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low-drag tapered wing were made at Mach numbers up to 
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ed a 
ed 

INTEODUCTION 

The high maneuverability required of modern pursuit air- 
planes, together with their large siae and high speed, makes 
close balancing of the aileron hinge moments imperative.  It 
has been found that compressibility effects may radically 
change the aileron characteristics at high speeds.  Frequently 
ailerons which are closely balanced from tests at low speeds 
become overbalanced at high speeds.  At present there is no 
reliable procedure for making allowance for the effects of 
compressibility on the aileron characteristics other than in- 
creasing the rolling moment by the factor  l/ ,/l-M3  in which 
M  is Mach number.  The tests described in this report were 
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made to investigate the 'behavior at high Mach numbers of 
representative internally "balanced ailerons on a low-drag 
tapered wing. 

APPARATUS AND METHODS 

The model used for these tests was a semi span, low- 
drag (UAOA 66-series profile) tapered wing (fig. l) geomet- 
rically similar to the one used for the tests reported in 
reference 1.  The model was mounted in the 16-foot wind tun- 
nel of the Ames Aeronautical Laboratory, Moffett Field, 
Oallf., with the root chord parallel to the tunnel wall 
(fig. 3).  The wing spar and aileron shaft extended through 
the tunnel wall.  A single support strut was attached at the 
0.75-chord point adjacent to the inboard end of the aileron 
(figs. 3 and 3). 

The wing surfaces were smooth except during the tests 
for which the description "roughness at 0.10c" is used.  Tor 
this condition, a 3/8-inch—vide strip of No. 100 carhorundum 
particles was applied at the 0.10-wing-chord line along the 
entire span of the upper and lower surfaces. 

The aileron chord aft of the hinge line was 0.15 of the 
wing chord.  The aileron span was 0.41 of the wing semispan, 
and the inboard end of the aileron was at the midpoint of the 
wing semispan (fig. l).  The normal-profile aileron had the 
same profile as the low-drag wing section and a noee-balanoe 
chord of 0.60 of the aileron chord (fig. 4).  The beveled 
aileron had a thickened and beveled traillng-edge portion and 
a nose-balanoe. chord of 0.43 of the aileron chord (fig. 5). 
The variation from the normal profile ended abruptly at the 
inboard end of the aileron but, at the outboard end, was 
faired into the wing tip. 

Both ailerons were tested unsealed and partially sealed 
with normal cover plates (figs. 4 and 5).  In addition, the 
partially sealed normal-profile aileron was tested with a 
shorter cover plate (fig. 4).  The partial seal of thin 
sheet rubber extended along the entire l/4-inch nose gap and 
was continued across the small clearance gap at the-outboard 
end.  The inboard end of the aileron was unsealed because 
the orifloe tubing prevented the use of an end seal (fig. 3). 

The area of the vent gap between the aileron and the 
normal cover plate was 0.047 square foot.  The leakage area 
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for the partially sealed normal-profile aileron was approxi- 
mately 53 percent of that vent area, 51 peroent at the in- 
board end, and 2 peroent"around tho supports for the cover 
plate near the hinge line.  The leakage area for the beveled 
aileron was 32 percent of the vent area, all at the Inboard 
end, since the reduced overhang of the cover plate eliminated 
the necessity for additional support. 

The tests vere made through a Mach number range of 0.188 
to 0.75, with a corresponding Reynolds number range of 
5,000,000 to 13,800,000 based on a mean aerodynamic chord of 
3.84 feet (fig. 6).  The aileron angles varied from 15° to 
-15° by 2&° increments.  For all the high-speed tests, angles 
of attack (table I) vere selected to correspond to ving lift 
coefficients of -0.1, 0.1, and 0.3 at each Mach number with 
zero aileron deflection. 

SYMBOLS 

The symbols used in the presentation of the results are 
defined as follows: 

A aspect ratio 

OL lift coefficient, L/qSw 

Op drag coefficient, D/qSw 

°m IA     pitching-moment coefficient,  M'/q (N.A.G.) Sw 

0\ rolling-moment coefficlont,  L'/q.bSw 

°n yawlng-moment coefficient,  H'/qbSw 

0t aileron hinge-moment coefficient,  Ha/q.baca 

c wing chord 

oa   aileron chord measured along airfoil chord line from 
hinge line of aileron to trailing edge of airfoil 

oa   root-mean-square chord of the aileron aft of hinge line 

b    twice span of the semispan model 
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ba aileron span 

Sw twice area of the aemispan model 

L twice uncorrected lift of semiepan model 

D twice uncorrected drag of aemispan model 

M1   twice uncorrected pitching moment (about l/4c of M.A.O.) 
of semiepan model 

L*   unoorreoted rolling moment, due to aileron deflection, 
about longitudinal wind axis in plane of symmetry 

N1   uncorrected yawing moment, due to aileron deflection, 
about normal wind axis in plane of symmetry 

Ha   uncorrected moment of aileron about hinge axis 

q    dynamic pressure of the air stream, l/2pV , corrected 
for tunnel constriction and strut interference 

M    Mach number corrected for tunnel constriction and strut 
interference 

a    uncorrected angle of attack, degrees 

8a   aileron deflection relative to wing, degrees; positivo 
when trailing edge is down 

Act  mean change in angle of attack induced by the rolling 
velocity 

Ci   damping-moment coefficient, rate of change of rolling- 
p     moment coefficient  Oj  with  pb/2V 

pb 
3V 

m 
tangent of wing-tip helix angle in roll 

V    true airspeed, feet per seoond 

TJL   indloated airspeed, feet per seoond 

p    rate of roll in flight, radiana per second 
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S 

-H 

Pi 

AP 

pressure coefficient,  (H-p;)/g.- 

total pressure 

local pressure on wing 

coefficient of pressure difference aoro .\    seal, 

pressure "below seal - pressure aoovo j.eal 

<1 
S, aupper~*>iower 

The  parameters   for  ailaron  effectiveneps  are  as   follows: 

faciA 

\a*a>a 

d 

rate of change of lift coefficiont with angle of 
attack, for a constant aileron deflection, degrees 

rate of change of rolling-moment coefficient with 
aileron deflection,for a constant angle of attack, 
degrees 

rate of change of rolling-moment coefficient (pro- 
duced "by tho constant aileron deflection  Sa) 
with angle of attack, degreee 

rate of change of hinge-moment coefficient with angle 
of attack,for a constant ailei on deflection, 
degrees 

rate of change of hinge-moment coefficient with 
aileron deflection, for a cons.ant angle of attach, 
degrees 

rate of change of hinge-moment coefficient with 
aileron deflection, during steady roll with equal 
up- and down-aileron deflections, degrees 

RESULTS AUD DISCUSSION 

Seduction of Data 

The data preeented are "based on the oomplete ving dimen-' 
sione (fig. l), and all of the data, except those showing the 
stick-force variation with  ph/SV,  represent the forces and 
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momentB on the complete wing, assuming that only one aileron 
was deflected.  None of the force data were oorreoted for 
strut interference or tunnel-wall effeots.  Consequently, the 
magnitude of the rolling-moment coefficient is approximately 
10 peroent too large.  However, the correction for the angle 
of attack would have "been nearly zero. 

correi 
The dynamlo pressures and Mach numbers were approximately 

_3cted for tunnel-oonstrlction effects and strut interfer- 
ence.  This was accomplished "by means of a velocity survey of 
the flow about the support strut with the wing removed and by 
determining (by an unpublished theoretical method) the con- 
striction correction through the assumption of two-dimensional 
flow over the section of the wing containing the pressure ori- 
fices (fig. 1).  The correction to the dynamic pressure for 
constriction by the model was less than 3 percent at the high- 
er speeds and the corresponding Mach number correction was 2 - 
percent.  These constriction corrections are applicable only 
for speeds below that for the critical Mach number of the 
wing.  The Mach number values given for speeds above the crit- 
ical are probably a little low. 

Variation of Lift 

At all speedB the wing-alone tests, made with the ailor- 
on gaps sealed and faired smooth with putty, gave the same 
lift as obtained with the partially sealed  normal-profile 
aileron (fig. 7).  The angles of attack from the wing-alone 
tests (fig. 7) were used as representative of the character- 
istics for the particular lift coefficients (-0.1, 0.1, 0.3) 
presented for all the tests and results. 

Static Characteristics of the AileronB 

Figures 8 to 25 present the variation of rolling-moment, 
hinge-moment, and yawing-moment coefficients with aileron de- 
flection for eaoh of the types tested.  As an indication of 
the general scatter of the test points, the rolling-moment 
and hinge-moment coefficients are plotted in figure 26 for 
an aileron deflection of 10  and an angle of attack correspond- 
ing to a lift coefficient of 0.1 in terms of Mach number. 

In order to determine the optimum rolling moment avail- 
able from a completely sealed aileron, the normal-profile 
aileron was set at 10° and all the aileron gaps were sealed 
and faired smooth with putty.  Figure 26 shows that at all 

*_ 
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speeds the rolling moment obtained was practically the same 
as that produced by the same aileron when partially sealed. 
Consequently, the rolling moments for the partially sealed, 
normal-profile aileron may be used as a basis for' compari- 
son.  Additional tests shoved that a further reduction in 
the nose seal deoreased the rolling moment. 

Figures 8, 11, 17, and 20 show that in most instances 
the effect of increasing Mach number vith the smooth wing 
surfaces was to increase slightly the rolling-moment coeffi- 
cient produced by these ailerons, although the increase was 
not uniform and was generally much less than that predicted 
by the factor  lyS/l-M**.  The rolling-moment coefficient gen- 
erally reached a maximum at a Mach number of 0.7 and de- 
creased abruptly for Mach numbers greater than 0.725. 

Although the unsealed beveled aileron was closely bal- 
anced for small deflections at low speeds (fig. 18), for 
large deflections the hinge moments were practically as great 
as for the partially sealed normal-profile aileron.  Also, 
figure 18 shows an undesirable tendency of the close balance 
at low speeds to become an overbalance as the Nach number 
increases.  The addition of the partial seal produced an 
even greater overbalance at high speeds (fig. 21). 

The roughness at 0.10 chord on the wing decreased the 
variation of hinge-moment coefficient with speed (fig. 24). 
However, this does not necessarily mean that the variation 
in hinge-moment coefficient with Mach number for the smooth 
model was entirely due to the forward movement of transition. 
The effect of the roughness, in general, reduces the varia- 
tion of all the wing characteristics with Mach number.  Also, 
the drag measurements indicated there was no appreciable 
movement of the transition point until the compressibility 
effects became predominant at Mach numbers above the critical. 

The leakage at the inboard end of all the partially 
sealed ailerons probably increased the hinge moments and re- 
duced the aileron-deflection range over whioh  (dOh/dfia)a 

remained constant.  (See reference 2.)  However, as previously 
noted, this leakage was not large enough to change the roll- 
ing moment appreciably (fig. 26). 

Aileron Control Characteristics 

Figures 27 and 28 present the parameters which are 
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required to determine the hinge .moment occurring during roll 
with- sma-11 --deflections of the partially sealed, normal-profile 
aileron.  All the parameters were obtained for the region of 
0° aileron deflection and 0° angle of attaok.  In addition, 

the theorotical valuo of (-—•)  = \—± ?H_ (-A— j|  iB f (•£\     -  L_L_  _3n_   (   A VI 

imental value (fig. 27).  It is sec compared with the experimental value (fig. 27). It is seen 
that for small aileron deflections at low angles of attack 
the effect of an increase in speed is to increase slightly 
(d0l/d8)a  and decrease considerably the magnitude of 
(90^/98)a. When the Mach number exceeds 0.725, both parame- 
ters are abruptly changed. In the appendix it is shovn that 
the actual rate of change of hinge-moment coefficient during 
steady roll, with equal up- and down-aileron deflections, is 
given by 

(*2£)   = ß3rt  - ii3 (**£)  (2HÄ 
\d8a/p   Vafia/a      V98a/a ^

a«-'6a 

for the airplane characteristics presented in table I.  Con- 
sequently, figures 27 and 28 show that an Increase of Mach 
number up to 0.7 will decrease the hinge-moment coefficient 
during roll.  Tor example, an increase of Mach number from 
0.3 to 0.7 would change  (dCh/d8a)p  from -0.00186 to 
-0.00096, equivalent to a decrease in hinge-momont coefficient 
of 48 percent.  If the rolling velocity were neglected; the 
parameter  (90]I/d8a)a  alone would determine tho hingo-moment 
coefficient and, for the same Mach number increase, its value' 
would change from -0.00227 to -0.00182, indicating only a 
20-percent decrease of hinge-moment coefficient.  However, 
since  (BOh/doOsa varies considerably with angle of attack 
(fig. 29), the foregoing statements are true only for small 
aileron deflections (i.e., for rolling velocities such that 
La,     the mean change In angle of attack Induced by the roll- 
ing velocity, remains near 0°).  Consequently, when the data 
are available, cross plots similar to figure 29 should be 
made and the effect of roll upon hinge moment should be found 
directly from them.  The variation of  Aa,  as oomputed from 
table I and a cross plot from figure 11 for the rolling-moment 
variation with angle of attaok,also is shown in figure 29.. 

Figures 30 and 31 present the aileron control character- 
istics corrected for the rolling velocity and for differences 
between the wind-tunnel and flight data.  These aileron 
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control characteristics, in the form of stick force required 
to produce a given pb/2V,  vere computed for the character- 
istics shown in tafele i, which~ar'e' essentially the same as 
those used in reference 1.  The value of 0.55 for the damping- 
moment coefficient at small lift coefficients was used in 
reference 1 to correct for the differences (including a 
tunnel-wall correction of approximately 10 percent, the effect 
of elasticity in the wing-aileron system,, and the reduced re- 
sponse due to sideslip) "between the wind-tunnel data and ac- 
tual rolling moment available in flight.  The same value of 
the damping-moment coefficient was used in this report, since 
the low-speed rolling-moment curves obtained with the partial 
seal agreed closely with those given in reference 1.  The 
mean change in angle of attaok induced by the rolling veloc- 
ity Act,  as given by the equation in table I, was assumed to 
be the change at a point 0.10 of the aileron span from the 
inboard end.  (See reference 3.)  The rolling-moment and 
hinge-moment coefficients, for equal up- and down-aileron 
deflections, were corrected for rolling velocity by UBing the 
coefficients corresponding to the mean an^le of attack occur- 
ring during roll (e.g., see fig. 29).  Tigure 30 Is for a 
Mach number of 0.7 and a lift coefficient of 0.1, with a 
dynamic pressure of 337 pounds per square foot (table I). 
These conditions correspond to flight at an altitude of 19,900 
feet with a true airrpeed of 496 miles per hour and an Indi- 
cated airspeed of 374 miles per hour.  Tor a direct comparison 
of the effects of Mach number, the curves in figure 31 were 
obtained for a Mach number of C.3 with the same lift coeffi- 
cient of 0.1 and dynamic pressure of 337 pounds per square 
foot.  Also included in figures 30 and 31 are the static ai- 
leron control characteristics for the partially sealed, nor- 
mal-profile aileron, commuted by neglecting the rolling veloc- 
ity. 

Tor small deflections the efficiency  (pb/27 produced 
by a glvon stick force) for the partially sealed normal- 
profile aileron increased with Mach number in agreement with 
the previous computations from the aileron parameters.  How- 
ever, for aileron deflections greater than 6°, (corresponding 
to a stick travel of 3.2 in.), the efficiency decreased as 
the Mach number increased even though the Btatic efficiency 
(neglecting the rolling velocity) increased with Mach number 
(figs. 30 and 31).  This occurred because the correction for 
the rolling velocity, which generally Increased the efficiency 
in roll, actually decreased the efficiency for aileron deflec- 
tions greater than 6° at the higher Mach number (fig. 30). 
As before, the increase in efficiency during roll was due to 
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the negative value of  (dCh/dcOg   ae shown In the appendix. 

However, the' decrease in efficiency during rail at the higher 
Mach number was due to the variation of (90^/ba)ga and 
(90i/Ba)ga  with angle of attack.  These variations at a Mach 

number of 0.7 were such that the Ace  resulting from aileron 
deflections greater than 6°  (pb/2V > 0.043)  actually in- 
creased the hinge moment and decreased the rolling moment. 
(See fig. 29.)  The value.of  pb/2V  attained for a givon 
ailoron deflection (or stick travel) was less for the condi- 
tion of steady roll than for the caso whore the rolling ve- 
locity was neglected because of the variation of  (30i/9a)g 

with angle of attack.  Jigures 30 and 31 show that the effect 
of  (dGi/da)ga  vaa much greater at the higher Mach number 
and the larger aileron deflections.  With the exception of 
the large aileron deflections at high Mach numbers, the values 
of  (90i/8a)ga  were relatlvoly small, so that during roll 
tho chango in efficiency would be mainly due to  (dOn/Bor)g ,as 

is assumed in the appendix. 

Figures 30 and 31 show that the beveled aileron became 
overbalanced during roll as the Mach number Increased.  In 
addition, since the available rolling moments were less for 
the boveled aileron (fig. 20), the maximum value of  pb/27 
was much loss than that obtained by the normal-profile aileron 
and the stick forces were greater for the higher values of 
pb/2V. (See figs. 30 and 31.) 

It is important to note that, although any change in 
lift-curve slopo would affect the damping-moment coefficient, 
the value of 0.55 was used for all the preceding computations 
since the actual change in damping-moment coefficient oould 
not be determined.  The lift-curve slope increased 44 percent 
when the Mach nuifoer increased from 0.3 to 0.7 (fig. 27). 
However, the lift-curve slope of the tip portion of the wing, 
containing the aileron, would be prodominant in determining 
the damping-moment coefficient and also, at high speeds, the 
lift-curve slope with the ailerons deflected was different 
from that with the ailerons neutral.  In addition, a Mach 
number increase may increase the damping-moment coefficient 
due to othor causes, such as an increased wing twist.  (See 
figs. 33 to 35.)  In view of the above reasons, no adjust- 
ment of the damping-moment coefficient was made for the 
beveled ailerons, which decreased the lift-curve slope 3.7 
percent (fig. 7).  The effect of a small decrease, Bay 10 
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percent, in the damping-moment coefficient could be approxi- 
mated by increasing the  pb/2v  "by 10 percent for the given 
stlok force. 

The general indication from these teete was that (in 
the ailoron characteristics) no severe compressibility effects 
would be encountered until a Maoh number of 0.725 was ex- 
ceeded.  Figures 27 and 28 indicate that the first slight 
effects of the compression shook may become noticeable when 
the Mach number exoeeds 0.7. 

Pitching Moment Induced by Ailerons 

Tho pitchlng-moment increment acting on oach wing tip 
would tond to twist tho wing so as to doorease tho rolling 
momont, and tho speed at which tho rolling momont accompany- 
ing tho olastic twist of the wing nullifies the rolling 
moment produced by the ailerons is defined as the aileron 
reversal speed.  In order to provide data necessary to deter- 
mine the effoct of Mach number upon .the aileron roversal 
speed, the increments of pitching-moment coefficient produced 
by aileron deflection were plotted (figs. 32 to 35).  These 
increments are based on the pitching moment taken about the 
quarter point of the mean aerodynamic ohord.  They lncroasod 
rapidly with Maoh number until they reached a maximum value 
at a Mach number of 0.725, and then they decreased abruptly. 

Balance Pressures 

Figures 36 to 38 show the balance pressures under the 
oover plates.  The coefficient  AP  is a measure of the pres- 
sure difference across the balanoo seal.  It was measured at 
tho chord line containing the wing pressure orifioes (fig. l). 
Figures 36 and 37 show the variation of AP,  at constant 
Mach numbers, with aileron angle for the partially sealed 
normal-profile aileron and for the beveled aileron, respec- 
tively.  Figure 38 provides for comparisons of the effects of 
a shorter cover plate on the partially sealed normal-profile 
aileron, of roughness at 0.10 wing chord on the partially 
sealed beveled aileron, and of an additional leakage area of 
2 percent of the vent area in the seal of the partially 
sealed beveled aileron.  The partially sealed beveled aileron 
(fig. 3?) developed higher balance pressures than did the 
partially sealed normal-profile aileron (fig. 36).  However, 
comparison of figures 36 and 38 shows that the balance 
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presBuree 'became approximately the eame when equal leakage 
.area was present, in. bot.h. nose seals.  With this additional 
2-peroont leakage area, the hinge momont of the hoveled ai- 
leron was incroasod approximately 10 porcont at a 15° ailoron 
deflection, but the rolling moment and yawing moment were 
unaffected. 

The spanwise variation of the pressure coefficients act» 
ing above and below the seal is shown in figures 39 and 40 
for the partially sealed normal-profile aileron and the par- 
tially sealed beveled aileron, respectively.  Because of the 
large leakage area at the inboard end, the pressure differ- 
ence was decreased over a considerable portion of the nose 
balance.  Also, the velocities Induced by the support strut 
at the Inboard end of the aileron probably contributed some- 
thing toward this decrease.  However, the data Indicate that 
the leakage at the inboard end had no appreciable effect on 
the balance pressures prosented in figures 36 to 36, since 
AP  was moasurod at a position 0.45 of the ailoron span from 
the inboard end. 

Pressure Distributions 

Figures 41 to 49 present the pressure distributions for 
the partially sealed normal-profile aileron and the partially 
sealed beveled aileron for deflections of 0°, 10°, and -10°. 
All of the curves for a Mach number of 0.3 or more are for 
the angles of attack corresponding to a lift coefficient of 
0.1 for the wing alone (fig. 7 and table I).  The values of 
Scr,  the pressure coefficient for which the local volocity 
over tho wing is equal to the local velooity of sound at the 
corresponding, free-stream Mach number defined as  Mor,  are 
also shown. 

Figures 60 and 51 provide for a direct comparison of the 
pressure distributions for aileron doflections of 0° and 10 , 
respectively, at an angle of attack corresponding to a lift 
coefficient of 0.1.  Figure 51 indicates that, due to the air 
flow through the nose gap, there was considerable separation 
over the upper surface of the unsealed normal-profile ailoron 
with a 10° deflection.  This separation reduced the section 
lift and the resulting rolling moment.  However, with a 0° 
aileron deflection, the pressure difference across the nose 
gap was small, and the flow through the gap was not suffi- 
cient to cause appreciable separation (fig. 50). 
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A oritioal Maoh number  (Mcr)  of 0.67, corresponding 
to the  Sor  obtained'from the peak-pressure measurements 
(fig. 41 and reference 4)( vas indicated for the wing at a 
lift coefficient of 0.1.  It is Important to note that this 
critical Mach number is-merely the speed that must be ex- 
ceodod in ordor to obtain the conditions necessary for the 
formation of a compression shook.  Figure 11 shows that the 
rolling-moment coefficient had not decreased even at a Mach 
number of 0.725, indicating that the critical Maoh number 
was exceeded by 6 percent before the compression shock seri- 
ously affeoted the action of the aileron.  The wing itself 
was more immediately affected since the lift-ourve slope de- 
creased rapidly after a Mach number of 0.7 was exoeeded 
(fig. 27). 

The pressure distribution indioates a compression shock 
betwoon 60- and 65-percent chord at a Mach number of 0.7. 
Consequently, the abrupt change of the aerodynamio foroee 
and moments on the modol, gonorally occurring at or beyond a 
Mach number of 0.725, would be expected. 

CONCLUDING EEMAEKS 

The Be tests have Indicated that a further study of 
hinge-moment coefficients at high speeds is advisable, since 
there was ovidence that ailerons closely balancod at low 
speods might bocome overbalanced as the Mach number incroasod, 
This was especially true for the beveled ailerons.  The tests 
showed that no serious adverse compressibility effects wero 
enoountered until the critical Maoh number (0.67) was ex- 
ceeded by at least 8 percent. 

Ames Aoronautioal Laboratory, 
National Advisory Committee for Aeronautics, 

Moffott Hold, Calif. 
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APPIHDIX 

Analysis of Aileron Hinge Moment during Besponse 

If the rolling velocity la assumed constant and. there 
is no sideslip or yawing, 

aTpp\ V 27 J      'P V sv J 

However, this expression will generally he a good approxima- 
tion even with the sideslip occurring with locked rudder at 
a constant rolling velocity, provided that the value of 
pb/sV  is decreased by a theoretical allowance for the effect, 
of sideslip.  Consequently, 

(^\H  AOl 
\ 3V J      0 ip 

The magnitude of the ohange In angle of attack induced 
by the rolling veloolty at distance yb/2 from the axis of 
rotation is 

|Aaj = tan-xy ^ 

When yb/3  is a moan-wing-span location determined from the 
load distribution (reference 3), then Act. may be used as 
the mean ohange In angle of attack for the entire wing.  The 
value of  yb/2 is determined by whether the effect of the 
rolling velocity on the rolling moment or the hinge moment 
is being considered.  However, since the effect of the roll- 
ing velocity on the rolling moment 1B generally small, the 
same value of yb/3 which is oomputed for the hinge-moment 
correction may be used.  Sinoe the values of pb/sT  are 
small, 

pb        AOi 
| Act I ~ 57.3y •—- Z  57.3y —-,     degrees 

P 
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If it is assumed that the aileron rolling-moment coeffi- 
cient varies-linearly, then for one aileron alone 

C; s 
Vaa«/ a 

sinoe    Aa     is  always   small   and     (dCi/9a)ßa     is  also   small 
except   for   large  aileron  defleotions  at  high   speeds.     Then 
for   equal  up-  and  down-aileron  deflections,   the   total   rolling- 
moment   coefficient   available  during roll   is 

Then 

AC • <£). I8al 
a 'a 

|Aa]   K  67.3y KäoiX !8ftl    ' 

Ol P I 
degrees 

or 

Aa 
6a •(**?)(&). 

If it is assumed that the aileron hinge-moment coeffi- 
cient varies linearly, then during roll the resulting total 
hinge-moment    ACn     is 

(fit)0 
(8a)4°« •(&)„<•-'-»-(KSV-^ 

- (*°*i)      (a +  [Aa|) 

Or, for equal up- and down-aileron deflections, the actual 
total hinge-moment coefficient during roll is 
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»»• <j£\[^ - <*t\ lta> 

l ~ 
6a 

(1° a-f°a fury* 
/BO, 

\d8a 
1-^)   (3   |Ba1) 

1  -   2(57.3y) (g). (** 
lP 

9oA 
f aohV" 
\aöa/a 

(£).<•"•'> 

where  a  and  8a  are measured in degrees. 

This expression for the actual total hinge-moment coef- 
ficient shows the effect of each parameter upon the stick 
force occurring during roll (reference 5). 

The actual rate of change of hinge-moment coefficient 
with equal up.- and down-aileron deflections could be written 
as 

ACi 

3-1 8*1 

/dCb\ f/aOh\ - (57.3y\  /3CA     /BO^N     1 
"Vd8ayp" [VWa"      V Oip   ) VasJaV3a h*\ 

which  is   equivalent   to 

( •d6a'p~   ^Boa'a     ^Sa A».^98*'] 

since  the  value   of     (8Aa/d6a)p     4ue  to   steady roll  would  he 
given "by 

i. 
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UJp--
a 
&& (fe) 

the negative sign "being correot, since an aileron deflection 
of  ±8a  is accompanied by an induced angle-of-attack change 
of  qpAa at all ordinary conditions. 

Tor the values given in table I, the expression for the 
actual rate of change of hinge-moment coefficient during roll 
with equal up- and down-aileron deflection becomes 

(—) • 
(SSk) .„, (•i) (*k) 

It le obvious that nogative values of  (9Cn/9a)5   will bo 

favorable, since they will decrease the hinge moments.  When 

(30n/9a)fi^ = _i_ (ach/9Sa)g,>  the r0BUiting hinge moment 
a     113 (aci/a3a)a 

during roll will be zero, and when  (dC^/d8a).p  is positive, 
tho ailorone will bo overbalanced in roll. 

It is to be notod that generally tho parumetors are 
linear only for small aileron deflections and low an&lcs 
of attack.  Tho parameter  (9Cn/9a)g   sometimes even changes 

algebraic value with the small angle-of-attack variation (La) 
induced by the rolling velocity.  (See fig. 29 and reference 
5.) 
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TABLE I.- DATA FOE |^ COMPUTATIONS 

[a corresponding to Oj, given on curves] 

H                o.igg-0.3         0.5         0.6 O.65 0.675 -0*7 O.725           O.75 

aCi=-0.1           -1-7               -1-7         -l.S -1.5 -1.5 -1.6 -I.9             -3.2 

OCj^O.l                  «7                    -P              -3 •3 -3 .1 0                   0 

ao^O.3             3.2               2.9          2.14. 2.2 2.0 l.g 1.7               2.7 

Ving loading = 33.7 n>/«a 

Kaxlmon stick travel = ±S in. 

Marlmum aileron deflection = Ü5° 

Aileron differential = 1:1 

Stick travel (ft)/alleran deflection (rad) = 2.55 ft 
O                                        3 

Aileron span x (chordnna)    = "ba ca = 5.6O ft3 

Stick force = 2.20 qAt^ ID 

dCl Danroing coefficient = C,    = = O.55 

• PD ACX 
• » 

2T O.55 

Angle change induced "by roll = La, 
• •*(» 

E5 
Jp" 
O 

O 
W 

o 

CO 
01 

to 
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Figure 2.- Tapered wing model mounted in 16-foot wind tunnel. 

Figure 3.- View of aileron with cover plate removed. 
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AILERON DEFLECTION  FOR   PARTIALLY   SEALED   BEVELED AILERON. 
ROUGHNESS   A T O./O W/NG  CHORD. 



c 

o 
•3j.S-r.7- 

-.00/     -65 

-.OOZ 

.Cj= .1 

.03 

.02 

.Ol 

M=.U5 

o 
ss •^> Of 

70 

00) a o 
>. a 

MO o o 
e 

• UNSEALED   NORMAL-PROFILE  AILERON 
A PART/ALLY-SEALEO NORMAL-PROFILE AILERON 

-0 COMPLETELY SEALED NORMAL-PROrUE AUE&ON 
X UNSEALED   BEVELED AILERON 
• PARTIALLY-SEALED  BEKELEO A/LEPON 
b PARTIALLY SEALED BEYELED AILERON  YYITH 
 ROUGHNESS AT O.I   WIN6 CHORD' 

X  

-fr— 

.3 
M 

C„ -.00/ 

-.002 

M~.3f.S-- 

<>  1 
.06 
f~ > c . 

'   •   sc .' 

o? i. . 

 n , 

»s4 
o 

Y  — r=== •  k Ik-». 

I T^-»A 

M 
a    2 

FIGURE 2S- YAP1ATI0JV OP fAtV/NO-AtOMEA/T CO£^PFIC/£NT YYITH 
AILEPON DEFLECT/ON FOR' PARTIALLYSEALEO   3EYELE0 AILERON. 
ROUGHNESS AT OJO HY/N6 CHORD 

Fiai/R£ 26- EFFECT OF MACH A/UMBER ON ROLLINS-MOMENT AND        °> 
HIN6E-M0MENT COEFFICIENTS WITH AILERON AT IO*, Ct~ O.I 



.004 

.002 
\$-<t 

\ 

O .£ 

.12 

.00 

*   M     * 

mi Sa'O 

.04 

g* \ &&_ *L- 

.-? .6 
At 

o 
T. 
> 

o 

^3 
•-3 
14 

-.004 

- .002 tft==. ~J 

.004 

Sa-O 

-.002 

2 

s 

.*? .-/ .A a 

y»o~— ._==, 

.-* 
A* 

FISVRE2T- ISA/VATtON OF THE- PARAMETERS (^j^AND fg-^Jg  WITH 
MACH NUMBER FOR THE PARTMLLT SEALED NORMAL-PROFILE AILERON 

FI6URE 2B- VARIATION OF THE PARAMETERS (f^^AHD (JJVfe, WITH 
MACH NUMBER FOR THE PARTIALLr SEALED NORMAL-PROFILE AILERON 

to 
00 



HACA ACR No.    4125 Figs.   29,30 

F/SU&E ^9- MRlArVV OFH//V6E-M0MEA/T COSFF/C/E^r IV/TH AV61F (OFSirMCK F0K WE PARr/AUf 

SCALED NORMAL-PROFILE AILERON. TA/ff/V r~/?0MFI6URE IZ FOR MACH NUMBERS OF 3 AND .7. 
ACX^ORRESPONtfS    TO  FLOLL/H6    YELOCiry OOTA/StED  FROM  F/6JI AND   TABLE I. 

I 
^1 

ij ^< ^i ^ 

£ * ^ rf 

33Üh 

§5§5 
y •<> <j tj 

SS 

NATIONAL ADVISORT 
COMMITTEE FOR 
AERONAUTICS 

"-- 
^ 

Pa 

^ ^J 

=wrO 
«^N 

^"S.         > 

i>^ 
X v 

J 

A 
^« \ \ 

\\ 
\\ 

8 § Y 

fO/vnOc/   /V/   30&OJ  HDUS S3H3NI   Nl 

* 
t 

.. ^ X s 

H 
'j V?fc 

N 
•A 

NV n 
• u 

p^ 
0 * 
*\ 
Si» Sv 

$* 
;* ii K 
VI c   -> 

J* 

o 
<•> 

1 
!?> 
<< 



a   UNSEALED   NOR MAL-PROFILE AILERON 
to   PARTIALir SEALED NORMAL-PROFILE AILERON 
C  UNSEALED   BEVELED 4ILEKOH 
d PARTlAUr SEALED BEVELED AUERON 

>0 

ao 

70 

60 

so 

30 

20 

/o 

o 

// 1 1 
A 1 1 ',; 1 
'I / 

// 

•/ u 
/ P 1 •.NE04 

-AOlu 

/ r * 

h /, 

/      * 

.02 XH .06 . 

AOLLIN6 VELOCITr 

a* 
&& B< vo *-• 
DOI 
HO 

00 
WE 

M 
-9 

a 
^MEöLECr/N* 

ROLLJN6 vfioeirr 

T. 

>• 

3) 
a: 

«Mtf 3/-  yf/LEJtON CON7AOL   CNAAACTE/tlSTtCS. At- 03,   Q-O./        PI&JREJA-PJTGNJH+HHOAtMHT COfPFJCJEMT *>UE TO OEFLECTION 
f*JJ7 *//(' OP fHE PARTiALLr SEALED AtOPLMAL-PROfi/LE AILERON. C^—O.l 



F" 

9 

1 p03 

.7^ s fe^" 
^ 

% S>, -<=.= .? ^so 

^ ^S 

-IS -/o -.5 Ö^Sjv jr JO 
f 

5 

^ 
^ ̂ . 

7 

N^ 

^ ̂ 5 —.J 
M •T-5* —.5 

 6 

—•7. 

—0? 

FIGURE 3J- PITCNIN3-MOMENT   COEFFICIENT   DUE   TO DEFLECT/ON      FI6URE 34-PITCWN6-MOMENT  COEFFICIENT   DUE TO  DEFLECTION 
OF  THE PARTlALLr SEALED  NORMAL-PROFILE   AILERON-   C\*OI OF THE PARTIALLY SCALEO   NOP-MAL-PROFILE   AILERON.    Ct= O.S ,, 

Q 



-/. 

.s  
,J — 

65,. 7— 

-/ 

M 
.7— 
• s-— 
.3 — 

-/. 

.«#—. 
.3  
• •} — 

M 

—.5 

—65 
—.r 

z 
*> o 

/\f- '   .6 

- A 

o 
>» 

c? -.1  

• 

M 
o z 

•«I* 
Or- 
al 

*§ 
PI < 
SI M 
O CO zo 
*-3> 
C«i 
•3 
MO 
QO 
CO E 

E 
l-l 
•-3 
^3 
PI 
PI 

r 

y* 
—ATS 

—.7 

—.a»5 

o 

*- 

Oi 

5" ~/o -jr. 
- .2 

-4 

-.6- 

5 /0          /JT 

Al... "• '          J 

w+ 

M 

/W 
.75^ 

^ 
.7-— 

•3,3- 
"<^v 

Sä? ̂  
<;-•' 

/\f 

-.<9- 

'  .6 

-A 

<* 
^ 

 3 

^^; N hs.. 
c = 1 +* 

X k 
s -/ i JN^ r /c ? A -/. o 

Sr <-,<*«! 

> 5 -io -jr 
-2 

-A 

-.6- 

A- 

S /o       /s 

-TO/' 

—.«5 

\ 

• 

-a/= .6- 

- A- 

2. 

Ct=.J 

y ^ 
***~ 

/ 

r 

r   TO   OEFLEcr/O/J 

5~ -/ o S 
-2 

-4 

.    X. 

.5" JO /3T 
•fl 

en 
03 

1URF 9T-R>IT£UIAI&-/>40MENT'  rOFfFirl rtJT   ttu 

t-1 
en 

cV TWf PARTIALLY SEALED  BurELEO  AlLEAON,     C. = O-1 FIGURE JO - VARIATION OF BALANCE "AESSURC COEFFICIENT MTU 
PART/ALLY SEALED   NORMAL-PROFILE   AILERON. 



PART/ALLY SCALED   NORMAL-PROFILE 
.AILERON  WITH   SHORT  COVERPLATE 

PART/ALLY   SEALED   BEVELED 
-AILERON   WITH ROUGHNESS ATO.IC 

BEVELED  AILERON   WITH 
SAME  PARTIAL SEAL AS   ON 
NORMAL-PROF/LE AILERON. 

FIGURE 37- VARIATION Of BALANCE PRESSURE COEFFICIENT WITH 
DEFLECTION OF PARTIALLY SEALED   BEVELED AILERON. 

FIGURE 36-VARIATION OF  BALANCE PRESSURE   COEFFICIENT 
WITH AILERON   DEFLECTION.   C==- O.I 



/.6 

G .J 
A .5 

*   .?£5 

/cV£S5C/e£  CO££F/C/£NT 3CIOW 3£AL 

J 

/.2 

/.£ 

/.2 

-— 1= r~t\-- 6 

< f 
IP-«2- 

<l t d • -'< ?* 

**." ^ "~-^ >  -*- 
ft. 

/<5 

/.a 

M 
0   .3 

•    .?25 

/>X£3J<M£ CO£££/C/£ArT ABOVC <S£AL 
P/&35URE. CO£/T/C/£Nr 0£10W J£AL 

9C 

> 
>• 
O 

to 

/tf 

/<? 

.tf 

h» 
•%—• -_— 5  •^ «rx^ '« 

( \ 
St'-'0' 

>  —$-  — o 
"'•*-— j 0 0 , 

I 
1 I I 

! 
* i         1 i    ^ 

* I § s 1 ;                i 
5                 c 

« N. a > 5 * * 
y ' * K. 

^ 

t   A- 9 
 ©-< 

< r i 

4 
c^/c • 

J 1 C^. 
»  L=d= L==.-JJ 1 

F/GI/«£ JR-o/Hvwxsr M£MT/O/V or /vrssotes co£^ryc/£r/vr s&e 
/=H/?T/AU.Y j£A££0  A/aeAr4/.-0eor/i-£ */t.£&o*s.   Cj_ = 0./ mer/AJu.r ^£ACSO  BC^£L£D A/U:KOM.   Q,=O./ 



.?.•<? 24- 

.04 
C4 
.04 

.1 

to 

FIGURE 41 - PRESSURE. DISTMlBuTICf/ #VIR THE  FMRTIALLY SCALED 
NORMAL-PROF/LE A/LFAON. ' e,-k?° 

FI4URE 4£- PRESSURE DISTRIBUTION '^OR   THE FM/SrMLLY  SEALED 
NORMAL-PROFILE A/C£~f*OM.        S*-/Om 



> 

n 
10 

F16C/RE 43-PRESSURE DISTRIBUTION   FOR  THC RXRr/ALly   SEALED 
NORMAL-PROFILE^ AILERON.     S,°-/0° 

FIGURE44-- PRESSURE DISTRIBUTION  FOR   THE.  PART/ALLY ZE-ALED 



z<o 
h, 

M •z. 
• o 

• •bS 

• .7*5" 

FIGURE 45-PRESSURE  DISTRIBUTION  ROR TH£ PART/ALLY SEALED FKitJRE 46- Pfi£S5i/R£ DISTRiauriOH  FOK THE PARTIALLY  SEALED 
B£r£t-EO A/LEROA/.     c5"„ =   SO" BEVELEO  AILEROH     £,- -JO' 



a 

*•        Li 

C IZ        -K 

50 

z o 

4* 
l-H 
to 
Ol 

•1 

TO 

FIGURE 47"-PRESSURE D/STR/BUTIOA/ FOR THE FHRT/ALLY   5ERLEP 
BEVELED /I/IERON M//TH RGl/GHNESS   />T OJ MA/S CHORD.    S<, = Oc 

F/6UAZ 43-PRESSURE DISTRIBUTION   FOR   THE PARTIALLY    SEALED 
BE^ELEÖ  ^/LE-POW W/TH ROVeH/VESS AT O.I WIN6 CHORD. 6='O" 



.i       1.6 

O        /.£. 

9 n 
M 
O 

IP 
51 
OM 

>o 

M 
OO 
00 o 

E 
•9 
H 

<?.o 

/6 

/.I 

.6 

-O   UN SEALED   NORMAL-PROFILE  AILERON. 

&   PARTIALLY SEALED NORMAL-PRQFILC  AILERort. 

-B   FHfrTIALLr 5SA1EP SEVELED A/LEPON- 

* FHBT SEAL. B£l/£j£pja£XON MTrf PouGHfi/ESS ATO.f o. 

fI SURE 49-PRESSURE D/StRJBUriOH FOR T.HE PAR77ALLY SCALED 
BEVELED AILEffOM W/TH ROL/6UNES5 AT Oil WING CHOKD. 6**-/Om 

16 

1.1 

.a 

FIQUflE 4SO-PRESSURE DISTRIBUTION FOR S£iS£te<£. .AfL£ROMS 
M =O.Sj   S^-O\ 0C wO.6•' 

S3 > 

o 

01 

Ul. 
o 



NACA ACR No. 4125 Fig.   51 

2.4 

2.0 

A 6 

/.2 

8 

/6 

I.Z 

S 

©   UNSEALED   NORMAL-PGQF/LE.    AILERON. -, 

A  PARTIALLY SEALED NORMAL-J=>ROr/L£ AILERON 

-Q PARTIALLY J£ALEP  8£yä£££>-**££??OH.  
X 04/?7. S£AL. iBJEVCLED A\/L£l&ON J*VTH /?OU<3tfN£SS AT O. / c . 



I 
TITLE: An Investigation of 0.15- Chord Ailerons on a Low-Drag Tapered Wing at High 

AUTHORß):  Laitone,   E. 
ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C. 
PUBLISHED BY:     (Same) 

&TD-     8836 
«VISION 

(None) 
OOIO. AOENCY  NO, 

ACR-4125 
MlUISHtNO AGENCY NO. 

Sent'44    I   Unclass.   I U.S. 
lAMGUAGl 

Eng-  
PACES       luinntAnoNi 

i§ I Photos, table, diagrs. graphs 
ABSTRACT: 

Normal profile and beveled trailing-edge ailerons were tested without seal and with 
partial seal.  In addition to usual aileron characteristics, pitching moment Increments 
caused by aileron deflections were measured in order that the Mach number effect on the 
aileron reversal speed could be estimated. No severe compressibility effects were en- 
countered until 0.725 Mach number was exceeded.   The rolling moment coefficient was 
found to increase with Mach number. Data Indicated tendency toward overbalance of 
hinge moment of balanced ailerons as speed Increased. 
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