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An investigatFon was  m a d e  in the Langley  high-speed 7- by  10-foot - tunnel  through a Mach number range from 0.4 t o  0.91 t o  determine the  
effects   of   spoi ler   project ion on the  aerodynamic character is t ics  of a 
wing-fuselage  with  the wing quarter-chord Une s w e p t  back 32.60. The 
wing had an NACA 6 5 ~ 0 6  section, an aspect   ra t io  of 4, and a t ape r   r a t io  
of 0.6. Lift, drag, roll ing,   pitching, and yawing moments of t h e  model 
were obtained w-ith one wing panel  equipped with 50-percent-semispan 
inboard spoilers  located on the  70-percent-chord line. The spoiler  pro- 
jections  varied from 5 percent chord on the  wing lower sur face   to  
25 percent  chord on t h e  wing upper surf ace. I n  addition,  the aerodynamic 
charac te r i s t ics   o f ' the  model were determined  with one w i n g  equipped  with 
a perforated  spoiler and with  20-perc~t-chord,  40-percent-semispan, 
outboard  ailerons on' each wing. 

" 

The data indicated that an increase in  spoiler  projection produced 
an increase   in   ro l l ing  moment for  projections as great as 25 percent 
chord a t  the  lower  angles of attack,  but that the  effectiveness o f  
spoi lers  at any of the  given  projections  decreased  rapidly above az1 

' angle  of  attack  of 8' and became p rac t i ca l ly  zero a t  l 6 O  and above. A t  
the  lower  angles of attack  the  effectiveness of the   spoi le rs  in producing 
ro l l ing  moments increased  with  increase in Mach number. Spoilers of 
5-percent-chord projection  located on the  wing lower surface were only 
s l i g h t l y  less effect ive  than  spoi lers  on the  wing upper  surface.  Spoiler 
projection from the upper surface produced small positive  increments 
in   p i tch ing  moment but had l i t t l e  e f f ec t  on the  var ia t ion  of   pi tching-  

less effect ive in producing ro l l i ng  moments than  the  nonperforated,  and 
plain outboard  ailerons  deflected loo were much more e f fec t ive  than 

. moment coefficient  with lift coefficient.  The perforated  spoiler was 

e e i the r  at high  angles of attack. 
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INTRODUCTION 

The spoi ler  used  as a la teral-control  
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device  has  been the  subject 
of considerable  investigation  at low and high  speeds, and on 
both swept and unswept d n g s  (references 1 t o  7).  Many of the  advantages 
as  well  as some of the  disadvantages of the  spoi ler  have been discussed. 
Spoilers of various  spans  located  a$  variops  spqwise and chordwise 
positions and skew angles  have been tes ted  in order t o  determine  the 
more effective  locations. Most of the wings m,ed in these  previous 
investigations were 10 percent  thick o r  more, and the  spoiler  projec- 
t ions were limited to 10 percent  or  less of the wing chord. 

" 

.. . 

The purpose of the  investigation  reported  herein was t o  determine 
the rolling-moment effectiveness and other aerodynamic character is t ics  
of spoilers of  projections  greater  than 10 percent  chord on a 6-percent- 
thick sweptback wing. This investigation w a s  conducted i n   t h e  Langley 
high-speed 7- by  10-foot  tunnel  through a Mach number range from 0.4 
t o  0.91 and an angle-of-attack  range from 00 t o  240 except when limited 
by  tunnel  operating  conditions. Lift, drag, rolling, pitching, and 
yawing moments were obtained  with  spoiler  projections 8s  great as 25 per- 
cent of the  local  wing chord. 

SYMBOLS AND COEFFICIENTS 

The forces and moments measured on the model are  presented about 
an  orthogonal system of  axes,   the  longitudinal  axis  being  parallel   to 
the  free-stream air flow and the   ver t ica l  axis being i n  t he   ve r t i ca l  
plane of symmetry. The or igin of the axes is  a t  a longitudinal  position 
corresponding to  the  quarter-chord  point of the mean aerodynamic chord 
( f ig .  I). 

cL 

CD 

l i f t  coefficient (%) 
drag coefficient (7) 
pitching-moment coefficient (PitchirgFmmen-b 

c 

c 2  rolling-moment coefficient  result ing from spoiler  proJection 

or aileron  deflection 
. 



Cn yawing-moment coefficient  result ing From spoiler  prodection 

or aileron  deflection 
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v 
s 

b 
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C 

dynamic pressure, pounds per  square  foot ($ f+) 
mass .density of a i r ,  slugs per  cubic  foot 

free-stream air velocity,   feet   per second 

wing area, 2.25 square  feet 

wing span, 3.0 feet I 
\ 

mean aerodynamic chord of wing, 0.765 foot (2,s [’ c2dy) 
\ -  J o  

loca l  wing  chord, f e e t  

spanwise  distance from vert ical   p lane of symmetry 

Mach number 

Reynolds number based on F 

angle of attack,  degrees 

APPARAWS AND MODEL 

A drawing of t he  model and pertinent  information  are  given  in  fig- 
ure 1. The so l id  aluminum-alloy wing had an NACA 65A006 airfoil section 
p a r a l l e l   t o  .the fuselage  center line, a quarter-chord  lfne sweptback 
32.60, an aspect ratio of 4, and a taper   ra t io  of 0.6. The spoi lers  
were made of aluminum angle, the foot of the  angle  being  about 0.8 inch 
wide, and the  projecting  face  varying from 0.05 t o  -0.25 of the   loca l  
wing chord, the posi t ive  s ign  indicat ing pro3ection from the lower sur- 
face and the  negative  sign  projection from the upper  surface of t he  
wing. The perforated  spoiler w a s  made by dr i l l lng   ho les   in   the   p ro jec t ing  
face of the  aluminum angle. The holes  varied i n  diameter  from 0.25 inch 
at the  outboard end t o  0.36 inch a t  ‘the  inboard end. The holes  elimi- 
nated  about 37 percent o f  the  area of the  nonperforated  spoiler. The 
ailerons were made of  steel and at tached  to  the wing by  screws  through 
tongue and groove cutouts. 



4 - NACA RM U l L l O  

The  model was mounted on a sting-type  support system in   t he  
Langley  high-speed 7- by 10-foot  tunnel. The sting was supported  by a 
v e r t i c a l   s t r u t  downstream from the tes t   sect ion.  The system  allowed 
the angle  of  attack of the  model t o  be varied  by  rotating the model and 
s t ing   i n  the ver t ical   p lane about a point  near the quarter-chord  posi- 
tion  longitudinally. The forces and moments on the model were measured 
by means of e l ec t r i ca l   s t r a in  gages mounted inside the alumfnum fuse- 
lage. The fuselage  ordinates  are  given  in  table I. 

The  Mach number range WBS from 0.4 t o  0.91 f o r  this investigation. 
The angle-of-attack  range was Oo t o  2 4 O  f o r t h e  low Mach  numbers and 
Oo t o  12O fo r  a Mach  number of 0.91. The negative  (upper wing surface) 
spoiler  projection  varied from 0 t o  25 percent of the  loca l  wing chord 
i n  increments o f  5 percent.  me only posi t ive (lower wing surface) 
projection was 5 percent of  the   loca l  wing chord. The perforated 
spoi ler  was t es ted  at only one project ion  ( -0 .10~)  and the a i le rons   a t  
only one deflection, 10' up  on one Xing and 100 down on the  other. 

The variation of  Reynolds number w i t h  Mach number is given in 
figure 2. 

The t e s t  data have been corrected  for  jet-boundary  'effects  by  the 
method given  in  reference 8. Blockage corrections  based on the  plain 
wing model 88 determined from reference 9 t o  account for  the  constric- 
t ion  effects  of the  model on the  tunnel  free-stream  flow were applied 
t o  the data. To account f o r  the  error  caused  by  the  sting mount the  
drag has been corrected  to  a value  corresponding t o  a pressure  a t   the  
base of the f'uselage equal to  free-stream  static  pressure.  No correc- 
t ions   for  wing bending or twisting have been applied. These corrections 
as calculated from s t a t i c  loads on the  wing were found to   be small f o r  
the bending and negligible  for the twisting of the   plain wing. 

RESULTS AND DISCUSSIOR 

The lift, drag, and pitching-moment character is t ics  o f  the model 
with plain wing and wing with spoilers  are  given in  f igure 3 .  A t  a l l  
Mach numbers an increase  in  negative  spoiler  projection produced an 
increase i n  drag and a decrease in lift over mst of  the  angle-of-attack 
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range. The drag  increment was approximately  proportional t o   spo i l e r  
pro jec t ion   a t  small and moderate  angles  of  attack,  but  the lift decre- 
ment  was greater   proport ional ly   for  small projections for lift coeffi-  
c ients  up t o  0.6. In the  higher  angle-of-attack  range,  the  spoiler 
e f fec t  on the  l i f t  and drag was grea t ly  reduced. Recent unpublished 
pressure-distribution  data on a very similar wingshowed that  separation 
s ta r ted  between angles of at tack of  80 and l2O and that   the   separat ion 
had reached  the  leading edge at 160 angle of attack.  This  angle-of- 
attack  range where pressure  data  indicated  separation  corresponds  very 
closely  with  the  angle-of-attack  range where spoilers lost effectiveness 
as indicated  by  the  present  data, and separation may very  well have  been 
the cause  of t h i s  loss in  effectiveness.  

Negative  (wing  upper surface)  spoiler  projections produced small , 

increments of posi t ive  pi tching moments but  very l i t t l e  change i n  
s t a b i l i t y   a s  measured by  the  slope of the  pitching-moment curve.  Spoiler 
pro  Section on the  bottom  surface  of  the wing produced small increments 
of  negative  pitching moment which increased  with  increase i n  Mach number 
but had l i t t l e  e f fec t  on the  stability of t he  model except  possibly in 
the  semistalled  condition. 

The var ia t ion  of   la teral   control   character is t ics   with  angle   of  
attack  for  various  spoiler  projections is given i n  figure 4. The 
rolling-moment coefficient  decreased  rapidly above an angle  of  attack 
of 80, becoming zero or slightly negative at 160 and above. The spoilers 
of small projection began losing  effectiveness below an angle of attack 
of 80, but  the  larger  projections  tended  to  increase W effectiveness 
with  angle  of  attack up t o  about 8'. This loss i n  effectiveness i s  
probably a r e su l t  of  leading-edge  separation as previously  discussed. 
While it i s  apparent from f igure  5 tha t   the   var ia t ion  of rolling-moment 
coefficient w i t h  .spoiler  projection i s  not   l inear ,   there  i s  a consider- 
able  increase  in rolling-moment coefficient  with  increase  in  spoiler 
projection up t o  a profection  of  0.25~  over  the  angle-of-attack  range 
f o r  which the  spoi lers  are effective.  The 0 .05~   spo i l e r   appea rea   t o  be 
only  s l ight ly  less effect ive-on  the lower than on the  upper  surface of 
the wing. Most o f  t h e  yawing-moment coefficients of the  spoi lers  on 
t he  upper  surface were small; i f  not small, they had the same sign  as 
t he  rolLing-moment coefficient8 which is usually  considered a favorable 
condition.  Figure 6 indicates   that   the  rolling-moment coefficients 
generally  increased  with  increase  in Mach number f o r  small angles o f  
attack. In the  angle-of-attack  range  (near 120) where the   spoi le rs  
rapidly' lost   effectiveness,  rolling-moment coefficients were larger- 'at  
M = 0.4 than at M = 0.6 and 0.8. 

The comparative e f fec ts  of  perforated and nonperforated  spoilers 
and plain  a i lerons on the  l i f t ,  drag, and pitching-moment character is t ics  
of the model are shown i n  figure 7. A comparison of t he  lateral con- 
t ro l   cha rac t e r i s t i c s  i s  shown i n  figure 8. A perforated  spoi ler  of 
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0.10~  pro jec t ion ,  which had  about 37 percent  of  the  area of t he  p m -  
jecting  surface removed, had less drag a t  a l l  Mach numbers than the R O ~ -  
perforated, and the  perforated produced ro l l i ng  moments t h a t  were 20 t o  
35 percent less than  the  nonperforated at small angles  of  attack.  This 
percentage  difference became less as t h e  Mach number increased. There 
was very l i t t l e  difference  in  pitching-moment charac te r i s t ics  between 
the  two spoiler  configurations. 

Plain ailerons of 0 . 2 0 ~  and h-0 percent semtspan located  outboard 
were deflected loo up on one wing and 10' down on the  opposite wing. 
This  aileron  configuration was a l i t t l e   b e t t e r  at the U w E r  Mach numbers 
i n  producing r o l l i n g  moment t h a n   t h e   0 . 1 0 ~   s p o i l e r   ( f i g .  8) .  The effec- 
tiveness of the   spoi le rs  a t  the  lower angles of attack  increased  with 
Mach number, whereas the  effectiveness  of  the  ailerons  decreased above 
a Mach  number of 0.6. The ailerons  retained much of  thelr   effect iveness  
a t  the higher angles of  a t tack,   but   the   spoi lers  became ineffective a t  
16O and above. 

CONCLUSIONS 
* 

A wind-tunnel  investigation was made through a Mach  number range 
from 0.4 t o  0.91 t o  determine  the  effect   of  spoilers on t he  aerodynamic 
charac te r i s t ics  of a model with  the  uarter-chord  l ine of t he  wing 
swept back 32.6' and having an NACA 2 5.~006 af r fo i l   sec t ion .  The r igh t  
wing was equipped with  50-percent-semispan  spoilers  of 0.25 chord m a x i m u m  
projection  located  inbaard on t he  70-percent-chord  line. For comparison 
with nonperforated'spoilers., a perforated  spoiler and plain  outboard 
ailerons of 0.20 chord and 40-percent semispan deflected l o o  up and down 
were tes ted.  A s  a result  of  the  investigation,  the  following  conclusions 
based on tests of the  configurations  described are jus t i f ied :  

1. A t  t h e  lower wing angles  of  attack an increase i n  spoiler pro- 
ject ion produced an increase in r o l l i n g  moment for   spoi ler   project ions 
UP t o  0.25 chord. 

2. Spoilers  rapidly  lost  effectiveness above a wing angle of a t tack  
of 8' and were ineffective at 16O and above. 

3 .  Spoilers o f  small projection  (0.0%)  located on t h e  wing lower 
surface were only s l fgh t ly  less e f fec t ive  in producing ro l l i ng  moments 
than  spoilers of t he  same projection  located on the wing upper  surface. 

4. A t  t he  lower wing angles of attack  the  effectiveness  of  the 
spoilers  in  producing  roll ing moments increased  with  increase  in Mach 
number. 
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5. Spoiler  projection on t he  wing upper  surface produced small - posi t ive increments of  pitching moment but had l i t t l e   e f f e c t  on s t ab i l i t y .  

6 .  A perforated  spoiler was less   effect ive in producing ro l l ing  
' moments than a nonperforated one. 

7. Plain  outboard  ailerons  retained much o f  their   effect iveness  i n  
producing  rolling moments a t  high angles of attack, whereas spoi lers  
became ineffect ive at high angles of attack. 

Langley  Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautfcs 

Langley Field, V a .  
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TABLE I 

FUSELAGE ORDINATES 
-, 

9 

pasic fineness  ratio 12, actual  fineness r a t i o  9.8 achieved by cutttng 
off  the  rear   one-sixth of the bodg 

X 

0 
30 

-45 . - 75 
1.50 
3 -00 
4.50 
6.00 
9.00 

12.00 
15.00 
18.00 
21.00 
24.00 
27.00 
30 .oo 
33 .oo 
36.00 
39-00 
42.00 
49.20 

r 

0 
.13% 
.1788 
.2568 
9 4332 

.*78 
1.1026 
1 5558 
1.8540 

7230 

2 0790 

2 0 3598 
2.4378 
2.4858 
2.5002 

2.2446 

2.4780 
2.4144 
2.3052 
2.1372 
1.65 

L. E. radlus = 0.030 
inch 
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Area 324 sp in. 
Aspecf ratio 4.0 
Taper f a  f io  0.6 
Section NACA 65A006 
span 36.0 in. 
Roof chord 1/26 in. 
Tip chord 6.75 in. 
c 9.187 in. 
Quarter-chord &weepback 

32.6 

Spoilers 

L oco tion .70c 
Span  9.0 in. 

I Ailerons 
A l l  dimensions in inches 

Chord .2oc 
Section A-A Span 22 in. “be” 0.8 ” .  ” .- 

“. ” : . A”- 
. .  

Perforated spoiler 

- _  .” 

. .  

Figure 1.- General arrangement of model and controls. - 



.. 

4 

. . .. . 

. . .. 

1 1 1 . 

.4 .5 .6 .7 .8 
M Q C ~  number, Ad 

.9 

Figure 2 .- Variation of ~ o l d s  number with Mach rIumbW. 

. .  . 
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. " . - 

.4 

-3 

.2 

./ 

0 

. " 

. .. 

s 4  72 0 .2 ..e .6 .8 LO 
L i f t  coeff icient, C' 

(a) M z 0.4. 
Figure 3.- Effect of spoiler projection on the aerodynamic character is t ics  

i n  pitch. 
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/6 
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0 

(b) M w 0.6. 

Figure 3. - Continued. 
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0 .2 ..e -6 -8 1.0 
L if f coeff icient, C, 

(c )  M zz 0.8. 

.. . 

Figure 3.- Continued.. 
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74 72 0 .2 ..e .6 -8 1.0 
L i f t  coeff ic ient ,  C, 

(d) M Z 031. 

Figure 3.- Concluded. 
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x 
.02 

e 
8 

YO2 

Spoiler projection 
v +.05c 

- A "OiiC 
0 -./oc 
0 -./5c 

" 

. .. 

. . .. 

. - " 

(a) M Z 0.4. 

Figure 4.- Variation.-of lateral control  characteristics  with angle of 
. attack.for various spoiler  projections. 
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Spoi/er projection 
v *05c 
A - 0 5 ~  
0 "/OC 
0 "15C 

-4 0 4 B /2 /6 20 24 

Angle of a f fack,  a, deg 

(b) PI z 0.6. 

Figure 4.- Continued, 
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-4 0 4 8 /2 /6 20 

Ang/e o f  a t tack ,  a ,  deg 

-t-- 

(c )  M z 0.8. 

Figure 4.- Continued. 
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-4 0 4 8 /2 16 220 

Angle of  attack, a=, de9 

(dl M Z 0.91. 

Figure 4.- Concluded. 
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NACA RM ~ 5 1 ~ 1 0  

I I I 

1 

-25 -2 0 -/5 -/o -5 0 J 

Spoiler project ion,  percent c 

(a) M z 0.4. 

Figure 5.- Variation of lateral control characteristics with spoiler 
projection for several angles of attack. 



(b) M ~0.6. 

Figure 5.- Continued. 
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-. 02 

-25 -20 -/5 - / o  -6 0 

Spo/'/er p r o j e c t i o n ,  percenf c 

(c) M Z 0.8. 

Figure 5.- Continued. 
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"02 

-. 02 
-25 -20 -/5 -/0 -5 J 

Spoiler projection, percent c 

(d)' M z 0.91. 

Figure 5.- Concluded. 
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.06 

.u4 

.oz 

u, 
.04 

0 
F 

d 

h T20C 

. - " 

>. 

. . " " 

.4 .5 .6 .7 .8 
. Mach nun;lbe/, M 

.9 LO 

Figure 6.- Variation of rolling-moment coefficient with &ch number for 
various spoi ler  projection8 and angles of attack. 
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-06 

.04 

o- .02 

.5 .6 .7 -8 
M Q C ~  number, M 

Figure 6.- Concluded. 
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.3 

.2 

,f 

0 

74 2 0 .2 ..p .6 .8 
L iff coefficient, CL 

(a) Pll x 0.4. 

Figure 7.- Comparison of the   e f fec t  of perforated and nonperforated 
spoi lers  and plain ailerons on the aerodynamic character is t ics  in  
pitch. 
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:4 72 0 -2 .4 .6 .8 
L i f t  coefficient, C' 

(b) M z 0.6.' 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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/2 
0, 

t? 

(d) M z 0.91. 

Figure 7.- Concluded. 
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-4 0 4 8 /2 16 20 24 
AHg/e of at tack,  a,  deg 

Figure 8,- Comparison of the l a t e r a l  control charac te r i s t ics  produced by 
perforated and nonperforated spoi le rs  and pla in  ailerons, 



NACA RM ~ 5 ~ 0  

0 4 8 /2 /6 20 24 
Ang/e of attack,  a, deg 

Figure 8 -- Concluded. 




