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Tecta were made at Mach numbers from 0.61 to  1.05 by the 
NACA wing-f  low rnethod to determine the variation w i t h  Mach nuIober 
of the control effect ivene~e of 8 s p o i b r  on the  trafling edge of 
a swept-back airfofl. A trailing-edge epoiler on 8 swept airfoil 
ie of interest a8 a possible ccmtml ev-ica for g u i d e &  missiles. 
m e  a i r f o i l  had a sweepback of 4 9 ,  an W %uz) -010, a = 1.0 
airfoil section noma1 to the leadlng edge, an aspact r a t io  
of 4.0. The rrpoiler wa8 normal t o  the chord of the airfoi l  etnd 
in its neutral pueition proJectad 1.75 percent chord above e3ld 
below the, trailing edge. The t e e w  coneieteh in =amring the 
floating angle of tha model &out an axis well fomaxd of the 
aerodynamic center, Measuremnte of floating were made withorrt 
a spoiler, with a spoiler along the entire -- of the model in a 
neutral  or  undi8plac;ed position, ulth a spoiler along the ent i re  span 
of the model displaced 0.88 percent chord, and v i t h  a spoiler along 
the middle ~ i r d  of the model span displrtced 0.88 percent chord, 

The reaults of the testa indicated that the effectiveness of 
the trailing-edw spoiler decreased about 10 percent when the 
Mach number Fncreaeed from 0 .TO to 0.9. W i t h  further increase 
in Mach number the effectivene88 decreamd more rapidly and at a 
Mach number of 1.00 it waa about 55 percent of the value obtained 
at  a Mach n m W r  of 0 .TO. ??he 3 -span spoi ler  was a$prnoxhIately 1 

half as effective aa the full-span Bpoiler. 



In omneotion with the 'development of u pilot less  hircraft 
f o r  uac as's guid8.d mi58ik, an a e r o d p m i a  oon t ro l  device was 
rcquired for use on a smpt-baok wing. ?he r,rinci.Tsal requirer.cnts 
were a i q l i c i t y  of oonstruction and i n s t&l ln t ion ,  smll hinge 
mmrts, and no serious lass i n  6f f t ic t imnoss  a(; q y  epeed up LO d l  
iuoludfnp, s ~ e e d s  i n  the transonib ranL-e. k a i rcu la-  6sc  s-oilsr on 
the  t r a i l i l zg  edge of the sing o f  the  tpil devised by '&&per in 
commotion w i t h  the  developmmt of Gem& guided missiles (30 
published referencss available) XLS oonsidsred .as ' o m  aossibility 
beaauae it f u l f i l l e d  the first t:ao requiremr-ta. XO in fornnt icn ,  
however, wt;6 evailable 011 t h c  effe?tivsncss of  this cont ro l  tct ' 

traneonio spceds an2 t e . s t s  w j r o  thr,reforc m C 6 r t d c e ~  in which t h e  
MCA wing-flow mtithod of' referdace 1 was uecd. The mod61 t z s t e d  
z .7~~6 L oonstmt-chord airfoil ext-pt b o k  45* :nth a ?i .5-~era~ct-chord 
spoiler mounted on th6 t r a i l i n g  ad@. The teste acnsistccd in the 
measursnent of t h e  f loa t ing  slnglu of  at;t.sck of th?: mcrdel abirut a 
piaot we31 f'omcird of the aerodynaihio csntcr. Tho ohangs in floatin5 
anplo w i t h  s p o i l e r  def leotioa was b k 6 n  to bc z nmFleure of t he  
offestivenoEs of the o o n t r o l .  The t e s t s  were d i scon t imed  when another 
typ3 of control devics was adop-kd for tho guided lniscl lr  and tl;e 
s o o p  is therefore  l imited.  

Meaeurements o f  tke f loctisg S g l e  of the mcdel were ~ieide nt 
&eh n m b e r s  from 0.61 t o  1.05 without a spoi ler ,  with  a spoi ler  
a lorg  the ent i re  span of thc model in a ncu t ra l  o r  ul1di6uI~ced 
pcsltim, w i t h  8 spoi ler  along tho entire s p m  o f  the nod61 
displaoed 0.88 percent chord, end with u spoiler alonfr f;h6 dddl .9  
t h f r i :  of the ndel anan displhced 0.8D percent chord. . .  

=V angle sf m d o l  xfth respcct t o  angle .of refereacc vans 

a angle of attaok of model for zaro  pitohing moxent; about 
p i v o t  axis 

ha ohm@ in a due to def lec t ion  of oont ro l  

=a span of trail ing-edge spoi ler  

b erpan of model 
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C ahord of model; taken parallel t o  s t r e m  di rec t ion  

M effective lkoh number 

R Reynolds nrmiber based r,n ohord of model 

The trailing-edge spoilcr ’sfis made frm a f l a k  ~hk. 9.1 inch 
wide and 1/52 inch thick and had edgee beveled &io. ( & e  f ig s .  2 and 3. )  
T ~ F  spo i l e r  m s  soldered to the trailing edge of’ th~ a ir fo i l .  This 
spoiler wr8ngemcnt d i f f e r a d  same%-hat &can th& d;.sign configuration 
which required that the f r o n t  and rear faaes of the spoiler 
have circular &rz seations concentric w i t h  the hinge axis 
(located fom.wd fn the  a ir fo i l )  in order to gfve l i t t l e  or 
no hinge nrrsent. The design conf’Lguratian also rsqurred a -11 
clearance gap &tween the trailing 6dge of  the model and the 
spoi ler  to allow for its movement. The f-oregoing differences 



betwwn t he  aotual model and the des ign oonf ipp ra t ion  would ka 
uxuaoted to have l i t t l e  e f fec t  on t h e  Effectiveness of the 
oontrol.  

Thu di reo t ion  of' looal air f l m -  was d o t e ~ m d  by mans of 
a free-floating vane of wedge-shape cross s e c t i m  loorltcr'  22.5 i n c h c 6  
outboard of the model .  ( S e e  f ig .  1.) The nethod of  mouating. +he 
vane a;ld of reoarding its  a g u l a r  nosition waE similar to t h a t  
'used tor the modcl. The di reo t for ,  o f  tk flow a t  the model 
l o o a t i o n  r e l a f i v e  t o  the d i rea t ion  of flow a t  the vcnc loca t ion  
was detsrmined in a t e s t  of thc nods1 wi thout  the  trailing- 
edge spoiler.  T h e  angle of attask for zero pitohing mmcr?.t &bout 
the  aivot axis  for a g i m n  spoilcr configuration and Yach numbsr was 
then  t e e n  &a the  differcnc6 in the angle  of the model relat ive to 
the vans angle f o r  +,hat oonf ' iguration and for the spoi ler-off  
condikion. The spacing of the vane and the node1 wb.8 such tt.5-k 
the  mutual in te r fe rema i s  believed to krtrvc been neElbgible, 
(.See re fermoe 2, } 

The method of determining +he sffective Waeh n m b e r  6% t.hu 
model station frclm ~tat ic-pres&v.rs  neasuremmts a t  the xing 
surface was similar i:o tht; method described in reference 2. 
A corrbct ion factor o f  0.98, bawd cn the result. of an Incomplete 
inveetiEatian of the v w i a t i o r  of static rrerzsrzrs v i t h  dfstsncc 
f rom the wing S U T ~ ~ C C ,  I:owc-vcr, wae.applicd t o  takc aucount, 
aFproximatel;r, of th.; decrease in velooity witk distance frm: the 
wing surface. 

The te s t 8  of each model configuration were made i n  tmo hi3k:- 
speed dives. One dive ooverad an crltitude rangp from 2a,2.30 t o  
22,000 f e e t  in vhioh Ma& numtsrs at t1.a mdcl fron (1.61 to 1.05 
and Reynolds numbers fram 0,ig x IO6 to O.& x 1g6 were oktaincd. 
The other dive was frm an altitlude of lf!,Or)O f e e t  t o  12,GOO feet, 
and Xaoh umbers from 0.61 t o  13.91 and Reynakia ~umters from 
9.60 x 10% t o  G . 9  x were obixized.  TfLo av6rare .relation be- 
h e a n  R~,polriu number and Vach number is ehmm in f i p r e  4. The 
Reynolds number corrEsponding t o  a given Uo'r. numbcr in a given 
nminal a l t i t u d e  range varied, sonewhat, between different t e a t s ,  but 
the aaristioa probably did q~7t excced 3 ar 4 percsnt. kkasurenrnts 
of the f loa t ing  angles of th  model wcre made f o r  t , h  falloFinc 
configurat ions:  wikhout tl t ra i l ing-cdge  apoiler,  with a spoilcr 
a long  %ho cntirE span of  tho mxlcl i n  a ~ l ~ a t r s l  or m 6 i m l a c c d  
posftion, with Q spoi ler  along  the cntfre  s p m  of' t h o  m o d e l  6is- 
plaoed 0.88 nerccat chord, and with a spcliler along t h e  midale  
th i rd  of the modcl span displaced 0.88 -mrcc=nt chord. (Sea f ig .  3.)  
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Under c e r t a i n  t e s t  oonditions, the model exhibited a severe 
high-frequenoy o s c i l l a t i o n  far all configwatiorrs. These 'conditions 
are indicated i n  figure 5 in xhioh time histories of &oh number Y 
and angle of the model w i t h   r e s p e c t   t o  the reference vane aV a r e  
p l o t h d  for a l l  t e s t s .  Apparently the oso i l l a t ions  =re not  due 
niainly to disturbanc~s c r a t e d  by the spoi ler  immuch as they 
also appeared in t a s t s  with the spoi ler  off. For the conditions in 
which the oscillations ~ e r 6  of moderate amplitude (22.5') thc 
mean v a l u ~  of the m o d e l  angle wa6 used in the  determination of .a, 

The var ia t fon  w3th Each number o f  the angle of .attack fGr 
ze ro  pi tching nrornent a for the spoilcr arrqngcments tesfed is 
shown i n  figure 6. The data f o r  the epoi le r -neut rn l  condition 
provide a? indication. of t k  probable acsurscy with which +&e 
spo i l e r  cmld  be Bet. "he ohtinge i n  a resu? t ing  f r o m  dis- 
pl&o.srcents of the spoiler is influencsd by drag Icmcnt about the 
pivot and by change i n  pi tching momc~t &bout the  asrodyn%r,ic 
center of the codel. The pradominnting effsc  t, howe~er, is that 
due to the  change in angle of a t taek  of zero lift. Variatiolr i n  
a c m  thersfore be considered as fndicat ive of n w f a t i o n s  in  
effect iveness  of the   spoi le r  in changing the angle of zero lift. 
The effectiveness of th6 spoiler a p ~ s a r e d  t o  be consistently greater 
a t  high a l t i t ude  t h n  at  low altitude, probably because of the 
differsncs  in Reynolds number which was greater at the low 
a l t r tude .  Ths trcrtds, hm-mer, are gmerkll;. similar ovsr  t h e  
rsnge of Xach number for which r e s u l t s  were obtained at each 
altitude. 

73th a full-span spo i l e r  displaced 0.88 psroont ahcrd ths 
effectiveness of tho spo i l e r  for the high-a l t i t ude   t e s t  decreased 
apnroxlmately 13 percent as the Eaoh number incrsased from 
0.70 to 0.9. With further inoroase in Kmh numkr the e f fec t ive-  
m a s  decressed more r8p3KQ, and a t  a h c h  nlrmber of 1.00 it %-as 
approximately 55 percent of the value obtained at a li:ach number of 
0.73. The effectiveness of the -span s v o i l e r  displaced 0.88 per- 

cent  ahord appeared t o  be approximntejv half that o f  th6 f u l l -  
span spoiler and Ehm-ed s similar variation x i t h  W!cb number. 

T 

A oomarison is s h m  i n  f igure  7 of  tho var i a t ion  xiti 
Wach number of t b  control eff 'entfv~ness  of the trailing-edge 
spoiler on a sweDt-baok a i r f o i l  and of three o ther  control 
arrsngenrsnts bested by the NACI: w i n g - f l m  method. (See references 1 



and 3 . )  The results are Dresented 8 8  ?lots of A=/&%- 
aeainst !-5ad? number, where ha is the value of &a 

at a )%oh nunbar of 0.7. The comparison indicates that laagc 
differencns nay be e x w c t e d  in the e f f e c t  of cmprss6ibil:ty on 
thc- ekfectivencss of different o o n t r o l  oonfifyrafions at transonfo 

c- 0.7 

M =  0.7 
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NACA R3.4 No. L6Kl2a Fig. 1 

Figure 1.- Model mounted on wing of p-5lD airplane. Spoiler along 
entire span; spoiler deflected 0.88 percent chord; reference m e  
In background. - 

. 



NACA RNI No. L6Kl2a Fig. 2 

Figure 2.- Details o f  model and trail ing-edge  spoiler.  
[ A l l  dimensions are  in inches. I 
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Figure 3 . -  Spol ler  conf lgurat ione  tested. 
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MACA RM No. L6Kl2a Fig. 4 
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Figure 4.- Average  relation  between Reynolds number and 
Mach number during tests. 



Fig. 5 NACA RM No. L6K12a 
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Figure 5.- Tine hiatorlea of Mach number and of angle of model relatlve to angle of reference 
vane. Shaded are88 lndlcate  amplitude of hlgh-frequency  oscillation of model. 
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Figure 6,- Variation  with Mach number of  angle  of  a t tack  of model for zero 
p l t c h l n g  moment about the p lvot  axis. 
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