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SYMBOLS - -

r C
D
’ drag coeffi cient ~~~ • 

-

- . 

- 

CL 
l i f t  co e f f i . .~ient (l i f t)

- 
C pitching momen t co e f f i c ien t  (p i t c h i n g  mom ent
m q S c

a i r c r a f t  mean aerodynamic chord , in inches

f u l l — s c a l e  i n c r em e n ta l  d r a g ,  in pounds ( d i f f e r en c e  l ,e tw c en
drag of d i r t y  a i r c r a f t  and cor respon ding  r ef e r e n c e  a i rer a f t ,
e x t r a p o l at e d  to f u l l  scaLe)

f r ee - s t r eam Mach number

q f r e e - s t r e a m  dynam ic p re ssu re

- 
S~, air. . .r aft  w in g  p lanform area

a ang le of a t t a c k , in degrees
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CONFIDENTL 1.L

SUMMA RY
(U) TIi~ t h i r d  iii a ~ .-r ies ei oc a i c — t a ide l  wj n d  tunne l  t e s t s  to de t c -rn iu .

the e f f e c t  of f u s e l a g e  niaur t ed s tores  on the drag of an a t t ack  a i r c r a f t  is

reported . This phase  inves t i gates  stores mounted sem i— sr i b me r ge d , t e a g e  n L ,

and on short and long py lon s on the fuse lage  of a low , 250 
~~~~~ ~~~~~~ A d d i  -

t iona l  c o n f i g u r a t i o n s  i nc lude  stores carried on a fu se lage  mounted M u l t i p le

- . 
Ejection Rack (t-fl~R ) as w e l l  as on the fuse lage  w i t h o u t  wings . Also  inc lude d

in t h i s  r epo r t  is the drag o - partially loaded configurations . The an g l e  of

a tt a c k  ranged from _ 2 0 to 40 and the Macli  nu n h cr  f ro~ 0 .60 to 0 .9u .

(C) T u e  r e su l t s  of t h i s  p hase m d  icntc th a t  add ing  o n e — h a l f  hucd di a2 0 t . -r

d ep t h  t o  t h e  u n d er s i d e  of t i le f u s e l a ge  had l i t t le  d ied on d r e g .  E r p L v

cav i t i e s  were found ve ry  d e t r i m e n t a l  to d r a g  w h i l e  s e m i — su b m c r g i n ~ u f  t h e

Sto res produc ed t h e  least inc rementa l  d rag  of the  d i f f e r e n t  t y p e s  01 car-

r iage examined , in a d d i t i o n , it was found  t h a t  the d i sp l ac en ien t  of th e  s tores

from t h e  un de r sida  of t h e  f u se l age  t ended to increase th e  in c r e r n r n t O l  a t o n e

dr ag . It  was a l so  observed t h a t  t h e  f i r s t  row of [usd a;- m o u nt e d  S t  ore .

pt -ed ic - -d a b o u t  our-  — tt ~ If t tic- in _ c r e - - eat  a I ci rag oh t h e  f u l l  le a

i~:g~or gcr i o ~:

(1 ) ,.ii , - -~. - .:~;. o n ifli - - t ~~~~~~~ C) . oca . 0 i - i s  (- -

d r a g  of a ir c r a ;  L c r u i s i n g  a t  h i gh  s u b s o n i c - sp eeds  was i n i t i a t e d  ui~ t h e

N aval  SIi i  p R e s c ar c i  and Dr- v u  I opmeot  Ce i i t i r ea r l y in 1966. Th is s t u d v  wis

prompted  l iv  the  r eq ui  r e r s e nu s  to deve hop a fi ghite r/attack cii rp j 5p . (Vla\~~’

for u s e  liv t i r e Navy
(U )  Two earl icr r e p o r t s  (R e I c -r ea r  es 1 and 2 )  dr - s c  r i l ie  t he  V . a  ii I t s  a~ ~

) r.- —

v io ns w ind  t unnc  I t c - s l s  1)1 van c-- s a s p e c t  a lu st - I age St  ~r . .- arr l i .c - .

‘ ibis  report , t h i o  t h i  rd in  t i i~ .cer I t- S , p ;-esc-nt S t i n -  re su I ’  a of fri rt h.-r j a —
S 

- yes L i  got  cons m t  ~ t lie gen era l  area u f  i use  I age io~i i i t e d  a tu n e s

( U )  I n t h i s  j e e r - s t  ‘cat ion t h e  pa r en t .  cli r e na  f t  was r i - p r e s e n t e d  i ’\ ii 5 1 5 1 1

body  and a h i w , 2 swc- p w i n o  - A l s u . t h e  h iac;  IC I - t i d e  t~-as t i - c  ( r d  5- i t i r o : ;

w i n c s  c m i  ccci -  a n t i  [ l . d  by i o i - r..-i:; 1 1 -  i t s  s i g ht  liv our .’— ha I t hi . -  r i c i x i : c r . s .

d i  o r ;  i - a  uf a ~-~ -. 3 2  i~~~c t- t o  c i i  l a  1 r S ’ - — , - ” i  — i r ’r r ; 5 i g i .1:’ .

(I ;)  C r1 1 - r i c a ;  ‘:15 s - x a ! r i i l , - i  i nc l u d e d  c a r r i 5 l : - o  i :-:lc 82 ,iflrl ~~~. 81 i s s ’

w i t h  Soci lc e Ve I i i  i n  I .u i ; s - i l f  5 I i i -  l i t l i h i rs ; j de ‘I  t i i i -  z~ i rp I an t .  c m - h  ..n I

li ii! a I 01 I Il SI_ I _ i ,  ~~‘ I 11115 . I ii id ill I a i r , II - a I -~~~~~ I S :  5. i i . I a - I s
I

t o N i  Ii’:

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ____________
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CONFiDENTIA L

fuselage mounted Multip le Ejection Racks and Mk 82 bombs were carried

- - 
semi-submerged . Roth par tial and full loads were tested in evaluating the

various types of Store carriage . Tests were conduct ed at Machi numbers of

0.60 , 0 . 7 0 , 0 ,80 , 0 .6 5 , and 0 ,90.

( U) This s t u d y wa s i n i t ia t e d  by Refe rence 3 in wh ich ;  t h e  A e r o d y n a m i c s  Lai r —

- - 
ora tory  of the Naval  Shi p Res earch )  and Develop men t  Center  was r e q u e s t e d  to

rev iew drag and t aunch/r c-lc-ase  cl tarac t e -r i s t  ics , and ir e r f o n a  su i  t ab l e  st u d -

• - 
- 

ics and test : ;  r equ i r e th  for  opt i m i z in g  s tar e  ca r r iage  no the  ~‘FAX a i r c r a f t .

MODE L S

(U ) T u e  w i n g — b o d y  ;.:odel cons ist s  of a r e c t a n g u lar  c r o a s — s e c t  ion  t r i : i l age

rounded at t h e  corne r s  and f a i r e d  to a po in t  at t h e  ns)SiaT id 75 swept

wing w i t h  a NAC4~ G4AOO S a i r i o i l  sect ion. To pr ov id e  t h e  space necess ;r ’.

for semi —s ; i bca - r ; c in g  s to res , ‘:ht ~ body he ig h t  was in c reased  o n e — I a i f  of t l l c

maximum d icaca t er  of a Nk S2 bomb - T u e  a d d i t i o n a l  lie ighi was ad ded 10 t lie

b ot tom of the f u s e lag e  so t h a t  the d i s t ance  bet :c -n t i r e  wing and t h e  top

of the fuselage remain ed the same. The a d d i t i o n a l  v o l u m e  w i s  fa i re d  s m o ot h ly

into the nose. De ta ils  of the wing hot l y c o n f i gu r at co l i s  are shown in Fi g-

ure 1 and a plot  of t h e i r  area d i s t r i b u t i o n s  ar e S l i l a n  in F igu r e  2 .

(U) The ex te rna l  st c r c -s t e st e d  were 0 .10 s e a l  - .~s J el ~ of t i i~ -~k 81 and

t-fl 82 bombs w i t h  Snakev o t a u l~ . I - i  ;c; rc- 3 g i V i a ) i r t  j i l l - n t  inf ~ tna t io i i

pho,,1 t-b.--~~~ !‘ -‘-‘-
~~~~

(U) The long py lun s  used had a dept  Ii of one—Ira  if  t I i i  m a x i m u m  bo sh d ic i m—

eter  of a 1-1k 82 bomb wh ich  is e qu iv a l c -nt  to s i x — r e n t h i s  of the m ax i m u m bet-tb

d i a m e t e r  of a 1-Dc 8) bomb . The sho r t  py lons hci d a d e p t h  equal  to one-

q u a r t e r  aid t h r e e - t c n t h s  of the salle r e s p e c t i v e  bomb d i a met e r s . Fi gure  4

N iVCS p t - n t  I n en t  in for :cci l ion  a i ioi i t  t I. e PY Ion s .
(I’ )  The MER was moun t e d  t angent  ii  the h i t  t oc :  st i r l a ce  of t h e  ~: Cchr-  I .

d~~t a i  is of t h i s  c o n f i g u r a t i o n  are  g iven  in F igure  -5 . F i g u re S sli rw~ O r e

~~ 

- t yp ic al c o n f i g u r a t i o n s  w i t h  d i ag ram s  locci t lu g  the  .-x ac  I S L u r e  i t  io n s

i - d Ie  1 l i s t .- ; a l l  tile c o n f i gu r a t i o n s  t e s t e d  in  t h i s  pha se  - In a l l  cases
- I S I c-re:;  wi -r e  croI I i i t ed para 1 le! to t h e  w i n g  both cc t i t e r  l i i i ’ - .

TESTS AND 11:A3t IIEtI ENT S

( I )  j o e  t e s t  I ;  : - : eCt c c - c i l i a t e d  in th e N SRDC I —  I v  1 0 — l o o t  j r c i n~ on ic  W i n d

Tunn e  j rI& -c r - n c  sc- i in h t a i l  i i i  R e f e re n c e  4.  G e n I i  p u t r a c  i or: . c t  I ~at ed

- .

H
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CONFIDENTIA L
incl ude: semi-submerged stores , fuselage mounting of stores on various

leng th py lons and on Hu1tip1 ~ Ejection Racks , fus elag e mounting of stores

on a bod y without wings , gapping and s tagge r i n g  of store loads and par-

t~ al store loads .  Reynolds  number v a r i at i o n  was also inv e- ;t i gat erl  ic y

chang ing  t u n n e l  ciind i t i e r  - Co n fi  g ur a t  ion s  i i i  s - u t s s o d  i n  t i l l : ;  reput - t i-c l 11

be- cent m e d  t o  a Rey n a l  ds ii ’ r l ic r of zibou L 3 ‘ 10 per lou t  to  i - n a b  Ic-

cst n ly  put  i i  c.~t j O t )  c i tu ; t  ~r) t i c .  t t lie a i d s ]  c-a t  L i  chrci  t of d rag  e f f e c t : ; . Iluc -

r e s u l t s  ob ta ined  at  a h i g h rc - r  and i c - c c -c t ;- ‘.- i o c s l d s  n s i r i s e r  w i l l  be ch i ~~cr i ~~n rc - d

i n a s u b se q u e n t  Paper - i i ; sv ever , for  in fu r a a r t ion pu rposes  ti le l i s t  ii)

Table I c o n t a i n s  c i i i. of  t h e  con i i i i i r a t i u i o s  te-~ t ech in t h i s  p hase -

( U )  J~li te sts  r - :c-re ~~:n i r ; e t  s- - I  c i  t i t  t l r ~ n o da l  oounted  on a cant  i l ev e rc- d

s t i n g  Sc :pport S y s t e c  t h I n s ’: Ii it ;; ix — c: o: c ij i o n e n t  i n t e r n al  s t r a i n  gage ba lance -

Data  It o  all c om p on e n t s  were n - e a r  d and redu ced  to coefficient for -I

bu t t  on ly  t u e  LI on c- c  long i t u d i n a l  comp o n en t s  are p resen ted  i n  F igur e  6.

(U~ Te s t c o i t i l i t  iens inc  lu dc -d  t- L -i c lu number s  of 0 .60 , 0 .70 , 0.80 , 0. 85 , and

0.90 and an angle  of a t t a c k  range fron t  ~~~ to 40 Trans i t i on  was f ix e d

on the a i rc r a f t  wing at 10 percent  oi the  chord and on the  s tores  and f i ;s e --

lage at 10 percent of the i r  r e spec t ive  lengths w i t h  1 /8- inch  wid e  s t r i p s

of nu cchc- r 90 ca rh o rundum g r i t .

cORREcTlo: ;~ ~5ND ACCURAC Y

(I t )  Ang les of i t t  ne t :  i r c i v~ been c-n -r i - c t  i d  fo r  - dcf l ec t ion  of th e  c- r~ie  1

sIIpncv r t  c c -s  tern attn -ci i c i ’lat  and a r c - cci t i  i i t  ~~~ i~ . L l t t  , cr ag,  i- a . :  p ; i -

mome nt  t-o~ f f i c  i ent s  have an ac cuo r sc~ of ~ ) .004 , 0 .005 , and ~~~) . 001 , re-

spect i -n-  
~~, 

at a Ma - :h i  ni i ;rb er  of 0.80. Ti;e Macli numbers  ret or ted arc- w i ’ l ; i  n

±0.003 and s ince t u e  !, lu’ekage at  tile oc ide l  is less than 0 .5 p e n - c u t e~ t i r e

te st s e c t i o n  cl ea , flil c o r r e c t i o n s  have t een m~ dc for  w a l l  e f f e c t s .  Pr o .-

d a t a  have be-en cor r eccc- d I s  -r b a s , -  p r e s su re e f f e c t s  on the air ci -aft sate 1.

RESULT S A~ i) DiSCU SSIONS

( U )  The s t u d y  of h u e  i n c r em e n t a l  uh rc g  of f u s e l a g e  n o u u n t e i l  s t o re s  d i~~c i ;~~sed

initiall y in Ri- f r - r e - n e t s  1 ann 2 has eat  inued and some r e sr i  I s .  rs I ( l i e  L I :  ir d

p hase are p re sen ted  h e r e i n .

(LI ) l i i i .  imcr c -r ; en t a l  drag , tofl/q , used i’~ coi cipziuI i T ; ~ t i c- d r a g  ~f t : s -  di  I for-

e-n t  ‘ ‘ h 1 - s of i n t r o - ,: ca: r iagn -  ;c;r; ; -;u l c r c h a t u t h  liv s i i b t  r c r c t  1 1 1 c c  L i i -  dcci , C O - i i~j~
c Lent .‘f a L— u t e r u - ncc- c o n f i c t i - crt  io n  f t - no t i . u t  i s ;  a cort - u - sh ion d ; nc c e~~n f i  - : - r c i (  ‘n

i - i  t h t  :-: t ss ~~ s i ;  - liii: ; d i I 1 . -  c s - i ’ ca i s  d .~ ii - s t  I t  j i l l  I cd  h -  t l r c  i c i c l e  I w i n : d c - s a

3 C O N l ; l I , h y r ] . l t

—- -~ o 
- ~~~~~~~ - - -

_ _____~~~~_ _ ___ _ _ — . .~~ ~~~~~~~~ ~~~~~~~ -- ~~~~~~~~ ~~~- , .~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~



_ _ _  

~~~~~ 

_ _

~
—

i~~~
--:-

~~

CONFIDENTIA L

and scale factor to give f u l l  scale  AD/ q in square I øt .  For a l l  stores!

pv l o ns  c a r r ied on t he  : : t an d c :vc t  w i ng/ l i c i d y t h e  r e f e r e n c e  c o nf i  g u ra t i en  t aos

the  c l e a n  s t c .ndard  ~~i;l~- ‘ h o h  ; f or  c; t o t -e s  ca r r i er !  on t icc -  a t andz ird  b i -~!y WI —

o u t  cci r.gs L I I I ’  re-Ic -cc -nec en. ; i - _ ic: LI  rca was t h i s - C I c - r O  0 c i c i r ! :  c-i hod ’ a lc~

se r t i — s ; : b : : ; e r y c c - d C I I o r c - c ;  : 1: - - r~~o a u - e lICe c c - a l  ig - r a t i r u t  : - a -  i i :~ r ; u l O : - s - s i  s s / c :

con r b i c ;c r t i o n  w i t l u  cciv i t  ic- s d m 51

(C) Ot the  th ree  r e f e ren c e  c u t  ig i ;r a ;  l s ’n: ; t t ; ,  mo de-i  \ i ’a i c o u L  w :ag  I:~ - : I :0

Ic’-ce-st ;lrac~. i : i I e r ,_-aS th e dna ; of th e  e t  ; :u s ! c ir s l  ; : i i - /3 ’ s ’si rao d~~1 aUst th 1- - a —

larged b o dy / .~ing (Wi rb  c a v i t i es  fa i re-e l ) Ica d a b e i ;L  e - s ; : : c ;  I r t r a g  c on ; : 5 - I d - ;  c c :

F igure  7. Drag u-ise :c - a i a s  for  both  ot  th e  lot  t en  ~ ::- 5 c a  n . I s  a t ci - - c i :

- — 
nunrh er  of ab o u t  U .S .  ~ s- c o re- ? a l so  c ’n t a i n s  a c - r r vc  f a r  1 i ce -  s I t ~5 0 si ~ t i i s

en la rged  b r : n l v / I ~_ ng wi i cbo u t  cu red c a s r ’ i c l e s .  For t h i s  cdi:- - t h u  c c a p  d c l —

-
- — 

ct- ea ses  a bo u t ~0 p e rcen t  aba’;o t h a t  of t i le  node ::i L i  C .  i i .  - - 5  Lt ’c ,c-~~r -

From Fi gure 8 one- sees ; :ai a d d i ng  p ’- lons  i c r  cc-  u i n d a r s  I s i r -  a f  L -re f ; ; s e -~
produces  only a smal l  cirag i n c re me nt  vi  t i l  t h e  c i c t - } ) e d  0 t h e  t w o  sy io n s

prod uc iorc  a l a rge r  cl r am i n c r e ment .

(C) Fi gures 9 and 10 pr s - sent  i-he- in c ’ , - r  n e a l  drag of t h e  va r ious  modes

of carriage of 9 ~ll 82 and 12 ~fk 81 iss ’o ; i s s . r~ s p a  r i v 2 l  - As t h e  S t s s r s  S 1- . - : - .

nrov ’-d f u r t h e r  a’.5-av Iroc-: t iu e  r i nd e -  ci: isk- of I h ic -  f ;isc i a c c- t b i c  I Oc red cc it :; 1 :3 r n .

i n c r e a s e d .  Tlrt t~ t h e  l owest drag i - c : ;  s ! - t cu j n , e - ( !  by c c i  — s o o l ’ a a ’ c . - i n - - ~Dc

— bsrd ’c or ~ om :— - : i t —~ ’~~:!fl L i : n  \It, S i !‘s  - t i c  ;~, ; -h I hi— b i i t s  ~~I I ’ . : O i : i l t  nr c  i - l i - :; ,  1: — s - c  —

- 
- on long py lons for all cases of store-cc i n  I I t s -  : ;a :c is u s sr  i ce :;: l i i  j s  I a n ,  - 5 c t c; —

d l v , the highest drc;i ; for t u e  12 ~-~ c 31 m cci ’ - : ;  cc. - C!:; l i - l t d b : - c c s r : ; c L i a :  t t - a  —

on two f u s e l a ge  ~fl~R ’ s ;r -n show n in Fi g r l r c -  10.
(C) Frons Figure- ri 9 and ~fl , it inc n v s d e t ; t  : h s a t  t I t e r ; -  I : c a s r : i s - c i ; , : c  m l  i c i e r — —

nc -r n ;  a]  d rag  r i s e  for  Mac lu nur nb e rs gu - r - :o 1 -  t i - t ra i l  :13 s ’a 0 .55 : s ;  a t -  as cc c - ~ r c O d

a c- cL a r a 1 to  the  u n d e r s i d e  of t h e  I n s t - b c ot  t l ;e  wj : i 5 , l s s si e~- c i ; : : l a t o  s - c l .

h i - ’ c - -e v c - s~, f o r store s carri ,-d se mi — .s u i b i - : c - r c e - ci t h i s  t a a a s - . ; s - u t a ;  d rag  r i s e - o r :

n ot  t ire-

~
t ;) Fi 3 : : ;r -  11 shows t li e- rs- .t Il ts  ci i  I ong i tu d  j a i l  l v  s p c u c  i ng 12  :-;~ SI h~~- - c3s s -

i i !  t I C  i-.;i c c ;s - c .  - c l u e -n  t h e y  Icr t~c— ~ p ;uccc d for tin ’ s l c i ; a - ‘c i t  c i i  u s c ?  i l l  I :  ; r s -  j O s :

l t ; - fe c - t l c s -  2 ; ; . ?  :1, - n h - c r c - n  i n  F i yin - r -  5 . s f  t i n s r s - l s - ; t  .- c e c pt  r a t  1o~ L i i ;

r i- ; - r t  ‘a :;i O t e -
~~ 

- 5 - r i - a hci ei s -;oi : n h s - s1 ‘i; p v l s d c ; . Aga ii , l i i  can oe tic t n i : s - i u i  c c l

u 1 , ct  C f l u;~~ ; t I ; -  I t: c c l 0 5 c r - i  ~~~ 
I c ; : - e-’ - ~ 

‘ 5 u ? .

.1

:; :; ; - ru ,~;y j  f - t .

£~~~~:~

-

ii I_~~~~ -~~~~~~~ ~~~~~~~~~~~~~~~~~~ —
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(C) F i gu re 12 ~ how~ t b  e f f e c t  s r I  c i r l 0 i i i -~ cci cc - n- s t i - :. t s od  c; c r h . c i ; n t  s - o r s g s  -

Thci i u i c r L - - c c e -il t a l  d rag  - n t  b o t h  It!: ~ .t a: I 12 - c 81 ;: r- c ~t : -o s r;tcd St  re :

is lower for  t h e -  body w i t t a s o i t  ta :g~~c t d c i i i  s in  I t n e  W l f l g/ b s s s b \ ’  a s r n c i n a t i s c o

Th is i n  i-alan- - c_ o i l - c , 1 f - s r  0 ;-;~ 82 t ! c : : r  f c c: - 1 _ :cd 81 ias : d i : c  -

(C)  s1 ere - ar c Lw - u is  c:: : I i s ?  ~- (- -- c 3 s t c i l l c c L  i onus  l s - ~~ t I c  is dr a ,c c l i i i  c - a s ; . ,  C- . I i  r c , t

t b t  l I - i - c:  d i c c t ; — c s c s s i !  O !  t i l e - l a s t s  W i L l s  sil t :c:cIc:._ w b s - ; i  c s c c i p d i t — s - t t e l  l a  a l :  s -

b e d  1 : ;  Is i s 0 s; - :- ~- s t  a - ;  :1-c sh ; -a ; ; l  in  1 - 3  5; ce- 2 . -t i n n s  , thur addi L i  oil C~ a t  or - -

t- ’ t I - a  rc if  - - :  c - il ’ s - - i . : i l v  c - a l a : ;  t i l e  I I c i t  i s s a L  i s ;  s s f  I I ; :  di ”r- c c oh i s :  n i b a t  i s : ;

i. - n h  :1 d i !  Oil ‘1 rd arc ;; is’  t i e  : t l a s  dIr ! ‘001 - 3~~ r 0 ,  ch i : _ t ’ i  : su t  1 1 0

- , ; 3 w; a Is _ s ly  s l i s  t o r t  :; : icsd  : c r  I sic; t h o t -  ~~s - a i -  of t i e  C u r I c  015 1 i l  -c c ;; cia cC-I.t

1:1 ~uJ I- - c o o - 31 , s r  :; i i  i c I ~ c i ;  - I i i  i c c  e c -dls I h O O t  i c-cl i! S i . ; - 3 r s s O L  e s !  i - V Oe-  t O r t  i i  c i t

c u t  ;; h 5 - ;- ! t c : - :  l o u i s  cr ; a ’hn c r - t h ~ ar -Il  r o n i c -  red-.] lv tahe c ; c - f i c ~~L , tlcs s c

-:- nc e  5.0 dr a g  --- a ac cm -- ; qeu i te Iar gc-  -

(C) A S o~C s ’ n . l  j c . - c s t b l - e- i - c p i d I n ; I t  Lena I S  t h n r n L t i l e  pr o> ci :cs iLv 01 L i c e  W I n g  I r s

tunije- r a ic? e- : n t~ tine - ins : ; ci dI te- h a s  a t ie  t :~ i ci t - cr I c i i  c - f le e I on inc no- 0 011 t cv 1

Tlui ;;  Cutliant ion il  r ;u p p o r t e d  liv L i i i  r~-sn :  I t - -; port r a v u - d  in li i i:;: U of P n  11- 0—

ence 2 ;: ir - -re  St  crc -s c ar r  i s ~ct on; a I ow w i n g  r c u d e l  had Soc ce w h a t  I i  c O l I c -  ; dra g

than ; - : 0 . : -  :;tor e- -s carried s t d  a I r i c c i n  w i t  SOle 1 ; l t h I  s l o l l  I c c - - O O t -0 d

butien 0 1 ncico -  ;5c. - c- o t l f i g u r a l i c r t c r s  a l l ;  t i n e  cc :;:: - . It ; a l l  I i k e l j ;a,;I t I ; c  e>caot

d c s c r ip t  iO: l  s i i  ; - , io c s .  i s  a t - a l ly  I u ; n g p e d l i tlr : i1i\O5IVCS t o t ! ;  : - :p l ; ; :r :ct  I s ’l l -~

(C) 1-Igu ru- 1. a i s o  L s - ’ s L  ~ cic ~ 1 i1 ,_-t C s~ .~ r~ nc. I : ~~ ct ~~~; t ~ 1 ’

bombs in a sL ;igger ech al - n e -  ~ac a hoed w i t  l i o n ;  t W i  I f S . l t c Y i - , ci : 10 I-i 3 c ; : r s - U

of Re fer ence  2 , no eip prec i ;n b l e  e - f I & - c i  i s  :;~- c-n as a c s - s r i  t en:  5’ dc c a - r i n . _

t he  s to res .

(C ) Fi gu;- -a 13 ;nn nl 14 i l C e -  i ce J c r l u t : :  of t i r e - i c o n s-ac - l t d  s I r s : o r  - :n n~t i ; i i

and f u l l  loads o f  Ilk 82 cin ch >3k 81 bomim : ; , r~ ~~~~~~~ t i s - s - I s  . I ic :; t - ‘a . - l o u - i . -

- we-r i -  b u i l t  r ip I sv a d d  i ut ;id j c c c e i l t  r an-c - - it ;  ii rc - a r s - : _ n r d  il i r s - s - I  i s :: - i t I c s - : - .-

f j g~~~ eS ii is cvi d t - i o I  t m a t  the I I r :c t~ row 01 c c t o r c -~; p i a s l  is  C S  :11 50 5!) i t  i~ -

c en t  of t h I n  tI~~cig cr 1  t h Is- I cu 11 Io;ucl - j i s  t - , - : c c ;  i n I l ls i~~ i~c c t i t  I -;  I i  V

Inetr ecn t i l e  i n e c s ’ n l t  and th ird row s ’I SI cm -s w i  t i n  t ! l s  : c u a s ’;id ;~~sn: :- - d i cc 1:1 .

:;o: a w i n c s t  I c I e r . - r l r ; u o  I I r an  t h i n -  t h u — i? . 0! un i t e  I : -  t l i e  i ne u — c s I l l  c u t r c o :

fo r  the  m u  1 ciii ;? t W O — t h l i — 1i: ; f r i l l  l a ;u c t r i  r i o  i - - s c !- -;; t i l t  i i l a r  - n c ; l I s t t - ; r  l e t

t h r s - : ; u  L w - i  c a - c : - : ;  u ilIi V CI 3 s5 ~it  t i re -  h l i - ~I - s - l - 3’ ccic rlI i . cc i s - u - :; l i S t s ? c c c 3 ‘t i  - - ‘ -

c - o i c ; s - c  c rs - : ; :c t -s  t ’ o~ - I l l  s c e i l s Ia I t 1- :;: dli les p1-0:1 I t I s - cr c  ‘. n - t  ~u ci 2 i c c - -

rs a- - tn f  I d l l I s i r t  c l - s u i t , !  - i t  cc s - c s - . - -

- ~s r s c t f h I t ? \ I 141 
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CONFIDENTIAL
- (C) The ahoy ’ holds  t r u e  for oti l CaseS e x c e p t  t h e  se lu i i—su bn i erg ed  enod c of

carrias ;e . For ihi~ cas e- t h e  ennpty  caviti es c-re the doiclinciOt drag p r o d u c i ng

fa ct or. Th e i:oaLe c cl; - ; -.Lc i 1 drag of t h re e Mk 82 b o: s ?- s  w i t h  S i X  Cli I l ) t ~’ c ;iV it  i t - r d

is gre at e r that ; ul iui e ’ Ilk 32 boc-ibs wit ii no c io v i t  ie- ; and tIne lat I-c r coal a—

rat ion h:c s : c  on ly  s I ig l o t  l y clar a t ir ag  I l c c c n  six  ~3ln 82 bomb s c - i t  h i t i n t - c- - - : cv it  o - c

CONcLIJ !; i ONS

(C) t iaseel on til e d a t a  oh tc cu i 11cc! d i t r  I t ip t h is ‘:s -ni es of t e s t s  t h i c  f o i l  OI:iIl;c

conc lus ions a re  drawn :

1. The a d d it  iona l  f u s e l a g e  dc 1it t i  r e qu i r e- ct  Lii se i — a r i ! c .c c- r ge- s t e r n ::

had little i-ff c-c t on d r a g .

2 .  E c c l p t v  ec~n vj tj o - s  a re  ‘s - er ’ ’  dc- I l- i i :n t -n !al  to  drag. l I n e  c u n f i  l i t - t i  ca v i  t i e : ;

tool ai s s n ; t  t-w icc-  th~ i n ; c r c - : c i t - l I :  c i i  dr ; i r t  of  the- ca~-i  t i e s  f i l  i c-cl wi Jr s t O i a c

3 . T b -  f i r s t  row of s t s s r o s p r o r i n l c e l ;  nh ou t  50 p c-nc-c- n t  of t i c s  i n i c r c - : c c  c i —

t a t  h t :o g  of a f u l l  load f an  c u l l  cases -x c e p t  Sc::?1 — s u l s : ;c r g i f l t t  -

4. The i n c r o c ;r c n f c : u l  dreu g of Ida s to res  tcni ds  to i n c r o - d ; : ; s -  an t 3 ~ s t i s r e - ::

are moved f cu r t i i e r  aw:uy f t o m  t h e  m I S C  la ge w i  Lii  I t i c- l owest  Inc  rca ,le-Iit  al d rag

f o r  the  sn - m i — s u b m c - r g e n h  s tores  and t i n e  h i i g l nes t Icr  t i l e  s t s ’re ci 00 10011 pv l

5. Lo n gi t t t d  m l  spacing had a u n -  t r  I c i I t - i l t d s  I ~~f f c c t  on inc r e - - a  ;; t c i i  s t o re

3 d rag i-:l;iI e S t ag g er  in ; 5 ; if  t u e  s to re s  load l i t t l e  ci  fe -c t  -

A er o d v u a ;-r i c c i  1abo;- a t o r v
Nava l Sh ip  R n - s e - a r c h  cinch u s-ye lop i ;n cnL Cent  c-n
Was h i rog t s :n , D . C. 2000)
A u g ust  1968

( c r I b , ;  1 2 t h - c  I . o1 .
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