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A khree-dimensional lateral-control  Lnvestigation WBB made of 
3- and 6-percent-chord spoilers proJecting on the uppw surface of 
a wing of high-aspect rztio. The spilers were located ahead of 
conventional O-ZO-chord stmight-sided-profile p l a n  ailerons mcl 
t e s t s  were made with the aporlers a t   the  60- md 70-percent-chord 
locations. Ailerons and  spoiler^ had the same sgan of 37.5-percent 
wing samispan- Spaarise loadings end =aments and rolling-mcment 
coefficients weye determined &ccn pm88~r€~dist~ibuti011 measuraments. 
Hinge-mcanent data for the conventional  aileron were obtained by an 
electr ical  strain gage- Data were obtained. Tor Mach Iumibers u2 
t o  0.925- 

The spoilers  gave large rolling mr-anents a t  Mach nmbers below 
the Mech nmber corresponding to the break in the rollfqymment- 
coefficienk CUITV~B.  There w a s  an appreciable  increase in spoiler 
control with increase In Mach nuzliber at speeds below the roll ing- 
mcanezrb-break  14mh nmber; at speeds above the rolling-mcanent-break 
Mach nmber there WBB an abrupt &creme in   rol l inpnamnt  coeff ic ient .  
At high supercl-itfcal  speeds the tj-:wrcent-chord spoilers s t i l l  
developed notable rolling-mcanent coefficients. The effectiveness of 
the 3-prcent-cbord  spoilers at high supwcri t ical  speeds varied fram 
complete- ineffective t o  relatively  effective (canrpared t o  the 
effectiveness of the  6-pe~ent-chord spoilers) , depending on Mach 
nmbe-r and angle of Ettack. The spoilem at the a-percent-chord 
location were found t o  be supet,ior t o  the spoilers at the 70-percent- 
chord locatfon f o r  developing rolling moment. Calculations at a 
W h  number of 0.88 indicated that for the same rolling effectiveness 
spoilers at the a-percent-chord  location gave rm.aU.er wing-twisting 
moments than at the  70-p*oent-chord  location and that spoilers at 
either location gave appreciably emeller wb~g-twistlng maments then 
did. the S a i n  ailerons.  Spoilers reduced aileron man?ente far 
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Mach nmbers to appraximatekv 0.83. At higher speeds the e l fec t  
of the spoilers on eileroa hinge momenta was Irregular. 

WTROlxJCTIOEi 

A compehensive wind-tunnel. research pxogram hes been d e r -  
taken by the Mational Advisory CmmAttee fa- AeroneutZcs to provide 
aerodynamic data fox- w e  in the design of a mi1ita-y airplane t o  
opel-ato at level  flight speeds of percent of the speed of eound. 
The various p h a s e B  of this grogam a m  repox-ted i n  references 1 to 7. 

Tests t o  detemino the aerodynamfc chmacterfstics of 0.20-chord 
plain ailezons on a high-Esgect-ratio Wrnq: (referonce 1) showed that  
the  conventional a i lerom experienced appcl.eciable loeees in effective- 
ness at hip,,  supercritic& s ~ e d e  as a ~ . e s r ~ t  OB adverse cmpresei- 
bi l i ty  effecls. Additrmal l o s ~ e s  i n  rol l ing tiue t o  wiq twis t  
becorm selrlous at these speeds, especially when thin wings of large 
e l j m  are.  used. tiind-tunnel ' investigations have ind5cated  that 
spoilers ehm promise of w e  as a lateral-control device at hlch 
E p e e & ,  efther alone or in comblration KTt5 conventior-a3 ailerms, 
because sgoilers  retain a lwge de@'ee of control s;t high s ~ e b  

. (referenceu .8 and 9) and produce lesa  wing t w i s t  thm cmventiond. 
dIei*om of equ& effectireness ( re feance  10) 

The ?resent tests were made t o  detelmine the auitability of 
spoilers aa a m e e m  of improving the rolling-mamsnt and wing- tw ie t  
chfx.*ac.toristica at hi$ suprcyi t ica l  speeds of the  wing-aileron 
canbination i'eportec? in reference 1- Two s;?ailer p-ejections and 
two chordwiee locationu on the  upper surface of the wfw were teated. 
Spamriee loadinge and rolling and pitch- chwacteristice were 
obtained from pressure-distribution ntewurements The effect of 
the apoilor on the hingeploment coefficient of the conventional 
aileron also detei.mfmd. Test data were obtained f o r  Mach 
numbers from 0.1~0 to 0.925.' 

The symbol6 used herein are defined aer f o l l m w  

1 

a angle of attack of flnite-span wing 

v velocity fn  undfeturbed stream 
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l o c a l  static pressure at a point on airfoil section 

distance along semispen Prom ref'lscticn plane 

dietecnce a l o n g  68ruispan fram reflectLon plan3 €0 inboard 
end of aileron 

distance d o n g  chord fronlead.hg edge of a i r f o i l  sectim 



section chord 

ere& of complete 

man aerodynamic 

of wing 

wing; model value, 1.10 square f e e t  

chord of wlng; mdel value, 0.37 f o o t  

section aileron chord measured along a i r fo i l  chord line 
from hinge axis of aileron t o  trailing edga of airfoil 

root-man-squarre chord 09 aileron; model value, 0.0534 foot 

aileron hinge moment 

aileron hlnge -momnt coefficient 

resultant pressure coefficient m r o m  aileron seal  
(& = (value of P below mal> - ( v d w  of P above s e d )  ) 

section normal-force coefficient of wing fyom pressure- 

change in  section normal-force coefficient of a i r f o i l  due 
to spoiler  projection &/or aileron deflection 

section  pitching-mmnt  coefficient of airfoil about quarter- 
chord point from preasure-distribution dak; pitching 
mament due t o  chord. forces not included 

4 

. 
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change in section  pitching-mmnt  coefficient of airfoil  
about que;rter-chord point due t o  spoiler  proJection &/or 
aileron deflection 

normal-f orce aoeff fcient of semispan wing 

change in pitching-mmnt  coefficient of oemlspan w i n g  about 
quarter-chard line of wing due t o  Bpoiler  projectfon 
and/or aileron deflection 

Subscripts: 

U upper surface 

L lower surface 
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bpwmatus. - m e  t e s t s  were made in the Lan@.ey 8-foot hi&-spead 

tl-lmel, which .iEl a BlrLgleI-rOturn cloEmd-*oat t-1 w i t h  an air- 
. stmam turbulenck t ha t  is' . .  8m.U bue s l i g h t l y  hi&er than free afr * 

The wing  used for the lateral-control inwetigation of the 
spoilers was the a a e  wing used i n  t k e  aileron  testa of referenae 1. 
The ,wing  w a ~  .supported .LI the wlnd tunnel ,on a vertical steel 
p h t e  as & a m ,  fn figure .l(a). ws plate has a modified-ellipse 
section of 50-inch chord and a maximum th ichess  of 1.5-percent 
plate  chord. A spoiler mounted on the upper surface of the wing is 
shown i n  figures l(b) and l ( c ) .  The wing had an NACA 65-210 airfoil 
section, an aspect rati'o of 9.0, a'taper r a t i o  of 2.5:1.0, no 
mep'back of the quarter-6hord line, no twist ,  or dihedral, and a 
t i p  which had the dimensform gfven in .%able I. (See also fig. 2 1 
The effective span of the model w i n g  m a  37.8 Inches, the root  chord 
waa 6 inches, rtna the tip chord waa 2.4 inches. Omdfnates of the 
mACA 65-210 airfoil section are given in table II. A more complete 
description of the model and additianal LnfoMnation concerning the 
t e s t  setup axe to be found in  reference 3 .  

Steel spoflers havtng a croser section approximately trianmlax 
were mounted on the upper surface of the wing directly in front of 
the conventional ailerons. The epoilers had a smooth, eolid, 
glane surface norm1 e0 the wing surface and facine; the a i r  flow 

aileron, 37.5 percent of the wing semispan, with the inboard end of 
tke spoiler and aileron a t  the 60 -percent-eemispan station (fig. 2) * 
Tests were M e  with the spoilers looated a t  the 0.7O-chord line of 
the win.& 8urfac.e an& also at t he  0 .a-chord line of t he  w i n g  s w a c e .  
!lW spoiler projections of 3 and 6 percent of the  local wing chord 
were included in the tests. 

{fig. 3)  - Tbe Span Of 8poiGP 8" a.6 that of the 

The d l e r o n  wae of the plain type with no aerodynamic nose : 
balance. The profile of the aileron war3 straight sided, defined 
by 6trsight 1-6 tangent t o  khe aileron nose radius and paasing to 
the kail ing edge, r e B u l t i n g  in a trailing-e@ angle of ll .lo 
(fig. 3)  . The a i le ron  had a chord 20 percent of the local wing 
chord and was supported on two hinges located approximbly 25 percent 
of the aileron span from either end of the aileron. 
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Test  -procedure.- Normal-force, pitchin.g"mment, end rol l ing-  
molnsnt data were obtained from static  pressure-distribution measure- 
ments and me f o r  alleron sealed-gap conditions. Eing~-mmnt data 
fo r  the ail3ron we& obtdnsd  bg electricrtl s t r a h - g q p  neasurenaents 
and are for an unsealed aileron with a gap approximately 0.003 of 
the wing chord. Aerodynamic data were obtaillad for angles of 
&tack of -2O, Oo, 2O, 4O, 7O, asd loo EL-[; Mach nmbera of 0.40 
and 0.60 end for angles of attack of -2O, Oo, P ,  kO, end 7 O  at  Mmh 
numbers of 0.76, 0.80, 0.83, 0.88, 0.91, and 0.925. The Reynolds 
number based on t h e  men &eredynamic chord of the &el wing 
(0.37 ft) varied from gO0,OOO at a Mach  number of 0.40 t o  1,400,000 
at a Mach  number  of 0.91. 

Stat ic  pressure -dfski'5ution and aileron h2nge -momsnt masuremnts 
were made f o r  the spoiler configurations a t  the  70-percent-chord 
location a t  aileron deflections of appmzimate~  oO, -3O, and -6'. 
Pressure naeasuremnts f o r  the spoiler  configurations at  the &-pergent- 
chord location were made at  ai leron  deflections of approximately 0 
and -3O Aileron hinfse  -noinent data were obtalnsd f o r  the configuration 
with the  6-percent-chord spoiler a t  the 60-percent-chord location 
at aileron  deflections of app-0xinatd.y Oo ard -3O and for the 
configuration with  the 3 -percen%-chord s3oiler a t  the 60-percent- 
chord location at an aileron  deflection of approximably 00. 

Corrections.- Tunnel-wall interference correc-Eions  based on 
model, or solid, constriction and web constriction have been applied 
to the Mach umiber and the dynamic pressure  except a t  the h2&est 
Mach nwiber. The corrections =re verr e m l l  aad mounted to a 
m x i m  of about 1 percent a t  a bhch nuiber of 0 -91 as determined 
from calculations using the nnsthods of references U, 12, 13, 14 and 
the drag data of references 3 and 5. The tunnel choked in the 
present tests at e,n uncorrected Mach number of 0.95. Some tendency 
toward choking could be expected a t  an uncorrected Ylch number of 0.95 
as indicated by measuremnts m e  i n  the teats  of reference 3.  Since 
the =tihods used i n  eetimatiw tunnel-wall fnterference  corrections 
becolne unrelieble at Mach nwibers in the vicillrty of choke, no 
corrections have been made at an uncorrected Mach numter of 0.925. 
There is  also question  about  the re l iab i l i ty  of Wind-.tunnel. data at  
speeds i n  the vicini- of choke. The Bmral. t rends shown by the 
data at an imcorrected  Mch number of 0.95, however, are believed 
t0 be correct. No correctiom have been applied to the rolling- 
moment o r  hinge-mmnt  coefficients. A discussion of corrections 
t o  latera-control  cosfficients is given i n  references 15 and 16. 

In the reduction of the data, plots were made of the section 
pressure distributfone and these p lo t s  were then mechanically integrabd 
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to give section no--force and pitohing-monaent coefficient& These 
eection coefficients were used Fa &tarmining epanwlse force- and 
mmnt-loading d5agrama. W m  normal-force and. rollfng-noment .) 

coefficients mre d e t e d n s d  from rnschanical integcation of the 
epasrwise force-loerding plots, and wing p i t c~ -momsn t   coe f f i c i en t s  
were obtained from mch&caJ. integration of t ire epasrwiee momsnt- 
loading slots. Previms tea ts  (reference .I) had shown that the 
spanwise-loading c m a  could. be eatisfactorfly faired wlthout t e s t  
points st t h e  20- and 43-py.cent-se~i man s&tiom, and in order t o  
reduce the large. mount of coqut ing  mquired, the pressure data 
for  these two st&tions were not worked up. 

Chordwise pressure distribution8 at the 80-percent-semispan 
atat ion (apprm. midspan of aileron and spoiler) for the wing with 
and with.out spoilers are  shown €n figures 3 t o  8. Data f o r  eLnE;les 
of attack of Oo, 2*, bo, end 7 O  and f o r  Mach nucibers to 0.925 
have been included. The aileron  deflection f o r  the various 
configurations was ap~roximately Oo. D s f i c u l t r  waa ewrienced in 
accurately se t t i ng  the aileron deflectlon at a q  particular value . 
but  the  effects of the variation in deflection are emall and have 
'been rregbcted in the discusion of these figures. 

The rolling-moment coef3cient for the spoiler and the sealed 
aileron are g l o t b d  against Mech number i n  figure 9 and against 
aileron deflection in figure 10. Also included in  figure 10 for  
oompazctive purposes are rolling-mmnt data Por the  wing w i t h  no 
spoiler from the t e s t s  of reference 1. Figure J1 is a comparison 
of the  compressibility effects on the  rolling-mmnt  coefficient of 
the spoilers and the total rollingmamnt  coefficient of the w i n g  
with no spoi ler  ett eq-1 positive and. negative aileron deflectiom. 
The total aileron deflection is designetted A6,. 

.. 
1 

t 

Plots of wing normal-force coefficient as inst  Mach number are 
g l n n  in figure I2 In figure 13 are shown average ve3uee of normal- 
force - o w m  slope 4 s  ob"kined between angle13 of attack of Oo 
e3ld 4' &B a function o Mach muiber for an aileron deflection of 0' 
Spanwise section loadings %cb/S w e  sham In figures 14 to 23 fo r  
two spoiler pmQectione and b m  chordwise locations on the upper 
surface OQ the wlng with t2-m aileron appraxhats ly  mutral .snd at m e X .  
negative deflections. For Purgoses of compmison spanwise section 
loading data *an reference 1 for the 'ho-spoiler" configuration 
a t  an aileron  deflection of 0.5' have been included i n  figure 14. 
Spanwise distributtons of section momnt factor ~ - & % 2 / ~ 2  are 
given i n  figures 24 to 33. Experimental data of t h e  nature Shawn 
in figures 14 to 33 at the speite covered in the present t e e t s  w e  
meager and not readily avaiMble for reference. It is believed that 
these plota. wLl1 be found to be of general interest in bringlng 
out the effects of c q r e a s i b i l i t y  on spanuise loadinga end of apeclfic 

"Y 
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usefukpse f o r  desi@ puxyoses. Vir3 >itching-mmnt coefficients 
based on the wing mean aercdynamic chord are plottsd against Yach 
number In figure 34, and incremental wing pi tch ing-mint  coeffi- 
cients ACn due t o  Bpoiler  projection a r e  plottsd a g d n s t  Mach 
number in figure 35. 

Figure 36 8h0~8  aileron hin@-momnt coefficient plotted 
against afleron  deflection for the several  spoiler configmatiom. 
Hinge -aoment data for the unaeabd ailerou with no spoiler f rom the 
t e s t s  of reference 3. &re afss included in f-lgure 34. ,The variation 
of the hinge-mmnt coefficient of the a i le ron  wit& Mach number 
and angle of a t tack are shown In f i g ~ r e s  37 38, respective.ly. 
A comparison of the efi'ecte of compressibility on the aileron hinge- 
momnt coefffcient a t  equal positlve  negative  aileron  deflectiom 
wit'fl and without a spoiler ahead of th6 upgoing aileron is shown in 
figure 39. The total aileron dsf lect ion is  designated ma. The 
hi=-mament kta are for an unsealed aileran with a gep cpproxi- 
10ately O.OO3' of the local wing chord. The Bmallness of the  electrical  
strain gage which had t o  be used with the model w i n g  coupled with , 

severe  operating  conditions of high speeds, temprstures, and 
aileron loads maired the accuracy of the hinge-ment masuremanta. 
An Idea of the precision of the data can be obtained fras the 
scatter of t e s t  po-te of ffgure 36. The general  compress~.bility 
effects on hinge-mmnt  characteristics, homv~r,  w e  w e l l  brou&t 
out by the date. 

Data of average reaultant-pressure coefficient acroas the aileron 
seal are @mn in figure 49. The data of figwe 40 are for t o t a l l y  
sealed conditions ar;d are not  directljr  applicakle to the hinge- 
momerit data of these tests which are for an unsealed aileron. The' 
seal pressures are presented to show the comgressibillty trends and 
f o r  usa i n  estimating the anowst of aermaamic  balance of an 
internally balanced  sealed  aileron syaten. 

Section Pressure Distributions 

The @neral nature, of the action of a spoi ler  on the a i r  flow 
about a wing f o r  Mach numbers t o  0.925 is illustrated by the chordwise 
pressure distrlbuti& s h m  in figures 5 to 8 for  the wing with 
and without spoilers. These preseure data m e  for  the &-percent- 
semispan station, which is approximatsly the midspan of the spoiler 
and aileron. 

. .  
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' A  spoiler munted on the upper surface 09 a wing generaLly 
m3if'ies the  flow of air about the wing by slowhg up t h e  air on 
the upper surface ahead of the spoiler and by ageeding u? the air 
along the lower surface The speding up of the flow probably 
can be explained by the more mgative preslsures (due to the  
separated flaw aft of the spoiler)  existing at t he  trailing edge of 
the wing  which vould tend t o  accelerate the lmr-eur face  flow, and 
by the change i n  flow about the airfoil nose due to the more positive 
pressures ahead of the spoiler.  The control produced by the spoiler 
at  low speeds as indicated by the p a s u m  d a t a  of these tests is 
due from'one-half to two-thirds to  retarding the flow an tha upper 
surface. A t  high supercritical Mach nunibera the  effect of the 
spoiler i s  almost wholly due t o  retardiw tb flow an the upper 
Burface, the  velocities along the lower swrface being only slightly 
affected for  the most par t .  If the flow is alroaQ- supereonic at 
the trailing edge, then t he  separated flow from a spoiler would. not 
be expected to. affect the l a ~ ~ r - e u r f a c e  flow to any appreciable 
extent. Undsr such condltiom, however, . i f  the action of the epoil8r 
i s  great  enough t o  give subsonic velocities ahead of it on the uppr 
surface extending to the leading edge of the a i r f o i l  then the lower- 
surface flow m y  e t iU .  be affected to som extent aa indicated by 
figuree 6(a) and 8(a). 

Sinoe t h e  performance of a  spoiler l e  a function of the  boundary- 
layer thickness at the spoiler location, an increase in boundary- 
layer thickne~s i n  of the spoiler projection can be expected 
to result in  a bcreaee i n  moiler effectiveness . Aggsveting 
adverse prese~m  Sadien ts  on an a i r f o i l  reaul te  in  a thickening 
of the  boundary layer, and i f  the pressure gradient8 are aevere and 
associated with coqression shock, ELB is generally trw at super- 
c r i t i c a l  ape&, then a separation of the flow may result. An 
increase in angle of attack usually a m m a t e a  the adverse pressum 
gradients on the uppr surface of an airfoil and a l o s s  in spoiler 
effectiveness generally results with increase in angLe of attack 
as shown in  figures 'j t o  8. This loss I s  indicated in the pressure 
plots by the smaller extent of the m1'8 positive pressures ahead of 
the spoiler. At hi@ supercritical epeeds a loas in spoiler effective- 
1168s occurs,  particularly  for the 3-percent-chord epoilers ( f i g a  2 
am3 7). Apparently, a thick boundaxy layer or separation of t he  
flow has resulted. The Mach  number at which this loas In effective- 
ness occurs decreasee, as would be expected, with an increaee i n  
angle of attack. A t  very high eupercritical speeds where the flow 
over the upper swface is completely eupersonic, except i n  the  
vicinity of the leadlng e@, t he  pressure gradlenta tend t o  becorm 
favorable and there probably is improvezwnt i n  the boundary-layer 
conditions with the se~aration point  moving tmmd the spoiler. 
This is the probable explanation f o r  t he  gain in  effectiveness aa 
ehown by figme 5 ( 6 ) ,  for 8Xanrp10, at the highest speeds. 



Rolling-Komnt Chwaoteristics 

" Geaeral coipressibility  effects.- The general effacte of 
conpressibi1it;l. on rolling-monent coefficiert   are siEi1a.r f o r  all 

Figure Ll is  a comparison 02 tize compressibility  ezfecta on 
the roll ing-mmnt  coefficient of the spoiler cc-afiguratime a d  ' 
the wing with no spoilor a t  equal positive and negativa aileron 
deflections. It should be noted that the statal. span of the two 
ailerons f o r  which hta axe pxmentsd i n  f i m e  ll WEB twice that 
of the spoiler,.  Spoiler span is  not 1Smited by dzailing-edge flaps 
as ailercjns would be, so thet ineufr'iciency of ssoiler con-kol at 
low speeds could be remedied b: IzlcreasLng the spoiler span. The 
improve-mnt in rolllng-ncnent  coefficient with Mach Iluwber l a  seen t o  
be @eater Tor the Bpoller conf'idwations. At low angles of a t k c k  
the rolling-moI;u4nt-break Mach nuder 3s highsr fo r  the spoiler 
configurations and the deci-ase in coei"fic-l,ent at suparcritic&l 
Mach rimers is lese for the spoiler conffguretfons. A t  low angles 
of attack and high eupsrcritical speede the 6-perce~t"hord  spoiler 
pi-oduces more ro l l ing  m m n t  than khe 2la*b ailerons deflected *loo. 
At large angles of attack Ena high supercritical spee'ds the plain 
ailerons a r e  relatively =re effective then t h e  spoilars do not 
show the large decreese in roll%-momont coefficient et supr- 
c r i t i ca l  speeds charactsristic of the spoilers. 

Spoiler ProJectfon. - Th Increase M- rollim-momnt coeSi;ufent 
7r i th  Mach nuniber end t i e  s?mrpmss of the Becrease of rcU.ia&uomnt 
coefficient at  supercriticel speeds we essentially the B ~ R B  for the 
3- and 6-percent -chord spoilers at a given spoiler  location (f fgs . 9(a ) ,  

mmnt coefficient at supercriticel speeds the 6-percent-chor& 
9(b), g( e), ma g(d) ) DL sqib of tbe hrge de~raasa in rolling- - 



apoilers s tf l l  develog a rolling-moment coefficient at a Mach  number 
of 0.90 fiwm 50 t o  100 percent of the values developd at a Mach 
number of O.h.0. The effectfvenesa of the 3-percent-chord  spoilers 
at high supercr i t icel  speeb varies from canpletely  ineffective to 
relatively effective (compared t o  the  effectiveness of the 6-percent- 
chord  spoilers), depend- on Mach nmber and angle of attack 
( f ig .  10) 

Spoiler location. - At the lowest arysle 09 a t tack   a t  low 'speeds 
a change in spoiler  location from the  70- t o   t h e  &-percen$-chord 
locat ion had l i t t l e  effect  on the ;dA.ingplament coefficient of 
eithe;- the 3- o r  6-percent-chord spoilere (fL3ig. 10). With Increase 
i n  angle of attack, however, the  effectiveness of the spoilers at the 

. 60-percent-chord locat ion oyer tha t  at the  70-percent-chord  locatfon 
generally becomes increaeingly greater. T h i s  difference  in   effect ive-  
ness with angle o f  ntteck probably can be a t t r i b u t e d   t o  the  nmR.?er 
growth i n  boundaxy layer with increaee in an@ of attack at the 
m0i-e fornerd spoiler location. 

'Ill?& rise in  rollinig-mamnt  coefficient with Mach numter is  
generally greater  for  the  spoilers  at  the  60-percent-chord  location 
and the sharpness of the decreme i n  rolling-moment coeff ic ient   a t  
supercr i t ica l  #.peed8 is arproximately the ~ f m e  fo r  both locations. 

The 60-percent-chord spoiler location is seen t o  Be s u p r i o r  to 
the  70-percent-chord  location fo r  developiag rolling monent. Two- 
dimensional w i n d - t m c l   t e s t s  mads at  the Amea Lcboratory  conclude 
tha t  when spoi lers  are used on an NACA 65-210 a i r fo i l   s ec t ion  for 
la terel-control  purposes the  50-percent-chord  location is  be t te r  than 
the  30- and 70-percent-chord  locations 5n the basis of mare satis- 
factory rolling and yaHing c h a r a c t e r i e t i c ~ .  ' 

Aileron  eEectivenes8.- The vmia t ion  of r o U ~ - m o m e r , t  coefficient 
with e i l e r o q  dei'lection is gem- less for the  spoiler  configurations 
than f o r  the no-spoiler configuration at speeds below tlie  rolling- 
moment-break Mach number anit ap-proximately the s m  at sgee.53 above 
the  rolling-mom$r.xt-break Mach amber (fig. 10) . In other .crords, the 
Epoilers generally effect   the slope dCx/d6, edversely at icw 
speeds and lmve anz.l-1 effec t  a t  high  supercrit ical  s p e d a ,  At an 
eng2.e of e-tteck of Tor howevw, the  slope W z / d 5 ,  i s  ~ : c ~ . ~ : c . f i l . y  
affected  advereexf  t'u-aughout the s p e d  r q e  end the dctrl show 
tha t  for c e r t d c  rmges of aileron  deflection at high  superciqitical 
spseds the cmblnod effectiveness 03 the  3-percent-chcrd  s2oilere 
and the aileron is l e ~ s  than tha t  ' of the ai leron done (f ig .  lO(e) } . 



. 
Normal-Force Chaxacteristics 

Wiw nol-mel-force coefficient.-  Compressibility  effects on wing 
normal-force coefficient w e  vem similar for a l l  spoiler  configurations 
(fig- l2) - The magnitude of the ccanp-ressibility effects is not 88 

eat as that  shown by the wing wLth undeflected aileron and no spoiler 
fig. =(a)) but is quite like that  of the plain ai lemn at  lmge 

nega-Xve deflections (reference 1) The Maoh nmber correspandFng 
t o  the break in the wing normP1-farce-coefficient curves is appoxi- 
mate* the 8811313 e ; ~  the Mach nmher correspmd3ng t o   t h e  breek in  the 
roll2~-momen~-coefricient c m s  at modere%e angles of attack and is  
somewhat sea te r  at the largest angles of attack (figs. 12 and 9) 
The variation of wing normal-foi-ce coefficient  with  aileron 
deflection is quite similar for the va ious  spoiler configurations 
(fig. 12) The apoilers at the 60-pzcent-chord  location have a 
greater  effect, for the most p w t ,  in reducing the wiilg normal-force 
coefficient  than the spoilers at the 70-percent-chord locatton. 
(fig. E?).. The effect o f  the spoilers at supercritical Mach nmbers 
is t o  increase  the noMPal-folpce-cwe s l o ~  +/&a over that  of 
the  plain wing (fig. 13). An increase in  normal-foroe-curve slope 
meane a greater &=ping-mcrment coefficient in  r o U  at these high 
epeeds fo-r the wing ttfth spoflers. A similar increase i n  lift- 
curve slope at supercritical speeds f a  aham by the two-dlmensianal 
wind-tunnel t e s t s  made at the Ames Laboratory or' Elpoflers on the 
mCA 65-210 a f r f o i l  section  for the 50- and 70-percent-chord 
locations. 

7 

SmanMse loaana, - The curves of s m s e  10" C,CB/S far 
the spoiler  conTigurations (figs. 14 t o  23) are similm t o  those 
f o r  the  conventional plair, aileron at negative  deflections  (reference 1) 
The irregular load distributions and large changes i n  angle of zero 
normal force at Mach  numberB above 0.83, characteristic of t h i s  
particular ~ l n g  ana observed in previous tests  (references 1 3) 
m e  a lso  evident in the results of the present investigation. 

A t  Mach numbers where the 3-perc-ent-chorcl spoiler shows 8 high 
degree of effectiveness the influence of the spiler extends t o  the 
w i n g  root (ffg. 14) .  A t  hi& supercrftical speeds where the  effect  
of the 3-percent-chord spiler has appreciebly diminished, the 
3-percent-chord  spoiler generallr modifies the 8pq-i loading only 
over the outboerd halr" of the semispan, the  inboard stations being 
essenti8U.y  unaffected. On comparing the syanwise plots for 
the 6-pexrcent-chord spoiler with the no-spoiler data shown in 
figure 14, it can be seen that   the 6-percent-chord spoiler  modifies 
the  loading over the  entire span at those Mach numbers where the 
spoiler is  most effectlve, as waB true of the  3-percent-chord  spoiler. 
A t  high  supercritical speeds, however, where the effectiveness of 



the   spoi ler  decreases, the  fnfluence of the 6-peroent-chord spoiler 
is seen t o  still extend t o  the wing root for s e v e ~ d  of the angle- 
of -attack and Mach nunbe? cmbinations. 

Pitching-Mcaaent Characterist ics 

Large and samewhat ime#las*  varietiorm in the spaarlse eection 
moment factor  ~rnc%*/~2 at supercr i t ica l  speeds noted in 
reference 1 for   the w i n g  with the s l a in   a i l e ron  art3 also character- 
i s t i c  of the wing with spoilers (figs. 24 t o  33) - These changes &re 
fundamntelly emaciated dth .the unsymmetrical e f fec ts  of shock and 
shock movoment on the q p r  and lamr Burfaces of t h e   a i r f o i l  and 
are indicated br the pressure N o t e  of f i v e s  5 t o  8. A t  Mach 
numbem in  the approximate s q e  fr.m 0.82 t o  0.90 the reamrera 
movement of shock with  the chct.lge i n  the negative  direction of 
the  pressm-es on the lowei. surface of the a i r f o i l  predcrminetted i n  
affecting  the aeroaynamic characte~*iatica,. A t  Mach numbera above 
appi-oximate3y 0.90 the preasu-es on the sft half or" the uppr surface 
are reduced more than the pressures on the corresponding  portion of 
the lower surface and the direction of the ewes i n  aero&maml.c 
coefficients just noted below a Mach number of 0.90 are therefore 
reversed. 

The geneml ef fec ts  of c m p e s s i b i l i t y  on wing ~ i t c h i n g p l m e n t  
coefficient are very sim~lax for  ~I.I. spoiler  configurations (fig. 34) 
end the *rends are  the same a8 for ' the plain wing.  The variat ion 
of wing pitching-mwnt  coefi 'icient with angle of attack and m8XL 
negative  aileron  deflections i s  qui te  similar for all epoiler canfigu- 

, rations. The general var ic t ioa  of the incremental wing pitching- 
' mmnt coefficient aC, with.Mach number (fig. 35) is essentially 

the  same f o r  all.  spoi ler  conflgwakions, the mqpitude of the vetriation 
due t o  compressibility being's-what greater for the  la-ger spoiler. 
The magnitude of the incremental pttchiqpmuent coefficient is 
a p p r a h a t e l y   t h e  m e  at both spoiler loca t iom for the  3-percent- 
chord spoiler and g,enexiUy has maller posit ive values at the 
63-prcent-chard  location for  the 6-prcent-chord spoiler. 

At s p e e b  where the problam of wing twist i n  roll becames 
ser iou~~,   considerat ian must be given to   the  pi tching moment, caused 
by a control, in re la t ion  t o  the ro l l i ng  moment .de,veloped by the 
control and the  dazing  character is t ic8 of the wing (reference 10) 

Wing-Torsional  Considerations 

. .  Torsional-etiffness calculatione were made i n  the  analyeia of 
reference 1 for an alrlplane of 104-5-foot span with plain ailerons 



.. 
for lateral   coptrol.  It wa8 determined that  in order f o r  this ai? 
plane to , re ta in  at leas t  25 percent of the rigid"w3n.g-rolling 
effectiveness at a Mach nmbez of 0.88 and sea-level conditione, 
a wing with a minimum torsional stiffness ,at 'the mids-pan of the 
ailerons of 6, ~0,000 foot-pounds per radian wa6 nacessw-  Similar 
calculations have been m a d e  for this sfrplane at a Mach  number of. 0.88 
and sea-level conditions with.spoilers used for lateral   control.  
For the sane rolling effectivenesa, i t .was found that i f  spoilers 
are used. f o r  Lateral  control the ~ " ~ r c ~ t - c ~ o ~ ~ d - s p o i l e ~ ~  location 
gave ljmaUer wing-ttristix m m e ~ s  than  the 70-percent-chord location, 
and that  spoilers  at   ei ther  location gave appeciably mal3.m wing- 
tnlsting moments than did the , -@&in  Ecilerons- As a comequence, a 
wing about one-half 88 rigid  torsionally as the .King with plain 
ailerons would  be sa t f s fac tov  when tho spoflers me used f o r  Ia%eral 
control. These results a m  b11in.e with the concluaians of reference 10- 

Hinge-Moment Characteris"b LI CE 

For Mach numbers up t o  apgroxinately 0.83 for most of the w e -  
of-attack reage, the  spoilere c h w  the hinge-mament coefficient; 
of the aileron in  a negative  direction and capress ib i l f ty  has 
mal l .  effect on the  coefficient up t o  this Mach.nu&er (figs. 36 
and 37) - As mentfoned pevlously ,  the hinge-mament data of these 
t e s t s  me for an unsealed aileron. A t  high supercrit$cd. speeds, 
where =ked changes OCCUT in airfoil characteristics as a i -eeult  of 
c r i t i c a l  shock conditions, large vaziations & aj.leron -e- 
mment coefficient quite simllw t o  those  noted for'the no-spoiler 
C O n f i g u r a k i O n  occur (fig. 37). At these h5gh aupercritical aped6 
the effect of the  spoilers on the aileron hinge-mament coefficient 
varies'. 'For some condltiona of Bngle of attack, aileron deflection, 
and Mach  number the spollc3m change the aileron hinge-manent 
coefficient i n  a positive  direction. A t  the highest speds, for 
the most part, the change appee-e t o  be negatfve as at lower egeed~. 
The varfation of aileron hinge-mcrment coefficient ag-t w e  of 
attack  (fig. 38) is quite  regular for speeds t o  a Mack  number of 
approximately 0.83. At higher speeds, large i r regular i t ies  similar 
t o  those previowly noted occur. . .  

The present tests  indicate  that  a spoiler used in condunction 
with ailerons for lateral control on the wiw investigated. could. - 
be expected t o  reduce stick  forces for epee& up t o  a Mach nmber 
of approximately 0.83. A t  speeds above t h i s  Mach number, however, 
where the lare change8 in aerodynamic ch&racteri8tics occur the 
data idic&te  that   the   spoi lere  could be expected to increase  stick 
forces T o r  some of the speed condftions and genei-asly would be 
unsatisfactory in improving hinge-moment characteristic8 (fig. 39) 
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A three-dimimional  inveeti@ation of spoilers for l a te ra l  
control  at high speeu wae.made in the Langley 8-foot high-speed 
tunnel- Three- and 6-percent-chord  spoilers were tested on the uppr 
aurface of a.high-aspect-ratio wing a t  60- and 70-percent wing chord. 
The Bpoilei*s mre mounted ahead of conventional, 20-percent-chord, 
straight-sided-p~ofile ailerom. Both the swilers and ailerons had 
the same span of 37.3 prcen t  of the wing semispan. The f o u a r i n g  
statements  specifically applging to the wing  investigated can be 
made from the results of these trind-tunnel tests: 

1. A t  M a h  numbers below the Mach number corresponding t o  the 
break i n  the r o l l i ~ - ~ e n t - c o e f F i c i e n t  curves the s p o i l e r   c d i g u -  
TatLmLs investigated gave large roll ing maanenta. There was appreciable 
improvement i n  rollinglnoment coefficient ~5th rise i n  Mach number 
a t  speeds below the roXl&ng-mment -break Mach Tumiber. A t  Mach 
nubera above the rolling-mment-break Mach nmibsr there wa8 an 
abrupt decrease in spoiler rollfng-mcrment coefficient The 6-percent- 
chord spoilers, however, still re tdned  a notable mount of the ir  
effectiveness at  hi@ supercritical speeds. The effectiveneea of 
the 3-percent-choyd spoilers at high sum-cri t ical  speeds varied 
from ineffective to moderately effective (ccmrpmed t o  the  effective- 
nem of the 6-perc.ent-chord spoilera) dependiq on Mach n W e r  and 
angle of attack. 

2: The ~-percent-chord-s~oiler location was found t o  be 
svprio.-. t o  the ?O-$ercent-chord location as regards developing 
greater rolling mcanent. 

3. Calculations at 'a Mach nmiber of 0.88 indicated  that  for  the 
aame rolling effectiveness the spoilers at the @-gercent-chord 
Zocatian produced less twlsting of the w i n g  than at  the 70"percent- 
chord location, and that spoilers at either  location produced 
appreciably Bmauer wing-twieting mcanente than 20-percent-chord 
plain ailerons. A s  a consequewe, if apoilers are used f o r  lateral 
control a wlng having about one-half the toreZonal stiffness of the 
wing wLth plain ailerons would be satisfactory. 
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4. Spoilers used in conjunction with allerom could be expected 
to reduce aileron stick forces for Mach n'tl3libers to agpaximatelg 0.83. 
A t  higher speeds the effect of the spoflers on aileron hinge maments 
was found to be irregular- 
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TABLE I1 

ORDINATES FOR mCA 65-210 AIRFOIL 

Stat ions and ordinates in percent wlng chord 1 

Upper eurf ace T 
Station ordinate 

0 
435 

.678 
1.169 
2.408 
4.898 
7.394 
9 594 
14.89 
19 909 
24.921 
29 - 936 
34 951. 
39.968 
44.984 
y .ooo 
55.01.4 
60.027 

70.043 
75 045 
80 .O44 
85.038 

65.036 

90.028 
95.014 
loo .om 

Station 

0 
9 565 . &2 

I. 331 
2.592 
5.102 
7.606 

10.106 
15.101 
20.091 
25 - 079 
30 064 
3.5 * 049 
40.032 
45.016 
50.000 
54.9% 
59 973 
64.944 
69.957 
74 9 955 
79 - 9% 
84.962 

94 * 9% 
SS 972 

100.000 

ordinate 

L. E. radfus: 0.687. Slop of radius 
t h r o w  end of chord: 0.084 



Fig. l a  

(a) Front view. 

Figure 1. - Wing of high-aspect  ratio mounted on vertical  support 
plate in Langley 8-foot high-speed tunnel. 



NACA RM No. LEI21 Ip Fig. lb 

(b) View of right wing showing 6-percent-chord spoiler mounted on 

Figure 1.- Continued. -L 

upper surface of wing at 70 -percent-chord location. 



NACA RM No. L7D21 
. -  

Fig. IC 

. .  
" " - ". 

(e) Close-up of right wing tip showing 6-percent-chord  spoiler  mounted 
on upper surface of wing at 70-percent-chord  location. 

Figure 1.- Concluded. -L 
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Fig. 5a ?CA RM No. L7D21 



NACA RM No. L7D21 - Fig. 5b 
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Fig. 5c NACA RM No. L7D21 

Upper surface 
"" Lower surface 

A With .spoiler ; ba= 0.5' 
0 N o  spoi ler  ; 6,,0.5' (reference /) 



NACA RM No. L7D21 Fig. 5d 



Fig. 6a NACA RM No. L7D21 

Upper surface 
L o  wer surf ace "- - 

A with spoi /er j  = 0.0~ 
0 N o  apoiler ; S,=O.SO (reference f )  

(a) a -0: 
Fiyure 6 .- Pressure distribution ahouf 

#he wing and ai/eron af +be BO-percent- 
sernispffn station $= (3.06 ; 3 = 0.70. c 
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Upper surface 
Lower surf ace  -" - 

6, = 0.0: 
bo = 0.5 (reference 



Fig. 6c NACA RM No. L7D21 
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Upper surface 
Lower surface "" 



Fig. 7c NACA RM No. L7D21 

Upper  sur face  
Lo wet- surface "" 

W i f h  spoiler ; 6,= 0.0; 
0 No spo i l e r  ; ba=0.5 (reference /) 
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Fig. 8a NACA RM No. L7D21 

U p p e r  surface 
Lower surfuce - - " 

A Wi fh  spoi/er Sap O.Oo for  M i 0.76 
bCr =-0.\3" for M 2 0.83 

o No spoi/er bo =. 0.5' (reference / )  

0 20 40 60 80 100 



NACA RM No. L7D21 Fig. 8b 

Upper surface 
Lower surface "" 

a W i f h  spoiter i Sa= 0.0" for h/l = 0.40 
6, "0.3" fo r  M 2 0.80 

ONO spoi/er ; 6, = 0.5' (reference / )  

e, 

fed) 

0 20 4 SO 80 /OO 0 20 40 60 80 /oO 
Percenf chord NATIONAL ADVISORY 

COMMITTEE F a  AERCUUTKS (6) a=23 
f igure 6 .- Cqntjnued. $=0.06 ; +=0.60. 



Fig. 8c NACA RM No. L7D21 
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NACA RM No. L7D21 Fig. 8d 

Upper surface 
- "- Lower  surface 

A Wiih spo//er 6,= 0.0' f o r  M 6 0.76 
6, =-03' for  M 2 0.83 

3 ,Uo qooi fer  0.5' (reference /) 

0 a 40 m 80/00 
ch"* K4rIoNu A n v w w  

(d) o L =  7. ~ r n u v v w r r r  

f igure 8 _- Conduded. $s= 0.06; $k,0.60. 
u_____ 
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