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A 4-PERCENT-THICK 30' SWEFTBACK WING, INCLUDING 

SOIJIE EFFECTS OF -ON TRAILING-EDGE 

THICKNESS AND AEBOIYYNAMIC BALANCE 

By Charles F. Whitcomb and C h r i s  C. Critzos 

SUMMARY 

An investigation has been conducted in  the Langley l6-foot transonic 
tunnel t o  determine the roll effectiveness, hinge-moment character is t ics ,  
and aileron center-of-load locations for an outboard 40-percent-semispan 
flap-type aileron ins ta l led  on a 30' sweptback wing having an aspect 
r a t i o  of 3.0, a taper r a t i o  of 0.2, and NACA 65A004 a i r f o i l  sections. 
Aileron loads as well as forces and moments on the complete model were 
obtained fo r  angles of a t tack from Oo t o  21' and for  Mach numbers between 
0.80 and 1.03. 
t r a i l i n g  edge and for  a 65-percent-overhang nose-balanced aileron. 
nose of the aerodynamia balance w a s  constructed t o  unport immediately 
upon posit ive deflection of the aileron. 

Data were also obtained fo r  the aileron with a blunt 
The 

The r e su l t s  of the investigation indicated t h a t  the rolling-moment 
effectiveness of the tes ted aileron configurations w a s  considerably 
influenced by flow separation which originated over the outboard portions 
of the wing. An increase i n  the control trailing-edge thickness increased 
i t s  r o l l  effectiveness f o r  low angles of a t tack  by as much as 50 percent. 
Curves showing the variation of hinge-moment coefficient with control 
deflection for  a l l  three ailerons were generally nonlinear. This was 
par t icu lar ly  t rue  for  the balanced slab-sided aileron at  angles of a t tack 
of Oo and 4' a t  Mach numbers of 0.80 and 0.90 where reversals i n  the 
slope of the curvss occur. Increasing the control trailing-edge thick- 
ness increased the negative slopes of these curves a t  low angles of 
attack. The addition of the overhang balance considerably decreased the 
negative slopes of the  curves at low angles of attack. Generally, only 
s l i gh t  aileron center-of-load movements ( for  the most par t  rearward and 
inboard) were noted for the three ailerons with increasing angle of 
attack, deflection angle, or Mach number i n  the ranges where there w a s  
s ignif icant  loading on the controls. 
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An experimental research program i s  being conducted i n  the Langley 
16-foot transonic tunnel t o  determine the effectiveness and loading char- 
ac t e r i s t i c s  of flap-type ailerons on a ser ies  of th in  wings at  transonic 
speeds. Portions of t h i s  program, which include effectiveness informa- 
t i o n  fo r  an outboard ai leron on an unswept wing and fo r  ailerons at  
three spawise  positions on a 45O swept wing have been published in ref -  
erences 1 and 2, respectively. In addition, a i leron force and hinge- 
moment character is t ics  are  available in reference 1 fo r  the unswept case 
and i n  reference 3 fo r  the 45' swept case. 
effectiveness, a i leron hinge-moment, and ai leron center-of-load data f o r  
an outboard aileron on a 30° sweptback wing. 

The present paper includes 

Some ef fec ts  of aileron trailing-edge thickness and aerodynamic 
balance have also been investigated on this configuration and are pre- 
sented herein. The balanced ai leron of the  present investigation was 
designed t o  provide complete unporting 02 the  overhang nose immediately 
upon posit ive deflection of the control. The basic aileron, the thick- 
ened trailing-edge aileron, and the balanced aileron were made t o  have 
equal areas back of the control hinge l ine .  

Hinge-moment, center-of-load, and effectiveness character is t ics  for 
the three control configurations are  reported fo r  angles of a t tack  from 
0' t o  approximately 21' at  control deflections up t o  15' over a Mach num- 
ber range from 0.80 t o  1-03. 

6 6 ,8  x lo6 at  a Mach )lumber of 0.80 t o  8.2 x 10 at  a Mach number of 1.03. 
The Reynolds number varied from about 

SYMBOLS 

The complete configuration forces a re  referenced t o  the wind axis 
and the moments a re  referenced t o  the body axis. 

b wing span 

ba a i leron span 

C l oca l  wing chord 

C '  mean aerodynamic chord of wing 

4 mean aerodynamic chord of aileron rearward of hinge l i n e  
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drag coefficient, - Drag 
as CD 

H aileron hinge-moment coefficient, - 'h 
2sM1 

cL 

Cm 

Cn 

CY 

c2 

E2 

D 

H 

M 

M1 

9 

S 

t 

X 

Lift lift coefficient, - 
SS 

Pitching-moment about 0.25~ * pitching-moment coefficient, 
qsc ' 

Yawing moment 
SSb 

yawing-moment coefficient, 

Lateral force 
SS 

lateral-force coefficient, 

Rolling moment 
SSb 

rolling-moment coefficient, 

incremental rolling-moment coefficient due to aileron deflection 

body diameter 

aileron hinge moment measured about hinge line 

free-stream Mach number 

area moment about hinge line of aileron mea rearward of hinge 
line 

free-stream dynamic pressure 

wing area 

ratio of aileron trailing-edge thickness to aileron thickness 
at hinge line 

longitudinal distance along aileron mean aerodynamic chord line 
parallel to plane of symmetry, positive downstream of hinge 
line 
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Y 

a 

%V 

6 

6N 

A5 

l a t e r a l  distance along ai leron span, posit ive outboard of inboard 
end of aileron 

angle of attack of model 

averaged angle of a t tack of model f o r  three configurations 

ai leron deflection angle i n  plane normal t o  a i leron hinge l ine,  
posit ive when t r a i l i n g  edge i s  down 

nominal aileron deflection (not corrected fo r  deflection due t o  
load) 

deviation of actual  control angle of deflection from nominal 
set t ings as a r e su l t  of deflection due t o  load 

MODEL, APPARATUS, AND TESTS 

Model 

The s t e e l  wing had 30' sweep of the quarter-chord l ine ,  an aspect 
r a t i o  of 3.0, a taper  r a t i o  of 0.20, and NACA 65AOO4 a i r f o i l  sections 
p a r a l l e l  t o  the plane of symmetry. The fuselage had a fineness r a t i o  
of 11, an ogive nose, a cyl indrical  center section, and a boa t t a i l  a f te r -  
body. 
w a s  designed t o  have no geometric t w i s t ,  incidence, or dihedral. The 
general arrangement of the model with pertinent dimensional de t a i l s  i s  
shown i n  figure 1. 

The wing w a s  mounted t o  the  fuselage in the midwing posit ion and 

Dimensional de t a i l s  of the three ai leron configurations are  a lso 
shown i n  figure 1. 
wing semispan and t h e i r  hinge l i n e  w a s  along the 81.5-percent chord l ine .  
The three aileron configurations consisted of an unbalanced aileron with 

The ailerons spanned the outboard 40 percent of the 
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normal wing-section ordinates, an unbalanced slab-sided ai leron ( Oo 
trailing-edge angle), and a balanced slab-sided aileron with a sharp- 
nosed overhang which extended forward of the hinge l i n e  65 percent of 
the aileron chord back of the hinge l ine .  The nose of the balance over- 
hang was  located t o  provide complete unporting from the  upper surface 
immediately upon posit ive deflection of the aileron. The lower wing 
surface extended t o  approximately the control hinge-line location (see 
ai leron cross-sectional de ta i l s ,  f i g .  1); thus, the negative control 
deflection i s  l imited t o  about 60. The ailerons were mounted on the 
r igh t  wing by two strain-gage support beams (rectangular cross section) 
spaced near the inboard and outboard ends of the control. A constant- 
width chordwise unsealed gap of 0.030 inch was maintained between the 
ai leron and the wing. 
are  presented i n  f igure 2. The multiple holes apparent i n  the  photo- 
graphs of the ailerons were made t o  reduce the weight of the ailerons 
and were f i l l e d  with p l a s t i c  and recontoured t o  the or ig ina l  surfaces 
of the controls. 

Photographs of the m o d e l  with controls ins ta l led  

Apparatus 

The t e s t s  were conducted in the  Langley 16-foot transonic tunnel, 
the air  flow and power character is t ics  fo r  which are presented i n  re f -  
erence 4. 
forces and moments were measured by a six-component in te rna l  strain-gage 
balance. 
strain-gage a t t i t ude  transmitter.  The ai leron normal forces, hinge 
moments, and moments about the ai leron inboard end were measured by 
s t r a i n  gages attached t o  the aileron support beams. 
of control deflection were obtained by select ive use of various couplings 
between the support beams and the  controls. 

The model w a s  s t ing  supported and the complete configuration 

The angle of attack was measured by means of a pendulumtype 

The nominal angles 

Tests 

Tests of the model with the three ai leron configurations were made 
a t  Mach numbers from 0.80 t o  1-03. 
t o  approximately 21' at the lower loading conditions and from 0' t o  
approximately 12.5' at the highest loading condition. 

The angle of attack ranged from 0' 

The unbalanced fa i red  aileron was t es ted  at  nominal control- 
deflection angles of Oo, 8O, and l'jo with the model upright and -Oo, 
- 8 O ,  and -15O with the model inverted (thus, the aileron i s  located on 
the opposite o r  l e f t  wing). Tests were conducted f o r  the unbalanced 
slab-sided aileron at  nominal control deflections of -6O, Oo, bo, 8O, 
and l5O and for  the balanced slab-sided ai leron at  - 6 O ,  Oo, 8O, and 15'. 
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The Reynolds n ber, based on wing mean aerodynamic chord, ranged 
from about 6.8 x 10 Y (M = 0.80) t o  8.2 x 106 (M = 1.03). 

Corrections and Accuracy 

The Mach numbers assigned t o  the data presented herein are  believed 
t o  be accurate t o  within rtO.005 (see r e f .  4) and the angles of a t tack 
presented are believed t o  be accurate t o  within +_0.lo. 

L i f t  and drag data were adjusted t o  the  condition of free-stream 
s t a t i c  pressure at the  model base. 
s t ing  e f fec ts  since the results of reference 5 indicated that these 
would be small. 
are  generally negligible at  Mach numbers up t o  1.03 i n  this tunnel. 
(See ref. 6.)  

Drag data were not corrected f o r  

Corrections f o r  tunnel boundary-interference e f fec ts  

The data  were not d j u s t e d  f o r  wing aeroelast ic i ty .  Reference 7 
indicated the t w i s t  of the t i p  section of t h i s  wing t o  be only -0.4O 
with ailerons undeflected at  a Mach number of 1.0 and an angle of 
a t tack of 20'. 
been corrected for  the deflection due t o  a i leron loading. This cor- 
rect ion was  determined from the s t a t i c  bench loading cal ibrat ion and 
the measured ai leron aerodynamic loads. The resul t ing values of 
corrected deflection 6 are believed accurate t o  within f O . l ' j O .  

The aileron deflection angles presented herein have 

The accuracy of the  measured coefficients,  based on balance accuracy 
and repeatabi l i ty  of data, is believed t o  be within the following limits: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rto.01 
CD a t  low l i f t  coefficients e e . e e . . e e . . a . . 5O.QOl 
CD a t  high l i f t  coefficients . . . . . . . . . . . . . . . . .  50.003 
C,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .+0.004 
c z , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . r t O . O O l  

c y " .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .+0.002 
C n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e r t O . 0 0 1  

thee . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.02 

RESULTS AND DISCUSSION 

The longitudinal and l a t e r a l  aerodynamic character is t ics ,  with the 
exception of the rolling-moment coefficients,  of the three ai leron con- 
figurations at  nominal control deflections are presented i n  figures 3,  
4, and 5 .  The rolling-moment coefficients fo r  the  three ailerons at  
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nominal deflection angles are  presented in figure 6. 
deflections f o r  the  fa i red  unbalanced ai leron were obtained by inverting 
the model and thereby locating the ai leron on the opposite or l e f t  wing. 
Therefore the rolling-moment, yawing-moment, and side-force coefficients 
fo r  these negative deflections were a r b i t r a r i l y  reversed t o  simulate a 
right-wing control deflection. It is  believed that the nominal control 
deflections indicated i n  these figures fo r  each of the three ailerons 
t e s t ed  correspond closely enough t o  the  ac tua l  control deflections t o  
allow the figures t o  be u t i l i zed  i n  a preliminary quantitative analysis 
of the resu l t s .  
deflections from the nominal values a re  presented in figure 7. They 
indicate a maximum deviation of l.7O which occurs f o r  the unbalanced 
f a i r ed  ai leron a t  a Mach number of 0.98,- a nominal deflection of l?', 
and at  an angle of a t tack of 21.2O. 
rolling-moment coefficients due t o  control deflection plot ted against 
control deflection fo r  constant angles of a t tack at the various tes t  
Mach numbers. The ai leron rolling-moment effectiveness parameter C 

(obtained over a s m a l l  deflection range of -5O t o  5') fo r  the  three con- 
figurations,  plot ted against Mach number, i s  presented in figure 9. The 
var ia t ion of hinge moment with angle of a t tack and with control deflec- 
t i o n  fo r  each configuration i s  presented in figures 10 and 11, respec- 
t ive ly .  Figure 12 presents the hinge-moment parameters C and C b  

p lo t ted  against Mach number. 
the  aileron center of lo& are  shown in f igures  13 and 14, respectively, 
as functions of control deflection a t  constant angles of a t tack through- 
out the range of Mach numbers. 
a i leron configurations at  Oo deflection f o r  l i f t  coefficients of 0 and 
0.4 plot ted against Mach number a re  presented i n  f igure 15. 

The negative 

Curves showing the  deviation of the ac tua l  control 

Figure 8 presents the incremental 

26 

ht3 
The chordwise and spanwise locations of 

The drag coefficients of the  three 

Aileron Characterist ics 

Rolling-moment effectiveness.- In  many cases the curves of figure 6 
show rather  large variations of C2 with a fo r  each of the  t e s t ed  
ai leron configurations . In  general, these variations were associated 
with flow separation which occurred on the upper surface of the basic 
wing. As shown by the pressure dis t r ibut ions over the basic wing pre- 
sented i n  reference 7, th i s  flow separation occurred i n i t i a l l y  near the 
outboard leading-edge portion of the wing at low Mach numbers and near 
the outboard trailing-edge portion at  the higher Mach numbers. 
i n i t i a l  angle of attack of occurrence and the spreading r a t e  with 
increasing angle of attack also depended upon Mach number. 
expected, therefore, that the a b i l i t y  of the ailerons t o  provide roll 
control was considerably influenced by the flow-separation phenomena. 
This is  supported by the nonlinear variation of w i t h  deflection 

The 

It would be 

E2 
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with 
cZ6 

( f ig .  8) and the changes i n  the effectiveness parameter 

angle of attack ( f i g .  9) which occur for  conditions of angle of a t tack 
and Mach number for  which the flow over the wing i n  the v ic in i ty  of the 
ai leron i s  known t o  have been separated. Additionally, of course, the 
aileron deflection would be expected t o  have a def in i te  influence on 
the amount of flow separation. 

A t  a Mach number of 0.94 and angles of at tack near 12O, figures 6( a) 
and 6(c)  indicate large changes i n  
deflection of 0'. Unpublished data  show tha t  these changes, which are 
caused by differences i n  flow separation on the opposite wings, a lso 
occurred fo r  the basic model. Apparently, the flow was very sensi t ive 
t o  boundary-layer changes i n  t h i s  angle-of-attack range at  a Mach num- 
ber  of 0.94, as indicated by the abrupt changes i n  the l i f t  curves of 
figures 3( a) and 5(a). Further indications of t h i s  s ens i t i v i ty  are  
shown i n  figures &(a) and 6(b)  where asymmetric flow separation and i ts  
resul tant  e f fec t  on ro l l ing  moment did not occur f o r  the unbalanced 
slab-sided aileron a t  nominal deflection angles of Oo and 4'. 
ef fec t  of asymmetric flow separation on ai leron effectiveness i s  shown 
i n  figure 8 by severe nonlinearit ies i n  the variation of 
deflection and reversal  i n  the curve slopes. 

C 2  f o r  even a nominal control 

The 

C z  with 

The nonlinear variation of with 6 ( f ig .  8) fo r  the three 
ailerons i n  the low and intermediate range of Mach numbers l i m i t  the  
usefulness of the curve slopes C z 6  
of control effectiveness. The parameter Cz6 i n  figure 9 i s  then 
representative of the aileron character is t ics  only over a small range 
of deflections of approximately +5O.  A t  the  higher Mach numbers, how- 
ever, the variations i n  with 6 were, i n  general, more l inear  
since the  supersonic flow f i e l d  w a s  well established over the wing and 
control surfaces and flow-separation effects  became delayed and l e s s  
pronounced. Even at  these higher Mach number conditions, however, the 
curves of the balanced control showed some l o s s  i n  aileron effectiveness. 

presented i n  figure 9 as a measure 

The variations of the rolling-moment effectiveness parameter Cz6 
with Mach number as presented i n  figure 9 were quite s i m i l a r  f o r  each 
of the three tes ted  ailerons.  The decrease i n  effectiveness at  angles 
of attack of 0' and 4 O  which occurred for a l l  the  ailerons between a 
Mach number of 0.90 and 0.98 may be associated with the e f fec ts  of a 
shock wave which formed and moved toward the t r a i l i n g  edge i n  t h i s  Mach 
number range. (See pressure dis t r ibut ions of r e f .  7.) The unbalanced 
slab-sided aileron was  as much as 50 percent more effect ive than the 
fa i red  aileron at  angles of a t tack of Oo and 4' and, t o  a lesser  extent, 
at  8O. A t  these angles, some improvement existed throughout the  Mach 
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number range. 
of the effectiveness a t t r ibuted t o  the slab-sided aileron is noted at  
the higher Mach numbers only. 
decreased the  effectiveness of the slab-sided aileron s l igh t ly  at  angles 
of attack through 4'. 

A t  the  higher angles of 12O and 16', a s l igh t  improvement 

The addition of the aerodynamic balance 

Hinge moment.- The hinge-moment coefficients for  the three aileron 
configurations axe shown i n  figure 10 t o  have a generally negative slope 
with increasing angle of attack. 
t i v e  control deflections at  low angles of a t tack and Mach numbers up t o  
0.94 f o r  which the slopes a re  positive. 
the curves, par t icular ly  f o r  low angles of attack, at  Mach numbers as 
high as 0.94 and 0.96. The values of' the  parameter C b  taken at  
a = 0' 
hinge-moment character is t ics  over only a s m a l l  range of angle of attack, 
par t icular ly  f o r  the  low and intermediate Mach number ranges. 

Exceptions a re  noted f o r  zero and posi- 

Nonlinearities a re  indicated i n  

presented i n  figure 12(b) are, therefore, indicative of the  

The hinge-moment-coefficient variations with control deflection 
( f ig .  11) axe generally nonlinear for  a l l  three ailerons.  This i s  
par t icular ly  t rue  f o r  the balanced slab-sided ai leron at  angles of 
attack of 0' and 4' and Mach numbers of 0.80 and 0.90 where reversals 
i n  the slope of the curve occm. The hinge-moment parameter C k  there- 

fore  is  applicable over only  a small deflection range. For t h i s  reason, 
values of t h i s  parameter were obtained at  control deflections of both 
0' and 12O and are presented i n  figure E( a). 

A t  6 = oO, the  vdues  of chg ( f ig .  12) fo r  each ai leron configu- 

ra t ion  increased ne at ively with Mach number up t o  about 0.98 fo r  angles 
of a t tack between 0 
ai leron center of load or an increase i n  a i leron load.  Some rearward 
sh i f t ing  of the  ai leron load center with increasing Mach number up t o  
0.98 is  indicated i n  figwre 13 f o r  posit ive angles of deflection above 
the lowest values. Values of ch6 a t  6 = Oo f o r  the unbalanced slab- 
sided aileron were more negative than those f o r  the fa i red  ai leron at 
angles of a t tack up t o  8 O  and generally less negative fo r  angles of 
a t tack between 12' and 20°, although the difference a t  the higher angles 
was  much smaller. Adding the aerodynamic balance t o  the slab-sided 
ai leron decreased the hinge-moment slopes at fo r  angles of 
a t tack up t o  8'. Above an angle of a t tack of 8 O ,  however, no balancing 
ef fec ts  were indicated. In  t h i s  angle-of-attack range, it is believed 
t h a t  the balance was submerged i n  the separated flow region over the 
upper surface outboard portions of the wing. 

and 12' and indicated a rearward s h i f t  i n  the 

6 = Oo 

A t  6 = 12O, the  hinge-moment slopes fo r  the  unbalanced fa i red  
ai leron were somewhat greater than those for  e i ther  the unbalanced or 
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balanced slab-sided aileron throughout the test  Mach number and angle- 
of-attack ranges. Some balancing was indicated for  the aerodynamic 
balance at  most angles of a t tack below 20' f o r  Mach numbers of 0.90 and 
above. 

As mentioned previously, the values of the  parameter C b  presented 

i n  f igure 12(b) f o r  the three ailerons are  applicable only over a small 
angle-of-attack range. Above a Mach number of approximately 0.90, the 
trends toward large negative increases i n  

three ailerons w i t h  increasing Mach numbers. The values fo r  the unbal- 
anced slab-sided ai leron were somewhat l m g e r  negatively than those f o r  
the other two ailerons i n  this Mach number range. 

C b  were similar fo r  the 

Center of load.- The longitudinal center-of-load locations shown 
i n  f igure 13 were computed d i r ec t ly  from the  hinge-moment data  of f ig -  
ure 11 and from the measured aileron normal forces (not presented 
herein). The discont inui t ies  i n  the curves for the longitudinal and 
l a t e r a l  centers-of-load locations shown i n  figures 13 and 14, respec- 
t ively,  occurred when the ai leron normal forces approached zero. As 
can be determined from figures 11 and 13, the aileron normal forces at  
angles of a t tack above bo were larger  at  posi t ive aileron deflections 
than a t  the corresponding negative deflections.  

A t  the  posi t ive control deflections the  center of load generally 

fo r  the unbal- 

moved s l igh t ly  rearward w i t h  increasing angle of a t tack and Mach number 

t o  a maximum rearward location of approximately 0.5 

anced ailerons and 0.4 % f o r  the balanced aileron ( f ig .  13) a 

t i v e  deflections greater than those fo r  which discont inui t ies  i n  the 
curves exis t ,  similar reasward shifts occurred. A t  angles of deflec- 
t i o n  greater than those fo r  which discont inui t ies  occur, increasing the 
deflection angle generally caused a s l igh t  reaxward s h i f t  i n  the center 
of load for the  unbalanced ailerons.  Generally, the load center of the 
balanced aileron w a s  well forward of those f o r  the  unbalanced ailerons. 
Spanwise, there was  a gradual inboard movement of the ai leron center of 

load from approximately 0.5 

( f i g .  14).  The l a t e r a l  location of the center of load w a s  l i t t l e  
affected by changes i n  Mach number or control deflection. 

C a  

A t  nega- 
ca 

t o  0.4 
ba ba 

with increasing angle of a t tack 
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Other Aerodynamic Characterist ics 

Longitudinal character is t ics  e - The unbalanced and balanced slab- 
sided ailerons indicated variations of l i f t  coefficient with angle of 
attack s i m i l a r  t o  those fo r  the unbalanced fa i red  aileron except fo r  
some s l igh t  previously noted differences at  a Mach number of 0.94 
(par t s  (a) of f igs .  3 t o  5) e Drag a t  low l i f t  coefficients increased 
with control deflection. Maximum increases occurred fo r  the  balanced 
ai leron a t  the la rges t  t es ted  deflection. 
t o  5.) Figure 15 indicates t h a t  the thickened t r a i l i n g  edge of the two 
slab-sided ailerons had l i t t l e  e f fec t  on the drag of the model fo r  l i f t  
coefficients near zero. 

(See par t s  ( b )  of f igs .  3 

The magnitude of the unstable pitching-moment tendencies of the 

(See par ts  ( c )  of f igs .  3 
model a t  moderate l i f t s  fo r  subsonic Mach numbers below 0.94 was ampli- 
f i ed  by control deflection in some cases. 
t o  5 J  part icular ly  at  M = 0.90.) In  addition, control deflection gen- 
e ra l ly  caused a s h i f t  i n  model trim l i f t  coefficient.  

Lateral  character is t ics , -  The yawing-moment and side-force char- 
ac t e r i s t i c s  of the three configurations showed l i t t l e  change due t o  
angle of attack or Mach number except at  high angles of a t tack between 
16O and about 21' fo r  Mach numbers below 0.94. (See par t s  (d)  and (e)  
of f ig s .  3 t o  5 . )  I n  t h i s  angle-of-attack range, for  which the wing 
flow separation became an increasingly important factor,  a general 
increase i n  the magnitude of both the yawing moment and side force was 
indicated. It i s  t o  be noted i n  figure 6 tha t  at  these same conditions 
the rolling-moment coefficients were increasing negatively. There a re  
no comparable trends i n  the l i f t  or drag curves of par t s  (a) and (b)  of 
figures 3 t o  5. Posit ive yawing-moment-coefficient combined with nega- 
t i v e  rolling-moment-coefficient increments at  low deflection angles seem 
t o  indicate tha t  the separated areas over the two wings differed greatly.  
The reasoning is  further strengthened by the f a c t  tha t ,  a t  a Mach number 
of 0.94 and below at  low and medium angles of a t tack where sensi t ive 
flow conditions caused large changes i n  rolling-moment coefficient,  only 
s l i gh t  changes i n  yawing-moment and side-force coefficient occurred. 

Figures 4(d) and ?(d) indicate that ,  i n  general, the adverse yawing 
moment resul t ing from deflection of the balanced aileron w a s  greater 
than tha t  for deflection of the unbalanced aileron. 

C ONCLUS IONS 

A transonic investigation of the effectiveness and loads character- 
i s t i c s  of 40-percent-semispan outboard ailerons ins ta l led  on a 4-percent- 
thick, 30' sweptback wing including effects  of aileron trailing-edge 
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thickness and aerodynamic balance l ed  t o  the following conclusions: 

1. The rolling-moment effectiveness of the tes ted  ai leron configu- 
ra t ions was considerably influenced by flow separation which originated 
over the  outboard portions of the wing. Decreasing the ai leron t ra i l ing-  
edge angle t o  0' by s l a b  siding the control increased the control roll ing- 
moment effectiveness by as much as 50 percent f o r  angles of a t tack up t o  
8O. The addition of an overhang nose balance t o  the slab-sided ai leron 
s l igh t ly  decreased the rolling-moment effectiveness a t  angles of a t tack 
up t o  4 O .  

2. The variation of the hinge-moment coefficient with control 
deflection was generally nonlinear fo r  a l l  three aileron configurations. 
This was par t icu lar ly  t rue fo r  the balanced slab-sided ai leron a t  angles 
of a t tack of 0' and 4' a t  Mach numbers of 0.80 and 0.90 where reversals 
i n  the slope of the curves occur. The slab-sided aileron indicated more 
negative slope i n  the variation of the hinge-moment effectiveness with 
control deflection than tha t  fo r  the  fa i red  ai leron for  angles of a t tack 
t o  8'. 
aileron considerably decreased the negative slope of t h i s  parameter at  
low angles of attack. 

The addition of the overhang nose balance t o  the slab-sided 

3.  Generally, only s l i gh t  a i leron center-of-load movements ( fo r  
the most par t ,  rearward and inboard) were noted fo r  the three ailerons 
with increasing angle of attack, deflection angle, o r  Mach number i n  
the ranges where there  was significant loading on the controls. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va.,  April 14, 1958. 
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Figure 9.- Variation with Mach number of the aileron rolling-moment 
effectiveness parameter for the three aileron configurations at 
constant angles of attack up to 20'. 
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Figure 14 - Concluded. 



NACA RM L58EO5 

t= 0 
t=1.0 --- 

- - - _ _ _  t=1.0, balanced 

0.80 92 e96 1.0 1.04 

M 

Figure 15.- Variation with Mach number of the  drag coefficient fo r  the 
three aileron configurations a t  constant l i f t  coefficients of 0 and 
0.4. 6 = 0'. 


