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By H. Norman Slivers and Kenneth P. Spreemann 

SUMMARY 

An investigation was conducted in the Langley high-speed 7- by 10-
foot tunnel on a basic wing-fuselage combination with several types of 
external-store installations specifically designed to delay the advent 
of airplane buffet caused by external stores. Buffeting has b,-en recog-
nized in wind-tunnel data as a sharp increase in the external-store drag 
coefficient as the Mach number is Increased. Analysis of the results 
presented herein Is made by a comparison of the store drag rise Mach 
number with the drag rise Mach number of the wing-fuselage combination. 

The results of this investigation indicate that mounting the stores 
with their maximum thicknesses at large distances from the wing maximum 
thickness resulted in store drag rise Mach numbers in excess of the drag 
rise Mach number of the basic wing-fuselage combination. Eliminating the 
pylon suspension member typical of current external-store Installations 
by flush attachment of the store to the wing furnishes a practical 
means of obtaining store drag rise Mach numbers at least as high as the 
drag rise Mach number of the basic wing-fuselage combination. Modifying 
a body of revolution by flattening and fanning out the tail cone and 
locating the pylon suspension member aft of the wing maximum thickness 
resulted In store drag rise Mach numbers about as high as the drag rise 
Mach number of the basic wing-fuselage combination. Modifying an 
external-store Installation typical of current practice by adding a small 
auxiliary wing between the wing and the store resulted in no appreciable 
changes in the store drag rise Mach numbers. 

INTRODUCTION 

In the design of tactical aircraft, current practice is to attach 
auxiliary equipment to the exterior of the airplane. This has frequently
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resulted in an uncontrollable vibratory motion of the airplane, called 
buffeting, at high speeds. Consequently, a research program was under-
taken to investigate the effects of external stores on the aerodynamic 
characteristics of airplanes in order to provide external-store instal-
lations that do not result In buffeting of the airplane. Included in the 
program was a resume of the effects of external stores on the stability 
of models of military airplanes at low speeds (reference 1). A theoret-
ical approach to the problem of buffet due to external stores (reference 2) 
was prepared in an attempt to establish the cause of buffet and to furnish 
an analytical approach to the design of external-store installations. It 
was concluded in reference 2 that the buffet experienced in flight with 
airplanes equipped with external stores may be caused by the phenomenon 
associated with the formation of a compression shock in the vicinity of 
the external store. In order to verify experimentally the conclusions of 
reference 2 and to establish a wind-tunnel method of predicting airplane 
buffet speeds, wind-tunnel tests on a model with external stores were 
made and correlated (reference 3) with the buffet speeds due to external 
stores determined, in flight. It was shown in reference 3 that the tunnel 
Mach number corresponding to the rapid increase in magnitude of the 
external-store drag-coefficient curve may be used to estimate the maximum 
speed that an airplane with external stores may attain without encoun-
tering prohibitively severe buffet due to the stores. 

The present paper presents the results of an investigation of the 
drag-coefficient variation with Mach number of several external-store 
installations designed specifically to delay the advent of buffet by 
delaying the formation of compression shock in the vicinity of the stores. 

SYMBOLS 

The coefficients and symbols referred to in this paper are defined 
as follows: 

CD	 drag coefficient 
(DS)  

CD	 drag coefficient of the external-store installations 

(C	 -c 
D dl + store	 model) 

M	 stream Mach number (ya
(.1PV) 

dynamic pressure, pounds per square foot 
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P	 mes density of air, slugs per cubic foot 

V	 velocity of air, feet per second 

a	 velocity of sound., feet per second 

€	 blockage correction at high speeds 

S	 wing area (7.63 eq ft on model) 

mean aerodynamic chord (1.30 ft) 

c	 chord, inches	 - 

CL	 angle of attack of wing chord line, positive 'when nose of 
model is raised 

at	
angle of inclination of center line of store with fan-shaped 

tail with respect to chord line of wing, positive when nose 

of store is raised 

cz	 angle of inclination of chord line of auxiliary wing with 
respect to chord line of wing, positive when leading 
ed.e of auxiliary wing is raised 

angle of ' yaw of model, positive when left wing is forward 

X	
longitudinal location of maximun thickness of store with 

respect to nmximton thickness of wing, percent d; positive 
when rdnnmi thickness of body is aft of wing maximum thickness 

fineness ratio of store 

I	 length of store, Inches 

d.	 maximum dimension of store in plane perpendicular to center line 
of store, inches 

t/c	 thickness ratio 

t	 thickness, inches 

11	 inininiwn distance between lover surface of wing and upper 
surface of store, percent
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Z	 spanwise location of store from center line of model to 
center line of store, percent U; positive when store is 
mounted on right wing 

A	 anne between leading edge of pylon and line perpendicular to 
chord line of wing section, positive when pylon is swept back 

Subs criuts: 

S	 store 

p	 pylon 

wing 

m	 measured 

c	 corrected

APPARATUS AND MODELS 

The Langley high-speed. 7- by 10-foot tunnel in which this investige-
tion was conducted is a ciceed-return tunnel of rectangular cross section. 
The turbulence level of this tunnel, although somewhat higher than free 
air, is very los'. The model used in this investigation consisted of a 
fuselage, a wing of NACA 66, 1.5_(l.)14 airfoil section ., and a vertical 
tail which was an integral part of the fuselage structure. A drawing of 
the model showing the method of mounting in the tunnel and a typical 
external-store installation is presented in figure 1.. 

The external stores used for the tandem-mounted arrangement (fig. 2) 
consisted of two streamline bodies of revolution suspended from the 
right wing of the model with their maximum thicknesses at large distances 
from the mnximi.mi thickness of the wing. The Inboard store (see fig. 2) 
was located aft of the wing maximum thickness by a sweptback pylon and 
the outboard store was located ahead of the wing maxiimi thickness by a 
sweptforward pylon In such a manner as to counteract the center-of 
F?avity movement resulting from the aft external store. 

The flush-mounted external store (fig- 3) had a mean line camhe.'d 
2 percent concavely with respect to the plane of synnetry of the model 
when the store' was mounted on the left wing. By removing the store from 
the left win: and attaching it to the right wing, the camber of the store 

was changed. h percent with respect to the plane of synunetry. An extension 
was provided for the flush-mounted arrangement in order to increase Its 
effective caDacity.
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The external store with a fan-shaped tail consisted of a body of 
revolution whose tail cone wee flattened and whose mean line was reflexed 
so that the upper surface of the store was parallel to the lower surface 
of the wing (fig. 4). The store was suspended from the right wing of 
the model by an umsa.rept pylon located well aft of the maximum thickness 
of the wing. 

The auxiliary wing arrangement utilized a model of a standard Navy 

auxiliary fuel tank suspended from the right wing of the model by an 
unswept pylon (fig. 5). The relative locations of store, pylon, and wine 
were made consistent with current practice; that is, the center of gravity 
of the tank was aimed, with the assumed center of 07a7ity of the model 
and the maximum thickness of the pylon was made to coincide approximately 
with the assumed center of gravity of the model. A small auxiliary wing 
whose angle of inclination was adjustable 'wa.s mounted between the lower 
surface of the wing and the external store at the trailing edge of the 

wing.

TEST AND RESULTS

Procedure 

Drag measurements were obtained for the model withou stores and 
with stores In place at several angles of attack and yaw at various Mach 
numbers. The angles of attack and yaw were held constant during these 
tests and the Mach number was varied by varying the speed of the tunnel. 
The Mach number range investigated generally extended from 0.2 to 0.825. 
Drag measurements were supplemented by tuft studies of the, flow in the 
vicinity of the external store. Tuft observations were made simultaneously 
with each drag measurement throughout the Mach range • Because of vapor 
condensation in the tunnel at high Mach numbers in some instances, it 
was not possible to observe the behavior of tufts. In such cases, the 
analysis of the drag measurements was made without benefit of tuft 
observations.

Corrections 

All Mach numbers and drag coefficients were corrected for blocking 
by the following equations obtained from reference 4: 

CDC = CDm [l - E (2 - 14 
and

Mc = Mm [i - E(2 Mm2)1
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E = E5o]	 + 

o .005li6 
Solid =	 04 

0.0465 CD 
me ke 

where the numerical constants apply to this particular model and tunnel 
and were determined for the model without external stores. Neglecting 
the external stores results in negligible errors in the corrections. 

An increment in drag coefficient of 0.0022 has been added to the 
total drag coefficient to account for the horizontal buoyancy resulting 
from the longitudinal pressure gradient In the tunnel. 

Accuracy of Results 

Calculations show that mechanical friction in the balance system 

may cause a change In CD, of 0.0010 at a Mach number of 0.2 • The error 

decreases as the Mach number increases and becomes negligible at a Mach 

number of 

Additional errors are probably introduced Into the data by such 
factors as the model size relative to size of the test section, the 
physical characteristics of the air passing over the model, and the surface 
conditions of the model. It Is not possible to estimate the extent to 
'which these factors influence the data. Because of this fact, analysis 
of the data Is confined to evaluating qualitative trends and approximate 
merits of the various installations with respect to the drag rise Mach 
number of the wing-fuselage combination. 

The choking Mach number of the tunnel with this model in place is 

about 0.83 based on me-dimensional 
flow theory. In general, data are 

assumed to be quantitatively reliable to a Mach number within 0903 of the 
estimated choking Mach number. Data are presented above a Mach number at' 
0.80, however, In order to permit a qualitative comparison of the behavior 
of these installations at Mach numbers greater than 0980. 

Presentation of Results 

The effect of angles of attack and yaw on the variation of the drag 
coefficient of the basic wing-fuselage combination Is presented in 

uic'ures 6 and 7. The drag rise Mach number of the wing-fuselage combina- 
ti on 'was determined by the British method of tangents. This method
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describes the drag rise Mach number as the Mach number at vhlch a 
tangent to the drag-coefficient curve prior to the break Intersects a 
tangent to the drag-coefficient curve after the break. 

The results of the measurements of the external-store drag coeffi-
cient are presented as variations in external-store drag coefficient 
with Mach number for several angles of attack and yaw of the model in 
figures 8 to 19. The store drag coefficient includes the drag of the 
various members of the installation and the drag created by mutual 
interference effects. Store drag coefficients were obtained by a graph-
ical subtraction of the total drag coefficients of the model without 
stores (figs. 6 and 7) from the total dreg coefficients of the model 
with stores in place. The ticks on the external-store dreg-coefficient 
curves represent the drag rise Mach number of the drag coefficient of 
the basic wing-fuselage combination. 

The results of the tuft observation are presented in figures 20 to 29. 
Since it was not possible to observe the flow over either the pylons or 
the part of the stores adjacent to the wing because of the location of 
the model in the tunnel, the tuft observations presented herein are con-
fined to the lower surface of the wing for all but one configuration and 
that Is the store with a fan-shaped tail. For this Installation, studies 
of the flow over the lower surface of the store are also included. 

The degree of turbulence of the air passing over the wing was deter-
mined, by the motions of the tufts • The flow disturbances were separated 
into four general types: unstea&y, rou&1, separated, and reversed, In 
the order of increasing severity. The nomenclature chosen Is descriptive 
of the flow patterns involved..

DISCUSSION

General 

The results of the Investigation are presented as the variation of 
the drag coefficient of the external-store installations with Mach ntunber. 
The significance of the force break indicated by this coefficient In 
terms of airplane buff at 'was established in reference 3 for the case in 
which the store drag rise Mach number occurred at Mach numbers less than 
the drag rise Mach number of the basic model. The store drag rise Mach 
number was obtained simply by inspection of the data as the Mach number 
at which the store drag coefficient begins to increase rapidly in a posi-

tive direction. Attempting to extend the method of estimating buffet
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Mach numbers of reference 3 to the data presented herein, where the store 
drag rise Mach number generally occurs at Mach numbers higher than the 
drag rise of the basic model, may, however, result in erroneous conceptions 
of the buffet characteristics of the installations Investigated.. The 
analysis of the results presented herein are confined, therefore, to 
simply pointing out the relative difference in Mach number between the 
drag rise Mach number of the wing-fuselage combination and the store 

drag rise Mach number. 

It should. be pointed out that because the external-store drag 
coefficients presented herein were obtained with the various external-store 
arrangements on only one wing of the model, these data are not expected 
to retreaent installations that are symmetrically arranged about the 
plane of symmetry of the model. 

Tandem-Mounted Arrangement 

The tandem-mounted arrangement was designed to minimize the adverse 
aerodynamic interference between the pressure field of the external store 
and the pressure field over the lower surface of the wing by locating the 
maximum thicknesses of the stores at large chord.wise distances from the 
maximum thickness of the wing. 

The variation of store drag coefficient with Mach number for the 
tandem-mounted arrangement for several angles of attack of the model is 
shown in figure 8. These data indicate that the lowest store drag rise 
Mach number is considerably higher than the drag rise Mach number of the 
basic wing-fuselage combination and that increasing the angle of attack 
from -1.25° to -0.250 increases the Mach number at which CD breaks. 

The negative values of store drag coefficient characteristic of this 
installation may be attributed to beneficial Interference effects. A 
study of the tuft observations for this arrangement (fig. 22) and those 
of thebasic wing-fuselage combination (fig- 20) indicates that the inboard 
store delays considerably the onset of flow disturbances at the wing -

fuselage juncture. 

The effect of angle of yaw on the variation of store drag coefficient 

Wi th Mach number for this installation is presented in figure 
9. It 

appears from these data and from tuft studies (fig. 23) that yawing the 
model has negligible effect upon the store drag rise Mach number and the 
character of the flow over the lower surface of the wing. 

Flush-Mounted Arrangement 

Theoretical calculations indicate that the relatively thick pylon 
suspension member of current external-store installations operating in 
the high-velocity region of the wing causes marked reductions In critical
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speeds. The flush-mounted arrangement was designed to eliminate the 
pylon by attaching the store flush to the lower surface of the wing. 
Pairing blocks were fitted to the store so that no air was allowed, to 
flow between the lower surface of the wing and the external store. An 
attempt was made to alleviate the resulting venturi effect between the 
inboard, side of the store and the fuselage by cambering the mean line 
of the store '2 percent. An extension was provided for the store in 
order to increase its effective capacity. 

The variation of drag coefficient with Mach number for the store 
installation mounted on the left wing with extension in place Is shown 
in figure 10 for several angles of attack of the model. These data show 
that the store drag rise Mach number is at least as high as that of the 
basic wing-fuselage combination and is essentially unaffected by changes 
in the attitude of the model in pitch. Tuft studies presented in figure 214 
for a,= -0.75° show that the flow first becomes rough over the wing on 
the outboard side of the store at a Mach number of about 0.7 114. This Mach 
number Is found to correspond approximately with the store drag rise 
Mach number at	 750 

It Is apparent that yawing the model from -20 to 20 increases the 
store drag rise Mach number (fig. U). At the largest positive angle of 
yaw investigated, the store drag rise Mach number compares favorably with 
those of the structurally complicated tandem-mounted arrangement • Con-
sideration of the tuft studies (fig. 25) indicates that the marked 
increase In store drag rise Mach number when the model Is yawed may be 
attributed to the clearing up of the unsteady flow over the wing outboard 
of the store previously noted on the unyaved model (fig. 214). 

The effect of removing the extension on-the store drag characteristics 
in vitch may be determined by comparing the data of figure 12 with those 
of figure 10. As might be expected, the store drag coefficient was reduced 
through the Mach number range. Although the store drag rise Mach number 
was not materially changed by removing the extension at the higher angle 

of attack (-0 .750), at -1.250 angle of attack the store drag rise Mach 

number was increased about 0.05. 

The effect of camber on the drag characteristics of the flush-mounted 
Installation without extension may be obtained by comparison of figure 13 
(store on the right wing of the model) with figure 12 (store on the left 
wing of the model). These data indicate that the resulting increase in 
the venturi effect between store and fuselage caused by a change in camber 

of 14 percent decreases the store drag rise Mach number by about 0.08. 

Store with a Fan-Shaped Tail 

In an attempt to alleviate the unsteady flow conditions over the 
th a pylon suspended store, aft part of the lower surface of the wing wi 
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an example of which is shown in figure 28, the aft part of a body of 
revolution was flattened and fanned out. The upper surface contour of 
this part of the store conformed to the contour of the lover surface of 
the wing (see fig. 4). Further efforts to delay onset of adverse com-
pressibility effects over a pylon suspension system were made by moving 
the pylon as far aft as was considered feasible. 

The effect of yaw on the variation of store drag coefficient with 
Mach number at at 00 is shown in figure lii. The store drag coeffi-

cient of this installation is relatively high at the lower Mach numbers 
and is Increased with angle of yaw. It also appears that regardless of 
the angle of yaw the store drag rise Mach number Is about the same as 
that of the basic wing-fuselage combination. Tuft studies at a. = - 0.750 
(fig. 26) indicate that flow over the wing is satisfactory to Mach numbers 
higher than the drag rise Mach number of the wing-fuselage combination. 
The flow over the lower surface of the store, however, becomes objectionably 
rough at much lower Mach numbers. 

The effect of changing the angular position of the store is shown in 
figure 15. At an angle of attack of 

0.750 the store drag rise Mach 
number was increased about 0903 for a change in at of 2°. Tuft 

studies show a marked Improvement in the flow over the lower surface of 
the store as evidenced, by a comparison of figure 27 with figure 26. 

The effect of angle of attack on the variation of store drag coeffi-
cient with Mach number at 	 _O Is presented in figure 16. It is 

apparent that the store drag rise Mach number remains unchanged for the 
angles of attack Investigated.. 

Auxiliary Airfoil Arrangement 

An external store typical of current arrangement was modified by 
placing a small auxiliary wing between the wing and the afterbod.y of the 
stare in an attempt to control the flow conditions over the lower surface 
of the wing aft of the external store. 

The variation of store drag coefficient with Mach number for the 
installation without the auxiliary wing and with the auxiliary wing at 

several angles of' inclination is presented in figure 17. It is evident 
from these data that, although the drag characteristics after the drag rise 
Mach number of the basic model are altered by the auxiliary wing, the 
store drag rise Mach number Is not greatly altered by the addition of the 
auxiliary wing regardless of Its angular position. Analysis of tuft 
studies (figs. 28 and 29) of the flow over the lower surface of the wing
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with and without the auxiliary wing indicates that the auxiliary airfoil 
primarily influences the flow at Mach numbers higher than the store drag 
rise Mach number and these Mach numbers apparently correspond to the 
flat spots in the store drag coefficient curves. 

The effect of angle of attack on the store drag coefficient is shown 

in figure 18 for	 = -150. These data indicate that variations in 
angle of attack of the model had considerable effect upon the drag 
characteristics of the Installation at Mach numbers greater than the drag 
rise Mach number of the basic model; and that, as the angle of attack vas 
Increased, the Influence of the auxiliary wing was apparently increased. 
At the highest angle of attack investigated - (-0.250) the external-store 
drag coefficient variation showed a tendency to decrease at Mach numbers 
slightly higher than the drag rise Mach number of the basic model. 
Although this particular variation of CD, with Mach number is somewhat 

unique, it is felt that at a.. = -0.25° the auxiliary wing results in 
noticeable increases in the store drag rise Mach number and that the store 
drag rise Mach number is higher than the drag rise Mach number of the 

basic model. 

The variation of drag coefficient of the store with Mach number for 

the model unyawed and yawed 2 0 is shown in figure 199 It appears that 

yawing the model from 00 to 20 primarily causes a large increase in the 

rate of increase of CD, with Mach number at the hier Mach numbers. 

CONCLUSIONS 

It is concluded from an analysis of the results of wind-tunnel tests 
of a basicwing-fuselage combination equipped with several types of 
external-store installations listed in the order of aerodynamic preference 

that:

1. A tandem-mounted arrangement which utilized two stores with the 
maximum thicknesses located at large chord.wiBe distances from the .maximum 

thickness of the wing had a store drag rise Mach number in 
excess of the 

drag rise Mach number of the basic wing- .fuselage combination- 

2 • A flush-mounted external store which eliminated the pylon 
e arrangements had a store drag 

suspension member typical of current stor  
rise Mach number at least as high as the drag rise Mach number of the 

basicwing-fuselage combination.
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3 . An external store with a fan-shaped afterbody mounted on a 
pylon located, aft of the maxirmiTn thickness of the wing had a store drag 
rise Mach number about as high as the drag rise Mach number of the wing-
fuselage combination. 

Ii. . Modification of a typical external-store installation by the 
addition of a small auxiliary wing between the wing and the store 
resulted in no appreciable changes in the store drag rise Mach number. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va.
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Figure 21.- Tuft studies of the lower surfaos of the right wing of a wing-fuselage 
ooabination at various angles of yaw and )Iach numbers, a - _• 750.
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Figure 22.- Putt studies of the lower surface of the right wing of a wing-fuselage 
combination at various angles of attack and Kaoh numbers with the tandem mounted external-
store arrangement in place, V - 00.
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figure 23.- Tuft studies of the lower surface of the right wing of a wing-fuselage 
combination at various angles of _yaw and Mach numbers with the tandem-mounted external- 
store arrangement in place,	 75O.
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Tigure 24.- Tuft studies of the lower surface of the left wing of a wing-fu.elage 
combination at various angles of attack and Mach numbers with the flush-mounted external— 
store arrangement in place, extension attached, W • 0
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Figure 25.- Tuft studies of the lover .urfaoe of the lSft wing of & wing-fueel&gS oombinatiaik 
at various Xaoh numbers with the flush-mountsd external-store arrangement in place, 
extenelon attached, • - _.750, W 20.
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1gurs 26.- tuft studies of tho lovor surface of the store and the lower surface of the 
right wing of a wing-fuoslage ooabination at various Mach numbers with the external 
store with a fan-shaped tail in plaao, a _750, 	 - 00 , at -



44=633 

M =.713 

NACA RM No. L7K20
	

51 

iW =.813 

M =.605 

M =.684 

M =.779 

I	 Smooth 

VnStedy 

11111111	 Rc/19h

44 =663 

/W =.745 

M.837 

Separoted 

t8888 Reversed 

Flow Direction 

Fi gure 27.- 'Putt studies or the lower surface of the store and-the lower surface of the, 
right wing of a wing-fuselage combination at various Mach numbers with the external 
store with a fan-shaped tail in place, a -.750, V = 00, at = -2 1120.
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Figure 28.- Tuft studies . of the lower surface of the right wing of a wing-fuselage 
combination at various Mach numbers with a standard Navy drop tank 
In place, a = _• 750,
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(a) a = - . 750. 

Figure 29.- Tuft studies of the lower Surface of the right wing of a ving-fuselage 
combination at two angles of attack and various Macb nub8re with the auxiliary 
wing external-store arrangement in place,	 00, a '.-15
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