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,PF2T!XTS OF MTEYJNAL STORES ADD STORE POSITION ON TFJX 

AEBODYNAMIC  CXARACTIBISTICS OF A 1/16-sc-m MODEL OF 

THE DOUC-LP"S D-558-11 RESEZRCB A 7 R P m E  

-An investigation  has been  conducted in the b g l e y  %foot t rwson ic  
tunnel t o  determine the efzects of asdin-g externd., pylon-suspended s tores  

were made f o r  two spmwise  store  locetions a& covered a Ma.ci? nmber 
range from 0 .Bo t o  1.15 an" angles or" a t tack  rron approximately -2O t o  12O. 

I t o  a 1/16-scale model of the Douglas D-558-11 research  airplane.  Tests 

Results  indicated Yr&t the  drag Lncrenent E t  transonlc  speeds  vhich 
resulted from adding  stores i n  an outboard  (G.61-se~ispan)  locetion  could 
be  reduced somewhat by posi t ioning  the  s tores  a t  &n inboard (0.44-senis_nan) 
locetion  thereby  obteinin-g  an  knprovezent in t'ne longitudinal mea devel- 
opment for  e. Mzcn nmber of 1.0. LiSt-curve  slopes, which were imreased 
st sizbsonic s-peeds by the  addition of stores,  were reduced a t  Mach cumbers 
above &boilt 0.91 m d  1.07 for the  conf'iguretions  teste&  with  stores in t he  
outboard end -board positions,  respectively. 

A destzbi'izing  pitching-looEent bre& for  the basic  configuration 
was elFminsted a t  bkch nu-bers f r m  0.60 t o  0.85 over the  range of l i f t  
coeff ic ieats   tes ted by addition of stores  a t  the  outboard  position. Tine 
undesireble  pitching-monent  condition  vas  presezt, however, and i n  some 
cases  zggreveted for the  configuratlon witir- s to res  at the  inboard  location. 
A general  fiecrease i n   s t a b i l i t y  accompanied %he a a i t i o n  of s tores  i n  
either  posit ion.  

INTZODUCTLON . 
- A. generd  research Srogrmi  esteblished to study  the  effects  of adding 

gylon-suspended s tores  t o  the Douglas D-538-11 resear&  airplene i s  
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cwrentLy  in  progress. As par t  cf t h i s  program, a store-pylon  cornbination 
hes been tes ted on 2 1/16-scale model of t i e  D-538-11 i n  the Langley 
8-foot  transcnic  tunnel. Two wing-smispen  store  locetions were investi-  
gzted i n  orOer to skzdy the   effects  of adding  external  stores and t o  
deterxoine if a lover  transonic drag level  could be obtained w i t h  the 
stores  in.a  posit ior,  -which resulked  in t'rre mare fiesirable M = 1.0 larlgi- 
tudinal  area development. (See r e f .  1. ) 

Results of these tests ere  presented  herein at Mach numbers from 0.60 
t o  1.15 and angles of attack from approximately -2" t o  12'. Reynolds 
n-abers  for t2.e ?resent   tes ts  were on the  oriier of 1.8 millLon. 

Results of t e s t s  a t  subsonic and supersonic  speeds for some ident ical  
models r m y  be found in  references 2 and 3.  
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dreg coeff ic ient  , D/qS 
drag  coefficient a t  zero lift 

incremntal  drag  coefficient,  
%ode1 w i t 5  stores - %nodel  without  stores 

incremental  &ag  coefficient based on s tore   f ronta l  area, 

l i f t  coeff ic ient   for  xaxinium l i f t -d rag   r a t io  

lift-cxrire  slope  qer  aegree,  averaged from CL = '0 over 
linear portion 05 curve 
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pitching-nonent  coefficient, - 
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ac, 
- stetic-longitudinal-stability parameter,  averaged from 

Cz = C over  linear  portion 05 cmve 
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wing me= aerodynenic  chord, Fzl. 
b e g ,   l b  

s tore   f ronta l   a rea ,  sq f t  

l i f t ,   l b  

mxi-mum l i f t -d rag   r a t io  

free-stream bhch  nunber 

pitching moment about O . 2 5 E ,  in-lb 

base  pressure  coefficiect, 

s te t ic   p ressure  at model base, lb/sq e t  

pb - P 
a_ 

free-stream  static  pressure, lb/sa_ f t  

free-stream dynz*pic pressure,  lb/sq f t  

wing area, including  that   pszt   within the fuselage, sa_ f t  

m g l e  of z-ltack of easelage  center Line, deg 

The Langley 8-foot  trvlsonic tunnel is e single  return,  dodecagoml 
slotted-throat ~ L n d  tunnel designed to  obtain  aerodynanic  data  tkrougi 
the  sseed of sound while  mhimizing  the -usual e f fec ts  of blockage. The 
tumel, more conpletely  described 5~ reference 4, operates a t  a stagrmtion 
pressure w3ich is close  to  atxospheric. 

Model Support System 

The model was mounted  on an in t e rna l   e l ec t r i ce l  straLn-gage  balwce 
and was sting  supported  in  the tur-nel. A s t ing  an-gular coupling was 
used t o  offset   the  model sliatly fron the  tunnel center   l ine  a t  0 angle 0 

I of e t tack   md t o  keep it near t'ne center line a t  higher  angles of a t tack.  
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Tie  L/l&scale  sodel 05 tk-e D-558-11 airplan-e  witk  external  stores 
sounted zt tke  inboerd  position i s  shown i n  figure 1. Model details 
end design  Einemions  are  presented  in  figure 2 m d  table  I and aree 
dis t r ibut ims  for   the  nodei   with and withodt  stores are shown in   f igure  3 .  
The nodel  fuselage w a s  c i rcu lar   in  cross section and  employed a vee-ty-pe 
cmopy  momtee  well foor~*-ard. The wing,  which vas mounted s l igh t ly  above 
the  k-orizontal  ?uselage  center  line, xss at  an m g l e  of incieence of 3' 
m-d had 3 O  of  z..,cgative diheCrsl. Eqe xing had the 30-percent-chord l i n e  
of the Iznsvept Fme: swept Sack 33', ~n aspect   ra t io  of 3.57, e taper 
r a t i o  of 0.565, znd NACA 63-010 airfoil   sections  perpendicular  to  the 
chord l ine .  The horizontax tail, which had a i r fo i l   s ec t iom  iden t i ca l  
t o  those of the  xing, was now-ted a t  0' incidence wi-Lh respect t o  the 
fuselage  center  line and had 43' sweepback of tl?e  30-percent-chord l i n e  
of t c e  -msvept  panel. The ve r t i ca l  t a i l  employed i d e n t i c a l   a i r f o i l  
sections aad had the chord l i n e  swept  back 4 9 .  

S-Lores md pylons were constructed  using  ordinates  supplied by the 
Dougies Akcrar7t Company, Inc.  Details are provided in   f igure  h .  Tr?e 
f in-s tabi l ized  s tore ,  which is  a 1/16-scale model of a 1,000-pound low- 
drag  generel-g-mpose bomb, had e f ineness   ra t io  of 8.56 m-d corresponds - 
t o   s t o r e  R of rezeerexe 2 and tke small DM! s tore  of reference 3 .  Stores 
were mounted  on 56' sxeptforvard  pylons  having streamwise thickness  ratios 
of 7.6 sercent.  

%Le model used for  the  present tests d i f fe red   f ror  the ful l -scale  
airplane  in  several  respects:  the  fuselage  base  dizmeter was imreased 
by 25 percelt   to  al lok-  sufficient  clearmce about the  sting  support;  the 
model  wing ha& cozstant NACE, 63-010 a i r ro i l   sec t ions  normal to   the 
30-percent-chord l i ne  of unswept penel kfinile the Zull-scale  airplere 
employs sections  varying from the  NACA 63-010 st the  root t o  NACA 63-012 
a t   t h e   t i p ;  md the  nodel WLS tested withmt  the nose-press-ne-tu3e-boom 
arrmgement used on t:?e f'ull-scale  airplane. 

LifC,, drag, and pitching nomen? were determined by  means of the 
iEternal  electrical   strain-gage  balmce.  Coefficients  are based on t'ne 
total   v ing  area of 0.5& squzre  foot.  Pitching-maxent  coefficients, 
based on a peen aerodynaT:ic c!:or0 of 5.46 inc:?es, are   referred $0 the 
querter  poi9t OF the mean aerodyna?:ic chord.  %sed upon a consideration 
of -,he design  load l ipits  for  the  strain-gage  balarce and sca t t e r  of the 
da-ba, mees-zed coefficients  are  estinzted t o  be accurate  within  t??e 
following l i ~ i t s  : 
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CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 
CD . . . . . . . . . . . . . . . . . . . . . . . . . .  -LO.Ool t o  kO.002 - C, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.004 

As noted in   reference 3, the possible  error La drsg coeff ic ient  is 
somewhat high  because of low balan-ce sens i t iv i ty   u i th   respec t   to  axial- 
I'orce  measurments; however, the consistency of the data indicetes that 
the probable m a x i m m  error in  drag  coefficient was of the order of +0.001. 
Measureaents of s t a t i c  presslaze a t  the model base were -de using an 
o r i f i ce  locaked on the sting  support  Just  forward of the  plene of the 
model base. Base pressure  coefficients (fig.  5 )  determined from these 
measurments,  are est-ted t o  be  accurate  within tO.005. 

Model a g l e  of a t tack  was measured by ness of a fixed-pendulizm 
strain-gege unit located the sting  support and a cal ibrat ion of s t i ng  
and balance  deflection u d e r  various  loadings and i s  estimated t o  be 
accurate  uithin 50. lo. 

- 
TESTS AND CORRECTIONS 

Each col?l'igura"lion was t es ted  a t  Elech nmbers  from 0.60 t o  1.15. 
me mgle-of-attack  range wzs gererel- from a g p r o x h t e u  -2O t o  EO, 
w i t h  the maxinun a t t a i n z b l e   a g l e  a t  a bkch number of 1.15 r e s t r i c t ed  
because of sting-strength  limitations. Reynolds numbers f o r  the  tes t  
were 011 the order of 1.8 x lo6 (fig.  6 ) .  The basic model was tested.  with- 
out stores,  with the stcres a% the 61-percent-semispen station  (outboard), 
and Thrith the s tores  a t  the  44-percent-senispm-  station (Fzlboard). 

A consideration of roe results  presented in  reference 5 in6icated 
t h a t  the  ezfects of sting interference  for  a compazable nodel of the 
D-538-11 were conTined t o  drag a d  p i t c h h g  moment. For the present  inves- 
ti-tion t'ne e f fec ts  on drag have  been reduced by edjusting tne data to 
a col ldi t ion  reDresent ing  f ree-s t rea   s ta t ic   pressure et the model base. 
N o  attempt WES made t o  evaluate  st ing  interference  effects on gitching 
moments .=ad the data Ere presented ir unadjusted fom. The addition 
of stores  would not be e q e c t e d  t o  change s t ing   in te r fe rence   e f fec ts  on 
pitching  nonents, however, and so comparisons  of p i tch   charac te r i s t ics  
between the confignat ions  tes ted a-e valid.  

Subsonic  boundary-b-terference  effecks i n  the s lo t ted  test  sectior? 
are  considere6  negligible m d  no correct ions  for   these  effects  have  been 
applied.  In an e f f o r t  t o  reduce  the  effects of supersonic boundary- 
ref lected expansion uld conpression  haves,  the model w a s  t e s t e d   i n  a 

. 

.. posi t ion  ver t ical ly   offset  from the tunnel center   l ine a t  831 angle of 



6 

a t tack  of Oo, (this procedure redtdces shock-focus- e f fec ts ) ,  and i n  
addition,  the analysis figares plotted  against Mach  number have been 
faired  to  appoximate e. coniiition  free of born-dary-reflected  disturbmces. 

RESULTS AND DISCUSSIOW 

Pasic  force and moment data axe presented  in  f igures 7 t o  9. Anelysis 
figures,  obtsined  froa tine basic  plots,  are  presented as figures 10 t o  14. 
In  order to  f 'acil i tate  presentation of the data, staggered  scales have 
been  used i n  sone figwes, and caxe  should be taken in   select iog  the  zero 
axis  for  each  curve. 

Drag Characteristics 

Comperison of the drag  results of the  present tests w i t h  tnose made 
a t  the  Lmgley 7- by 10-foot  tunnel  (ref. 2) indicates fair agreement. 
Differences  in  the  low-lift drag leve l  between iden%ical models tes ted 
a t  the t-+ro.facflities nay be a t t r ibu ted   to   d i f fe rences   in  model surzace 
condition.  Results of the  present  investigation are i n  very good agree- 
ment  witin resu l t s   ob tahed  by adjustillg  the drag data of reference 5 t o  
the  condition of free-stream  static  pressure a t  the model base. It 
should be noted tha t  the model of the present   t es t s   d i f fe red   s l igh t ly  
frm- t ia t  of reference 5 in tizat the  present model emsloyed a raised 
canopy and enlarged  vertical tai l .  

Congarison of drag resu l t s  of tine present tests w i t h  those of tests 
m d e   a t  ot'ner NACA fac i l i t i es ,   inc luding   fu l l - sca le   f l igh t   resu l t s ,  may 
be  Tomd i n  reference 6. Extension of t'nese comparisons (made a t  Mach 
nut-bers t o  &bout 1.6) t o  e. Mach nmber or' 2.0 be made usFng the 
resu l t s  of rer'erences 3 and 7. 

Variations  with Mach number of zero- l i f t   drag  coeff ic ients   for  the 
node1 wit:? stores   off ,  m d  w i t h  the   s tores   in   the  outboard and inboard 
posit ions  ere shmn in   f igure  10. A t  subsonic  speeds,  adding  stores i n  
e i t i e r  semispas location  increased  the &reg l eve l  by agproxirnately 17 per- 
cent. Tne peak drag  coefficient  (nesr a &ch n-unber of 1.12) for tine 
basic  configuration was increased by about 20 and 17 percent  for  the 
model tested w i t h  stores  outbomd end inboard,  respectively. The slight 
improvement i n  the peak  2rag for  t'ne configuration w i t h  stores  inboard 
vould be expected from a consideretion of t'ne longitudinal  cross-sectional- 
area developmeots shown i n  figure 3 f o r  the configurations  tested.  Tie 
maximum cross-sectional-mea peak f s r  the  configmstion w i t h  s tores  
ioboard is seen t o  be lower  than tha t  f x  the Eodel tested wiKq stores  
outSoard. Using the readily  available M = 1.0 area developxents, t'ne 
xethod  presented in  reference 8 has been epslied i n  an e f f o r t   t o   e s t b t e  
values of drzg coefficients T o r  the three configurations a t  a Mach 

I 
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number of 1.0. The estirnated  coefficients  for  the model without stores, 
w i t h  stores  outbowd, arld with stores inboard a re  0.0758, 0.0975, and 
0.0819, respectively.  Quantitative  agreenent between Vie theore t ica l  
an-d experi-nental r e s u l t s  i s  poor, as would be expected From r e s u l t s  shown 
in  reference 8. However, quali tetive  agrement  is-provided. 

Increnental   drag  coefficients,  based on both wiw area and s to re  
f ron tz l  are& are  presented  in   f igure 11 f o r  a L i f t  coeff ic ient  of zero. 
Data i n  the upper p s r t  of tine figure fo r   t ne   s to re s   t e s t ed   i n   t he   ou t -  
board posi t ioc  are   in   fa i r   agreenent   with  data   for   the same nodel   tes ted 
a t  a = -20 (cL = 0) in the  -gley 7- x lo-foot  tunnel.  kcremental 
dreg  coefficients shown Fn the  lover part of f igure  11 Tor one store end 
pylon  Srovide a coznparison  between r e s u l t s  of the  present   tes t  and unpub- 
l i shed   resu l t s  f o r  the  isolated  store  obtained  fron helium gun tests. 
Tie  differeace between the  curve  for the i so la ted   s tore  end the  results 
of the  present   tes t   represents   the  drag of the isolated p y l o ~  plus  inter- 
ference  drag  associated with the vzrious components. If the drag  coefff- 
c ien t  f o r  tine isolated  pylon (based on s to re   f ron ta l  -ea) i s  a s smed   t o  

I be 0. lh  a t  supersonic  speeds, the interference &rag coef f ic ien t   for   the  
complete  configuration (2 s tores  and  pylons) a t  M = 1.15, f o r  exunple, 
would be 1.36 for   the  configurat ion w i t h  inboard  stores as compared with 
1-72 Tor the configuration  with  outboard  stores. Based on wing area, 
these  coeff ic ients  would be 0.0083 and 0.0105 f o r   t h e  ir-board and out- 
board locations,  respectively. Similarly, the interference  drag i s  seen 
t o  be substant ia l ly  lower for  the  stores  inbosrd  collfiguration a t  a l l  other 
Mach mmbers investigated. 

The vzr ia t ions of drag  coefl 'icient  with Mach number a t  l i f t  coeff i -  
c ien ts  of 0.3 md 0.6, shown in f igure  12 for the three  co-afiguretions, 
a r e  sinilzr to  those  noted a t  zero l i f t .  A t  these lift coefl ic ients ,  
however, the  drag rise begins   ear l ier  and is more severe  than  that  Mi- 
cated a t  zero l i f t .  

Maximum l i f t - d r a g   r a t i o s  and l i f t  coef f ic ien ts   for  mextnnm l i f t -  
d rag   r e t io  ere presented Fn figwe 13. Lift -dreg  ra t ios  for t h e  model 
t es ted  wit'nout stores  varied rrom asproxinetely 11 at  subsonic  speeds 
t o  4 a t  a Mach cumber of 1.12. Adding s tores   resu l ted   in  a reduction fn 
m a x i m x n  l i f t -d reg   r a t io s   t h roughou t   t he   hch  number range, the greatest 
losses  occurring  for the configuration tested with  stores  in  the  outboard 
posit ion.  The losses  h- l i f t - d r a g   r a t i o   r e s u l t i n g  from adding  stores 
were acconpanied by a general   increase  in  the l i f t  coefficient  required 
f o r  mexhm l i f t -d rag   r a t io .  

* L i f t  and  ?itching-Moment Cheracterist ics 

- Adding s t o r e s   i n  either semispen posi tcon  resul ted  in  a pos i t ive  
shift in  the  angle of zero l i f t .  (See r ig s .  7 (a), 8 (a), a d  9(a) 1 . 
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LiTt-cwve s'Lcpes (f ig .  l k )  vhic'n were Lncreased at subsonic  speeds by 
%he addition of s tores ,  were reeuced ~t Mach numbers above about 0.91 
m d  l .07   f c r  t:?e configurations  %ested  with  stores  in  the  outboard and 
inboEd  positions,  respectively. 

Zxemina%Fon of the  pltching-mnent  curves  presented i n  f igures  7(c) 
ayd 8 ( c )  Frldicatet; tha t ,  over  the  range of l i f t  coeff ic ients   tes ted,  
addigg stsres in t5e outaoard  (0.6l-senispan)  positioll  elw-inated  the 
destabilizing  break  seen fn the  Fitching-rnoxent curves of the basic con- 
5iguratLon a% Mach nx-xbers from C.60 t o  0.85. The data of reference 2 
indicate, however, t h a t  ",e pi;ching-noxe,--t ?re.&< may s t i l l  ex is t  but i s  
delayed to  l if l ;   coefficients  higher  than  those  obtained  in  tke  present 
tests. C o r t q ~ ~ i s o n  03 %ke resni ts   preser ted i n  figure g(c) witk  those 
sbo-m 13 f igu-res 7 (c) m-d 8 (c)  indicates  5hat  with the s tores  a t  the  
Ln3oar2  (O.&L-seznispa?: station  the  undesirable break m s  preseat and, 
i n  soxe cases, more abrupt  than  that  for  tile model withost  stores. 
3esults siTilm t o  Those noted above be Tomd in  refereoce 9, wherein 
pylon susDenbed nacelles  vere  tested at two wing-sercispan locations 
(0.603/2 0.505/2).  Txe pylons ZseC i n  reference 9 h&d l e a d h g  
edges svept for*-ard 65.2" and were Izowted at a chordwise  Location con- 
parable  to that 3f the  presept  tests.  

CoapziEon or' the   p i tch   resu l t s  I'or the presept tests with  those 
of rer'ereme 2 icdizates a n  mparent change 5-r- t r ix  f0.r ident ica l  con- 
f igza t ions .   This  change m a y  be ettrilm-Led to   E i f i e r ences   i n   t he  rat-io 
of s t ing  area to model base erea f o r  the  t v o  irvestigations.  (See r e f .  5. ) 

R e  variat ion of the s t ~ ~ i c - l o n g i t z d i r a l - s ~ a ~ i ~ i t y  parmeter  wit:? 
Mac5 nu-her, skl0-m i n  figure iL, i nd ica t e s   t ha t   eddhg   s to re s   t o  the 
besic  ccnfigmatron  resuLteE  in a general  decrease i n   s t a b i l i t y  at low 
l i f t  coef f ic ie r t s  tl-zoughout t he  Nach n'nber r a g e ,  with the  exception 
or" 2 slight  increase ~ o % e d  :or the  config-matioo with stores  inboard 
at ?dack nmbers frox 0. g.9 to 1.13. 

The I"ollov5ng aay be concluded from results of tests at mc'n llunbers 
from 0.69 60 1.13 of a i/l6-scale  nodel of +,he Douglas D-558-11 research 
airpl&xe: 

1. The Crag 3f the  basic  configuratio2 vas increased OE the  order 
of 23 percelzt at a MEC? rxxher  of 1.12 as a result of abding  Sylon- 
suspended stgres in an outboard < O . ~ ~ - S C X I ~ S ~ ~ J I )  location. With the  
s t s r e s  a% .ZT? inboard (C .krL-semispm) Locatcor,, a s l ~ e - 5  reduction of 
-,'.e ircrener-t  in *ag due t o  acding  stores was cbteined as a r e s u l t  of 
En ingrovenext 91 tae  longitac?inal  area  Eevelopent for a Y k h  nmber 
of 1.9. 



2. Lift-curve s lops ,  taken  over the low-lift  range, were increased 
a t  subsonic  sgeeds by the addi-tfon 03 stores  and reduced at Mach numbers 
above aboat 0.91 and 1.07 Tor the configurations  tested w i t h  s tores  in 
the outboax-d and inboazd  positions,  respectively. 

3 .  A destabi l iz ing pitching-moment break for the  basic  configuration 
wes elimineted a t  Mach nunbers from 0.60 t o  0.85 over  the  range or" lift 
coefficients  tested by addition or" stores  at w outboard (0.6l~senispan) 
locatiol?. The undeslbable  condition was present, however, a d  i n  scme 
cases  eggravzted for  the CorZiguration  tested  with  stores at the  inboard 
(0.44-s~ispan)   locat ion.  

4. A general  decrease i n   s t z b i l i t y  at low lift coeff ic ients  accom- 
penied  the  addition of stores. 

Lan-gley Aeronautical  Laboratory, 
National Advisory Comit tee  fo r  Aeromutics, 

"gley Fiela,  Va. , Augast 23, 1955. 
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DZSIGN DIMENSIONS OF THE 1/16.scm . MODXL OF TKE D-558-11 

Whg : 
Area. sq f t  . . . . . . . . . . . . . . . . . . . .  
Sgan. i n  . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . .  
Mean aerodynanic chord. i n  . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . .  
Sweep. deg  (30-perce-n-t-chord l i n e  of unswept panel) 
Incidence.  deg . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . .  
Airfoil   section (normal t o  30-percent-chord l i n e  of 

mswept  panel) . . . . . . . . . . . . . . . . .  

Tip  chord. in . . . . . . . . . . . . . . . . . . .  

Iiorizontal T a i l :  
Area. sq ft . . . . . . . . . . . . . . . . . . . .  span. in . . . . . . . . . . . . . . . . . . . . .  
Asgect ra t io  . . . . . . . . . . . . . . . . . . .  
Taper rztio . . . . . . . . . . . . . . . . . . . .  
Mean eerodynmic  chord, i n  . . . . . . . . . . . .  
Sweep. deg (30-percent-chord l i n e  of unswept gmel) 
Di'nedral. deg . . . . . . . . . . . . . . . . . . .  
Airfoil   section (normal t o  30-percent-chord l i n e  of 

w-s-vept panel) . . . . . . . . . . . . . . . . . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

. . .  

. . .  0.684 . . .  18.72 
3.57 . . .  0.565 . . .  5.46 . . .  6.78 . . .  3.83 . . .  35 . . .  3 . . .  -3 

NACA 63-010 

. . . . . .  0.156 . . . . . .  8.98 . . . . . .  3.59 . . . . . .  0.50 . . . . . .  2.61 . . . . . .  40 . . . . . .  0 

Verticzl T a i l :  
-Area. sa_ ft . . . . . . . . . . . . . . . . . . . . . . . . . .  0.143 

Sweep. deg (30-percent-chord l i n e  of unswept panel) . . . . . .  49 
A i r f o i l  section (normal t o  30-gercent-chord l i n e  of 

unswept panel) . . . . . . . . . . . . . . . . . . . .  NACA 63-010 

spa". i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.14 

Fuselage : 
Leng-Lh. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  31.5 
Maxixm diaqeter.   in . . . . . . . . . . . . . . . . . . . . .  3.75 
Fineness r z t i o  . . . . . . . . . . . . . . . . . . . . . . . .  8.40 
Bese diazeter.   in . . . . . . . . . . . . . . . . . . . . . . .  1.56 
Base .=rea. sq f t  . . . . . . . . . . . . . . . . . . . . . . .  0.013 
Ratio of fuselage  base  mea  to wing mea  . . . . . . . . . . .  0.019 

Store: 
Length. ill . . . . . . . . . . . . . . . . . . . . . . . . . .  7.50 

I V I L a u n  diaueter. i n  . . . . . . . . . . . . . . . . . . . . .  0.876 
t ineness   ra t io  . . . . . . . . . . . . . . . . . . . . . . . .  8.56 
Frontal  area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  o.ooh.2 
Rztio of s tore   f ronta l   a rea   to  wing area . . . . . . . . . . .  0.0061 
l-8 
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1;.83364 ~ 8 3 3 6 6  
Figure 1.- Thc 1/16-sca~.e Douglas 1)-538-11 mode:l. with stores at the 

inboard position mounted in the Inngley 8-foot transonic tunnel. u I? 
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Figure 2.- Model details .  All dimensions are in inches unless otherwise 
nobed. 
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Figure 3 . -  1,ongitudina.l  cross-sectional mea developments for thc 
configurations  tested. 
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F i w c  4.- Store and pylon details. 
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All dimensions are in  inches unless 
noted. 
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Figure 5.  - Variation with 
ci.cnts 

angle of attack of model base 
for scveral Mach numbers. 

SBws mboord 

Angle of attack,  a,  deg 

pre 6 sure coeffi- 

1 4 I i 



H 

2.ox IO6" . -. 

CT 
L 
h 

E 1.8 
E 
3 c 
cn 
U - 

I .6 .- 

h 
a> 
K 

1- . 

I 
I .45 

I .6 .7 8 9 I .o 1. I 1.2 
Mach number, M 

Figure 6.- Variation with mch nuniber of average t e s t  Reynolds number 
based on C = 5.46 inches. 



Figure 7.- Force and moment chasacteristics for the basic configural;ion 
without stores. 
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(b)  CD against CL. 

Figure 7. - Continued. 
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Lift coefficient, CL 

( c )  C, aga"_ng:t CL. 

Fi_gce 7 .  - Conclude&. 
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( a) a against CL. 

Figure 8.- Force and moment chamctcristics f o r  the basic con1igumtion 
tested with stores at the outboard (0.61.-nemispan) position. 
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Figure 8. - Concluded. 



I 
(a) a against c,. 

Figure 9. - Force and mment characteristics for  the basic configuration 
tested wi.th stores at the inboard (O.~ch-aemispan) position. 
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(b ) CD against CI,. 

Figure 9. - Continued. 
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Lift coefficient, C, 

( c )  C, against cL. 

Figure 9. - Concluded. 



4 1 b I c r 

#I 0 

.08 

.06 

I cDo 

.O 4 

.o 2 

0 
.6 .7 .8 .9 I .o 1 . 1  I .2 

Mach number, M 

Figure 10. - Zero-lift drag cocff'icicnts for the model with and without stores 
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Figure 13.- M a x i n l u r n  lif5-drag ratios ami lift coeff:cie-n-ts for  maXim.UII 
lilt-drag 3.tL.o. 
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14. - P-verzge l i f t -curve and xoznent-curve slopes ?or the  model with 
and wit'?out s tores .  

NACA - Langley Fleld. Va. 


