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RZSEA RCH MEJJORANDUM 

f o r  the 

Bureau of Aeronautics, Navy Department 

B U F F E T I N G  C F  EXTERNAL F t q L  T A K K S  A T  IIIGE S P E E D S  

ON A qRUFQlAN F7F-3 A I R P L A N E  

By Howard L. Turner 

Attempts were made to  a l l e v i a t e  the  buffe t ing of external  

f u e l  tanks mounted under the  wings of a twin-engine Navy 

f i g h t e r  a i rp lane ,  The Mach number a t  which buf fe t ing  began 

was increased from 0.529 t o  0.640 by streamlinfng the sway 

braces and by increasing the  l a t e r a l  r i g i d i t y  of the sway 

brace sys tern. Further increase of the  Mach number, a t  which 

buf fe t ing  began t o  0.725, was obtained by moving the external  

f u e l  tank t o  a  posi t ion under the fuselage. 

I N T R O D U C T I O N  

High-speed combat a i r c r a f t  have encountered serious 

buf fe t ing  Pn f l i g h t  a t  high Mach numbers when carrying 
-* 

ex te rna l  s to res ,  A s  a t yp i ca l  example of t h i s  conditf on 

- a the  Grurnman F7F-3 a i rp lane  encountered buf fe t ing  with the  

i n s t a l l a t i o n  o f  150- gal lon f u e l  tanks mounted ex te rna l ly  

beneath the  wings, This buf fe t ing  e f f ec t ive ly  l imi ted the 

speeds t o  which the a i rp lane  could be flown w i t h  the tanks 
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i n s t a l l e d ,  

A t  the request  of t he  Bureau of Aeronautics, Navy 

Department, f l i g h t  t e s t s  were conducted a t  the  Ames 

Aeronautical Laboratory on a Grwnman F7F-3 a i rp lane  t o  

obta in  information on the sources of the buf fe t in3  and 

on means f o r  a l l e v i a t i n g  the buffeting. 

Standard UACA continuous-film-recording instruments 

were used t o  record airspeed,  a l t i t u d e ,  f ree -a i r  temperature, 

and the  motion of the  tank; 35-millimeter motion p ic tu res  

were obtained of the  t u f t s  on the tank and surrounding 

s t ructure .  

An airspeed ca l ib ra t ion ,  obtained on an XF7F-1 airplane 

by f ly ing  i n  fo raa t ion  with an a i rplane on which the  airspeed 

i n s t a l l a t i o n  was cal ibra ted,  was used f o r  t h i s  inves t igat fon,  

It w e s  considered tha t  the e r ro r s  involved i n  the use of t h i s  

ca l i b ra t i on  and i n  ext rapola t ing t o  the t e s t  IIach numbers 

were neg l ig ib le ,  : 

The t u f t s  f o r  these t e s t s  were pieces of nylon parachute 

shroud l i n e ,  wrapped securely a t  both ends, dyed black, and 

glued t o  the  tank. These t u f t s  were used a s  the wool yarns 

and other mater ia ls  t es ted  could not stand the severe turbul-  

ence encountered i n  the separated area,  

Only the l a t e r a l  ao t ion  of the tank was measured a s  pre- 

l iminary observations by the p i l o t  during buf fe t ing  
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condi t ions  showed t h e  o s c i l l a t i o n s  t o  be t r ansverse ,  

TESTS, R?SULTS, AND DISCUSSION 

The e x t e r n a l  s t o r e s  used i n  these t e s t s  were s tandard 

Navy droppable 150-gallon Universal  metal  f u e l  tanks,  For 

t h e s e  t e s t s ,  the tanks were r e in fo rced  by welding 0,090-inch 

chroye-molybdenum p l a t e s  ac ross  the sway brace contact  a r e a  

t o  prevent  dent ing  by t'ne sway brace pads i n  order  t o  e l iminate  

any deformation of the  tank proper t h a t  may be due to t h e  tank 

shake o r  b u f f e t ,  

Two tank p o s i t i o n s  were inves t iga ted ,  one under t h e  

wing and t h e  o ther  under the fuse lage  ( f i g .  1). I n  the  wing 

pos i t ion ,  the  tanks were mounted midway between the engine 

n a c e l l e  and the  fuse lage .  The tops  of  the tanks were 16 

inches  below t h e  lower sur face  of  the  wing w i t h  t he  tank 

c e n t e r  l i n e s  p a r a l l e l  t o  t h e  - i n g  chord l i n e ,  I n  t h e  fuse lage  

p o s i t i o n ,  the top of the  tank  was 4 inches below t h e  fuse lage  

wi th  the  tank center  l i n e  p a r a l l e l  t o  the fuse lage  reference 

l i n e ,  

F igure  2 i s  a  ske tch  of' t he  sway brace conf igura t ions  

t e s t e d ,  showing t h e  c ross  sec t ions  of the  va r ious  members, 

Figures  3 to  7 a r e  photographs of the  var ious tank and sway 

brace  arrangements a s  i n s t a l l e d  on the  a i rp lane ,  The swag 

brace  conf igura t ions  a r e  descr ibed i n  d e t a i l  i n  the  appendix, 

An e f f o r t  was made t o  dup l i ca te  t h e  t o t a l  preload 

exer ted  on t h e  tanks by tne sway braces  f o r  each conf igura t ion ,  



For t h e  s t rap-type sway b races  (conf igura t ions  1 and 2 of 

f i g .  2 ) ,  i t  was assumed t h a t  t h e  center  sway brace adjus t -  

ment screw ( f igs .  3 and 4) exer ted  one-half t h e  t o t a l  preload 

on the  tank  and t h e  a u x i l i a r y  l a t e r a l  braces t h e  o the r  h a l f o  

This was considered when torquing  t h e  adjustment screws on 

the  service- type sway braces  (conf igura t ions  3 and 4 of 

f i g .  2 ) .  When the  o r i g i n a l  s e r v i c e  i n s t a l l a t i o n  (configur-  

a t i o n  L, f i g -  2) was s e t  up with equivalent  fo rces ,  i t  was 

considered too f l e x i b l e  f o r  f l i g h t ,  Accordingly, the rubber 

was removed from the sway brace  pads and the  torque on the  

adjustment screws increased by 50 percent ,  

Navy Bureau of Ordinance hfarlr-51, modif icat ion 12 bomb 

racks  were used i n  the wing pos i t ions  and a  ~ a r k - ~ 6  bonb rack 

was used i n  the fuse lage  p o s i t i o n ,  The t e s t  a i r p l a n e  came 

equipped wi th  these bomb racks i n  the  p o s i t i o n s  described. 

During the wing t e s t  program, i n  a  dive t o  an ind ica ted  

Mach number of 0 ~ 6 1 ,  one of t h e  Mark-51 bomb racks r e l eased  

a  tank  while the  manual and e l e c t r i c  r e l e a s e s  were inoperable ,  

Fur ther  i n v e s t i g a t i o n  showed t h a t  these  bomb racks had a  

tendency t o  i n a d v e r t e n t l y  r e l e a s e  the  s t o r e  when sub jec t  t o  

a  sus ta ined  per iod  of  buf fe t ing .  For s a f e t y  i n  the  course 

of t h i s  i n v e s t i g a t i o n ,  i t  was necessary t o  i n s e r t  a  b o l t  i n  

the  r e l e a s e  mechanism i n  such a  manner a s  t o  prevent  t h e  

r e l e a s e  jaws from opening, 
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Buffe t ing  Tes ts  

The b u f f e t i n g  t e s t s  were conducted by ob ta in ing  

continuous records  i n  d ives  of the Nach number, t u f t  

behavior,  and motion of the  tank ,  F'Iost of the t e s t s  i n  

the  wring p o s i t i o n  were made with only the r i g h t  wing t ank  

i n s t a l l e d  a s  minor d i f f e r e n c e s  i n  r i g g i n g  between tanks 

r e s u l t e d  i n  b u f f e t i n g  v a r i a t i o n s  not  otherwise obtained. 

The r e s u l t s  of these t e s t s  a r e  summarized i n  t a b l e  I which 

l i s t s ,  f o r  the var ious  conf igura t ions ,  the average Nach 

numbers a t  vfnich the tank3 began t o  shake and t h e  average 

h i g h e s t  Elach numbers a t t a l n e d  I n  the  dives,  The l a t t e r  

values represent  appraxina te ly  the maximum degree of 

b u f f e t i n s  tne p i l o t  considered t o l e r a b l e ,  

-. r , f f e c t  of sway bracfngs - Comparison of the  da ta  
-.--------- - 

f o r  conf iqura t ions  3 and 4 shows t h a t  the  a d d i t i o n  of the 

a u x i l i a r y  braces  increased t h e  Mach number a t  which buf fe t -  

i n g  ~ t a r t e d  by 0.077- It was noted previopsly t h a t  f o r  

configuration 4, t he  t o t a l  preload was g r e a t e r  than  f o r  

conf igura t ion  3, These r e s u l t s  demonstrate the importance 

of  adequate l a t e r a l  b r a c i n g  f o r  t h e  tanks*  The o r i g i n a l  

se rv ice  conf igura t ion ,  which depends e s s e n t i a l l y  on the  

r i g i d i t y  of the  c e n t r a l  columns f o r  l a t e r a l  bracing,  would 

appear frorn these  r e s u l t s  t o  be d e f i c i e n t  i n  t h a t  regard,  

Fur the r  evidence of t h e  importance o f  l a t e r a l  r i g i d i t y  

was obtained i n  a d ive  with a  tank under each wing panel,  

4 
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sway braced a s  i n  configuration 2, In t h i s  diva, according 

t o  the p i l o t ' s  observations, the  l e f t  tank s t a r t e d  t o  buffe t  

a t  a Mach number of 0.06 lower than the r i g h t  tank. The 

nominal preload on the l e f t  tank was found to  be approximately 

6 percent l e s s  than that  on the  r i g h t  tank, 

The streamlining of the  sway braces of approximately 

the  same l a t e r a l  r i g i d i t y  (configurat ions 3 to  1 )  effected 

an increase i n  the buffe t  Mach number of 0.034. 

Tuft s tudies,-  Tuft s tud ies  were used to determine the  

flow around the tanks i n  the  wing and fuselage posi t ions ,  

Figure 8 shows two enlargements from 35-millimeter photographs 

of the t u f t  ac t ion  around the tank and pylon f a i r i n g s  of the 

wing tank posi t ion,  sway brace configuration I r  Figure 8 ( a )  

ind ica tes  the t u f t  ac t ion  a t  low speed (1d4.2461, Figure  8(b)  

ind ica tes  t u f t  ac t ion  a t  a 1,lach number of approximately 0,64 

during seyrere buffe t ing conditions, 

I n  the  i n t e rp re t a t i on  of the t u f t  act ion,  "flow 

separationn ind ica tes  the flow conditions exis  ti ng mihen the 

tuf'ts a r e  r o t a t i n g  or  point ing i n  random direct ions ,  Itsevere 

turbulence1' ind ica tes  i nc ip i en t  flow separation, 

Figure 9 i s  a sketch of the tank suspended below the  

wing showing the maximum area of flow separat ion on the 

fuselage s ide  o f  the tank f o r  a l l  configurations tested.  

This area was determined from the motion p ic tu res  and from 

the  marks l e f t  on the tank by the  severely o s c i l l a t i n g  t u f t s l  



Configuration 1,- The t u f t  s t u d i e s  ind ica ted  t h a t  

a t  a l l  speeds above t h e  lowest t e s t  speed (150 mph) 

t h e  flow over t h e  tanks was unsteady. The f low 

becane progress ive ly  worse a s  the  speed was increased  

u n t i l  a t  a Mach number of 0,640 separa t ion  occurred 

over t h e  a r e a  shown i n  f i g u r e  9. The flow separa t ion  

a t  the a f t  end of t h e  pylon f a i r i n g  and betvreen th 

sway braces  was p a r t i c u l a r l y  v io len t ,  becoming more 

v i o l e n t  wi th  f u r t h e r  inc reasc  i n  Mach number, The 

tank  shaking occurred a t  t h e  same Mach number a s  

the separa t ion  began. 

Configuration 2.- For conf igura t ion  2, whi ch d i f f e r e d  

from conf igura t ion  1 only i n  the degree of f a i r i n g  

of t h e  sway braces ,  t h e  flow charac ter f  s t i c s  were 

e s s e n t i a l l y  the same a s  f o r  conf igura t ion  1. Flow 

separa t ion  and i t s  accompanying tank  shaking 

occurred a t  a Mach number of 0.620, 0102 lower than 

f o r  configurat ion 1. 

Configuration 3 ,- The t u f t  s t u d i e s  f o r  configura- 

t;lon 3 (appendix and f i g .  2 f o r  configuqat ion d e t a i l s )  

ind ica ted  very unsteady flow from 150 mi les  per  

hour to  a Mach number of 0.606 where separa t ion  

took place.  ?evere turbulence was ind ica ted  i n  

the  v i c i n i t y  of the  r e a r  sway brace from approx- 

imately 0.50 Mach number t o  0.606 Mach number, 

Yhaking of the  tank occurred a t  lbo.606, 
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.- Configuration k d i f f e r s  from config- 

u ra t ion  3 only i n  i t s  l a t e r a l  r f z i d i t g .  The flow ckarac- 

t e r i s t i c s  a re  e s sen t i a l l y  the sane a s  f o r  conf1,pra t ion 

3, Plow separat ion occurred a t  11=0,60 but  the tank 

shaking began a t  0,529, while the  t u f t s  indicated severe 

turbulence or  inc ip ien t  s epa~a t fon .  The shaking of 

configuration 4 before flow sep~tra t ion occurred was 

~ e l i e v e d  t o  be accentuated by the  r e l a t i v e l y  low l a t e r a l  

r i g i d i t y  of the  i n s t a l l a t i o n .  

During the buf fe t ing  condit ions the p i l o t  noted 

shaking of the e n t i r e  a i rp lane .  It was the pi lo tc  s 

opinion t h a t  the al rplane shaking was due to t a i l  

buff c t i ng*  

Fuselage mounting,- The shaking sf the  tank i n  the fuselage 

pos i t ion  was found t o  be s imi la r  In magnitude and cha rac t e r i s t i c s  

t o  the shaking r ea l i zed  i n  the wing posi t ion,  No shaking of the 

a i rp lane  was noted by the p i l o t .  The t u f t  p ic tu res  ind ica te  an 

inc i  pient  separat ion along the  top  of the tank and a f t  of the r e a r  

swag brace a t  Mach numbers of approximately 0.685. The tank 

posi t ion recorder indicated tha t  the tank s t a r t ed  t o  shake 

s l i q h t l y  a t  t h i s  time, The dives were continued to  Nach numbers 

of approximately Oa725* The dives were terminated a t  these speeds 

because the p i l o t  believed he had reacned the  l i m i t  diving speed 

of the a i rp lane  with the tank on, Only EL s l i g h t  tremble was f e l t  

i n  the  a i rp lane  a t  these speeds. 
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A t  the  maximum 19ach numbers a t t a i n e d ,  t h e  separated 

a rea  had extended forward and downward from the  r e a r  sway 

brace area,  Figure 10 shows the a r e a  of  flow separa t ion  a t  

these  maximum speeds. A t  no time was the  flow separa t ion  a s  

v i o l e n t  a s  t h a t  observed i n  the  wing t e s t s ,  No separa t ion  

was i n d i c a t e d  along t h e  fuse lage ,  

The average m a x i m u m  Mash numbers a t t a i n e d  f o r  t h i s  tank  

p o s i t i o n  were used t c  compare math the b u f f e t  Mach numbers 

for t h e  tanks  i n  t h e  wing p o s i t i o n s  because o f  the s i m i l a r i t y  

i n  flow separa t ion  f c r  the two p o s i t i o n s  a t  the  Mach numbers 

chosen, 

D i s t r i b u t i o n  I n  Viing I n s t a l l a t i o n  

Figure 9 i n d i c a t e s  t h a t  t h e  flow sepzra t ion  i n  the  

wing p o s i t i o n  extends forward t o  a  po in t  between t h e  f r o n t  

and r e a r  sway braces  a t  approximately 30 percent, of tlie 

wing chord, qince the  maximum thickness  of the wing i s  

a t  approximately 30 percent  of i t s  c h ~ r d  and the maximum 

th ickness  of' t he  tank i s  jus t  below t h i s  30-percent-chord 

po in t ,  i t  was decided t o  compute by the method of r e fe rence  

1 t h e  v e l o c i t y  d i s t r i b u t f o n  i n  t h i s  a rea  i n  an at tempt  t o  

o b t a i n  a  value of  the  c r i t i c a l  Mach number i n  t h a t  region.  

Figure 11 shows the r e s u l t  of the  a n a l y s i s  of the  

v e l o c i t y  d i s t r i b u t i o n s  a t  a  s t a t i o n  30 percent  of the wing 

chord and i n  the area  betvreen the r i g h t  engine n a c e l l e  and 



10 NACA a4 NO. ~ 7 ~ 0 7  

t h e  fuse lage ,  Assuming the n a c e l l e  and fuse lage  to  be 

bodies  o f  r evo lu t ion  with d e f i n i t e  f ineness  r a t i o s ,  l i n e s  of 

cons tant  v e l o c i t y  r a t i o  were drawn f o r  the  n a c e l l e ,  fuse lage ,  

and wing ( re fe rences  1, 2,  and 3 ) .  From these  v e l o c i t y  

d i s t r i b u t i o n s  and us ing  t h e  method of  superpos i t ion  and 

i n t e r f e r e n c e  shown i n  reference  1, i t  i s  poss ib le  t o  c a l c u l a t e  

a low-speed pressure  c o e f f i c i e n t  f r ~ m  which a  value of c r i  t i c a l  

Mach number may be determined. ( s e e  f i g .  4, reference  1.) 

For example, t h e  c r i t i c a l  Mach number a t  po in t  A f i g u r e  11, 

neg lec t ing  in te r fe rence  due t o  sway b races  and power e f f e c t s ,  

would be a s  follows: 

Velocity increment due t o  n a c e l l e  0,070 V 

Velocity increment due t o  fuse lage  ,016 v 

Veloci ty  increment due t o  wing .lo0 V 

Veloc i ty  i n c r e ~ e n t  due t o  tank ,070 v 

Veloci ty  increment due t o  f a i r i n g  .ZOO V 

Net v e l o c i t y  i s  (~+o..o~o+o.~oo+o.o~~+o.o~o+o.~o~) V= 1.L56 v 

Low-speed pressure  c o e f f i c i e n t  = (1.456)' = 2.12 

from f i g ,  4 reference  1, the c r i t i c a l  Nach number would be 

0,590. This  ca lcu la ted  c r i t i c a l  flfach number i s  i n  good 

agreement wi th  the Plfach number a t  which the  v i o l e n t  d is turb-  

ances i n  flow were i n d i c a t e d  by t h e  t u f t  s tudies .  The power 

e f f e c t s  were considered n e g l i g i b l e  a s  the re  was no apprec iable  

d i f f e r e n c e  i n  t h e  Mach numbers a t  which b u f f e t i n g  besan when 

the  p r o p e l l e r  was opera t ing  a t  normal r a t e d  power and when the 

p r o p e l l e r  was fea thered ,  No attempt was made t o  evaluate  
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the  v e l o c i t y  d i s t r i b u t i o n  r e s u l t i n g  from the  various sway 

brace  conf igura t ions ,  

CONCLtmIlaG REMARKS 

The s l i g h t l y  modified se rv i  ce sway b race  i n s t a l l a t i o n  

(conf igura t ion  4) was used a s  a base of comparison i n  t h i s  

i n v e s t i g a t i o n .  An increase  i n  b u f f e t  Fciach number of 0,077 was 

obtained by inc reas ing  t h e  l a t e r a l  r igidi?;  of  t h e  sway braces.  

A f u r t h e r  small  i n c r e a s e  i n  the b u f f e t  Mach number of 0.034 was 

obtained 'ov streamlining t h e  sway braces.  The r e s u l t  o f  increc*s- 

i n g  the l a t e r a l  r i g i d i t y  and s t reaml in ing  the  sway b races  

r e s u l t e d  i n  an inc rease  i n  buffet, filach number of 0,111, 

The r e s u l t s  of the  v e l o c i t y  d i s t r i b u t i o n  s tudy show t h a t  

the  e x t e r n a l  f u e l  tanks,  mounted a s  i n  the wing p o s l t i o n  on t h e  

Grumman P7F-3 a i rp lane ,  w i l l  have low c r i t i c a l  ?!Iach numbers due 

t o  the  i n t e r f e r e n c e  e f f e c t s  of the  wing, engine n a c e l l e ,  and 

pylon f a i r i n g .  These e f f e c t s  were el iminated by mounting t h e  

e x t e r n a l  f u e l  tank below t h e  fuse lage ,  The r e s u l t i n g  inc rease  

i n  c r i t i c a l  I'Iach number was 0,196. 

Arnes Aeronaut ical  Laboratory, 
Nat ional  Advisory Corni t tee  f o r  Aeronautics,  

Floffett F i e l d ,  Ca l i f .  

Approved: 

/ P, Parsons, 

Howard L. Turner, 
Aeronautical  Engineer, 

J Aeronaut ical  ~ n $ i n c e r ,  
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1, Strap-type sway brace - f a i r e d  ( f i g c  3 )  

( a )  F l a t  strap-type swap brace f a i r ed  smooth with 

surfacing put ty  and covered with fabrf c 

(b )  S t e e l  streamlined tubing aux i l i a ry  sway braces 

(c) Rubber, 3/32-inch- thick,  between swag brace and 

tank 

(d )  Adjustment screws torqued to  exer t  a force  of 

9000 pounds per sway brace on tank 

Strap-type sway brace, unfaired ( f i g .  4) 
( a )  F l a t  strap-type sway brace, no f a i r i n g  

(b) S t e e l  streamlined tubing aux i l i a ry  sway braces 

( c )  Rubber, 3/32-inch-thf ck, between sway brace and 

tank 

(d )  Adjustment screws toraued t o  exer t  a force of 

7000 pounds per sway brace on tank 

Note: Pylon access hole,  shown open i n  f i gu re  4 was 

closed during f l i g h t  t e s t s .  

Service-type sway brace - modified ( f i g .  5)  

( a )  Round service-type sway braces with rubber on 

the  bottom of the sway brace pads 

( b )  Round aux i l i a ry  sway braces 

( c )  Adjustment screws and auxi l i a ry  braces torqued to 

exer t  a force  o f  9OOO pounds per sway brace on tank 
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4. Service-type sway b race  ( f i g ,  6)  

( a )  Round service- type sway braces  

( b )  Subber removed f rom sway brace pads 

( c )  No a u x i l i a r y  b races  

( d )  Adjustment screws torqued t o  exe r t  13000 pounds 

per sway brace  on tank 
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TABLE 1.- COMPARI30N OF BUFFET PIACH NUIJ'IBERS 
OBTAIISED FOR V A R I O U ?  SWAY BRACE 

COTJVI GTJFLATI ONS 

The above d a t a  a r e  f o r  the  F7F-3 
airplane w i t h  t he  r i g h t  tank i n  place,  
Dives from 15,000 f e e t  normal rated 
power, 
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Figure 1.- Teat locat ions  of 150-galslon droppable metal awril- 
i a r y  f u e l  tanks mounted ex te rna l ly  on a Grumman F7T-3 
a i rp lane ,  

Figure 2,- Cketch of swag brace configurat ions tested showing 
the  cross sect ions of the  various members. 

Figure 3 . -  Ting posi t i ~ n ,  sway brace,  configuration 1, ( a )  Front 
view* (b) 3ear view, 

Figure 4.- Ving posi t ion,  sway brace, configuration 2:. [ a )  Front 
view, (b) Rear view, 

Figure 5.- Wing posi t ion,  sway brace, configuration 3 .  ( a )  Front 
view, (b) Rear vietv. 

Ffgwe 6.- ''Ting posi t ion,  sway brace, configuration 4. ( a )  Front - 
vf ew. (b )  Rear viev~. 

Figure 7.- Fuselage posi t ion,  sway brace,  configurat ion Le 
Figure 8,- T f l t  study of aux i l i a ry  f u e l  tank i n  f l i g h t  a t  

various Mach numbers, wing posi t ion,  Grumznan F7F-3 a i rp lane ,  
( a )  ~~0,246 (b )  ~k0,640. 

Figure 9.- Flow separat ion a t  high speed around an aux i l i a ry  
fxe1 tank mounted under the wing of a  Grumman F7F-3 airplane.  
~=0.640.  

F igure  10.- Flow separat ion a t  high speed around an aux i l i a ry  
f u e l  tank mounted under the fuselage of a  Gruman F7F-3 
a i rp lane ,  M"0.725. 

Figure 11.- Velocity-ratio d i s t r i bu t ion  i n  the region of the  
wing external  s t o r e  attachrvlent posi t ion,  30 percent wing 
chord, Grumman F7F-3 airplane.  C t = O . l O .  
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(a) F r o n t  view, 

(b )  Rear view 

F igure  3.- Wing posi t i 'on ,  sway b r a c e ,  
c o n f f g u r a t i o n  1, 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AME? .\ERONAUTICAL LABORATORY - MOFFETT FIELD, CALIF. 
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(a) Front viemr 

(b) Rear view 

Figure Wfng posftion, sway brace, 
conffguratfon 2 ,  

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AME? AERONAUTICAL LABORATORY - MOFFETT FIELD, CALIF. 



NACA R1,f NO, A7A07e 

( a )  F r o n t  view 

(b) Rear view 

F i g u r e  5 8 -  Wing p o s i t i o n ,  sway b r a c e ,  
c o n f i g u r a t i o n  3 

NATIONAL ADVISORY COMMTI'EE FOR AERONAUTICS 
AMEP AERONAUTICAL LABORATORY - mOFFETT FIELD. CALIF. 
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(a) Front view, 

Figure 6,- Wing position, sway brace, 
configuration 4. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AMEF AERONAVITCAL LABORATORY - MOFFETT FIELD. CALIF. 
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Figure 7.- Fuselage position, sway brace, 
,configuration 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AMEP AERONAUTICAL LABORATORY - MOFFETT FIELD. CALIF. 
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(a)' ~ ~ 0 . 2 4 6  

FSgure 8.- Tuft study of auxiliary fuel 
tank in flight at various Mach numbers, 
wing position, Grumman F7F-3 airplane. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AME? AERONAUTICAL LABORATORY - MOFFETT FIELD, CALIF. 










