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LNV3STZGATiOhT P.T nlGH SUBSONIC SPEEDS OF TIE  ZFFECT OF 

3y E. N o r m  Silvers and ' v 7 i l l i a n  J. Alford, Jr . 

. An investigztion was =de a t  Mzch nmbers from 0.50 t o  O.g& of the 
effects  of two s izes  of missiles in   s eve ra l  combinations  of  sparwise and 
ver t ical   posi t ions on the aerodymamic character is t ics  of wing-fuselage 
cornbinetions  having a 46.7O sueptback v h g  cnd an essent ia l ly  unswept 
wing (3 .Go sweepback). 

c 

The r e su l t s  of this  investigation  indicated  thzt  -he ins ta l la t ion  
drag of two small missiles was  frorn 20 t o  60 perceEt or" the   zero- l i f t  
drag of the  ving-fuselage models end the   ins ta l la t ioc   d rag  of four smL1 
missiles wes from 50 t o  90 percell-l or" the zero-lif t   drag of YGe swept- 
wing-fuselage model. Wing sweep hcd l i t t l e  apparent effect on the 
instal la t ion  drag 03 cornse-rable nisslle instal la t ions.  Furthermore, the  
missi le- instal le t ion dregs were high conpared wi+A the  instal la t ion  drag 
of t f l i ce l   ex te rna l -s tore   imta l la t ions .  Tne -&stallation-drag  coeffi- 
cients  per  unit  of the   ins ta l la t ion  total fro-n-tal mea were from three t o  
five  tines  higher  than  the drag coefficients of the isolated  missile.  
-4ltl?ough the   ins ta l la t ion  drag per wit of installation t o t a l  f r o n t a l  
area showed  some reauction  with  hcrease i-n- ins t a l l a t ion   f ron ta l  are& ai; 
Yach nmbers aromd 0.75, there were no inportant chaEges 5n Wstal la t ion-  
drag coefficient wZth chmge i n  missile f ron ta l  %rea at  Mach nmbers 
around M = 0.92. Pylon lengtlrl and missile sganwise locat ion  a lso a d  
no major e f fec t  011 the icterference  drag. The missile Instal la t ions dLd 
not have  any Tkgortant  effects on the l i f t  or   the  s tabi l i ty   charecter-  
istics of e i ther  the swept- or unswept-wing models. 
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INTRODWTION 

NACA EM L54D20 

. 
The  externel  carriage of air-launched  missiles  has  brouglat  about  sone 

nev  problerns in connection  with  the  performance of the  launching  airplane 
as  well  as  the performnce of  the  missile  while in the  presence  of  the 
airplme. To provide a better  understanding  of  these  problems,  the 
National  Advisory Cmittee for  Aeronautics  is  conducting  investigations 
of missiles OE models  both  at low ar.d at high speeds.  This  paper  presents 
Ysle results of an  investigation of several typical missile arrmgements  on 
the  aerodynemic  characteristics  at high subsonic  speeds  of  wing-fuselage 
combinations  haring a 46.7O sweptback  wing  and a 3 . 6 O  sveptback  wing.  The 
results  consist of lift,  drag,  and  pitching-moment  characteristics of the 
wing-fuselage  combination  alone  end  conbined  with  the  missiles. 

COEFFICIEXTS AND SYMBOLS 

lift  coefficient, Lift 
qs, 

drag  coefficient , Drag 
ss, 

drag  due  to  lift, CD - CD, 

drag  coefficient  of  missile  installation  in  terms of missile- 

body  frontal  area, - 

drag  coefficient of missile  installation  in  terns of total  added 
Trontel  area of missile  installation, 
t%odel+xissile - '%odel)% s, 

pitching-monent  coefficient  referred  to 0.25E, 
Pitching  noment 

q%c' 

wing mea, sq ft 

frontal  area  of  missile  body, sq ft 

total  asded  frontal  area of missile  install&tion, including  body, " 
fins,  and  pylon, sg ft I 

-1.1 
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nmber of missiles 

length of body 

dpmnic  pressme, - lb/sq 3% PV* 
2 '  

air density,   s~ugs/cu rt 

airs t reen  veloci ty ,   f t /sec 

!4kch  number 

Rep-olds  nw-ber of wing based on c 

angle of attack,  de& 

- 

Subscripts : 

f fuselzge 

m missile 

0 zem l i f t  

Tie test  vehicles  con-sisted of a Tuselage  equigped i n  turn with 
wings - one swept back 46.7O referred to hereafter as the  swegt wtng,  
an6 the  other swept back 3.6 , re fer red   to   hereaf te r  es the mswept wing. 
Tie wings were constructed of .=l-m5nu? and were of aspec t   ra t io  4.0, 

plane of s m e - t r y  or" the model. The fuselage contour was Eade  up 03 
paabol ic-arc  segments, tine ordinates of which are presected in  tab le  I. 
The arrangemen-ls of the wings on the  fuselage  md the missiles on t'ne 

6 

I tz-per r a t i o  0.6, uld had NACA 65~006 a i r fo i l   s ec t ions   pa ra l l e l  t o  the . 



wLngs  are shown in  figures 1 .=ne 2. A ghotograph ol" the  swept-wing  model 
with  one  arrangement.  of  the  missiles  is  presented  in  figure 3 .  

Tine missiles  were  suspended ern the wings in  a11  test  installa.tions 
by  6-percent-thick,  flat-sided pylom (ordinztes  presented  in  fig. 4). 
The  missile-installetion  vartables  were  missile  spazwise  locetion,  missile 
size,  and  pylon  length. The missile  spanwise  locations  used  were 0.33b/2 
and 0 . 4 8 ~ ~ / 2 .  Two sizes  af  missiles  were  Fnvestigeted. The smaller  mis- 
sile  as  mounted  on  the  tess  ve3icle  was  ccnsidered  representative oI' this 
type  xissile  2ounted  on a full-scale, fighter-tne zirplane.  Of  the  two 
pylon  lengths  isvestigated,  the  shorter  length  wss  designed to provide a 
l/lB-inck gzp between  the  lower  s?lrface of the  wing  of  the  wing-fuselage 
nodel and  the  tips of the  vings of the mall missile.  The  longer  pylon 
when  used  with  the  lsrge  missile elso provide6 .a 1./16-in~h.  gap  between 
the  missile  wing  tips m d  the  lower  surfece  of  the  wing  of  the  wing- 
fuselage  model.  Detail  dimensions of Yne  missile  installctions m d  the 
pylon  geonetry  ere  presented  in  figure 4. The  general  proportions  of  the 
nissile  are  shown  in  figure 5 .  

Tce prinary  test  vehicle  was t'ze  sweptback-wing-fuselage  model. 
T;?e  various  combina%ions  of  missile  location,  size,  and  length  of  pylon 
sugport  t?aL were investigated on the  sxeptback-wing  model,  as  well  as 
t'lose  investig&ted  on  the mswept-wing  model  to  determine t'ne inportance 
of  wing  sween,  are s-.?ized in tzble TI. 

Tie  wing-fuselege  noiiels  were  attached  to  the  support  sting  by a 
strain-gage  balance.  Forces  and  moments  of  the  wing-fuselage  models  with 
and  without  xissiles  were  indicated  by  galvanoneter  deflections  that  were 
autorriatically  recorded during all  tests. 

T!e  tests  were  rrade  in  the  Langley  high-speed 7- by  10-foot  tunnel 
at  Kach  nwn'cers  ranging  from 0.50 to about 0.94 Over an angle-of-ettack 
range  that  extelli,ed  from -2' to a xaxizum of 24' at  the  Lower  Mach num- 
bers.  At  t'ne  higker  Mach nm-bers the maxi mu^ angle  of  attack  was 
restricted  by  tle  rnodel  loading  conditions. Two types  of  tests  were 
mae. In  o=e  tyye,  tests  were  xcde  in wMch lift,  drag,  aad  pitching- 
moment  results  were  obtained  tlmough  the  angle-of-attack  range  at a 
constant Kach number.  in t'ne other  type,  tests  were  made  et  zero  lift 
of the  model t'r;rough the  bkch  nurnber  range in arder  to  measure  the  zero- 
lift  drag  characteristics  witl a maxilr?.um  of  accuracy. 



For  the  zero-lift  drag  runs t'hrough the  Mzch  number  renge,  the  accu- 
racy  levels of Yhe  drag  coefficients m e  icdiceted in  the  r"ollm-ing  tzble: 

Accu-racy Accurzcy in c% 
34 in 

CD Four smll missiles One smll missile 

0.50 

f. 10 5.41 2.0004 70 
f .I3 k .52 +- .oom -60 

io .  17 to.  70 to. 0007 

= 9 0  +_. 0003 2.30 k.08 
-9 k.07 5.29 f .0003 

.80 f. og 2.35 k.oOok 

where  vzlues  of CD are  based 011 wing area  and  values  of C are 

based 011 frontal  &rees  of  the  missile  bodies. 
% 

m e  vzrietion in  Rep-olds number wit'? Mzch  number of thie  investi- 
gation  is  presented in  figure 6 .  

C OXREC TIOPiS 

B1oclri-n-g correctiom applied to Mach nmber and dynmic pressure  were 
determined  by  the  velocity-ratio  method  of  reference 1, xhich  Gtilizes 
exper~ental pressures  neasured et the tunnel wall opposite tln-e  model. 
Over  the Kach number rmge icvestigeted,  good  agreement  vas  obtained 
between  these  corrections  and  those obtabed theoretically  by  the  method 
of  reTerence 2. 

The  jet-boundary  corrections  applied to ti-e angle of attack  and  drag 
of t'ne conglete  model  were  obtained  by  the  method of reference 3.  Correc- 
tions to the  pitching  monent  were  considered  negligible. No eugport tares 
have  been  applied &s they w e  believed to be smll. 

Drag  dzta  have  been  corrected t o  correspond  to a pressure  at the base 
of the  fuselzge  eeual to free-stre=  static  pressure.  Bzse  pressure  was 
determined  by  neasuring  the  pressure at a 3ofn-L  inside  the  fuselzge  about 
9 inches  forward of the  base.  This  correction,  which was added  to  the 
measured  drag  coefficient , amounted  to 0.0010 at M = 0.80 and  increased 

.. to 0.0030 et, M = 0.91. As indicated  in  reference 4, external  stores 
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have  essentially  no  effect on fuselage  base  Sressure. A buoyancy  correc- 
tior,  which  resulted f 'ron the  static-pressure  gredient  that  exists  along 
tke tmncl center  line - determined  Iron!  static-pressure  surveys - wes 
added  to  the  drag  results  of  this  paper.  The  increaent  in  drag  coeffi- 
cient  due  to buoymcy aaounted  to 0.0016 throughout  the  Mach  number  range. 

Corrections  heve  been  applied to %he  angle  of  attack to account for 
dsflectior? of' the  support  system  under  load. No correction  has,  however, 
been  applied  to  the  results  presented  in  this  paper  to  account for aero- 
elasticity  of  the  wing. 

RESULTS AND DISCUSSION 

Presentation  of  Results 

The  results of the  investigation  are  presented in  the  following 
figures : 

Figure . 
Sasic-data: 
Swept-wingmociel. . . . . . . . . . . . . . . . . . . . . . . . .  7 
Swept-wing  nodel  with  missiles . . . . . . . . . . . . . . . . . .  8 
Uaswept-wing  model . . . . . . . . . . . . . . . . . . . . . . . .  9 
Unswept-wing  model  with  missiles . . . . . . . . . . . . . . . . .  10 

I 

Sumnary  datz.: 
Variation  of  CD  with M . . . . . . . . . . . . . . . . . . . .  11 
Variation of C b  with sm/S~ . . . . . . . . . . . . . . . . . .  12 
Variation  of ACD with  CL . . . . . . . . . . . . . . . . . . .  13 
Vzriation of CT-  wit'n rd . . . . . . . . . . . . . . . . . . . .  14 
Variation of C with M . . . . . . . . . . . . . . . . . . .  1.5 mCL 

Lift-curve  and  pitching-mcment-curve  slopes  were meas-med  st  zero 
angle of ettack  and  zero  lift  coefficient,  respectively. 

Drag  Charecteristics 

%e  &ag  characteristics  at  zero  lift  of  the  models  with and without 
the  varioils  missile  i-n-stellatioos  are shown in  figure 11. For canfigma- 
ticns  involvicg  two  of  the  smaller  missiles  on  either  the uswept o r  the 
swept  back  wing  (configurations 5 ,  C, F, J, and  L),  the  drag  increment 
attributable to the  pissile  instellation  ranged  from  about 20 percent .to 
60 percent  of  the  zero-llft  drag  of  the  clean  wing-fuselage  models  for 
M c i  nmbers below 0.92. Four E T E ~ ~  missiles (confiwatfon A), which 
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were investigated on the swept-wing model, caused a drag  increase o r  from 
50 t o  90 percent  in  the  drag of the  c leac xing-Zuseltige  nodel a t  hkch 
nanbers below 0.92 ( f ig .  l l ( a ) ) .  Four missiles, which is a normal comple- 
ment or" missiles, obvtously  produce  drag  levels  tlmt would inpose  severe 
Fenzlties t o  the  performnce or' high-speed f igh ters .  

Below drag-rise Kach number, wing sweeg did  not have zny appreciable 
e r fec t  on the  dreg  contribution of comparable rnissile ins ta l la t ions  
(fig. 11) . 

Tiere  ere  several  weys t o  reduce   the   i r s ta l la t ion   6 rag   to  a coeffi-  
c ient  fo-r?r! tha t  is re la ted   to   the  geometry of the   ins ta l la t ion .   In   the  
present  paper, two types  of  instalhtion-drag  coefricient  are  presented; 
first,  instel la t ion  drag is based on missile body frontal   are& and called 
Chl and,  secocd, it is  bzsed on the   t o t a l   f ron ta l   a r ea  of t he   i n s t a l -  

lat ion  including  the  frontal  meas of missile  bodies,  pylons, and missile 
Tinge an& called C . The installation-&reg  coefficients a r e  smmr ized  

in   f igures   l2 (a)  and 12(b) as a functior- or" t h e   r a t i o  of missile reference 
Trontel   area  to  the model  wing area. It is comon  practice i E  externzl 
s tore  ana  necelle work t o  use  only  the  fronts1 area of the s tore   or  

% 

nacelle 8 s  the erea basis   for   6reg  coeff ic ients   to  C .ms- 
Conperison  of the f i iss i le   instal le t ion-drag  coeff ic ients   with  the  dreg 
coefficients of t s i c a l  external-store  arrangements (refs. 4 ar?d 5 and 
mqublished  data of Zig =(a)) shows that the dr&g of t'ce missile ins ta l -  
l e t ions  i s  several  times t h a t  or" the   s tores .  Althougic the  s tores   are  
larger  than  the  missiles  they do not have interference-producing  forward 
wings. The total   in terference drag of the missile in s t a l l a t ion  can  be 
obtair?ed by conperison  of  the  results  with  the dreg coefficients of the 
isolzted  missi le ,  resaks f o r  whFch were obtzined  from  unpcblished  data. 
Perhaps the more suitable  indication of the  instal la t ion  interference 
can be obteined  fron  the dreg coefficient  (f ig.  12(b) ) because it 

is  based on the f ronta l   a reas  of a l l  of the components of i n s t a l l a t ion  
thzt contribate t o  the  interference.  Excluding  the resiilts on the unsvept- 
Xing  model et M = 0.9 which me w e l l  beyond drag rise of the model, the 
interTerence  drag  appears  to  be from t:hree t o   f i v e  tiixes the &rag of the 
isolr ted  missi les .  This  order of' magnitude of interference  drag is  exces- 
sive.  One point of i n t e re s t  sho-m i n  figure 12(b) a t  ?.1 = 0.75 is  tha t  
the  installation-drag  coefficient  per  unit  of t o t a l   i n s t a l l a t i o n   f r o n t a l  
area shows soEe reduction as the   f ron ta l  ere% of the  ilnstallztlon is  
increzsed. "rger reductions  with Tncrease in   ins ta l la t ion   re ference  area 
and et  both h%ch numbers e re  s ' n o T ~  i n  f igure   12(a) .   me   aemi tude  of' the 
reductions  in C appezrs t o  be  =ore a r e su l t  or' the  choice of areas 

rather  than & ~ 1  interference  effect .   In f a c t ,  a t  M = 0.92 C 
% 

%2 
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( f ig .   l2 (b) )  an6 hence the interference  eppears  to be independent of 
ins ta l la t ion   f ronta l   mea  on the swept-wing model. Tne resu l t s   a l so  show 

- +,hat changes i n  pylon Length and missile spanwise location hzd no inpor- 
txmt effects  on a t  e i ther  M = 0.75 or M = 0.92 on the swept- 

wing model. 

Shorn in   f igures  13 (a) an6 13 (b) a r e  <?e increments i n   t o t a l   d r a g  
coefficient thet res5l-L fron an  increase  in l i f t  coefficient of the 
models. The sol id  c-LLrves represent  the  chmge i n  &reg due t o  l i f t  or" 
nodels  without x i s s i l e s  and the hatched  areas between the  other  curves 
represent t ? e  char-ges i n  drag &de t o  lift taat come from the  various 
arrangements of the missiles. The resul ts   indicete  that increase  in 
lift coefficien: did not produce any m j o r  changes in  the  drag  character-  
i s t i c s  of the x iss i le   tns ta l la t ions .  

L i f t  asd  Pitch  Characteristics 

Tce e f fec ts  of the  various  missile  arrangexents 03 the l i f t -curve 
and pitching-momen5"curve slopes are presented   in   f igces  l& and 15. Tie 
maxh-a chznges in  these  parameters due t o  change in   the   miss i le  instal- 
lat ion  configuration are designated by the 2latc3eci regions. It is  appm- 
ent from these  resul ts  Ynat the  presence of arq of *he rcisaile  installa- 
t ions  had no illportant  effects 32 the  characteristics  considered,  except 
In  the  case of the unswept-wing model a t  the  highest Mach numbers. A t  
these  speeds, missile installations  tend t o  re6uce tne lift-curve  slopes 
and tegd  to minimize the ra;3id  changes wit22 Mzch nmber of the  location 
of the  aerodwmic  center.  

An irmestigation at high  mbsonic  speeds of the  effect  of missiles 
on the  aerodymnic  characteristics of z sweptbzck wing and an unswept 
wing cm5ined  with a fuselage  indicate f ie following  conclusions: 

1. The installation  drags of  two srnall missiles were from 20 t o  
60 percent of the zero-lift  drag of the  wing-fuselzge models and the 
installation  drags of four small missiles were Trom 50 t o  90 nercent 
of the zero-lif t   drag of the swept-wing-Tuselage mcdel. Wing sweep 
b-d l i t t l e  apsarent  efrect  on the install t i t ion drag of  comparable m i s -  
s i l e   i n s t a l l e t ions .  Furthermore, the missile-installation  drags were 
high compared v i t h  tbe ins ta l la t ion  drag of t f l ical   external-s tore  
ins ta l lz t ions .  . 
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2. Tie instal la t ior-drag  coeff ic ient   per   uni t  of the   ins ta l la t ion  
to t e l   f ron ta l   a r ea  was from three t o  f i v e  t h e s  higher  than the drag 
coeff ic ient  of t h e   i s o u t e d  missile. Although the  instal la t ion  drag 
per  unit  of i n s t a l l a t i o n   t o t a l   f r o n t a l   a r e a  showed sone reduction  with 
increase   in   ins ta l la t ion  z?rontal mea et  Mach numbers mound 0.75, there 
were no important  chznges in   instal la t ion-dzzg  coeff ic ient   with change 
ir- missile r ' rontal   area a t  Mach numbers around 0.92. Pylon length end 
missile spsnwise  locsttion  also had no major e f f ec t  011 the interference 
drag. 

3.  me  miss i le   ins ta l la t ions  had no inpor tmt   e f f ec t s  on the l i f t  
or the   e tgbi l i ty   charac te r i s t ics  of e i ther   the  swept- or u-n-swept-wing 
models. 

Langley Aeronautical  laboratory, 
Natiorzl Advisory Cornittee  for  Aeromutics, 

LaEgley Field, Va., April 7, 1954. 
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basic fineness  ratio 12; actual fineness  ratio 9.8 achieved 
by cutting off rear portion of bowj 

I Ordinates,  in. i 
X X 

75 

3.00 
433 1.50 
257 

723 

6.00 1.183 
9.00 1.556 

12.00 1.654 
15.00 

2.360 21.00 
2.245 18.00 
2.079 

27.00 2.486 
30.00 2.500 
33 * OC 2.478 
36.00 2.414 
39- 00 2.305 
42.00 2.137 

I 49.23 1.650 

I LE. radius = 0.030 in. - 

4.50 .968 

24.00 2.438 
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Tub/e D 

Summary of Missi/e lnstu//atiot?s 

1 Mode/ 
Missi/e Wing 
con fig sweep 

MisrS/e Py/on 
size length at  M= 

A CD 

.m53 

-do- 1 "; 
-do- 

.003/ 

m29 

-do- 1 -do- 

" 
-do- I -do- 

.m24 

.00/6 

. 

.0054 Large -do- 

.0034 

.00/5 

.0040 
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p' Sting 

2.63 i 
- 

3000 

VI 
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- 

i 
' ' Area 

Mean aemdynamic chord 
Aspect ratio 

I 
Taper ratio 
Airfoil section parallel 

4920 fo fuseloge 

i 

I 

225sqft 
0.765ft 
4.0 
.0.6 
NACA 
65AU06 
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Figure 2 .- Drewing OZ the w-swept-wing model. 
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Figure 3.- Pho tqpph  of the t e s t  %tup in tiit? Langley high-speed 

7- by LO-foot tunnel. 
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Smdf missile 

scde .,inches 

Ordinates 
Missile nose 

Ordinates 
Py/on 

0 

.029 . /5 

.020 .05 
m46 .025 
0 

sfmight line 
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