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By Kenneth P. Spreemann and E. Norman Silvers 

An investigation was conducted in the Langley high-speed 7- by 
10-foot t u n n e l . t o  determine the e f f ec t s  of several  wlng-mounted 
external-store  configurations on the aerodynamic character is t ics  of a 
small-scale model of a swept wing-fuselage c o m b k t i o n  through a Mach 
range from 0.40 to 0.92. The external-store  configurations  investigated 
included  inboard underwing ins ta l la t ions  (pylon-suspended and flush-wing 
stores) and wing-tip  installations (forward-mpunted and central-mounted 
s tores) .  The most satisfactory  store  investtgated from considerations 
of the   e f fec ts  on  the drag r i s e  Mach  number, change i n  aerodynamic ten- 
t e r ,  and the maximum attainable r a t i o s  of L/D w&s the forward-mounted 
t i p   s t o r e  w i t h  i t s  center line para l l e l  with the plane of  symmetry of  
the model. 

INTRODUCTION , 

An investigation was made in the Langley high-speed 7- by 10-foot 
tunnel t o  supplement existing material on the effects  of external 
stores on the aerodynamic character is t ics  of m o d a s  by providing in fo r -  
mation on a model with a swept wing of Fnverse taper r a t io .  

The resul ts   presented  in  this paper  include the variations of lift 
coefficient,  drag  coefficient, and pitching-mom&t coefficient w i t h  the 
angle of at tack f o r  the model with and without  stores  through a Mach 
range from O.lcoto 0.92. 
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The coefficients and symbols referred to in this p p r  are defined 
as follows: 
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llft coefficient (Twice semispan lift/qs) 

ctrag coefficient (Twice semispan drag/qS) 

pitching-monient coefficient, measured about the 15 percent 
F (M.A.C. ) (Twice semispan pitching mament/qSE) 

a-treasl Mach number (V/a)  

w c  pressure, po- per s q w e  foot k~2 

mass demity of air, slugs per cubic foot 
(2 ) 

velocity  of air, fee t  per  second 

velocity of sound, feet per second 

twice w i n g  area of semispan ( 0.20 eq ft on model) 

m e m  aerodyn%nic  chord (0.263 ft) 

angle of attack of fuselage reference l ine 

angle of center line of external store with respect to plane 
of egnrmstry, positive when nose of store is outboard of 
trailing edge of store 
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The investigation was conducted i n   t h e  Langley  high-speed 7- bY 
10-foot tmel. 

A model consisting of a small-scale model of a sweptback wing of 
inverse taper r a t i o  and a fuselage wLthout' tail surfaces w a s  investi- 
gated as a half model u s i n g  a boundary-layer p l a t e  mounted 3 inches 
from the tunnel wal l  t o  minimize boundEcry-layer interference.  Forces 
and moments were measured by means of a strain-gage balance system 
mounted outside  the  tunnel, which w a s  sealed  to  prevent leakage of air 
in to   the   f low  f ie ld  of the model. I n  order t o  prevent  fouling of the 
model a clearance of approximately 1/32 Fnch was msintained between the 
plane of symmetry of the model and 'the boundary-layer  plate. The wing 
of the model was 10 percent  thick  in E plane  perpendicular t o   t h e  
50-percent-chord line, and swept back at the 50-percent-chord line 
with a t ape r   r a t io  of 1.628 (inverse  taper),  an aspec t   ra t io  of 3.05, 
and with an angle of incidence  re la t ive  to  the fuselage  reference  line 
of 2O. Figure 1 i s  a drawing of the model mounted on the boundary- 
layer   plate  showFng the pylon-suspended external-s tore   instal la t ion.  
Shown i n   f i g u r e  2 are photographs  of the  model mounted on the  boundary- 
layer p la t e  in the Langley  high-speed 7- by  10-fo0.t  tunnel  without 
s tores  and  with  the pylon-suspended  and the forward  tip-store instal- 
l a t ions  in place. - 

The pylon-suspended w i n g  s tore   ( f ig .  I) w a s  mounted Lnboard on the 
wing  at anoamgle of  incidence  with respect to  the  fuselage  reference 
line of -2 , and  had a detachable ta i l  plug t o  permit  attachment of 

' ver t i ca l  and ho r i zon ta l   s t ab i l i zhg   su r f aces  which were representative 
of t hose -u t i l i zed  in flight t o  minlmize the   poss ib i l i t i e s  of s tore  
interference  with  the w i n g  when the  s tores  are jett isoned. The pylon 
suspension member WRS of 2.880 inches  chord at the wing and 3.477 inches 
chord at the  store,  and the  maximum thickness ratb w a s  about 6.35 per- 
cent at the  40-percent-chord  point. 

The flush-wing  store  (fig. 3) w a s  mounted inboard, at zero  inci- 
dence re la t ive   to   the   fuse lage  reference line, so tha t   t he  upper  surface 

50 percent of the W i n g  chord. A fairing  (designated as A, f ig .  3) WRS 
devised for the  f lush-wing-store  installation,  I l lustrations  depicting 
the   fa i r ings  OR the  flush-wing  store and t i p   s t o r e s  are presented in 
f igure 4. These fairings were designed t o  alleviate the  large  inter-  
ference  drag between the wing and the  body by  inducing  local  velocit ies 
in   the  juncture   that  were no higher  than  those  over  the wing i n  the 
regions that were undisturbed by the presence  of  the  store. It should 

' of the  s tore  was tangent t o   t h e  lower  surface  of the wing a t  about 

. 
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be  noted  khat  the  resulting  fairing  profile wgs concave  over a small 
region  at  the  forward part near  the  leading  edge  of  the  wing.  (See 
figs.  5(b) and 6. )  In the  absence  of  pressure  measurements,  the  fairings 
utilized in this  investigation  were  developed  experimentally  by  tuft 
studies  in  the  juncture  and  comparison  of drag measurements for  consecu- 
tive  modifications  to  the  fairings  at-OO  angle of' at~ck. 

The forward-tip  store in the original configyration was unskewed 
(Es = 0 0 )  with  the  center line parallel  to and on the chord line of 
t h e  d n g  (fig.  ?(a) 1. ~n an effor t  to reduce interference  effects, t h e  
store was modified  by skewing the  nose out (6, = 9.13') and attaching 
fair- B. The general characteristics of fairing B, particularly  the 
cusp near the .wing lmding edge,  are shown in figuree 4 and 5(b) .  

The central-tip  store was located aft -on the wing ti9 so that the 
50-percent-chord line of the wFng Gtereected the center lFne of  the 
store at its  mldpohrt. The nose of the-store was rotated about its 
midpoint t o  a skewed-out  position of 6, = 9.88O. A fairing C was added 
to  the  central-tip  store  which was 'similar to fairing B except  that t h e  
afterbody was f la t  sided resulting in a bluff  trailing edge ( f i g .  6). 
A closer  duplication of the angle of skew of the forward-tip store 
(8 ,  = 9.130) to  that of t he  central-tip  store was not-feasible because 
of strucrtural  Limitations  of the models. 

The  external  store  (fig. 7 )  used  for a l L .  configurations  was a body 
of revolution of fineness  ratio 7.43. The thickness  distribution  of  the 
external  store  corresponded  approximately to an NACA 66-series  section 
and the a l r f o i l  section  corresponded  approximately  to an NACA 651-21~ air- . .  

foil  section in a plane nd& to the  50-percent-chord  plane. 

* 

Lift, drag, and pitchhg-moment measurementb  were  obtalned at 
severa l  angles of attack for  the model without  stores and with several 
arrangements  of  external stores thr0ugh.a Mach number range that 
generally extended from 0.40 to 0.92. 

Shown in figure 8 is  the  variation of test Reynolds number  with 
Mach  number. The cross-hatched  region of this plot  indicates  the 
extreme  limits ofReynolds numbers m e a s u r e d  fn this  Fnvestigation. The 
departure From the m e a n  Reynolds number  curve at any Mach number -8 . 

occasioned  by  changes in t h e  atmospheric  conditions; 

. 
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Je t  -boundmy and blockage corrections 
and were not  applied t o  the data. 

were considered negligible 

The vmiations of angle of attack, drag coefficient, and pitching- 
moment coefficient with lTft coefficient at various Mach  numbers f o r  
the model without stores a d .  with several arrangements of  external 
stores  are presented in  figure 9. CaJculated Uft-drag  ratios  as 
'a function of lift coefficient a t  conatant Mach m b e r s  f o r  the model 
wlthout stores and with  several of the  exterml-store i n s t a l l a t i o n s  
tested are presented in figure 10. In figure l l  are presented  the 
variations of lift-curve slope,  aerodpamic  center, drag coefficient 
a t  CL = 0.2, and the mdmm lift -drag ratio with Mach nuniber f o r  
the mdel  w i t h  azld without stores. Figures 10 asd ll were obtained 
from the  basic data in figure 9. Table X is a summy of &rag break 
Mach number w, the increment 3 n  drag break Mach  number e, drag 
coefficient a t  the drag beak  Mach  number C a ,  and the increment in 
d r a g  coefffcient at  the drag break Mach npber. A s  i l l u s t r a t d  
in table I, the drag break Mach m e r  was detexmhed iy draxing a 450 
line tangent t o  the drag  c m e  and considering the point of tangency 
to be the drag break Mach number of the conibination. 

" 

Lift-Drag R a t i o s  

In general, all the  external-store  Installations decreased the lift- 
drag ratios (fig. 10). The pylon-suspended w i n g  store shows the 
greatest  reduction in maximum lift-drag ratio. The tip-mounted. stores 
show somm.?mt less loss in m x J m U m  Wt-drag r a t i o ,  particularly a t  
the lower Mach nunbere, probably because of the -end-plate effect and 
favorable  interference  effects produced by the stores. The forward- 
tip-mountid store, 6s = 00, e*ibited better Et-drag characteristics 
throughout the Mach range than any other  external-store  installation 
investigated and from M = 0.40 t o  about M = 0.60 gave an (L/D)- 
greater than the basic w%ng. (See fig. u ( b ) .  ) 

Drag Chazacterietics . 

The drag break Mach  number obsemed in the wind-tmel data, Fn 
addition t o  representing the highest speed obtainable without the 
changes in forces azzd moments usually m i f e s t e d  by compressibility 
phenomenon, baa been found t o  be a good i n d i c a t i o n  of the buffet 
boundary of the airplane  with external store8  (reference 1). The 
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drag break  Jhch number i n  conjunction with the drag  coefficient  at  the 
drag  break Mach  number has been  used t o  evaluate  the high-speed  drag 
characterist ics of the  external  stores  investigated, These r e su l t s  are 
summarized in   t ab le  1. The forward-tip  store (6, = Oo) gave the least 
drag increase  while  maintaining a high  drag  break Mach number and from 
these  considerations would appear t o  be the most satisfactory  store 
investigated. It appears however, that this  configuration may intro- 
duce aeroelastic  effects that may present  practical problems. Of' the 
inboard underwing stores, the flush-wing store with fa i r ing  A had only 
slightly  inferior  characteris-t-lcs t o  the  forward-tip  stare  while  the 
other  configurations  investigated on both the t i p  and inboard  under 
the wing displayzd .high-speed characterist ics that were considered 
inf'erior to these two. 

L i f t  -Curve Slope 

From f igure 11 it appears that the l i f t -curve slope of the basic 
mdel  is not  greatly  affected by the  addition of the inboard der-wing 
stores.  For the  wing-tip  configuretions,  the augmentation fs effective 
aepect   ra t io  produced by the end-plate effect of the tip-mounted stores 
gave fa i r ly  Large increases ' i n  t h e  l i f t -curve slope (maximum of 23 percent) 
throughmt  the Mach range ihveetigated. 

Pitchhg-Moment Characteristics - 
The pitch--moment coefficients were not-greatly  affected by the 

addition of the wing-tip stores; but the flush-wing  store caused -11 
poeitive changes and the pylon-suspended w i n g  store  gave appreciable 
positive changes i n  the pitching moment at-a constant lift coefficient. 
(See f i g .  9.)  

The rate of change In pftching-moment coefficlent  with l i f t  
doefficient at a conatant Mach number ( ~C&CL), in figure U is  a 
measure of the  aerodynamic-center l o c a t i d  relative to ths assumed 
center-of  -gravity  position in percent of the mean. a e r 0 Q m . c  chord. 
For m a t  configurations there is a f o r w a d  s h i f t  in aerodynamic center 
of about 2 percen%, However, In the case of lthe pylon-suspended w i n g  
store  with fins there was a rearward s h i f t  oI?about 4 percent a t  low 
Mach numbers and f o r  *,e fluah-wing  store a forward shift of about . 
4 percent throughout the Mach range. 
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The following conclusions  are  based on a xhd-tunnel  investfgation 
of inboard underwing and wing-tip mounted external  stores on a small- 
scale model of a  wing-fuselage  combination having a sweptback wing of 
inverse  taper  ratio through a Mach  number range 'fr& 0. h-0 t o  0.92. 

1. Tip-mounted stores were generally superior t o  tsnder w i n g  
mounted external stores in  regard t o  the ef fec t  o f t h e  store on the 
Mach  number f o r  drag  rise,  the change in position of the wing aero- 
dynamic center, and the maximum lift-drag r a t i o s  attainable.  

2. The most aatisfactory store Fnvestigated was a t i p  store 
mounted In a forward posit ion on the WFng t i p  with it8 center Une 
pa ra l l e l  w i t h  the plane of spmetry of the m0ael. 

Langley Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 

1. Slivers, H. Norman,  and Spreemm, Kenneth P.: Correlation of Wind- 
Tunnel and Flight  Determinations of the Buffet Speed of an 
Airplaile Equipped with Mernal Stores. MCA €W L m ,  1948. 



. . ... . .. . . , 

Configuration Ma CDa % 
Basic mdel 0.910 ”“I- 0.0248 ””” 

.. .. . . .  . 



NACA RM ~ 9 ~ 0 6  9 

BoonocB/y layer plate faring 

r. "- .. 

I -- \ I 9 1 7  
I -- I 

Figure  1.- Drawing of the wing-fuselage combination with pylon-suspended 
wing store. 
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(a) Bmic model. 

Figure 2.- The wing-fuselage combination mountea on t he  hundmy-hyer 
plate.  
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Sect ion A-A 

Section B-R 
Mode/ C. G.fl5.0 %M.A.C) 

-3-04 I - Fa iring line 

View C-C " 
fs tore on&) - tmmrni f - Scale, inches 

Figure 3.- Drawing of. the flush wing store with fairing o f f  and w3th 
fairing A on the wing-fuselage combination. 





..... . .  4 

. .  

. . . . .  

! 

I .  

/ /  

." 
. .  





NACA RM ~ 9 ~ 0 6  

(a) Fairing off; 6, = -Oo. 

Figure 5.- Drawing of the forwmd-tip store on the wing-fuselage 
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Section C - C 
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Fairing -\ - I 

I “ d e /  C.G. (15.0 X h?A.C.) 
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(b) Fairing B; 6,  = 9.13O. 

Figure 5 .- C a n c l u l e d .  
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Figure'6.- Drawing of the central-tip store with fairing off end with  
fairing C on the wing-fuaelage combination. 
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I Ex-terna/ s t o r e  
ordinates, in. 

4- 810 .375 
5070 .344 
5.330 .307 
5.590 -265 
5.850 -2f 7 
6 -110 -1 03 
6,370 -1 02 
8.500 .070 
6.630 .036 
6.760 0 

Fi@;ure 7.- Drawing of the external store investigated on the Wing- 
fuselage combinatfon. 
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Figure 8.- Variation of Reynolds number with  Mach number for the wing- 
fuselage combination investigated in the Langley  high-speed 7- by - 

10-foot tunnel. 
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(a) pgl~-suspenaea wing store. 

Figure 9.-  Effect of several external-store installations on the 
aerodynamic characteristics of the wing-fuselage combination. 
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(a) Certtrd t i p  store. 

Figure 9 .- Cmcluded. 
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Symbol Store installation 
off 

"""" Pylon- suspendred 
"- Flush wing 

Flush wing 
Forward tip 

"- 
"" 

f2 

8 

4 

A 
wo .I .2 .3 4 .5 

.. 

"-i 
fiiring dS (deg) 

L i f t  coefficient,CL a- L i f t  coefficient, CL 
0 .I .2 -3 4 -5 

Figure 10.- Effect of-several external-store  installations on the lift- 
drag ratio of the wing-f'uselage combination. 
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. 0 8  
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.04 4 .5 - .6 -7 -8 -9 1.0 4 .5 .6 -7 -8 -9. 1.0 
Mach number, M Mach number, M 

( a) Inboard under-wing ins tallations . (b) Wing-tip installations. 

Figure U.- Effect of Mach number on the aerodynamic characteristics of 
the wing-fuselage combination with several  external-store  installations. 
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