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An investigation has been made i n   t h e  Langley 9- by 12-inch  super- . sonic blowdown tunnel t o  determine the effects of an external   s tore  0 1 ~  

t he  lift, drag,  and  pitching-mment  characteristics of  an unswept wing 
of  aspect  ratio 4 a t  Mach numbers of 1.41, 1.62, and 1.96. The spanwise 
and ver t ica l   loca t ion  of a Douglas Aircraft  Company, Inc. ,   store of fine- 
ness   ra t io  8.58 w a s  systematically  varied mer the  outer 60 percent of 
the wing semispan. B r i e f  comparative tests w e r e  made t o  determine the 
ef fec ts  of  changing the   s tore  shape t o  an NACA 6% body of revolution 
with  the same fineness  ratio,  of changing the chordwise location  of  the 
s t ru t   a t t ach ing   t he   s to re   t o  the wing, and of doubling  the  strut  chord. 

Wing Reynolds number ranged from 1.1 x LO6 to 1.4 x lo6. 

INTRODUCTION 

External  stores have  been  used t o  advantage i n  carrying  fuel and 
ordnance on aircraft and a f a i r l y   l a r g e  amount of  F n f o m t i o n  i s  avail-  
able concerning t h e i r  aerodynamic influence on w i n g  character is t ics  a t  
subsonic and transonic speeds ( fo r  example, see refs. I t o  8). It i s  
des i rab le   to  know whether s tores  can still be used advantageously a t  
supersonic  speeds,  but little Wormation is  available  since  the f e w  
experimental  investigations  to date (refs .  9 t o  11) have  been qui te  
limited in scope.  Consequently, in   o rder   to   ob ta in  comprehensive 
experimental  information a t  supersonic  speeds,  an  exploratory program 
has  been i n i t i a t e d   i n   t h e  Langley 9- by 12-inch  supersonic blowdown 
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tunnel t o  study ef fec ts  of s tores  on the  character is t ics  of several 
wing configurations. 

This paper  contains  data  obtained  for one external  store on an 
unswept wing  which had an aspect   ra t io  of 4, a taper   ra t io  of 0.6, and 
a i r fo i l   sec t ions  of a thickness of 4 percent. The s tore  had a fineness 
r a t i o  of 8.58 and a Douglas A i r c r a f t  Cmpany, Inc.,  store shape. For a 
wing area of 500 square feet, the  s tore  would have suff ic ient  volume t o  
contain  about 400 gallons of fue l .  The spanwise and ve r t i ca l   s to re  
locations were systematically  varied on the outboard 60 percent of the 
semispan at Mach numbers of 1.41, 1.62, and 1.96 and a t  wing l i f t  coef- 
f ic ien ts  up t o  0.80. Also  included  are the resu l t s  of a brief  investi-  
gation of store  shape, strut-chord  length, and s t r u t  chordwise location. 
The Reynolds number based on wing chord  ranged from 1.1 x 10 6 t o  1 .4  x lob. 
The data are  presented  without  analysis  to  expedite  publication. 

COEl?FICIENTS AND SYMBOLS 

lift coefficient (L*) 

drag coefficient (D3) 
pitching-mment  coefficient Pitching moment about 0.25F 

qSF 

r a t e  of  change of pitching-mmnt  coefficient  with lift 
coefficient 

increment i n  wing pitching-moment coefficient caused by 
addition of external  store 

increment in  drag  coefficient due to   addi t ion  of external 
s t  ore 

free-stream dynamic pressure 

semispan wing area (9.0 square inches) 

wing chord 

mean aerodynamic chord 

. 
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b wing span,  twice distance from ying  root  chord t o  wing t i p  

Y spanwise distance from wing root  chord to   s to re   cen te r   l i ne  

z vert ical   d is tance from point of  maximum thiclmess on wing 
lower  surface to   s to re   cen te r   l i ne  

d store  diameter 

'I store  length 

a angle of a t tack 

hx increment i n  wing angle of  a t tack due to   addi t ion  of external 
s tore  

R Reynolds number based on F . 

MODELS 

The pr incipal  dimensions of t h e   s d s p a n  wing which had an aspect 
r a t i o  of 4 and a t a p e r   r a t i o  of 0.6 are  contained i n   f i g u r e  1. The 
sections  perpendicular t o  the unswept quarter-chord  line were NACA 
63A004 a i r fo i l   s ec t ions .  The blunt stremwi8e wing t i p  was not  faired. 
The so l id  wing was fabricated from SAE 4130 heat-treated steel. 

External  stores  having  the Douglas Aircraft  Company (DX) s tore  
shape  of  fineness r a t i o  8.58 were tested a t  40, 60, 80, 99, and lo5 per- 
cent  of  the wing semispan (f ig .  2). In  a l l  cases  the  store 40-percent 
length  point was located at the  quarter-chord  point of the wing. The 
stores  were molded of p l a s t i c  and were designed t o  have a gross volume 
of 414 gal lons  for  a wing area of  500 square  feet. 

Unswept struts which were pinned  and  sweated t o   t h e  wing surface 
were used t o   a t t a c h   t h e   s t o r e s   t o   t h e  wing a t  var ious  ver t ical   s tore  
locations. The brass struts had NACA 6 5 ~  a i r fo i l   s ec t ions .  The basic 
s t r u t  had a chord  equal t o  0.514pr and was 10-percent  thick. The  con- 
f igurat ion  for  which the leading edge of this s t r u t  was loca ted   a t   the  
wing leading edge l a  designated as  the  basic  strut  configuration. Two 
additional  strut   configurations were tested at the 40-percent  spanwise 
station:  For one configuration,  the  leading edge of  the  basic   s t rut  
was moved back t o   t h e  25-percent  chord s t a t ion  so tha t   the  midchords of  
s t r u t  and wing were coincident; and for  the  other  configuration,  the 
bas ic   s t ru t  w a s  doubled i n  chord and thinned t o  a 3.5percent-thick 
a i r fo i l   s ec t fon  (with approximately  the same bending  strength as the 
bas ic   s t ru t ) .  The doubled s t r u t  chord  was equal t o   t h e  wing chord a t  
the 40-percent  spanwise s ta t ion.  
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An NACA 6 5 ~  body of revolution  having  the same volume, fineness 
ra t io ,  and location of the 40-percent  length  point  as  the Douglas s tore  
shape was also  tes ted on the   bas ic   s t ru t   a t   the  40-percent  spanwise 
s ta t ion.  The center U e s  of a l l  s tores  were within 1' of being 
pa ra l l e l   t o   t he  rolling-moment axis. 

The Langley 9- by 12-inch  supersonic blowdown tunnel  in which the 
present   tes ts  were made uses  the campressed a i r  of  the Langley 19-foot 
pressure  tunnel. The a i r   e n t e r s   a t  an absolute  pressure of about 
2 atmospheres, i s  conditioned to  insure  condensation-free flow by 
being  passed  through a s i l i ca   ge l   d ryer  and then  through  finned banks 
of e lectr ical   heaters .  The c r i t e r i a  for  the amount of drying and 
heating  required were obtained from reference 12.  Extensive  calibration 
measurements had been made previously  with no model i n  the  tes t   sect ion.  
A summary of the   resu l t s  of these tests is  contained in   reference 13 
and i S  as follows: 

5 
1 

Average Mach number 

Variables 

Maximum deviation  in Mach number . . . . . . . . . 
Maximum deviation of s ta t ic   to   s tagnat ion  

pressure,  percent . . . . . . . . . . . . . . . 
Maximum deviation  in  stream  angle, deg . . . . . . 
Average dynamic pressure  for  these 

t e s t s ,  pound per  square  inch . . . . . . . . . . 
Average Reynolds number, R x 10- 6 . . . I * * "  

1.41 

fO. 02 

k2.0 
+o. 25 

12.0 
~ 1.4 

1.62 

50.01 

f1.3 
50.20 

11.4 
1.2 

1. gb 

t o .  02 

k2.2 
fO. 20 

10.2 
1.1 

T h e  test Reynolds number decreased  about 3 perce.nt during  the  course of 
each run because of the  decreasing  pressure of the   in le t  air. 

The semispan wing model used Fn th i s   inves t iga t ion  waa cantilevered 
from a strain-gage  balance which mounts flush  with  the  tunnel  wall and 
rotates  with the model through  the  angle-of-attack  range. A half-  
fuselage which consisted  of a half-body of revolution and a 0.25-inch 
shim was at tached  to   the wing, and loads were measured on k.oth the wing 

. 
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and  fuselage.  The  half-body  was  shimmed  awsy  from  the  tunnel  wall  to 
minimize  the  effects of  thC  tunnel-wall  boundary  layer  on  the  flow  over 
the  body  (ref. 14). A gap of about 0.010 inch w a s  maintained  between 
the  fuselage  and  tunnel  wall  under a no-load  condition.  The  investi- 
gation  was  made  at  Mach  numbers  of 1.41, 1.62, and 1.96 and  at  wing 
lfft coefficients  up to 0.80. There  was s m  indication that at a 
Mach  number  of 1.41 the  data of the  present  investigation might have 
been  influenced  by  the  reflection  of  the  model  bar  wave  from  the  tunnel 
wall  at an angle  of  attack  equal to 12'. 

ACCURACY OF DATA 

From a general  consideration  of  the  balance-calibration  accuracy 
and  the  repeatabflity  of  data,  the  accuracy of the  force and moment 
measurements, in  terms  of  coefficients,  are  believed to be  about  as 
follows : 

cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.005 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.001 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 

For lift coefficients  above 0.5 to 0.6, errors  in  drag  coefficient in 
excess  of kO.001 could  well &st. 

Lift,  pitching-moment,  and drag data are presented  without  analysis 
for  the  wing-fuselage-store  combinations,  for  the  wing-fuselage  combi- 
nation,  and  for  the  fuselage  alone.  Figure 3 presents  the  variations 
of lift,  pitching moment, and drag coefficient  with  angle of attack  at 
Mach  numbers of 1.41, 1.62, and 1.96 for  the  fuselage  alone. Figures 4 
to 12 present  the  variation8 of pitching-moment  coefficient,  angle of 
attack, and drag  coefficient  with lift coefficient  for  the  wing- 
fuselage-store  canbinations  at  the  same  three  Mach  numbers. The scales 
for  the drag plots  have  been  staggered  to  illustrate  more  clearly  the 

variations  with  lift  coefficient.  From  these  data, values .of - dCm and 

increments of pitching-moment  coefficient  and  angle  of'attack  at  zero 
lift  due to the  addition of the  store  have  been  obtained  and  are  pre- 
sented  in  figure 13. It might  be  pointed  out  that  positive  increments 
in pitching  moment  at  zero  lift  caused  by  the  store  as  shown in fig- 
ure 13 were  also  obtained  in  the  investigation of reference 10. The 

dCL 
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variations of the  l i f t -drag  ra t ios   with lift coefficient  for  the  various 
store  locations have a l so  been obtained and are presented  in  figure 14  
along  with  the  drag  increments  caused by the  addition of the  store.  
Similar summary plo ts  are presented i n  figure 15 t o  show the   e f fec ts  of 
store shape, strut-chord  length, and s t r u t  chordwise  location. 

. 

From the   data  of figure 15, it is evident that the   bas ic   s t ru t  
configuration was not optimum with  regard t o  drag. It i s  believed, 
however, that   the  general  trends shown for  the  basic  configuration 
(decreasing  drag  with  outboard spanwlse movement of the  s tore  on the 
wing) would not be a f fec ted   to  any sizable  degree by the u s e  of  other 
unswept strut  configurations. 

Langley Aeronautical  Laboratory 
National Advlsory Committee f o r  Aeronautics 

Langley Field, Va. 
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Figure 2 . -  Details of Douglas Aircraft Company store and MACA 6w-series 
body of revolution. ( A l l  dimensions are in inches.) 
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( a >  C, and a against CL. 

Figure 4.- Aerodynamic character is t ics  of an unswept semispan wing of 
aspect   ra t io  4 with DAC s tore   with  basic   s t rut   a t   var ious spanwise 
locations. M = 1.41; R % 1.4 X lo6; - = 0 and 0.5. Z 
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(b) CD against CL. 

Figure 4.- Concluded. 
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-.4 72 0 .2 .4 .6 
cr 

(a) C, and a against cL. 

Figure 5.- Aerodynamic characteristics of an unswept  semispan wing of 
aspect ratio 4 with DAC s t o r e  with basic strut at various spanwise 
locations and with one strut at a midchord location. M = 1.41; 
R z 1.4 x IO6; 2 = 1.0. d 
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-.4 -.2 0 .2 .4 .6 .8 /. 47 
CL 

( a )  C, and a against  CL. 

Figure 6.- Aerodynamic character is t ics  of an unswept semispan wing of 
aspect   ra t io  4 with DAC store  with  basic strut a t  various spanwise 
locstions,  with DAC s tore  w i t h  a f u l l  chord s t r u t ,  and with  an 
NACA 65A-series body of revolu t ion   a t  one location. M = 1.41; 
R Z  1.4 x 10 ; - - - 1.5. 
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(a) C, and a against CL. 

Figure 7.- Aerodynamic  characteristics of an unswept semispan wing of 
aspect ratfo 4 with DAC store with basic strut at various spanwise 
locations. M = 1.62; R % 1.2 x lo6; 2 = 0 and 0.5. 

d 



NACA RM ~ 5 2 ~ 1 3  - 
-32 -34 

.3u -32 

'.28 .30 

26' .28 

24.26 

.22 2 4  

.20 -22 

. I 6  . I 8  

.I4 .I6 
, cD 

./2 . /4  

.06 .08 

.04 .06 

(b) CD against CL. 
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(a) C, and a against cL. 

Figure 8.- Aerodynamic  characteristics of an unswept  semispan ying of 
aspect ratio 4 with DAC store with basic strut at various spanwise 
locations and  with one strut a t  a  midchord location. M = 1.62; 
R 2 1.2 X lo6; 2 = 1.0. 
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Figure 8.- Concluded. 
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( a) C, and a against CL. 

Figure 9.- Aerodynamic characteristics of an unswept semispan wing of 
aspect ratio 4 wfth DAC s t o r e  with basic strut a t  various spanwise 

l oca t ions  and with a full-chord strut. M = 1.62; R x 1.2 X lo6; 
d = 1.5. 
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( a )  C, and a against CL. 

Figure 10.- Aerodynamic characteristics of an unswept semispan wing  of 
aspect r a t j o  4 with DAC store with basic strut at various spanwise 
locations. M = 1.96; R Z 1.1 X lo6; z = 0 and 0.3.  
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(a) C, and a against CL. 

Figure 11.- Aerodynamic characteristics of an unswept semispan wing of 
aspect ratio 4 with DAC store  with basic strut at various spanwise 
locations and with one strut at a midchord location. M = 1.96; 
R z 1.1 x lo6; 2 = 1.0. 
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(a) C, and a against cL. 

Figure 12.- Aerodynamic charac te r i s t ics  of an  unswept semispsn wing of 
aspect   ra t io  4 with DAC s tore  with bas i c   s t ru t  a t  various spanwise 
locations,  with DAC store   with a full-chord strut, and with an 
NACA 6S-series body of revolution a t  one location. M = 1.96; 
R z 1.1 X 10 ; 5 = 1.5. 6 
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Figure 13.- Effects of M C  store on wing - and on aC, a ~ d  L?U at 

zero lift. 
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(a )  M = 1.41; R 2 1.4 X lo6. 

Flgure 14.- Varlatlons of s to re  increnmtal drag coefficient end lift- 
d r a g  ratio  with lift coefficient for  various spanwiee and vertical  
locations of the AllC store on an unswept semispan wing of aspect 
ra t io  4. 
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(b) M = 1.62; R z 1.2 X lo6. 

Figure 14. - Continued. 
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Figure 15.- Effects of varying store shape, strut-chord length, and 
strut chordwise location on the store incremental drag coefficient 
and on the lift-drag ratio of an unswept semispan wing of aspect 

r a t i o  4. AU stores were located a t  JL = 0.40. 
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