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M O D W 4 I C  CHARACTERISTICS OF SEVERAL JEI"SP0ILEt 

MACH i!UB!BEBS OF 1.61 AND 2.01 

By Douglas R. Lord 

An  investigation has been  made  in  the  Lzslgley 4- by 4-foot  suger- 
sonic  pressure  tunnel  at  Mach  numbers of 1.61 end 2.01to determlne tine 
aerodynamic  c-racteristics  of  several  jet-spoiler  controls  on a wing 
having a 45O sweegback of the  quarter-chord  line,  an  aspect  ratio of 3.5, 
a t.qer  ratio  of 0.3, and an NACA 654005 airfoil  section.  The  model vas  
equipped  with  various  arrangemots of jet  holes  located d o n g  the 
70-percent-chord  line  end  extending  from 13 to 78 percent of theawing 
semispan.  Tests  were  mzde  at a Reynolds n-mber of 2.8 x lo6 (based 011 
the  mean  aerodynamic  chord of the  wing)  end  covered a range of angles 
of attack 1~0;n -BO to 15O for a range of ratios of jet  total  pressure 
to strem static  pressure  from  the  jet-olf  condition  to a maximum. 
of 24.1. 

The  test  results  indicated that the  Jet-sgoiler  effectiveness 
increased  with  increasing  angle of attack and correlated well with  the 
momentum of the  jet flow. For a constznt momentum, the  effectivecess - 
of the  jet  spoiler  increased  as  the  jet  hole  angle k-zs inclined  forward 
or  as  the  spoiler  vas  moved  outboard.  Tie  wing  aerodynamic 6rag appeazed 
to  be  more  favorable  lor  the  jet-spoiler  coctrol  than for conventior-a1 
spoilers,  but  the  air-flow  requirenents lnay be  prohibitive for practical 
application of jet-spoiler  controls  at  supersoEic  speeds. 

Considerable  icterest  is  being  manifested in spoiler-tyge  controls 
for  use  in  obtaining  lateral  control  on  high-speed  aircraft. "ny 
investigations  have  been mde of solid  spoilers and spoiler-slot- 
deflector  controls,  and  several  investigations  bAve  been  =de  (refs. 1 
to 11) or" jet  spoilers  in  which  compressed  air,  obtained  either *om 
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stream  ram or f ron other  sources, is exhausted  normal  to  the  wing SILL" 
face. In addition  to  the  jet-reaction  effect,  the  latter  control has 
been  shown  to  change  the  lift  over  the  wing  in a manner sidlar to  that 
produced  by a solid  spoiler.  The  supersonic  tests  have  thus far been 
limited to an angle  of  ettack of Oo and  the  use  of  stream r a m  air. 

In order  to  investigate tine control  effectiveness  ana drag of jet 
spoilers  at  sugersonic  speeds  for a range  of  angles of attack  while  using 
some ot'ier  source  of air, such  as  would  be avaihble f r o m  a jet  engine, 
a series of tests has been  conducted  in  the  Langley 4- by  4-foot  super- 
sonic  sressure  tunnel of several  jet-spoiler  configurations  on a wing 
naving a 45O sweepback  of  the  quarter-chord  line.  The  purpose  of this 
report  is to present  the  results  of  these  tests  and  to coqsre the 
effectiveness of the  jet  spoilers  with the elfectiveness of other  ty-pes 
of  controls. 

The  semispan  wing model was tested  in  the  presence of a half-fuselage 
model  at  angles  of  attack f'rom -12' to 15O. Jet-spoiler  variables  included 
jet-pressure  ratio,  hole  angle,  hole  size, span, and spanwise  location. 
The  tests  were  conducted  at  Mach  numbers of 1.61 and 2.01 for a Reynolds 
number of 2.8 x 10 6 , based on the  wing  mean  aerodynadc  chord  of 10.65 
inches. 
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SYMBOLS 

c2, gross 

semispzn  wing  drag  coefficient, Drat3 
qs 

sedspan wing  pitching-moment  coefficlent  referred to 0.235, 
Pitching moment 

qS e 

selrlspen  wirs  rolling-moment  coefficient, Rol l ing  moment 
2qSb 

C 2  incremental  rolling-moment  coefficient  produced  by  control 

cP 

+ 
nomenturn  coefficient , a (note  that  this  coefficient is 

gqs 
based 02 the  senispen  wing  area) 
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P wing  semispaa 
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S 

YO 
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control span 

wing  local  chord 

wing man serodynamic  chord 

diameter of jet-spoiler  holes 

acceleration 01" gravity,  ft/sec2 

height of fixed  spoiler  above w i n g  surface 

rolling-moment  negnification  factor,  rztio o l  rolling  monent 
produced  by  the  control Cz t o  rolling moment conguted 
f o r  the  control  reactive  force  alone 

strean  bhch  number 

strem static presswe 

total  pressure in plenum  chaniber 

stream  dynamic  pressure,  lb/ft2 

weigh';  flow  rate of air  used in jet control, lb/sec 

sedspan wing  area, fi2 

jet  velocity  associated  with  isentropic  expansion tathe 
critical  pressure  ratio  at tine Jet  exit,  ft/sec 

perpendicular  distance frm plane of symmetry to inboard 
end of control 

perpendicular  distance from plsne of symnetry to outboard 
end of control 

perpendicular  distance  zYom  plane of spmetry to centroid 
03 control 

wing angle  of  attack 

ratio of deflector  to  spoiler  projection  on  spoiler-slot- 
de3lector  configuration 
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streamwise  angle  between  center  line  of  jet  holes  and  wing 
surface 

prer"ix  ineicating  increnent  due to control 

TEST APPARkTuS AND MODEL 

Wind T m e l  

T'rLFs investigation  was  coneucted  in  the  Langley  4-by  4-foot  suaer- 
sonic pressme tunnel,  which  is a rectangular,  closed-throat,  single- 
return tse or" wind tunel with  provisions  for  the  control of the  pres- 
sure,  teqerature,  and  humiaity  of  che  enclosed  air.  Flexible  nozzle 
walls  were  adjusted  to  give  the  desired  test-section  Mach  nunbers of 1.61 
and 2.01. During  the  tests  the  dewpoint was kept  below -XIo F at  etmos- 
gheric  pressure, so tht the  effects of water  condensation in the  super- 
sonic  nozzle  were  negligible. 

Model m d  Model  Mounting 

The mdel used  in  these  tests  consisted  of a semispan  wing  &rid a b 
half-fuselage 8s shown in figure 1. The  wing  was  made  of  steel  and  had 
a 45' sweepback of the  quarter-chord  line, an assect  ratio  of 3.5, a 
teper  ratio or" 0.3, and NACA 65~005 airfoil  sec-liozs  parallel  to  the  air I 
stream.  Jet-spoiler  controls  were  constructed  by  milling  out a portion 
of  the  upper  surfece of the  wing f'rom  the  wing  root to about  the  80-percent- 
sedspan station  to  form a plenum  chamber.  Interchangeable  cover  plates 
were  then  constructed,  each  having 73 holes of 0.055-inch  diameter  located 
along  the  wing  70-percent-chord  line  at  3/16-inch  spacings,  with  the  holes 
drilled  et  angles of 50°, 70°, goo, and 110' to the surface  neasured  in 
the  streamwise  direction.  (See  fig. 1.) The  hole  size  end  number  rrere 
modified  during  the  tests  as  described  in a later  section. In addition 
to tke  jet  spoilers,  one  fixed  spoiler  w&s  constructed of steel  arLd  had 
bhe  sane  span an2 locetion  as  the  row  of  jets  but  had a height eqal to 
5 percent of the  wing  mean  aerodynamic  chord. 
L 

The  fuselage,  which  was  cocstructed of aluminurn  alloy,  had an ogival 
nose  wizh EL fir-eness  ratio or" 2.5, a cylindrical  center  portion,  and a 
borttailea afterbow with a base dimter of 50 perceat of the mximu?n 
body  diameter.  (See f ig .  1. ) 

Tae  semispan  wing  was  rrLounte&  on a balance  which  was  located  in  the 
turlztzble  of z boundary-layer  bypass  plate  installed  vertically  about 
10 inches from the  tunnel  sidewall.  The  ha1f-fuselege was mounted  on 
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the tirmtsble  independently of the wing, with 0.010-inch clearance 
betveen  the wing and the Paselage. 

The forces and moments 03 the wing  were reaswed i n  the  presence 
of tile  fuselage by the Tour-component balance.  IIigh-pressure a i r  wes 
obtained f r o m  a dzy a i r  supply  outside the  tunnel and delivered t o  the 
wing  plenum  chmiber by means of a 1-inch-diazneter feeder  tube. This 
tube was approx-tely 24 inches in  length and floated i n  rubber 
"0" rFngs a t   e i t he r  end so that the  forces  transmitted around the bal- 
mce would be mgligible.  The feeder  tube was shielded from the air- 
stresn? between tiie  bypass plate and the tunnel w&ll br a fairing. 

Tce mgle of attack of the = d e l  WES c b g e b  ramually by rotating 
the turntable  in  the bypass plate on which the nodel was mmted,  and 
the  mgle of attack was mesured by e vernier  scale  located  outside the 
tunnel. The t o t e l  pressure of t h e   a i r   i n  the j e t  plenum chamber was 
neasured by a a  external gage connected t o  two 0.055-lnch-dimueter tubes 
inserted ir! the plenum  chamber. 

A complete description of the  spoiler geometry for each of the 
eleven  test  configurations i s  presented in   t ab le  I. The four bask con- 
figurations  (configurations 1 t o  k ) ,  were tested at both Mach nurdbers 
(1.61 m& 2.01), and several  modifications were nade t o  the or i f ice  
geomtry for addi t ional   tes ts   a t  M = 1.61 (conZigurations 5 t o  11) . 
These nodifications were  =de  by enlarging  the  holes of the  configurs- 
t ion fo r  6 j  = 900, first t o  0.0760-inch diameter enC then t o  0.0935-inch 
dianeter, and seeling  various spanwise  groups of holes OE the configu- 
ration fo r  83 = 50°. 

The wing wgle-of-attack  range was i?rOa -U0 t o  15O. A valve i n  
the  2-inch  high-pressure air l i ne  ahead of the  1-inch  feecer  tube was 
used t o  control tln-e pressure in the   je t  plenum chmber from a minimum 
w i t h  the  valve  closed  to a maximum of 40 pounds per square i m h  absolute. 
Tie t e s t s  were m.de at  tunnel  stagnation  pressures of 11.5 and 13.2 pounds 
per  square  inch  absolute a t  bhch  numbers of 1.61 and 2.01, respectively, 
corresponding t o  a ReF-olds number based on the wing men aerodynamic 
chord of 2.8 x 10 6 . 

" 

In  order t o  insure a tmbuler-t bowndary layer over the wing during 
the  tests,  l/e-inch-wide s t r ips  of No. 60 cu;borundun grains were attached 
t o  the wing upper and lower surfaces a t  a distence of 3/4 inch from the 
leading edge.  ConTiguretion 1 w a s  s l so  tested  without  trensition  strips, 
and the chta showed. negligible changes. 
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PRECISION OF DAW 

NACA RM ~58018 

The  mean bkch numbers in  the  region  occipied by the model were 
e s t imted  f'ron cal ibrat ion  to  be 1.61 and 2.01, w i t h  local  variations 
smaller than f0.02. There was no evidence of significant flow  angulazity. 

The angle of attack of the wing root could be set within -N).05O; 
however, the wing t w i s t  due 60 aeroelastic  effects i s  estimated t o  be 
as much as 0.75O a t  the wing t i p  fo r  the largest  angles of attack used. 
The estimated  accuracies of the  baleace rneasurenents and other  pertinent 
quantit ies  are as follows: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.02 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.002 
cL,gross . . . . . . . . . . . . . . . . . . . . . . . . . . .  t o  .001 
pt, j/p . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f O . l  

Note that the  accuracy  of  the l i f t  coefficient i s  very poor f o r   t h i s  
balance. Most of tine data, however, indicete the balance t o  be more 
re l iab le  than is  indicated from t'nese values, which  were determined pr i -  
marily from balance  calibrations. It should be remembered that through- 
out these tests the  incremental  forces and moments due t o  the j e t  apoiler 
were small w i t h  respect t o  the gross forces and muents and, therefore, 
the  accuracy  of the incremental  coefficients is very poor. 

Basic Wing Characteristics 

The variations of wing lift, drag, pitching-moment, and gross 
rolling-monent  coefficients w i t h  angle of a t tack  for  the basic wing w i t h  
the je t  spoiler  inoperative are shown i n  figure 2. These variations are 
presented i n  order to i l l u s t r a t e  the magd.tude of the coefficients at 
the two bhch numbers an6 because the ensuing analysis of the spoiler 
charscterist ics relies on the incremental  coefficients due t o  the spoilers.  

In  general,  the  curves of the various wing coefficients w i t h  angle 
of  a t tack  ( f ig .  2) are  smooth,  and the  effect  of increaslng  the Mach  num- 
ber from 1.61 t o  2.01 is  t o  decrease  the  slopes of the  curves. The changes 
irr slopes of the l i f t ,  pitching-monent, and rolling-moment curves are 
slS-&tly greater than the  inverse  retio of V G .  The values of the 
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coefficients  are  identical to those  obtained  on  another  model  having  the 
same  geometry,  resorted  in  reference 12, except  for  the  drag  coefficients, 
which  are sotnewhat greater  herein.  The  f&ired  values  taken fronthe 
curves of figure 2 were  subtracted  fron  the  measured  values  with  the 
spoilers  operative  in  order  to  obtain  the  incremental  coefficients  due 
to  the  spoilers. 

Jet-Spoiler  Effectiveness  and  Drag 

The  basic  plots of the  incremental  wing  lift,  drag,  pitching-moment, 
uld rolling-moment  coefficients  due to the  various  jet-spoiler  controls 
are  presented  in  figures 3 to 6 .  The  coefficients  are  plotted  against 
jet  pressure  ratio  for a constant  angle  of  attack. In general,  all of 
the  jet-spoiler  configurations  produced  negative  lift,  positive  pitching 
moment,  and  gositive  rolling  moment  at all angles of attack,  as  would 
be  expected  both from t'ne sgoiling  action  end  from  the  reactive  force of 
&e  jet  spoiler.  The  one  exception  to  this  ger-erality  is  for  the 
a. = -12' condition  at M = 1.61 where  tne  jet  spoilers  produced  zero 
or  negative  pitching momnt aEd rolling  moment.  This  exception  is  prob- 
ably  caused  by  detechent of the  leading-edge  shock  for  this  angle and 
Nkch  number.  The  action  of  the Jet spoilers  generally  ceused  reductions 
in  drzg  coefficient  at  the  positive  angles of attack  and  increases  in 
drag  coefficient  at  the  negative  angles  of  attack.  This  veriation  is 
primarily  caused  by  the  lift-spoiling  action  of  the  Jet  spoilers  as 
attested  by  the  fact  that  the  jet  reactive  force  alone for the 6 = 50' 
configurations  should  increese  the  drag  even  at a = 15O because  of  the 
angle  of  the  jets  with  respect  to  the  drag axLs (see  fig. &(a) ) . 

L 

A s  the  &=le of attack is increased,  the  slopes  of  the  lift-and  drag 
curves  (figs. 3 and 4) generally  become mre negative,  whereas  the  slopes 
of  the  pitching-moment  an6  rolling-mment  curves  (figs. 5 and 6 )  become 
more  positive.  The  increasing  effectiveness  with  increasing  angle  of 
attack  is  probably  the  result  of  the  decreased  pressure on the  upper sur- 
face of the  wing  vhich  effectively  increases  the  height  of  the  jet  spoiler. 
The  slopes  of  the  lift and drag  curves  become mre positive and the  slopes 
of the  pitching-moment ana rolling-momer-t  curves  become  more  negative as 
the  jet  pressure  ratio is increased  end  as  the  Mach  number is increased 
from 1.61 to 2.01. !These  chznges m e  again  associa-i;ed with the  effective 
increase  in  jet-spoiler  height. Also, in  generel,  the  curves  tend  to 
becoae  more  nearly  linear  as  jet  pressure  ratio  an6  Mach  number  are 
increased. 

Previous  results  for  jet  spoilers  have sho-m that  for a given  jet 
angle  the  effectiveness can usually  be  correlated  with  the  momentum 
coefficient of the  jet flow (refs. 3, 5, and 6 ) .  The conputed  momentum 
coefficients  are  plotted  in  figure 7 for  the  jet-spoiler  configurations 
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as EL function  of  jet-pressure  ratio. In figure 8 the  effectiveness and 
bag coefficients  for  three of the  configurations  tested  herein  are 
plotted  against  tie  momentum  coefficient  for  three  test  angles  of  attack. 
The  configurations  chosen were those  having 9 = 0.63 m d  6j = go0, 

but  the  bole  size  varied  from  0.0550-inch  to  0.0935-inch  diameter.  These 
cuxves show excellent  correlation  on the basis 03 CcL and  also illus- 
trate t'ne increasing  effectiveness and Cecreasing  drag z s  the  angle of 
attack  is  increased.  The  increasing  effectiveness  with  angle  of  attack 
is  in  agreerent  with  previous  results f o w d  at  transonic  speeds  in  ref- 
erence 6 .  

b 

In  reference 3 it  was  shown  that  in  low-speed  tests  of a jet 
spoiler  on a two-dimensional  airfoil,  considerable  increase in effective- 
ness  could  be  obtained  by  inclining  the  angle  of  the  jet  holes  forwerd. 
Coxparisons  of  the  effectiveness  and  drag  produced  by  the  configurations 
tested  herein  having  various  jet-hole  angles  at  Mach  nunbers of 1.61 
and 2.01 are  presented  in  figures 9 and 10, respectively.  The  variations 
are  presented  against mgle of  attack  for a hole  diameter  of 0.0350 inch 
and  constant  jet-pressure  ratio of 12 .O (and  hence  constant  momentum) . 
Frm ti;e cwves of  figures 9 and 10 it  is  evident  that  effectiveness of 
the  jet  spoiler  does  increase  as Sj decreases;  however,  the drag 
increases.  The  change  in  drag is associated  primarily  with  the  inclina- 
tion 02 the Jet-reactive-force axis with the drag axis. 

I 

In  order to compare  the  performance  of  various  spanwise  locations Y 
of the  spoilers,  the  effectiveness  and  drag  of  the  spoilers  having 
- =  2bJ 0.330 (configurations 6 to 8) are  shown  in  figure 11 for a constant 
b 
jet  pressure  ratio of 12.0 (and constant  xonentum).  There  is  very  little 
c:?ange in  lift or drag h e  to  spanwise  movement  of  the  spoiler;  however, 
both the  gitcking  moment  and  rolling  monent  tend  to  increase  with mve- 
pent  outboard.  Since,  to a first  approximation,  the  pitching or ro l l ing  
momnt created by the  jet  spoiler should be a direct  function of Tts 
location  and  momentum, an atteqpt  was mde to correlate  the  rolling- 
moment  coefficient  for  tine  five  configurations for which 6 - 30° with 

a factor  lor  spanwise  location (F) times momentun coefficient (CcL). 

These  curves,  presented  in  figure 12, indicate  that  the  correlation  is 
Zairly good, particularly  at a = OO ani a = 6'. 

3 -  

Jet-Spoiler  Reaction  Magnification 

In  order  to  compare tine efficiency of the  various  spoiler  configu- 
rations in producing  rolling  monent,  the  rolling-moment  magniflcation 
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factor i s  plotted  against  angle of attack  in  Pigwe 13.  The thrust  of 
the Je t s  w e s  computed bjr using the method shown in  reference 5. For 
comguting the  thrust a t  various  angles of attack the wing u-mer-surface 
pressme  ueasured st t'ne jet-spoiler  station wit'n the je t   inoperat ive 
was used irstead of the  free-stream  static  presswe  called f o r  i n  the 
xethod of reference 5. The computed values used. in   f igure 13 are 
believed t o  be fs i r ly   accurate  because swler conprbations checked 
very  closely  calibrations m e  i n  the tunnel w i t h  the wind o f f .  In  
these  calibrations,  the  tunnel wes evacuated t o  e l o w  pressure  equal t o  
the  static  pressure et the  tes t  Mach number, and the  forces and moments 
cue t o  operetioa of the   j e t  were determined. 

41 

The variatiofis of the roiling-moment magnification  factor w i t h  
mgle of attack show an  increase in   eff ic iency as the  je t   hole  mgle is  
clecreased (figs.   13(a) and lj(b)). Decreasing Vie hole dianeter from 
0.0935 inch t o  0 .O76O inch  ( l ig.  l3( c) ) causes  negligible changes i n  
the  rolling-mment  magnirication  factor; hovever, Wther decreasing 
the  hole  dianeter t o  0.0550 i ~ c h  resu l t s   in  en increased  efficiency, 
pwticular ly  st the positive  angles of zttack. It should be renembered 
-Lht decreasing  the  hole  size for a constent  pressure r a t i o  causes a 
reduction  in mmentun requirement, and the increased  efficiency is, 
therefore,  directly  related t o  the  nonlinear  variation of tne  rolling- 
moment coefficient w i t h  mornentun coefficient at  angles of atteck 

as the spoiler i s  moved hboard, es shown  by the curves i n  figure 13(d); 
however, these  curves  should be used  only  qualctatively  sioce  the  incre- 
Enta l   coef f ic ien ts  used. i n  t'oe computation are small and the inaccuracies 
becoxe significan'; . Ln-. gEneEa& the-megnification  factors e% the,pp,s&%i-ve 
angles of zttack  indicated that the spoileg controls  give better r o l l  
cortrol  than would be  proxded"by  a  gure  reaction control IoEsted at  the 
" wing .- n p .  -. The lift'knd pitching-monent  magnifications,  although  not 
presented,  are  similar t o  tnose shown i n  figure 13 far the  roll ing 
momeat. 

L (fie;. 8(b)). The rolling-nomnt  magnification  fzctor  generally  increases 

* 
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Jet-Spoiler Drag an& Monentun Comparison 

Since  the  primary  use of a je t   spoi ler  i s  for  r o l l  control, a com- 
parison of the drag coefficients and noaentum Coefficients  required f o r  
vzrious  configurations t o  produce given rolling-mbment coefficients are 
show i n   P i w e  lk. It should be Entione6 that an  inboard  half-span 
trailing-edge con-irol of 25-percent chord has been shown t o  produce a 
rolling-moment coefficient of 0.002 w i t h  an aileron  Ceflection of 4 on 
a similar semispan wing a t  M = 1.9 ( ref .  13). The curves of fFg- 
u-res lk(a) and 1k(b) itz6icate thst ,  for  e rolling-moment coefficient 
of 0.002, the momentun requirements  for  the  jet-spoiler  control  decrease 
but  the  drag  increeses  as the hole  engle i s  decreased.  Therefore, 

0 
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although the lorward inclination of t l e  je t  holes is  good from the 
effectiveness  stmidpoint, the unfavorable  drag effect must be consid- 
ered. The curves of figure 14(c)  indicate that, fo r  rolling-moment 
coefficients or" 0.002 and O.O&, both the drag and momentum are rela- 
tively  unaffected by ckanges in  hole  size, as might be expected from 
the momentum correlation  previously shown. There is  some indication, 
however, that the smaller holes are s l ight ly  more favorable from the 
momentum stmapoint.  

Comparison of Jet  Spoiler With Other Controls 

In  figure 15, the variations of  the  incremental wits coefficients 
with  engle of attack  are  presented  for the fixed  spoiler (h = O.OgZ] 
as compared w i t h  those f o r  the largest   je t   spoi ler   tes ted  herein (con- 
figuration 10) a t  a je t  pressure  ratio of 12 .O. At a = Oo, the l i f t  
and pitching-nottient coefficients  for the two controls are cowarable, 
but the fixed spoiler  gives  considerably more rol l ing moment than  does 
the je t  spoiler.  Since it would be anticipated that the l i f t  and 
rolling-monent  colqpmism for   the two controls would be similar, the 
inaccuracy of the lift measurements i s  probably  responsible  for  the 
nearness of the l i f t  resu l t s .  A t  the  highest  engles of attsck,  the j e t  
spoiler produces more negative l i f t  and more posit ive  roll ing moment 
thm does the  fixed  spoiler. These changes are caused by the decreasing 
effectiveness  with  increasing  angle of attack  for  the  fixed  spoiler and 
the increasing  effectiveness w i t h  increasing angle of attack  for  the  Jet  
spoiler.  The Secreasing  effectiveness w i t i i  increasing  angle of attack 
fo r  the lixed spoiler is caused  by the increase  in  local Mach  number m-d 
i s  similar t o  the varia5ion shown for  the  spoiler  alone  in  reference 12. 
Throughout the angle-of-attack range the drag characteristics  for  the 
je t   spoi le r  are considerably better and are negative  over much of the 
angle  range. 

In order to cmpare the j e t  spoiler and tile fixed  spoiler tested 
herein w i t h  a flap-type  spoiler and a spoiler-slot-deflector of equal 
span on the sane wing (ref. U), the incremental wing  aerodynamic drag 
coefficient  required for each  of the spoi lers   to  provide  the  rolling 
moment obtained with the fixed  spoiler are plotted  against angle of 
a t tack   in  figure 16. The veriations  for the three sol id  spoilers m e  
very  nearly alike, whereas the je t  spoiler exhLbits considerably less 
drsg over most of the angle-of-attack  range. This coaqarison does not 
consider  the  losses  in  thrust that would be imposed on en aircraft i n  
order t o  Frovide the eir flow fo r  the Jet  spoiler or the actuating 
power Tor the s o l i d  spoilers. If these  losses were taken  into account, 
the advantage  of the je t   spoi ler  lrom the drag  stanfipoint would be con- 
siderably  less. 



z 
In order to get an apgmximation of' tine practicability  of  using 

engine  bleed  air  for a jet-spoiler  roll  control,  some  computations  were 

engine.  The  aircraft  was assmed to  have a wing span of 34 feet an& to 
be  operating  at  sltitudes  between 45,000 and 60,000 feet  at a Mach num- 
ber of 1.61 with  the  engine at  the  cruising  condition. At these condi- 
tions,  enough  bleed  air  could  be  obtained f r o m  the  engine  coapressor  to 
produce a momersturn  coefficient of 0.Q21. Tne  bleed  air was limited to 
5.5 percent  of  the  total exine air  flow.  According  to  the  results  pre- 
sented  herein,  this  nomentum  coefficient of 0.0021 would  provide a 
rolling-moment  coefficient of 0.0010 et a = 'Oo and 0.0027 at a = l2O. 
Unpublished  results of tests on a conventional  inboard  half-span 
trailing-edge  Eileron  imiicate  that  these  rolling-moment  coefficients 
would  be  comparable  to  aileroll  deflections  of only fs! .Oo and 1;2.5O zt 
angles of attack of Oo and Eo, respectively. 

0 mde by  using  avsilzble  informatioz 011 the  Pratt & Whitney 375 turbojet 

An investigation  has  been -de at Mach numbers of 1.61 and 2.01 to 
6ete-mine  the  aerodynamic  characteristics of several  Jet-spoiler  controls 
on a 45O sweptback wing. The  conclusions indicated are as follows: 

1. Tne  jet-spoiler  effectiveness and drag  for a given  jet  hole angle 
is a direct  IZlnction of the  momentum of the  jet  flow. 

2. For a constant  mnentum,  the  effectiveness  of  the  jet  spoiler 
increases  as  the  jet  hole  angle is inclined  forward  or as the  spoiler 
is  moved  outboezd. 

3 .  The  effectiveness  of  the  jet  spoilers  increases with increasing 
ar-gle of attack,  and  the  drag  increments  are  genera-  negative  in  the 
positive  angle-of-attack  range. 

4. Dessite  the  favorable  wing  aerodynamic  drag  characteristics  of 
the  jet  spoilers &s corqpaxed with those  for  the  conventional  spoilers, 
it  eppezss  questionsble  whether  sufficient  air can be obteir-ed to -make 
them  practical  at  supersonic  speeds  wheo  using  conventional methods of 
obtaining  sir . 
Laagley  Aeronautical  Laboratory, 

National  Advisory Comittee for  Aeronautics, 
Langley  Field, V= . , April 3, 1958. 
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NACA RM ~ 5 6 ~ 1 8  

0 

Configuration 8j 9 2Yo 2 Y i  2bJ DjJ ”- 
b in .  deg b b M 

1 

1.61 .78 .13 .65 ( 4  ( 4  9 
1.61 .45 .13 .32 .0550 50 8 
1.61 .62 .29 .33 .0550 50 7 
1.61 .78 .45 .33 .0550 30 6 
1.61 .78 .13 .65 .0760 90 5 

1.61 and 2.01 .78 .13 .65 .0550 110 4 
1.61 W-a 2.01 .78 .13 .65 .0550 go 3 
1.61 and 2.01 .78 .13 .65 .0550 70 2 
1.61 and 2.01 0.78 0.13 0.65 0.0550 50 

10 go ,0935 .63 .13 .78 1.61 
11 50 .0550 .17 1.61 .62 .45 

aConfigurat-i_on 9 was a fixed spoiler, perpenCiicular to the SUT- 
Face and 0.533 inch i n  height. 



E I c 4 

I 
Section (A-A) 

( Enlarged ) 

Wlng: 
Aspect ratio 3.5 
Taper ratio 0.3 
Section  NACA 6 5 A 0 0 5  
F 10.65 in. 

“- - .- 

“l 

/ ‘  ,/*’ ,..I 

.Boundary - layer  bypass 

/- 
” 

- 14.95 ---- 
34. I3 ”“. - 

Figure 1.- Sketch of semispan wing-fuselage model. A l l  dimensions m e  i n  inches. - 
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(a) CL and cD. 

Figure 2.- Variation of basic w i n g  lift, drag, pltchhg-moment, and gross rolliqpmoment 
coefficients  with angle of at tack.   Je t  spoiler .inoperative. 
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(a)  Configuration 1; M = 1.61. 

Figu re 3. -  Veriation of i-n-crementsl w i n g - l i T t  coefficient with , 
pressure ra%io. 
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(b) Configuration 2; M = 1.61. 

Figure 3. - Continued. 
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( c )  Configwetion 3; X = 1.61. 

Figure 3.- Continued. 
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(ti) Configuration &; b1 = 1.61. 

Figure 3.- Continued. 
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( e) Configuration 5; M = 1.61. 

Figure 3.- Continued. 
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(f) ConfiguratioE 6; M = 1.61. 

Figure 3.-  Conttnued. 
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( g )  Configuration 7; M = 1.61. 

Figure 3. -  Continued. 
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(h)  Copyiguration 8; = 1.61. 

Figure 3 .- Continued. 
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(i) Configuration 10; M = 1.61. 

Figure 3.- Continued. 
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(k) Configuration I; M = 2.01. 

Figure 3 . -  Continued. 
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Fiewe 3. - Continued. 
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(n) Configuration 4; M = 2.01. 

Figure 3.- Concluded. 
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( a) Configuetion 1; M = 1.61. 

Figure 4. - Varie;-LFon of incenen-lal vir3 drag coefficient with Jet -pes-  
sure ratio. 
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(b) Configuration 2; M = 1.61. 

Figxre 4.- Continued. 
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(d) Configmetion 4; M = 1.61. 

Fi,oure 4.- Continued. 
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(e) Confignat ion 5; 1.1 = 1.61. 

Figure k . -  Continued. 
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(f) Configuretion 6;  M = 1.61. 

Figure 4. - Coctinued. 
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( g )  Configuration 7;  = 1.61. 

Figure 4.- Continued. 
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(h) Configuration 8; M = 1.61. 

Figure 4.- Continued. 
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(i) Conf%aat,ion lo;  M = 1.61. 

Fi6-e 4.- Continced. 
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Figwe 4.- Continued. 
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(k) Configuration 1; M = 2.01. 
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( 2 ) Configuration 2; M = 2.01. 

Figure 4.- Continued. 
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Figure 4.- Concluded. 
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(a) Configuration 1; M = 1.61. 

Figure 5.- Variation of increxental wing pitching-noment coefficient 
with j e t  pressure ratio. 
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(b) Configuretion 2; M = 1.61. 

Figure 5.-  Continued. 
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Figure 5.  - Cantinued. 
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(d) Configuration 4; M = 1.61. 

Figure 5.- Coctinued. 
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(e)  Configuration 5; M = 1.61. 

Figxre 5. - Continued. 
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(f) Copyiguration 6;  M = 1.61. 

Figure 5. - Continued. 
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(g) Configuration 7; X = 1.61. 

Figure 5.- Continued. 
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(h) Configuration 8; M = 1.61. 

Figure 5.- Continued. 
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( j) Configuration 11; M = 1.61. 

F+gure 5 .  - Continued. 
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(k) Configuration I; M = 2.01. 

Figure 5. - Conthued. 
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Figme 5.- Continued. 
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Figure 5. - Concluded. 
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Figure 6.- Varia t ion  of  incremental wing rolling-moment  coefficient 
with j e t  pressure  retio. 
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(b) Configuration 2; M = 1.61. 

F i w e  6. - Continued. 
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( c )  Configuration 3; M = 1.61. 

Figure 6.- Continued. 
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(d) Configuration 4; bf = 1.61. 

Figure 6 .  - Contwued. 
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(e) Configuration 5; M = 1.61. 

Figme 6 .  - Continued. 
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( g )  Configuration 7; ~1 = 1.61. 

Figme 6.- Contlnued. 
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(h) CoDf igxmtion 8; M = 1.61. 

Figure 6.- Continued. 
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( i) Conf igwation 10; M = 1.61. 

Figure 6.- Continued. 
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( j) Conl"iguration XL; M = 1.61. 

Figure 6.- Continued. 
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(k) Configuration 1; M = 2.01. 

Figure 6 .  - Continued. 
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(2) Conf-ation 2; M = 2.01. 

Figme 6.- Continued. 
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(m) Codigrzation J; M = 2.01. 

Figure 6 .  - Continued. 
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(n) Configuration 4; M = 2.01. 

Figure 6 . -  Concluded. 
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Figae 7.- Variation of computed  nomentun coefficient with jet pressure 
ratio fo r  the 10 jet-spoiler configurztions. 
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Figure 8.- Correlation of incremental wing coefficients with j e t  

mozentum coefficient. M = 1.61; Bj = 90'; - = 0.63. 2bJ 
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Figure 9.- Effect of j e t  hole angle on the  varist ion of  increnentsl 
wing coefricients  with EnSle of attack. M = 1.61; DJ = 0.0370 in.; 

PtA -=  12.0. 
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F i w e  10. - Effect of jet hole  angle on the variation of increnerrLa1 
w h g  coefficients with mgle 09 attack. M = 2.01; Dj = 0.0550 jn.; 
Pt, j -=  12.0. 
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Figure 11.- Concluded. 
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Figure 13. - Variation of r o l l  magnification  factor with angle of attack. 
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(b) Effect of hole angle. M = 2.01; Dj = 0.0550 in.; -2- pt J = 12.0. 
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Figure 13. - Continued. 
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( c )  Effect of hole size. M = 1.61; 6~ = 90'; - = l.2.0. Pt, 3 
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Figure 13. - Continued. 
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Figme 13.- Concluded. 
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(a) M = 1.61; Cz = 0.002; Dj = 0.0550 in. 

Figure 14.- Increxental drag coefficient and Eonientum coefficient for & 

given rolling-moment coefficient. 
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Figure 15.- Comparison of the variatioa in h c r m e n t a l  wing coefficient 
witin mgle of attack for the  fixed  spoiler and the large je t   spoi ler .  
M = 1.61. 
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(b) L?c, and Cz. 

Figure 15.- Concluded. 
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Figure 16. - Bcrementa2 drog coe:C%icients for  several spoilers,  with  each of the variable 
spoilers deflected t o  produce the same rolling-moment coefficient as obtained  with  the 
fixed spoiler. M = 1.61. 
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