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AE investigation of a twin-engi-ne fighter-%me  airplane model b~&s 
been  conducted ia the Langley  16-foot  trmson-i_c  tunnel t o   d e t e r d m   t h e  
effect  on drag or" a ihselage voluroe addi t ior ,  incorporating s t r e d i n e  
contourirg ard more extensive  boe-ltailing of the ergine sb?ouds. The 
effect  of hot  exhzusts r"ro= the  turbojet ez?gb-es v a s  shulated with byd~o-  
gen peroxide  gas  generators u s b g  scaled  nonafterburning  engine  nozzles. 
Afterbey  pressure  distributions, base drag coefficients, znd forces on 
the  fusel-e-teil  configmations w e  presented. at Mach numbers from 0.83 
t o  1.05 at angles of at tack of Oo end 4' fo r  jet  pressure  ratios from 1 
t o  7. 

The effect  of jet operation on both  the  basic and modified models 
vas generelly t o  decrease  base  pressures  but t o  b-crease most other 
al"terboOy pressures .zznd, therefore, t o  resu l t  i n  an overall  decrease in  
fLzsei~e-ts?i l  component drag. T5e Eddition of voluxe t o  the basic model 
reduced the base dreg coef'l'icient by 0.0010 Bith t'ne je ts  off .ma 0.0018 
at a typical  cruise  operating  condition of E. je t   pressure  rc t io  of 3, e 
Mach Ember of 0.85, and 2,n_ mgle  of attack of 4'. The overall  jet-off 
reduction  in  fuselage-tail conponect drag due t o  the volume adciitior- was 
a maxixun or" 0.0OkO zt %. Mech nmber of 0.90 for erl -le of  attzck of' ko. 

In E National  Advisory  Comittee  for  Aeronmtics study t o  evaluate 
t h e  el"fects or" Je t  exhaust on airplane aerodynamics,  loading, and sta- 
bility, sone of t:?e nore co-Glex  colzfigurations which have the  fuselage 



and ta i l  surfaces  extending be’nind the jet exit have recently been 
examined ( re fs .  1, 2, and 3 ) .  The special  case of the  airglane  xith an 
overhanging dterbody and twin j e t   e a i n e s  has also  received some atten- 
t ion   ( re fs .  4 and 5 ) .  The lmge base  area  associated with two enghes 
operating 5n the nonafterburning  condition with the  exit  nozzles ir, the 
closed  posLtion  could  result in a high  base drag which would penalize 
the  range of the airplene. Ln- or&er to  evaluate  the  overall   jet   effects 
on a rcodel of e. twin-engine  fighker-type  airplane w i t h  e fuselege  over- 
hang, an investigetion was conducted tbxro-Gh the  cruise lviech  number range 
i n   t h e  Langley  16-foot  transonic  tunnel by using  the hydrogen peroxide 
j e t  simulator  technique  described in  reference 6 .  

In  addition  to  evaluating  the  Jet  effects, an e f fo r t  was  made t o  
obtain drag reductions, as well as =ore  favorable je t   e f fec ts ,  by 
improving the  overall  mea  distribution and tne  local  fuselage  geonetry 
in  the  region of the wing and boattailed  engbe shrouds. The nodel wa6, 
therefore,  nodified by the addition of  volune to   the  fuselage  in   the 
region between the mxhum total  cross-sectional-mea  station an6 the 
engine  exit  station. 

In  the  present  investigation  results were obtained f o r  the  original 
and modified  configurations with nonafterburning  engine  nozzles.  Tests 
were  Conducted a t  angles of attack of 0’ and bo and at free-stream Mach 
numbers from 0.80 t o  1.05. Jet pressure  ratios from no j e t  flow t o  7 
were established  with a jet  temperature of approximately 1,360~ F. Pres- 
sure measurexents and forces on the fuselage-tail  conbination were 
obtained with the  jets  operating m d  not  operating. The a erage Reynolds 
number, based on wing Kean eerodynamic chord, was 5.0 x 10 E5 for  the 
investigation. 

A mea 

CD drag  included), 

Drag measured by balmce 
cD ,m 
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base drsg coefficler,t, Cp,b (&/S 1 
incremental dreg coefficient due to   Je t   opera t ion  

fuselage-tail  l i f t  coefficient, - L 
qws 

increnental lift coefficient due t o  je t   operat ion 

fuselzge-tail  pitchb-g-xoxent  coefficient, - rn 
QSE 

incremental pitching-moment coefficient due to je t  operstion 

p2 - p m  

%a 

pressure  coefficient, 

increzrental  pressure  coefficiert due t o  je t  operation 

besic w-ing-~ean-aerodynanic chord, in. 
diameter, in. 
hydrogec  peroxide 

fuselage-tail  l i f t ,  lb 

free-stream Mach number 

fuselWe-tai.1  pitc’dng moment about 0 . 2 8 5 E ,  in-lb 

stet ic   pressure,  lb/Sq ft 

total   pressure,  lb /  sq ft  

free-stream dynamic presswe, lb / sq  ft  

basic w i n g  are&, sq f t  

l o n g i t u d k l   d i s t e n c e  from sbkroud exit ,   posit ive reaxwazd, in. 
h t e r a l   d i s t m c e  from center  l ine 02 zodel ,   posi t ive  to   r ight ,  
looking forwerd, in. 
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Z vertical  distm-ce frox jet horizontal  center  line,  positive 
upxard, in. 

U mgle  of attack of fuselage  reference  line  (fig. 2 ) ,  deg 

P boattail.  angle, deg 

# nerician =&le at epaine base ( f ig .  7( b) ) , deg 

Subsczip-Ls : 

b Dase 
e s3zoud ex i t  
i internai 

J j e t  
1 local 
S seal  
W f ree  stream 

Wind Tunnel  and Support  Systen 

The inves5igation vas conducted in   the Langley l6-foot transonic 
x n n e l  which is e. single-remrn  atxcspheric t u n e l  having a s lo t t ed   t e s t  
aec;ion and nrovision for a i r  exchange. 

The scpport  systex,  as shown in figures 1 and 2, consisted of R 
strut-nounzed  bif-rrcate s-tZng wkick hela  the  nodel by the wing t ip  near 
the cec-ter l i ne  of t5e   twnei .  The forces and mcments of the  fuselage- 
t z f l  coy-binatioz -*-ere r-easwed 5y 2n FnterGal  strain-gMe  balance sup- 
pcrted ? ' r~n  the  xing  parrels, which were en- integral   gar t  sf the sup-gort 
systen. i n  order t o  Srovide  adequate  s5rength Ln the  support  system, 
t h e  ving SSE vas re&uced s1ig:tly as shorn- i n  figure 2. 

. 

The basic  configuration for t 5 s  investigation  (figs.  1 and 2) vas 
5 1:Lociel or" a swept-lA-ing, f ig?.ter-tse  acrplme having t w i l l  j e t   ewines  
mc?. ari over'nmgirg  fuselage. Physical dirensions of the wing and t a i l  
surfaces are gLven i n  figure 2. The  model wzs cor?,strr;cted entirely of 
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s t e e l  with t i e  excegtion of glastic  overlays  sn  portions of the w i n g  
s-ufaces and the nose-cmopy  seccioc. 

The wbg-root inlets of isle m o d e l  were closed end faired to stream- 
line  contours, zyld the  originel wing plan Tom- >izs maintained. The 
engine  necelles and the  adjacent  surfaces on the  lover  portion of the 
overhmging  fuselwe were exten&ed t o  correspor!! t o   t he   i n s t a l l a t ion  of 
a j e t  ecgine with a long t a i l p i p e .  

The zo&e1  contained two Jet siaulator  units  vhich %?ere supported 
internally  fro=  the wing pznels m d  independe_n_tly or  the  fuselzge-tail  
assenbly. These mits, siailar t o  those shown in fimre 7(a) of ref-  
erence 5, develop e hot  exhaust which closely  simulates  the eXh_&-ast 
characterist ics or" .EL turbojet e_n_giae.  The nozzle  dischmge  coefficient 
of these  units was 0.93 for  the je t  pressure  ratios  presented m-d indi- 
ceted  typical  sonic  nozzle  operation. (See ref. 6 . )  

A s-oonge neterrel. was inserted ir t i e  c l e a m c e  gap  between the 
fuselzge ami the wing pmels   to   p rever t  air flow  through the model and 
to  perlrit  the  fuselage-tail  asseably t o  deflect  the  balance under load. 
AD additional seal wes ins ta l led  th2 m ~ u l u s  between the ifuselage a-d 
each je t   s inc la tor  at the lociztion shovn in  f igme  3. Becmse of the 
high  temperztures e e e c t e d  W- this  region  during  Jet  operation (~l,OOOo F), 
these  seals  vere  constructed of alrun~~u? a d  f i b e r  glass sheets. A rrzbber 
diaghxgm sea l  w2s  izsed during a nmber of tests with  the jets inoperative. 

For soxe of tix kests the model x28 modified as described in the 
I"ollowin4 section by a&&- volume in the  form of cast aluminum sections 
fa i red   in to   the   o ru ina l   ase lage   wi th  a Sutty  makerial. A. gep of approxi- 
mately 1/8 inch between the aiided sect iom an& the v5ng w e s  f i l l e d  w i t h  
a. flexible  plastic  to  al low Tor the  deflectioz of the  Fuselage OD the 
wing support. 

Metb-od of Mo&ir"icatior 

Date for the  basic  configuratio??- showed that the Tadel bad lok- pres- 
s u e s  at  the engine  shroud bases md a relatively  high  fuselage-tail  d r ~  
in  the  subsonic  cruise  region. A stxdy of this configuration  indicated 
that   substznt ia l  hag reductions  might be accorn2lished by making al tere-  
t i o m   t o   t h e  Tuselege and engin-e sb?ouds by incorporating the followLng 
three  &%-reduction  prlhciples: 

(1) Inprovenent of the  overall  mea distri'ou-lion in accordazlce with 
the t r a s o n i c  =e& rule. 

(2) Utilizskion of nore  extensive  Local  boattailirg on the  engine 
shroud5. 
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(3)  Lxprovement of the  fuselage  contours a t  the w i n g  root by 
s t rewdine conto”rring. 

An i.nspection of the  area diagrm- of  the  basic model ( f ig .  4) 
revealed a steep  slope, conducive t o  drag, 5.n the  region just beyond maxi- 
m m  cross-sectional  area, and a region of low slope,  indicative of poor 
pressure  recovery,  along  the  engine  shrouds. It WES reasoned tha t  ar, 
area  adjustment  could be applied  to  the  region between maxFmum cross- 
sectional  area a m i  tke  engine  exits in ortier t o  obtain  better  pressure 
recovery  over  the  eraine  shrouds and a t  the  sane time impove  the  overall  
area distribution i n  order to  obtain some advar-tages of the area rule. 
It vas  pointed  out in  reference 7 that transonic drag-rise reductions 
could be obtained by adding volu?e  to  the  fuselege  to improve the area 
progression.  Reference 8 showed that subsonic  drag  reductions and delays 
in  drag-rise Mach nunber may also be obtained from volume additions  to 
%he fuselage. The improved mea progression  for  the  configuration  with 
boattail  area  contouring i s  show- in figure 4. 

The engir-e shrouds on the  basic model consisted of a cylindrical  
section and a boattailed  section  with a small mount of  convergence. 
(See f ig .  3 . )  The data of references 9 and 10 indicate that higher 
afterbody and bese  pressure  coefficients can be obtained  with  shapes 
having  conthuous  boa-LtailipG  over  the  afterbody  length,  provided  certain 
limits of the r a t i o  of base t o  maximuu dimeter   me  no t  exceeded. In 
addition,  the  references  indicate tha t  the j e t   e f f ec t s  should be more 
favorable.  Therefore, in revising  the  engine shroud l ines  the volume 
addition -In this region was contoured t o  provice  continuous  curvature 
over a greater  length of the  fuselage ahead of t he   j e t  exits. 

A t  the wing-fuselage juncture the  mea  addition  vas  distributed 
along  the  fuselage in  accordmce  with  streamline  contouring  concepts 
( re fs  . 11 and 12) . The  metnod of reference 13 was iztilized  in  laying 
out  the  wing-fuselage junctu-re l ines   for  a lift coefficient of 0.2 a t  
a Mach  number of 0.82. The resulting  cross  sections  (fig.  5(a)) h&d a 
s tep   a t   the  wing t r a i l i n g   e Q e  which was faired out at the end of the 
shroud. Some local  adjustEents of r e  l ines  were necessary io order t o  
provide  szooth  fairings between sections, and de ta i l s  of the final shapes 
are given Ln figure 5(b). The fairing  cdjustments at the  forward en& 
of the  area  addition  resulted  in a n  urintentional  increase in m a x i m u m  
cross-sectional  area  (fig. 4) . Photographs of the  modified  co-nfiguration 
are presented in  figme 6. 

Tests 

Tests were conducted in  the Langley  16-foot  transonic  tunnel a t  
angles of attack of 0’ and 4’ at Mach zmbers of 0.80, 0.85, 0.90, 0.95, 
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1.00, and 1.05 with  a correspondiag Re,ynolds  number vexietior, from 
4.80 x lo6 to 5.04 x 106. At each t e s t  Mach nuxber  and a g l e  of attzck, 
the  je t   s imd"tor  units were operated thzoqh a  cycle of jet   pressure 
ra t ios  03 1, 3, 5 ,  and 1, h e r e  a value of 1 h.zs been assigned t o  the 
i n i t i a l   m d   f i n a l  nonopert=thg j e t  conditions. A t  the  higher Hach  num- 
bers (1.00 an6 1.05) a jet   pressure  ra t io  of 7 wes inclucieci i n  t'ne cycle. 
Separate tests were also made through the Mach  number range w i t h  the   je ts  
not  operating, and khese data  are  referred t o  as  jet-off  velues. 

The general  amangenent of the  pressure  orifices on the  basic a-d 
t k  nodified models ere show- ir- figures 7 m6 8, respectively.  Tables I 
and I1 present,  for  the two configurations, tb-e coordinates of these 
or i f ices  usd the &istance of each from the  exi t   s ta t ion kn terns of the 
ex i t   d lmeter .  Tubing  from these  orifices was routed  tbough  the wing 
panels an& the s t i n g  nenbers. As 7h&ic.zted i n  t.=bles I m d  iI, cer tain 
of these  tubes were comected t o  pressure  trmsducers. Th-e e l ec t r l ca l  
signals fro=  these  transducers were t rmsmit ted through carrier  amplifiers 
t o  recording  oscillographs.  This  razid-response  instrumentation was used 
t o  obtain  the  data  during  the  operatlng  cycle of the  je t -shulztor   uni ts .  
The renainder of the  orlr"ices were connected t o  baAs of mmoneter  tubes 
which  were photogrEphicelly  recorded at   the   tes t   condi t ion where the  Jet  
pressure  ratio was 1. Fuselage  internal  pressures a d  je t   to ta l   p ressures  
end tenperatures were also obtaiEed.  For  the tests  with  the  jets  not 
operating, z.11 pressure  data  %ere  obtained by u s i n g  mnoneter tubes. 

c 

Fuselage-tail  forces and nonents were measured on an Fntermzl six- 
coqonent  strain-gsge  babnce, =& the  nodel  angle of attack was deter- 
mined W i t h  m internal  pendulm-type  strain-gage  attit-de  indic&tor 
(fig. 2). 

Accuracy 

Based on the  sccurzcy of i n s t m e n t s ,   c d i b r a t i o n s ,  and reariout pro- 
cedures,  the data presented  are  believed t o  be zccurate t o  within the 
f olloxing limits : 

Ma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ro.oog 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.1 

c p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.02 

-1 
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50.2 

CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0010 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +O.OO~O 

cx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0010 

With the  exception of the  base drag, these  accuracies for the  force 
coefficients  gertain  only  to  the data obtained from the  jet-off  tests.  
Unfortunately,  balance  accuracies  cannot be estimted  for  the  jet-on 
t e s t s  bec&cse of varia+,ions in  strain-gage  outputs due to excessive tern- 
perzture changes inside  the moael which r e s d t e d  from the  operation of 
tke  jet   siTulators.  The vduee  obtained  are  believed  to be accurate 
enough, however, to  afford at leas t  a qualitative  indication of t he   j e t  
effects  on the  fuselage-tail  forces. All force  coefficients  are based 
on the area of t3.e basic wing. (See  Tig. 2.) 

The effect  sf support-system  interference on the  data is not  pre- 
cisely known but i s  believed t o  be small because of the  relatively  large 
distances  existing between supporting members and the  surfaces  of  the 
zksehge-tai l  component. Shock-induced separation of the  flow over the 
fuselzge by vzves from the boom nose fairings, or impingement of these 
vaves on the  afterbody  after  reflecting from the  tunnel  walls, was 
investigzted  at  s-agersonic speeds. The  boom nase fairings vere moved 
upstream by the  addition of cylindrical   extensims ahead of the w i r g  
t i p ,  an& t h e   r e s a t i n g  aTterkody presswes -were coqarred to those meas- 
r e d  vith  the  basfc  susport  systex. A s  was the  case wi th  the  s i r r le-  
engine model reported  in  reference 14,  the  pressure  differences were 
fomd  to  be negligible. Although the  general  level of the pressure &ta 
m y  have been affected  sligh5ly by the  presence of the  wpport system, 
any comparison of different model configurations ar the  ,jet-off a d  Jet- 
on data of a given  configurction  should  yield a reasombly accu_rzte indi- 
cction of the  effects of the  fuselage  nodification and the  jet  operation, 
respectively.  In  order to show the  size end location of the su2portin.g 
elements re la t ive   to   the  model, the  cross-sectional  aree of the  support 
system is presented  in  figure 4. 

4 
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The resul ts  of tlhe hves t ige t ion  me f i r s t  presented as pressure 
raezsurenents  obteined at the  reglon ahead of the  engine  exits,  the  regcon 
of the  engine  base .mnulu, znxi t'ne region of the overhm&ing  afterbody. 
The overal l   effects  of the body nodification and jet   operation  are sum- 
narized ztla presented  as  force neasurements on the   fuse lge- ta i l   por t ion  
of the  airplane model. Eraphzsis I s  placed on the  results  for  subsonic 
speeds  since  the  cruising  speeds  for  the  eLrplze are subsonFc and since 
the  rmge is particulazly depeEdeEt on the drag at Yich numbers betveen 
0.80 end 0.90.  Increases in pressure  coefficient on the shToud boat ta i l ,  
the  base, o r  the  afterbody  rcpresect  reductions ~.II drag for  the  configura- 
tioos because or" the  rearward s l o p i z  surfaces on the  rear  portions of 
the  a l rplme.  

Presswe meesu-rements with  the  jets ofr" &re presented in fi,o;ures 9 
t o  l l  for  the  basic  mdel and irr figures 12 t o  14 for the modified con- 
figuration at constant  values of Mach nuxber * The effect  of j e t  opera- 
t i on  on the  pressure  distributl-ions  at Mech nunbers of 0.80, 0.90, 1.00, 
End 1.05 is  i l l u s t r a t ed  f o r  the basic model in figares 1.5 and 16 and for 
the  nodified m&el Ln f i g u e s  17 t o  19. Pressure  distributions &e& of 
the shroud ex i t  obtained. fro= mnometer  nezsurements m e  conpazed in 
figme 20 for both models. Comparisons of the  detailed  loading Tor the 
t w o  corfigurzkioos are shokr ir- figu-res 21 anc 22 zt the  selected sub- 
sonic Mach nuzbers of 0.85  and 0.95 for  jet   pressure ratios of 1 and 3. 
The vzriations  with Mach nurriber of the  bese drag coefficients for the t w o  
configurations az2 gresented  in  f igure 23 for the  jets  off  and for  a j e t  
pressure r a t i o  or' 3.  Force  neasurenents on the  Ifuselage-tail  coxbaa- 
t i o n  obtaized  with the h t e r m l  strain-gzge  balance  are :resented in 
figu-res 21; and 25 for   the  je ts   off .  D r a g  d&a for s M l a r  c a p l e t e  
models are  given in figure 26. The incremental  efTects of the   j e t s  on 
the drag, l i f t ,  a d  pitching-moment coeff ic ients   are   i l lustrated in f ig-  
ures 2'7 and 28. 

DISCUSSION 

Pressure-Distribution Measurerrents 

l bde l  conpezisons k-ith j e t s  off.- Measureu-ents obtained on the 
engine si-rroud oI" the basic Eodel ( f ig .  9 )  show ELI abrupt  decrease i n  
pressure just be-hind the  faired  step shown in figures 3 end 9. This 
disturbarlce and the  reletively  short  boattailed  portion of the shrouds 
( f ig .  3) vzre  thought to be respousible  for  the low l eve l  OS pressure 
coefficient i n  the  region of the  exits.  Since  there is a def ini te  



10 u NACA RM LgEO4 

- 
tendency  toward  pressure  recovery  over  the  rearmost  portion of the shroud, 
=?plication of tne  fairings  with z greater  extent of boattailing would  be 
exFected t o  groduce better  pressure  recovery a t   t h e  rea_? of the  engine 
nacelles.  This  eqectation i s  confirr-ed in figure 12 at the lower Mach 
numbers where, for  exm?le,  the data fo r  a Macn  number of 0.80 generally 
show continuous  pressure  recovery d o n g  the fairing. A t  higher  speeds, 
however, local  accelerations  occurred over  regions or" t'ne fa i r ing having 
a high  degree of curvatme. 

C 

Base pressure measurements for the  basic  configwation  presented i n  
figure 10 show that low pressures  exist at the base of the  engine  shrouds 
&t subsonic  speeds  with  the  jets  off. These low pressures  vould be 
expected 20 fom. m- appreciable  contribution  to  the  airplvle dzag because 
of the  lesge  base  areas  essociated  with  oonafterbwni-ag  engine  operation 
during  cruise  flight. A s  the  angle of attack was increased  to bo, the 
base  pressure  coefficients shawed a positive  increase. Some small periph- 
eral  vexiation of t3e  locel  base  pressure is apparent which i s  gresumably 
caused by the  proximity of the  fuselage in  the  region f ron  about PI = Oo 
t o  = 120°. The base  press-ure data for the  modified  configuration 
( f ig .  13) show an angle-of-attack  variation sirdlar to  the  basic  rr.odel 
but  less  circumferential  variation. A corrpzison of figures 10 and 13 
icdicates that an appreciable  pressure  increese was obtained et subsonic 
speeds aq a resu l t  of t i e  fuselage  modification.  This  increase i n  base 
pressure can be attributed  to  the  higher  pressures  obteined  near  the end 
of the  boattafl  mea  contouring. 

The efterbody  pressure  distributions  presented  for  the  basic  xodel 
in  figure 11 show a region of generally  negative  pressures on the mder- 
side of thc body for  about one shro%& diameter  downstrean of t he   j e t   a t  
a l l  Mach numbers.  T'nis i s  in contrast  to  the reslzlts of reference 1 for  
8 sirisle-engine  configuration  with a similar overhanging  efterbody where 
the  pressures were positive  Limediately  behind  the j e t   e x i t .  These dif-  
ferences  are  believed  to be caused by the  =ore  complicated  fuselage geom- 
etry  in  the  region of the  shroud  exits and t o  the  ventilated  space around 
the shrouds of the  present model. The afterbody  gressures for the modi- 
f i ed  model ( f ig .  14) zre  generelly  slightly  higher  than  those of the  basic 
rodel in  the  region  directly behind the  shroud  exits,  but beyond about 
three  shroud  diane+,ers downstream the  afterbody  pressures were generally 
lower. (See f ig .  21(a) .) 

Effect of twin-jet operation.- Only a meager amolznt of fast-response 
instrumentation was available  for measurexent of pressures on the  basic 
engine sbzoud; therefore, no j e t  effec-ls on %he basic  shroud are presented. 
The effect  of Jet  operation on the  pressure  distribution  over  the  boattail 
area con-louring fair ings i s  shown in figure 17. Jet   pressure  ratios  in 
excess of 3 and 5 at subsonic ayrd supersonic  speeds,  respectively, were 
required  to produce any appreciable  effect on the fairing pressures. In 



both  cases the jet effects  were favorable but eppeered t o  be conl'ined t o  
a smeller region ahmeed of the bEse as  the  Tree-stream Mach  number  was 
increased. 

The effect  of jet   operation on base pressures  for  the  basic  nodel 
is show- in  f igure 15. Some-&& greater  circunr"erential  variatioc  in 
pressures was obtained on the  points  for a je t   pressure  ra t io  of 1 durin_g 
the  cycling  tests  than on correspording  pob-ts of the  jet-off  tests 
(Tig. 10). For the jet-oTf t e s t s  the rubber  diaphragm which  were 
h s e r t e d   i n   t h e  annulus between the  fuselage and each jet   simulator t o  
prevent eir ?low t h r o u  the  base annam were better pressu-re seals  
than those  seals  ased in the  cycling  tests;  therefore,  the  data of f ig -  
ure 10 are  believed t o  be  more represen-lative of the ectrial  conditions. 
A t  f4ech ambers of 0.90 and above, hcressing  pressure  ra t io  first causes 
a decrease i n  base  pressures, end at the  highest jet gressure  ratios  the 
j e t  causes  the  pressures t o  become  more positive t h m  the  jet-off 
values. A t  j e t   p ressure   rz t ios  corresponding to   c ru ise   f l igh t ,  how- 
ever (2.75, ref. 6, engine A),  the   j e t s  mud have a  detrinsental  effect 
on base  Dressures. The  natlu-re of the  jet   efZects on the base pressures 
of the  nodified  configuration  (fig. 18) are similez t o  those  noted  for 
t i e   bas i c  model; however, the  detrimw-tal   jet  e3fec-i et E pressure r e t i o  
of 3 WES reduced  considerably a t  subsonic  speeds. 

The genera2  effect of tse j e t s  on the  gressure  distribukion  along 
the  afterbody (which is shown, for  a typical   or i f ice  rok- in figs. 16 
and 1.9 f o r  the bask end. modified mdels, respectively) was t o  increase 
the  pressures  in  the  regior frm the exit t o  about two shroud  diameters 
do-mstrem. At higher  speeds this favorable  pressure  Increase  gegerally 
continxed t o  the rear of the overharlg. Beyond two shroud exi t   d imeters  
downstrean of the  exi t ,  fewer or i f ices  were available fo r  the nodified 
configurztion;  therefore,  the w e v y  pressure  distributior-  present at 
higher  pressure  ratios with the original. model is  not app&rer?t  on the 
ndified  configuration. Th i s  wavy  distributioE  appears  to be associeted 
with  the  periodic  structure of the j e t .  The afterboiiy  pressure distri- 
butions  for  the two configuratiom axe  consared Ln figure 21(b) &t 6. j e t  
pressure  ratio of 3. Generally  soneibxt  higher  pressures  are  observed 
for  the  modified model except Et the  rearmost  portion of the overhang 
(@ = 30'). The j e t  er"fects on the  afterbody  pressures  are more clear ly  
KUustra-Led i n   f i g m e  22 where the hcrercental  pressure  coefficierts 
caused by the jet axe shown for pressure ratios of 3 and 5.  These incre- 
xentel  values were obtained by subtracting  the pressu-re coef f ic ien ts   a t  
2 je t   pressure  ra t io  of 1 fron the  jet-on  pressure  coefficients. Again it 
can be seen tha t  the jet effects  are usually more favorable  for  the modi- 
f i ed  corr_+iguration. 



Base  Drag Coqssisons 

The variatiocs of je%-off  base drcg with Mach nunber for  both  the b 

basic a d  Kodified models are corisared in  figure  23(a).  Rehctions  in 
base  drag  coefficfent  for th.2 xodel  with  Doattail  are= contou-ring occurred 
az a l l  speeds up t o  a Mach nunber of 0.98. This  drag  decrease was agproxi- 
mately 0.0010 at an mgle  of attezk of bo. A t  an angle of s t tack of 0' 
a maximum base  drag  redcction of 0.0015 occurred between M&ch nmbers of 
0.85 and 0.90. 

The base drag comparisons of figure 23 show that  with  the  jet  s h -  
ulatcrs  operatips at a jet   pressure  ratio of approximately 3, the base 
drag was b-creased from jet-off  values  for  both  co-nfigurations. iiowever, 
a t  a Mach  number  of 0.85 and aa angle of attack of bo, t he   de t r immtd  
effect  OF- the bese drag of the  modified model is only -half thai; of tihe 
basic model. The aehievem!nt of more favorable  jet  effects on base drag 
by us-- cont5nuous boattail ing &e&d of the   j e t   ex i t s  is consistent with 
tne resu l t s  of references 9 and 10 for  simple  bodies of revolution. A t  
a jet  pressure  ratio of 3 and en angle of attack of 4O (Tig. 23(b)), $he 
base  drcg  Coefficient was approxi?;ately 0.0018 lower for the  modfled 
model thm  the  basic  configurezion up t o  a Mach  number of 0.95, md 
smlle-  reductions  occurred  over  tne  rerrEinder of the Mach nmber  range. 

Increnental  base drag coefficients due to  ;et  operation  are shown 
in  figure 27 for   the Mach nmber  range of interest   for  crlzise  flight;  wlth 
this   type of airplane. The incremental  base  drag  coefficients  for both 
canfigurations  increased  zp  to a pressure  ratio of 3, and this  increase 
indicated tht the je%s were aspirating  the  bases  in  this  pressure-ratio 
renge. A further  increase  in  pressure  ratio  reduced  the  increxental d-rag 
coefficient  to  approxinately  the  valzes  existing  at  a je t   pressure  ra t io  
of I as  the  interaction of the exhaust cnd externel  strecz becane pre- 
dordnant. As indicated  previously, jet  effects on base drag were less  
detrirnentel  for  the  nodiffed nio&e1. 

d 

Riselage-Tail  Force Measurerr.ents 

The previously  discussed chenges is l o d i n g  over the  rear  portion 
of the mdel  fuselage caused by the  boat ta i l  =ea contaming might be 
emected t o  appear es a reduction in the  external  drag of the  fuselwe- 
%ail a t  subsonic  speeds. Tk i s  overall   effect  i s  shown in f i g u e  24 as 
tifie variation of fuselage-tail drag coefficient  obtained tbxrough t t e  
Mach  number range w i t h  tLe  2 e t s  off.  The &rag coefficieEIts  for  the modi- 
f i ed  rnoOel are   sukstmtial ly   lover   thm  those  for   the  basic  model a t  
speeds up t o  a Mach number  of 0.95. The re&uction i n  &reg coefficient 
ach.3eved al; a Mach  number of 0.85 is abou+, 0 .OW6 at both  angles of 
attack. end the  recuction varies f r m  about 0.0017 at a Mach nw.ber of 
0.80 t o  0.00$2 at a Mach nuyber of 0.91. The continuous  decrease i n  drag - 
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betveen  these Mach numbers is probebly  caused by M illcrease in the 
effectiveness of the fairing i n  delaying  the  fo-qatiolz a d  reducing  the 
strength of local  suFersonic  flog  regions i n  %he vici-n-ity of tAe wilrg 
root. Above a Wach ru-ber of 0.95 t h e   f u s e l g e - t s i l  drag coefficient 
of the  nodified  configuration is higher than t'mt of the  basic  nodel 
because the - d c ~  6zag is  not  included in  the measurements. -m-published 
data hsve indicated thzt, when  t'ne supersonic f low f i e l d  envelopes s 
large  portion of the vi_n,o es w e l l  as the  fuselage, a lerge p n t  of the 
drag reduction  appears as a redizction in win& pressure  drag.  Tests of 
the  coxplete ZoOel, hovever, are  required t o  show this  Pact.  Drag reduc- 
t ions a t  supersonic  speeds have been obtzined i n  Wright Air Developm-ent 
Center  10-foot  transonic  tunnel tests 02 complete basic and modified 
Eodels sinilm in  ccEfLgmation t o  those of the  present  in-vestigation. 
The results  (previously  unpublishzd) =e Fresen%ed in figure 26 t o  pro- 
d-de m approximate  indication of Y'he rr.agnitu6e of the  drag ircprovemen%s 
vhich &girt. be eqec ted  frcm %??e presect  modified  configuration i f  the 
wing effects  vere  included in   the  force measuzenents. 

The resu l t s  of neasurenerts of the  other  balznce components are 
shoTv?l in Xgure 25. T'ae boattail  area  contouring  caused  only sl ight 
chenges i n  l i f t  coefficient but prodilced a posit ive pitching-moment 
increxent  for the fuselage-tail.  Compazisons of figures 9 and 12 sug- 
gest  tkt t h i s  nose-up in-crement is probably  caused by the   s l igh t  dif- 
ference in dis t r ibut ion of pressures on the  tap an-d bottom of the fairimg. 

The incremental  fuselage-tail drag r e s d t i n g  from Jet  operation is 
presented in  f igme  27 for  both  co-nfLavations an-d includes  the je t  
ef2ects on base 6r.=g. It m y  be seen thet the  fuselage-tail  d r a g  decreases 
with  increasing  Jet   presswe  ratio eve= though the je t  effects  011 base 
drag are  generally  detri-ental. 

The incremental l i f t  end pitclzbz-noment  coefficients  caused by jet  
operztion  are shown Fn figme 28. The slight  increases b- lift and nose- 
do-wn pitching moment zppear t o  be caused by the  local  increases in  pres- 
sure coefficient along t i e  bottom surface of t'ne overhang v i t a  t'ne jets 
operzting . 

Al-Lhough the  fuselsge-tail  incremectal &E& l i T t ,  end pitching- 
rr.on?ent coefficients of figures 27 an& 28 were subject   to   errors  of LU-IJUIO-C-~ 

mgnitude  btroduced by balance h e a t h g  as discussed  previously,  the vari-  
akion of the Oata of these T i p e s  with j e t  pressu-re rt%tio  generally 
appears t o  be co-n-sis-Len-l with  trends  indicated by the  pressure hca .  
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A n  investigation of the  effects of boattail  area  contowing and 
simulated  t-xbojet  exhcust on the  loading and fuselage-tail compomnt 
drag of 2. %win-engine fighter-type  airplznc  mdel having an overhanging 
afterbody showed the  following  resul%s  pertaining t o  cruise  operating ' 
cofiditions: 

1. The low pressures in   the  vicb-i ty  of the engilze exits  contrib- 
uted  zppreciable  drag to  the  Szsic  configuration. 

2. The effect  of jet  operation on both configLrations  generally was 
t o  reduce  pressures on the engine  bases  but t o  increase  gressures on the 
engine boat ta i ls  and on the  underside of the  fuselage overhang and, there- 
fore ,   to   resu l t   in  an overall  decrezse  in  fuselsge-tail &ag as  the  jet  
pressure  ratio w c s  imreased Froa 1 t o  5. 

3 .  A volume addition t o  the  fcselage,  intended  to  inqrove  the  local 
boattail ing,   cvsrall   mea  distribution, m d  wing-root streaTlining, 
reduced  the  base drag caef'f ic ient  by about 0.0010 with  the jets not 
operating and approximately 0.0318 st a pressure  ratio of 3, 8 blach nun- 
ber of 0.83, and an angle of s t tack of 4'. 

4. The overall jet-off  reduction i n  f iselege-tai l  component drag 
due t o  the  volme  audition ranged  from 0.0018 zt Mach  number of 0.80 t o  
a rnzxL.?a of 0.0040 at E. Mach  number of 0.90 for a n  mgle of attack of 4'. 

- 

Lmgley  Aermautical  Laboratory, 
National Advisory Cormittee for  Aeronautics, 

Langley Field, Va., February 19, 1958. 
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(a) Three-quarter front view. L- 35566 

Figure 1.- Photograph o f  basic twin-cngine Jet-exit model. 
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(b) Three-quarter rear view. L-93567 

Figure 1.- Continued. 
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( c )  Sottom view of j e t  exits. L-95565 

Figure 1. - Concluded. 
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Fuselage 
s t a t i o n  0 

Morent t r ans fe r  4 
cec te r ,  9.29; 

Basic u icg  

Jet-SimJlator 

Fuselage 
s t a t i o n  79.00 

Area, sq ft 

Aspect r a t i o  
Mean aerodynamic  chord, ft 
Taper r a t i o  
Incidence  angle,  deg 
DlFeZral angle,   deg 
Swee;back o r  1eadir.g  edge,  deg 
Sweepback o f   t r a i l i n g  edge, deg 
Root a i r t o i l   s e c t i o n  
Tip airfoil sec t ion  

span, f t  E : 3  
4.28 
1.28 
0.26 
1.co 
0 .oo 

41.12 
1 9 A 2  

me4 6 5 ~ 0 0 7 ~  
NACA 55A905' 

iiO3iZCBTAL 
TAIL 

VERTICAL 
TAIL 

1.182 

1.1+62 
0.94 

16.60 
52.00 

65A007 
65A007 

1 The srlng airfoil section3 were modified by extendlcg the chord 5 percent 
forward af the 16.C~-percent-ckord  line and Incorporating 1.67 pencent 
p o s i t i v e  cayoer. 

2 Basic,  excilrdlng dcrsal.  

Figure 2.- Sketch of basic  model and geometric details. All dirr-ensions 
m e  in inches unless otherwise noted. 

. 
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,- Flexlble  seal 

I 

p = 10" 

\ 
Jets  OrP Jets On 
0.01491 0.01522 

.03003. .03036 

.01510 .01.514 

,02933 ,02902 

.OU24 .O4424 

I 

Shroud exit 
station 79 .OO 

Figure 3 . -  Pressure  instrumentation and area ratios used i n  determination of fuselage-.tail drag 
coefficient. Seal and exit  areas are given f o r  two engines. S = 2.75 sq ft. 
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Figure 4.- Area progressions of basic mode:l. md model with boattail area contouring. 
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Station 55.40 S t a t  i on 62.28 Station 65.33 

Statlon 67.55 Station 72.65 Station 73.40 

Figure 5. - Details of boa t t a i l  area contouring. 



48 52 56 60 64 68 72 76 80 
Model station, in. 

(b) Longitudinal sections of basic model an& model with b o a t t z i l  area 
contour ing . - 

Figwe 5.- Concluded. 
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(a) Yhree-quarter fronl; view. L-911.1.85 

Figme 6 .  - Photographs of model with   boa t ta i l  area contouring. 
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( 'c ) Re= underside vicw. L-lj+l.db 

Figure 6. - Continued. 
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( e )  Close-up view of fairings. L-341.87 

Figure 6. - Concluded. 
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Shrouh exit 
station 73.00 

( E L )  L e f t  side and bottom views. 

Figwe 7.- General arrangement of external o r i f i c e s  on bas i c  model. See 
table I for  orifice coordinates. Open symbols are  o r i z i c e s  which a r e  
hidden from view. 
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Note: F:e bass tubes are not locaced at 
-ha shroud e x i t  station b o t  are 
at  77.90. 

(b) R e a r  view of ler't side. 

Figuze 7. - Concluded. 



Shroad e x i t  
station 73.00 

Figure 8.- General arrangement of external orifices on modified model. 
Left side m d  bottom views. See table I1 f o r  orifice  coordinates. 
Open spools are orFfices which are  hidden from view. 
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Figure 10.- Angular vwiation of base pressure coefficient for basic 
model. Jets off. 
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Distance from shroud exit, x/de 

(a) a = 0'. 

Figure 11.- Pressure distributions along afterbody of basic noeel. Jets 
ofr'. 
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Figure 11.- Concluded. 
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Figure 13.- Angular variation of base  pressure  coefficient for model 
w i t h  boat ta i l   area contouring. Je t s  off. 
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Figure 14.- Pressure distributions a l o r g  af-Lerbdy or' nodel with bo&- 
tail a r e a  contouring. Jets off. 
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Figure 14. - Conclizded. 
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15.- Effect of jet Sresscre ratio O L ~  base pressure coerflcient 
va.rizti0-n- aroillld shroM mn.ils of basic model. 
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(b) I& = 0.90. 

Figme 15.- Coatinued. 
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(c) r& = 1.00. 

Figure 15.- Continued. 
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Figuxe 16.- Effect of je t  pressure ra t io  on afterbody pressure of basic model. Orifice row at 
@ = 300. 
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Figure 17.- Effect of ;et  pressure ratio on pressures over b o a t t a i l  mea 
contouring fairings.  Oril'ice row at $ FJ 235'. 
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(a) %, = 0.80. 
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Figure 18. - Continued. 
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Figure 18. - CoEt iimed . 
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Figure 18.- Concluded. 
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DiYkanco from shroud e x l t ,  x/d, 

Figurc 19.- Effect  of j e t  pressure ratio on afterbody pressures of model with boattail  area 
contouring. Orifice row at  $ = 30°. 
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"Basic model 
-a" Modified model 

aigure 20.- 'Jompmison of pressure distributions along b o e t t a i l  area 
contouripg fairings and on basic engine shroud. I& = 0. e; a = bo; 
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Figure 21.- Comparison of d-terbody pressure distribiu%ions for bas i c  
model and model modified with bozt ts i l  m e a  contouring. a = Oo. 
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Figure 21.- Concluded. 
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Distance from shroud exit, x/d, 

(a) I& = 0.85. 

Figure 22, - Incremental effect  of j e t s  on afterbody  pressures. u = hO. 
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Figure 22. - Concluded. 
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Figure 23.- Variation of base drag coefficient with Mach number %or basic model and model with 

boattail  u c a  contouring. 
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F i g w e  24.- Variation of fuselage-tail  drag c o e f f i c i e n t  witlrl  Xach num- 
ber for basic xode l  and model wi-ih boa t t a i l  a r e a  contouring. Jets 
off. . 
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Mach number, M, 

Figme 25.- Variation 02 fuselage-tail lift  coefficient plld pitching- 
moxent coefTicient with  Mach nmber for basic model =& m d e l  with 
boat ta i l  mea cantorn-. Jets off. 
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Basic  model 
Modified model "- 
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Mach number, M, 

Figure 26.- VmFetion with Mach nmber of d r a g  coefficient of complete 
models similar to Close of present  investigation. Data obtained 
from Wright A i r  Development Center 10-foot transonic w i n d  tunnel. 
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Figure 27.- Vmiation with j e t  pressure r a t i o  of the incremental drag coefficients due t o  jel; 
operation for the basic and modified configurations. u = Oo. 
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F j g n e  28.- Var5.ntion with j e t  pressme razio of t h e  inzremental l i f t  ail pitching-moment :@el?- 
ficients due t o  jet operation for the basic m d  modified ccnf:.gc?c'..Ions. Q = 4'. 
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