02

k%

M

:::

2.92
2.36
1.70
1. ?$

.60

,02
.64

.02

0

:%

.*
L 36
1.82

2.z?
2.54
3.06

3.44

3.74

3.96
4.10
4._L6
k. 16

4.06
3.86

3. a

3,&
2.a6

2.42

;9J

1.00
.W
.02
:2

●

I

g
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TABLEIII.- ORDINATES,INPERCENTLENGT3,FORFANTAIL-sHAPEDBODY
..

[ IlB = 5.0 in.

Upper radii

‘“==emncedg~g;:; “

Upper radii
controlline(URCL)

Reference

+A
line

Vertical reference <—,–
control line (LRCL)

line (VRL)

*-4A

stetion LRCL URCL Upper Lower . ~L
reference-j ordinate ordinate- URCL Ordinate

VRL VRL
VRL ~. HRL ERL mu

0 0 0 0 0 0
0

0 0“
0 1.28 -1.28

:?5
o 0

0
*1.28

o, -lmyl o 0
1.a o 0

*low
::z -1.96 0 0

2.5 0
*1.96

o 2.70 -2.70 0 0 *2.70
5.0 0 0 -3.64 0 0
7.5 0 0

*3.64
?:$ -4.42 0 0

10.0 0
*4.42

0 5.01 -5.01 0 0 *5,01
15.0 0 0. 6.10 -6.1.0 0 0

0 0 6.87
*6.1o

-6.87 ““ o
z::

o
0

*6.87
o 7.49 -7.46 0 0

30.0 0
k7.48

o -7.90 0
k%

o
35.0 0 0.

*7.90
-8.1,8 0 0 *8.16

4Q.O o 0 8.34 -a.34 0 0 *8.34
45.0 0 8.30
47.5

-8.30 0 0
.01 :.11 8.41

*8.34
-8.19 *.= *~.oo *8.34

.02 ;.g 8.62 -8.09 *.30 *4.5(3
z:; .%

*8.34 .
9.04 -7.30 *.W *5.20

55.0 .76 6:66
*8.34

9.26 -6.96 “ *.70 *5.&
1,>

*8.34

$:: - 2.60 ;::
9.70 -5.68 ~.g k5.60 *8.34
10*20 -3.90 *5.w *8.34

70.0 3.30 8.20 10.m
75.0 4.30

-2*41 e:50 *6.00
8.7o

*8.34
10.20 “.55

8.95
*3*20 *6.40

5.20
*8.34

10020
g::

1.28 h4.20 26.70 *8.34
6.20 10.m 3.24 5.a

90.0
*7.cm

7.10
*8.34

;:$ 10.10. 5.14 6.10 *7.w @3.34
95.0 8.30 9950 10.00 7.30 *7.20 *7.80 &.34
100.0 9.30 9.30 9.30 9.30 A.-3O M.30 i8.34

L.E.rad. .04

-
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.
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TABLE Iv.- olumATEs, IN PERCENT CHORD, FOR NACA

USED AS PYLONS

~ 1= 1.0 ‘in. em 1.5 in.

64A-SESIXS AIRFOIL SECTIONS

+ = 10 percent

P

t— = 20 percent
Cp

t— = 30 percentCp

Station Ordinate Ordinate Ordinate

o 0
.5 *.81 ~. 61 k:.&l
.75 *.97 a. 94 *2.91
1.25 52.45 *3.67

g: ~ *3.37 +5●07
;:: e.33 *4.65 *6.98
7*5 s.81 s. 61 *8.41
10.0 s.m +6.40 e.ti
15.0 +2.81 *7.62 m. 44
20.0 *4.27 43.55 fi2.81

A.61 *.21 fi3.83
z:: i4.84 s.67 f14.51
35.0 $.;3 S*93 +J4.91
40.0 i9.99 :?.g
k5.o &:8g s. 79
~.o h.69 S*37 f14:05
55.0 43.77 ti3.17
&o.o 2:z 43.04 a. 06
63.0 +3.60 *7.19 *10.79
70.0 5.13 h. a g. 38
75.0 g.62 fi.25 W.87
80.0 e.10 A. a 6. g
85.0 a.% @17 &. m
90.0 a.06 e.13 *3.19
w. o *.54 a.08 a. 62
100.0 *.02 *.04 *.06
L.E.rad. .69 1.37 2.06
T.E.rad. .02 .05 .07

. .



NACA RM L50L12 ---.’=
.

x—- ,’ \
. A .—

‘\ .-:: i -“
\\. x ,. ‘. : —

\,
--k__ -+___

~;
Refotive wind

~Fy

.“”. _—.
. ..= -=-- - . . ~-.

.- .;
------ ---—.

x-
(kA:”3

.

+X

M -- ;- --

(’
~0.25c line

Y

I
Fuselage
center line

/

—

M>
! ; -.

-“” ----- -..

Iii\’
,,

,,>f?Ylon f225c/jj&

wf+,
z

Figure 1.- System of axes. Positive.values of forces,
are indicated by the arrows.

-.

—.. .
..—.

- ““”
moments, and angles

.

d~--;.::”_~
-- .=. _.
y. - ..-., <

!,. —.=

. . . ..-
- J-

—

,, ..+

.—
-. .. —.:

~
,. ..” “..T-
. . .
,.-. —.. . ...::

[: L-=.

:: ”--
. ..—.
! ,.

-.

..=

.-

...—~:
--

“ 3.-—...
:%

-=
. ..

.
.

-.

.,.—

.
.-

.



NACA m L50L12 25

.

I

T

025chord A’ne

.

.

.

~Refkthw/ane plate

& :_-_J
.-.—.-

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

v @$
i“

.-
1

.
.

Reflectbn-pkme

[
ploM )%Mg

0/2
.s&z5Zzs

Figure 2.- Two-view drawing of the basic semispan model with 45° sweptback
wing, aspect ratio 4, taper ratio 0.6, -d an NACA 65AO06 airfoil
section.
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(a) Model with fineness-ratio-k external

~ = 9.45 percent,
:= 10 percent’ ‘

-, --.:-- P
+-.?%%””

L-6564CI

~tore mounted with a pylon of

~=1.51nche6, and A=OO.

* *

s
P
Iv

Figure 3.- Fhotographa of model and several
inatallationa.

typical external-store
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(c) Model with fineness-rati~6 external store mounted ulth a py5.on of

>. 18.9 percent, Cp

: = a ‘ercent’ c
= 1.0 inch, and a store

chordwise poeition of ~ = -141.3 percent.
c

Figuxe 3.- Concluded.
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Figure 4.- Drawing

I

of fineness-ratio

using a pylon of ~ =
%

r *

‘s/d o (inches)

B .-.
4 09// -
6 0.702

C?599
/; Q536
/2 (2494

external stores tested on.model

10 percent ad > = 9.45 percent.



34

—.

-’

NAC!ARM L50L12
—

Balance g

..- .—

\

—

.

14/4

.-

‘~z
Scale, inches

\

._

I .
I

.—.

I

-J
A

control line.

R

.—

Section ‘A-A ‘
I ““

Section D-O
Section B-B Section C-C

v “-’

Figure ~.- llrati~

pylon of

of fantail external Qtore tested o= malel using a

t h . 9.45 percent.— = 20 percent and ~
%

.

.

—. -.

., .—
.

.-

. -.. .—

.

—

.

.

.-

. .—

.-

-

.. .. . L
.

. . . ..-— +

-. “.
.-
—



NACA RM L50L12 35

.

.

Balm

\ t?

t
\ \
\ \ \ (\. \\

—~

t
~9/8

“=E=””
...4

Figure 6.- Drawing of three external-store
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