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NATIONAL ADVISORY COMMITTEE FOR AERONAUTI CS 

TECENICAL NOTE NO . 1663 

HIGH-SPEED WIND -TUNNEL INVESTIGATION OF AN NACA 65-210 

SEMISP AN WING EQUIPPED WITH PLUG AND RETRACTABLE 

AILERONS AND A FULL -SPAN SLO'ITED FLAP 

By Jack Fischel and Leslie E· Schneiter 

SUMMARY 

A high-speed wind -tunnel investigation was made to dete rmine t he 
lateral-control characteristics of plug and retractable ailerons on a 
thin, low-drag , semispan wing equipped with a 25 -percent -chord, full-span, 
s lotted flap. The ailerons investigated covered 49 percent of the wing 
semispan, were located at the 70 -percent -chord station, and we r e perfo
rated and segmented . The invest igation was performed through a Mach 
number range from 0 .13 to 0 ·71. The Mach and Reynolds numbers were 
simultaneously varied during the investigation. 

With flap r etracted or deflected , the values of r olling-moment 
coefficient produced by projection of the basic plug or r e tractable 
ailerons generally increased with increase in the Mach and Reynolds 
numbers, particularly for small prOjections in the flap -r etracted config
uration. The rolling effectiveness of t he basic plug aileron gene rally 
increased with increase in the angle of attack in both flap configu
rations; whereas the rolling effectiveness of t he basiC retractable 
aileron generally increased with increase in the angle of attack only 
at small prOjections in the flap -r etracted configuration . Almost linear 
control effectiveness wi t h aileron projection probably would be provided 
by both ailerons at all speeds in t he flap -r etracted configuration. 
Appreciably larger values of rolling -moment coefficient were produced 
at all prOjections of the basic plug and r etractable ailerons with the 
full -span flap defl ected than wer e produced wi th flap r etr acted, and 
large values of r olling-moment coefficient wer e produced by both ailerons 
above the flap-deflected stall angle . Incons i stent trends of reversed 
rolling effectiveness for small prOjections wer e exhibited by the 
retractable ai l eron with flap defl ected. 

Favorable values of yaWing-moment coefficient that became more 
favorable with aileron prOjection, l ess favorable with increase in the 
angle of attack, and wer e essent ially unaffected by increase in the 
Mach number were gener ally obtained wi th t he bas ic plug and r etractable 
ailerons below the wing stall angle . 
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The variation of hinge-moment coefficient with projection of either 
the basic plug or basic retractable aileron was generally irregular over 
the projection range and exhibited either small or inconsistent changes 
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wi th increase in the Mach number. With flap retracted the curves of 
hinge-moment coefficient against aileron projection for the plug aileron 
were generally stable over the negative projection range and became more 
stable with increase in the angle of attack; whereas the corresponding 
data of the retractable aileron were generally unstable for small projec
tioas, stable for large projections, and were inconsistently affected 
by changes in the angle of attack. With the flap deflected, more negative 
values of hinge-moment coefficient were obtained at small projections of 
the basic plug aileron and more positive values of hinge-moment coeffi
cient were obtained at large projections of the basic retractable aileron 
than were obtained with flap retracted. 

Several modifications of the basic plug and basic retractable 
ailerons were investigated and were observed to have either a slight 
or a negligible effect on the aileron rolling-moment characteristics 
and a substantial effect on the hinge-moment characteristics· A means 
of altering, to some extent, the lateral-control characteristics of 
the aileron is thereby available. 

INTRODUCTION 

The necessity of providing sufficiently high lift for landing and 
take-off and ade~uate lateral control throughout the flight-speed range 
for the faster and more heavily loaded airplanes in use or in the design 
stage has presented a problem to airplane designers. If conventional 
wing-trailing-edge ailerons are used in conjunctioa with a partial-span 
flap, the problem of obtaining the lift necessitated by stalling-speed 
and take-off-distance re~uirements becomes serious, as does the lateral
control problem near the stall. As a solution to these problems, the 
use of spoiler-type lateral-control devices in conjunction with full
span slotted flaps has been proposed and has been the subject of a 
number of investigations by the National Advisory Committee for 
Aeronautics. (See references 1 to 8.) The results of these relatively 
low-speed investigations of wings having coaventional airfoil sections 
indicated some of the merits of spOiler-type lateral-control devices, 
such as control at high angles of attack, favorable yawing moments, 
smaller wing twisting moments than ailerons and hence higher reversal 
speeds, small stick forces, and the increased effectiveness of these 
controls when full-span flaps are deflected, particularly when a ·plug 
aileron is used. In addition, one of the most apparent advantages 
possible with spoiler-type controls is the increased lift obtainable 
through use of a full-span flap. Moreover, an investigation performed 
on an unflapped wing having a high critical speed (reference 9) indicated 
an increase in effectiveness of the retractable aileron with an increase 
in speed until the critical Mach number was exceeded. 

~------- ------ - --------
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Because of the paucity of existing finite -span spoiler-control data 
on wings having high critical speeds, the subject investigation was 
performed in the Langley high -speed 7 - by 10 -foot tunnel to ascertain 
the lateral-cont rol characteristics of a thin, low -drag, semispan wing 
equipped with a full-span slotted flap and either a plug aileron, a 
retractable aileron, or a modified plug or retractable aileron. The 
present investigation is an extension of the investigation reporte~ 
in reference 10. Tests of the 0.492-semispan spOiler-type ailerons 
were performed through a projection range, with the full-span flap 
retracted or defle cted, at various speeds up to a Mach number of 0·71. 
Wing lift, drag , and pitching-moment characteristics were determined 
only at a Mach number of 0.71 with the full-span flap retracted and at 
a Mach number of 0.13 with the flap deflected, since these character
istics had been determined at various speeds previously (reference 10). 

SYMBOLS 

The moments on the wing are presented about t he wind axes. The 
X-axis is in the plane of symmetry of the model and is parallel to t he 
tunnel free-stream air flow. The Z-axis is in the plane of symmetry 
of the model and is perpendicular to the X-axis. The Y-axis is mutually 
perpendicular to the X-axis and Z-axis. All three axes intersect a t the 
intersection of the chord plane and the 35 -percent-chord station at the 
root of the model. 

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

CL lift coefficient fwice lift Ofq~emiSpan mOdel) 

drag coeffici ent (:8) 
pitching -moment coefficient 

(
Twic e pitching moment of s:mispan model about y-axisJ 

qSc ) 

rolling-moment coefficient (~) 
gSb 

yawing-moment coefficient (. N_, 
\gSb) 

aileron hinge-moment coefficient (Ha where M is area moment 
gM 

of ail er on top edge about hinge line) 

wing-tip helix angle , radians 

damping coefficient ; that is, rate of change of rolling-moment 

coefficient with Wing-tip helix angle ~) 

----~---~- .-~- --- J 
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c local wing chord 

c wing mean BBrodynamic chord, 2.86 feet ~ ;:/2 c20 

b twice span of semispan model, 16 feet 

y lateral distance from plane of symmetry, feet 

S twice area of semispan model, 44.42 square feet 

D twice- drag of semispan model, pounds 

L rolling moment, resulting from aileron projection, about X-axis, 
foot-pounds 

N yawing moment, resulting from aileron prOjection, about Z-axis, 
foot -pounds 

Ha aileron hinge moment, positive when hinge moment tends to depress 
aileron, foot-pounds 

q free-stream dynamic pressure, pounds per square foot (~V' 
V free-stream velocity, feet per second 

p mass density of air, slugs per cubic foot 

ex, angle of attack with respect to chord plane at root of model, 
degrees 

M Mach number (V fa) 

R Reynolds number 

a speed of sound, feet per second 

CORRECTIONS 

With the exception of the aileron hinge-moment data, all the data 
presented are based on the dimensions of the complete wing. 

The test data have been corrected for jet-boundary effects according 
to the methods outlined in reference 11. Compressibility effects on 
these jet-boundary corrections have been considered in correcting the 
test data. Blockage corrections were applied to the test data by the 
methods of reference 12. 

------- --- -
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MODEL AND APPARATUS 

The right -semispan -wing model was mounted i n an inverted poaition 
in the Langley high -speed 7 - by 10 -foot tunnel with its r oot section 
adjacent to one of the vertical wall s of the tunnel, the vertical wall 
thereby serving as a reflection plane ( figs . 1 and 2 ). The wing model 
was built to the plan -form dimensi ons shown in figure 3 and had an 
NACA 65 -210 airfoil section ( table I) from r oot to tip with neither 
twist nor dih8dral . The model had an aspect ratio of 5 .76 and a ratio 
01 tip chord to root chord of 0 ·57. No transition strips were used on 
the wing and an attempt was made to keep the model surface smooth 
during the entire investigation . 
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The full-span, 0.25c, slotted flap was built to the section dimen
sions presented in table I and the plan -form dimensions given in 
figure 3 and is shown mounted on the wing in the tunnel test section 
in figures 1 and 2. The design dimensions for the f l ap as presented 
in table I agree with the dimensions for s l otted flap 1 given in refer
ence 13. The flap deflection ( 450 ) and the normal flap position with 
r espect to the upper -surface airfoil lip employed in the investigation 
reported in reference 10 were used for the flap-deflected configuration 
in the present investigation . 

A more detailed description of the construction and mounting of 
the model is presented in reference 10 . The moiel was modified in the 
interim between this investigation and that reported in reference 10 
to accommodate the spOiler -type ailerons . The 0 .492 -semispan, spoiler
type, lateral-control device was built to the plan -form dimensions given 
in figure 3 and is shown mounted on the wing in figure 1. Section dimen 
sions of the basic plug -aileron and retractable -aileron configurations 
tested are shown in figure 4 . The ailerons were fabricated from sheet 
steel in segments which were perfor ated . The aileron per forations 
removed about 9 percent of the original ai ler on ar ea . The aileron 
segments had actuating arms at each end of each segment as shown in 
figure 5 . The aileron actuating a~s were firmly attached to a steel 
shaft that was centered on the aileron hinge axi s. This steel shaft 
extended outside the tunnel wall to a calibrated shaft -rotating mechanism 
and a calibrated, beam-type, str ain -gage setup . The steel shaft was 
rotated by this mechanism in order to pr oduce the various aileron projec
tions employed in the investigation, and the aileron hinge moments were 
simultaneously obtained . 

The various modified arrangements of the basic plug and retractable 
ailerons tested are shown in figure 6, and a sketch of each configuration 
tested is shown on each of the subse~uent figures presenting lateral
control data. 

The Langley high -speed 7 - by 10 -foot tunnel is a. cl03ed -throat 
single-return tunnel . The tur bulence of the tunnel air stream has not 
been determined but is thought to be low because of the large tunnel 
contraction ratio ( 14 to 1 ). This belief is substantiated by turbulence 
measurements made in the Langley 300 MPH 7 - by 10 -foot tunnel. 

--- - --------
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TESTS 

Wing angle-of-attack tests with the flap r etracted and deflected 
were performed at respective Mach numbers of 0·71 and 0.13, with corre
sponding Reynolds numbers of approximately 10 .3 X 106 and 2.6 X 106 
based on the mean aerodynamic chord of 2.86 feet. 

Lateral-control tests were performed with the basic plug and ret ract 
able ailerons through the aileron projection range at various angles of 
attack and at Mach numbers fro~ 0 .13 to 0 ·71 with the full -span flap 
r etracted or deflected. Wit h the plug aileron, a projection range from 
about 2 percent chord to -8 percent chord was covered, and with the 
r etractable aileron, a projection range from 0 percent chord to about 
-8 percent chord was covered in almost all the tests . Negative projec
tions indicate that the ailerons were extended above the wing. In 
additi on to the basic .plug-aileron and r etractable-aileron arrangements 
tested, several modifications of both ailerons (fig. 6) wer e investigated. 

The variation of Reynolds number with Mach number for these tests 
is shown in figure 7 · The Mach and Reynolds numbers were varied simul
taneously during the investigation. 

DISCUSSION 

Wing Aerodynamic Characteristics 

The aerodynamic characteristics of the wing in the flap-retracted 
condition at a Mach number of 0 ·71 and in the flap-deflected condition 
at a Mach number of 0.13 are shown in figures 8 and 9 , respectively . For 
comparative purposes data obtained for the wing before t he addition of 
the spoiler -type-aileron configuration (previously presented in r efer
ence 10) are also shown . 

The effect of adding the plug aileron to the clean wing (refe r ence 10) 
was to decrease t he lift slightly in the flap-retracted configuration 
and to decrease t he lift and increase the drag slightly throughou t the 
angle -of -attack range, except at maximum lift, in t he flap-deflec ted 
configuration. 

In order to verify on a finite-span model the hyste r es i s eff ects 
(loss in lift at any angle of attack when the wing angle of attack is 
decreased from above the stall) sometimes encounter ed in two-dimensional 
flow on the curve of angle of attack against lift coeffici en t for the 
flap -deflec ted condi t ion, the data presented in figure 9 were obtained 
by increaSing the angle of attack above the stal l and then decreasing i 
The data (fig. 9) indicate that the hysteresis eff ects wer e generally 
small except for the maximum value of lift coefficient for which a 
r eduction of about 0 .1 occurr ed· 

---------
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Lateral-Control Characteristics - Plug Aileron 

Basic plug aileron . - The lateral -control charac teristics of the 
basic plug aileron at various Mach numbers and angles of attack are 
presented in figures 10 and 11 for the flap-retracted condition and in 
figures 12 and 13 for the flap-deflected condition. 

Increases in the Mach and Reynolds numbers in the flap-retracted 
or flap-deflected configurations generally resulted in relatively l a rge 
increases in the aileron effectiveness (figs. 10, 12, and 14 ), except 
in the flap-retracted configuration where a slight reduction in effective 
ness was noted as the Mach number increased fram 0.27 to 0.41. This 
reduction is thought to result from changes in the wing pressure distri
bution in t he vicinity of the wing plug slot as the Mach number increased, 
which effec t in turn may have influenced the flow thr ough the slot and 
thereby, the aileron effectiveness . This belief is based on unpublished 
pressure-distribution data obtained on a wing that was equipped wi th 
retractable ailerons at the same chordwise station as the present wing 
and employed the same airfoil section. 

The data of figures 10 and 11 show that at small angles of attack 
and low Mach numbers in t he flap-retracted condition the plug aileron 
was somewhat ineffective for small projections . This phenomenon has 
been observed with r etractable -type ailerons on conventional wing sections, 
but was alleviated when a slot was added behind the aileron (ref er ences 4 
and 5). The plug slot on the present wing model was therefore believed 
to be comparatively ineffective at these low angles of attack and Mach 
numbers because of the plug-slot narrowness and its probably weak "scoop 
effect" and also because of the small differ ences in pressure existing 
between the two wing surfaces in the vicinity of t he plug slot when the 
flap was retracted (as is also shown in the previously mentioned unpub
lished pressure data ). With the flap deflected, the pressure difference 
between the two wing surfaces near the plug slot was sufficient to cause 
the plug slot to increase the aile ron effectiveness. The comparative 
ineffectiveness with flap retracted for small angles of attack and low 
Mach numbers just discussed is incoasequential, however, because an 
airplane having even moderate performance characterist ics would not fly 
in this condition except in a dive . For flap-retrac ted level or maneu
vering flight, computations made for airplane wi ng loadings of 20 and 
60 pounds per square foot showed that the rolling effectiveness would 
vary almost linearly with aileron projection throughout the speed range 
and that the aileron effectiveness would increase with increase in speed. 

Increase of the angle of attack below the stall angle in both flap 
configurations generally increased the aileron effectiveness over the 
negative-aileron-projection range for Mach numbers below 0.61. For 
positive aileron projections, small adverse rolling moment s that became 
more adverse with increase in a were obtained with flap ret r acted ) 
whereas angle-of -attack increase with flap deflected generally tended 
to produce more favorable r olling moments. Therefore, for an airplane 
utilizing a plug-aileron wing configuration similar to the configuration 
investigated, the effectiveness (as well as other characteristics) of 

-----~-------
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the positive-projection range may limit the useable aileron projection 
in this range and thus affect the aileron c ontr ol stick linkage . 

The aileron effect iveness obtained with flap deflected was consid
er ably larger at all projections than t hat obtained wit h flap r etrac ted; 
the maximum values of Cl obtained with flap deflected wer e about 
125 percent larger t han t he maximum values of Cz obtained with flap 
r etracted. Moreover, the data of figures 12(e) and 13(a) indicate that 
the basic plug aileron was quite effective and provided large r olling 
moments above the flap-deflected stall angle. 

A loss in aileron effectiveness usually occurred at Mach numbers 
be low 0 .61 for negative aileron pro j ections above -7. 3 percent chord. 
At this projec t ion the aileron emerged from the wing, and at a projection 
of -8 .33 percent chord, a gap of about 2 percent chord existed between 
the aileron and the wing upper surface. I t is believed that at these 
large projections and at Mach number s below 0 .61, the aileron tends to 
ac t as a scoop over the wing upper surface and to effect a partial 
pressure r ecovery on the wing rearward of the aile ron, the pressure 
r ecove ry the r eby c aus ing a loss in effectiveness . In the plug -a ileron 
investigation r eported in r e f e rence 14 , a similar effect was shown, 
but to a l esser degree, because the gap between aileron and wing was 
smaller than in the present investigation. 

The values of yaWing-moment coeffici ent obtained by projecti on of 
the plug aileron at angles of attack below the wing stall angle were 
generally favorable ( that i s, having the same sign as the values of Cl ), 
particularly in the flap -retr acted configuration . The values of Cn 
generally became more positive with increase in ailer on projection, 
decreased with angle -of-attack increase, and wer e e i t her s lightly or 
inconSistently affected by changes in Mach number . The values of Cn 
generally were less favorable wit h the flap deflected than with the flap 
retracted. 

The variation of hinge -moment coefficient wi th plug-aileron pro jection 
was irregular over the projection range , but was generally stable for 
negat i ve project ions. The curves of Ch against aileron projection 
became more stable with increase in the angle of a ttack and wer e only 
slightly or inconsistently aff ec ted by changes in the Mach number. 
Deflection of the flap r esulted in a larger variation of Ch over the 
projection range and in more negative values of aile r on hinge -moment coeffi 
cient compared to the flap-retr acted data, except at large negative projec
tiona, where almost s imilar values were obtained in both flap conditions . 
These irregular hinge -moment variations could probably be alleviated some 
what by proper venting of the plug aileron ( see r ef e r ences 5 and 6). 

P1UB aileron modifi ed b'y r emoving the O.Olc top plate. - The charac
terist ics of the plug aileron modifi ed by r eplaCing the O.Olc top plate 
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with one as wide as the aileron body (~ inc~ , and t he r eby l eaving an 

enlarged slot in the wing upper surface behind the ailero~, ar e shown in 
figures 15 to 19. 

The rolling-effectiveness characteristics of t his modified plug 
aileron were gener ally the same as those of the ·basic plug aileron, 
particularly as r egards the increase in effectiveness with Mach number 
and flap deflection. (Compare figs. 15 t o 19 wi th figs . 10 to 14.) 
With flap retr acted, however, the modified plug ailer on exhibited less 
rolling eff ectiveness at large angles of attack than the basic plug 
aileron and, at low projections, exhibi ted an i~effective regton that 
became more adverse wi th incr ease in angle of attack and less adverse 
with increase in Mach number. Wi t h flap defl ected , l ess positive values 
of Cr were sometimes obtained (at M = 0 .13 and 0 .19 ) wi th the modified 
plug aileron throughout the projection range than with t he basic plug 
aileron. For both flap configurations, an increase in the angle of 
attack had an inconsistent effec t on the r olling eff ectiveness. necause 
of the nature of these results, these phenomena are believed to be asso
ciated with the scale or Mach number of the tests and with the air l eakage 
through the enlarged wing aileron slot with the ailero~ neutral . (Compare 
the values of lift coefficient in figs . 10 to 13 wi th figs . 15 to 18.) 

The same effects and trends of the yawing -moment -c oeffici ent curves 
previously di scussed f or the basic plug aileron generally were obtained 
with the modified plug aileron. 

The dependence of aileron hinge moment on a ileron top-edge a r ea is 
illustrated by the similarity of the magnit ude of the hinge -moment coeffi
cients for the modified plug ailer on and for the basic plug aileron at 
zero projection . The modified-plug-aileron data, however, usually 
exhibited less stability with negat ive aileron projection when the flap 
was retracted and more stability when the flap was defl ected. The 
modified-plug -aileron data also exhibited a larger variation of Ch 
over the projection range than the basic-plug-aileron data, and the 
values of Ch f or the modified plug generally became more negative with 
increase in ~ over most of the projection range . In all other r espects, 
the values of Ch f or t he modified plug were affected by changes in 
Mach number, angle of attack, and flap deflection in the same manner as 
tha values of Ch for the basic plug aileron previously discussed· 

Plug aileron modifi ed by enlarging the plug slot to the r ear of the 
aileron on the wing l ower surface .- The later al-cont r ol characteris tics 
produced by projection of the plug aileron modifi ed by enlarging the 
plug slot to the r ear of the basic plug aile r on on the lower surface of 
the wing are shown in figur es 20 and 21 for the flap -retracted and flap 
deflected configurations, r espec t ively. Comparison of these data with 
those given in figur es 10 to 14 for the basic plug a ileron indicates no 
important change in the basic-plug-aileron characteristics as a result 
of enlarging the plug slot on t he wing lower surface . The enl arged slot 
on the wing l ower surface behind the aileron did not produce the region 
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of rolling ineffectiveness for small projections that was produced by 
the plug aileron wi th the O.Olc top plate removed and a large gap on 
the wing upper surface behind the aileron (compare fig. 20 with fig. 15 ). 
This fact appears to indicate some effect produced by the top plate in 
improving the effectiveness at small projections . 

Other plug-aileroa configurations.- The effects on the lateral
control characterist ics of varying the size of the wing aileron slot 
ahead of the aileron or of sealing the aileron perforations are shown 
in figures 22 and 23· For purposes of comparison, the basic-plug-aileron 
data (unsealed aileron perforations and 0 .002c slot ahead of aileron) 
have been included in these figures. 

Sealing the aileron perforations had no notable effect on the basic
plug-aileron data other than producing more negative hinge-moment coeffi
cients in the negative projection range with flap retracted and producing 
a small reduction in rolling effectiveness for large negative projections 
and more positive hinge-moment coefficients for small projections with 
flap deflected. This effect on the rolling effectiveness did not conform 
to the improved effectiveness previously noted when perforations were 
sealed (reference 15), but the aileron area removed by the perforations 
in the present investigation (about 9 percent of unperforated aileron 
area ) was too small to produce any important changes in rolling mo~ent. 

Decreasing the size of the slot ahead of the aileron by installation 
of a wiper seal when the aileron perforations were sealed usually 
produced more neg~tive rolling moments for positive projections and may 
have a slight measurable effect on the characteristics of wing-aileron 
installations employing positive and negative projections. 

Increasing the slot ahead of the aileron to 0.004c resulted in a 
decrease in effectiveness for small negative projections, flap r etracted, 
and a decrease in effectiveness for large projections, flap deflected. 
The effects on the hinge-moment characteristics of enlarging the slot 
ahead of the aileron were either inconsistent or small. 

The plug-aileron modifications just discussed had no material effect 
in changing the yawing-moment characteristics of the basic plug aileron. 

Lateral-Control Characteristics - Retractable Aileron 

Basic r etractable aileron.- Data obtained by projection of the 
basic retractable aileron at various angles of attack and Mach numbers 
are shown in figures 24 and 25 and figures 26 and 27 for the flap
r etracted and flap -deflected configurations, respectively. It will be 
noted that no hinge -moment data are presented for zero aileron projection , 
because in this position the lower edge of the aileron is in contact 
wi th the seal covering the wing aileron slot oa the wing lower surface. 
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The values of rolling -momeut coefficient increased with ailcr0n 
projection over most of the projection range, flap r etracted or de flected 
(figs. 24 to 27), but shO'!led inconsistent t r ends of r ever sed rolling 
effectiveness for small projections at various angles of attack and 
Mach numbers with flap deflected ( fig . 26 ) , a phenomenon usually 
exhibited by r etractable ailer ons in the flap-deflected corSigurat ion 
(reference 4). The rolling effectiveness produced by ~he retractable 
aileron generally increased with increa~e in the Mach and Reynolds 
numbers in both flap configurations, particularly for small pro jections 
in the flap -retracted configuratio~ ( figs. 24, 26, and 28) . 

With the flap r etracted, small aileron projections were somewhat. 
ineffective in producing r oll at low angles of attack and low Mach 
numbers, but an increase in the angle of attack increased the effectiveness 
in this projection range . However , as previously discussed in the sectien 
dealing with the basic plug aileron, this ineffective r egion probably 
would not be encountered in flight by an airplane with even moderate 
performance characteristics · For such an airplane, flap-re~racted flight 
would be at high speed and low angles of attack and vice versa; ~herefore, 
rolling effectiveness would var y almost linearly with aileron projection. 
In either flap ~onfiguration, an angle-of-attack increase had no consistent 
effect on rolling effectiveness at large projections. This lack of 
.consistency is in contrast to the decr ease in effectiveness exhibited by 
retractable ailerons on wings having conventional sections when the 
angle of attack was inc r eased (references 1, 4, and 7)· 

With the full -span flap deflected, the values of Cl obtained 
were considerably larger than the values of Cl obtained wi th flap 
retracted; the maximum values of Cl obtained below the stall angle 
with flap deflected were approximately 100 percent larger than the flap
retracted values. (Compare fig . 24 with fig . 26 .) In addition, the 
retractable aileron provided large values of rolling -moment coefficient 
above the flap -deflected stall angle (fig. 26(e )). These values of Cl 
obtained above the stall angle were l arge r than those obtained with flap 
retracted at any angle of attack . 

At projections above approximately -7 percent chord, a drop in 
rolling effectiveness - previous ly noted and discussed for the basic 
plug aileron when the aileron projects above the wing surface so as to 
leave a gap between aileron and wing - was obtained wi th the basiC 
retractable aileron . The data of figures 24 and 28 indicate how this 
drop in effectiveness decreased with increase in Mach number. 

The values of the yaWing -moment coefficient obtained with retractable
aileron projection generally had the same sign as the values of rolling 
moment coefficient, at angles of attack below the stall angle, and hence 
were favorable, particularly in the flap-retracted configuration. These 
values of yaWing-moment coefficient generally became more favorable with 
aileron projection and less favorable as the angle of attack in~reased 
(figs. 24 to 27). Mach number changes had no notable or consistent 
effect on the yawing-moment coefficients · Less favorable yawing charac
teristics generally were obtained with flap deflected than with flap 
retracted. 
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The curves of hinge-moment coefficient against aileron projection 
for the basic retractable aileron were unstable at small projections 
but became stable at large projections in either flap configuration. 
Increase in Mach and Reynolds numbers with flap deflected generally 
r esulted in a small shift of the Ch-curves toward more negative values· 
Increase in the angle of attack in either flap condition produced no 
consistent change in the hinge-moment data. The values of Ch for 
small projections were quite similar in both flap configurations, but 
at large projections more positive values of Ch were obtained with 
flap deflected than with flap retracted. 

Ret ractable aileron modified by enlarging the aileron slot behind 
the aileron on the wing upper surface .- The characteristics of the 
retractable aileron modified by enlarging the aileron slot behind the 
aileron from 0 .002c to 0 .008c are shown in figures 29 and 30. This 
modification to the retractable aileron produced no measurable or 
consistent change in the rolling-moment or yawing-moment characteristics 
of the basic retractable aileron discussed in the preceeding section 
(compare figs. 29 and 30 with figs. 24 to 27). The reversal in effective
ness produced by small aileron projections in the flap-deflec ted configu
ration for the basic retractable aileron is also shown for the modified 
aileron . 

As a result of enlarging the wing slot behind the aileron, more 
positive values of hinge -mo~nt coefficient and a more stable variation 
of Ch with projection for small projections were obtained. At large 
projections, the values of Ch were about the same as those obtained 
with the basic r etractable aileron; therefore, the variation of Ch 
over the projection range was smaller for the modified retractable 
aileron. A ~arger variation of Ch over the projection range was 
obtained with flap deflected than with flap retracted. 

Retractable aileron modified by installing an O.Olc top plate on 
the aileron .- ~ne lateral-control characteristics exhibited by the 
r etractable aileron modified by installing a O.Olc top plate on the 
aileron are shown in figures 31 and 32. A comparison of these figures 
with figures 24 to 27 shows that the modification of the basic retractable 
aileron had alillJst no effect on the yaWing-moment characteristics. The 
modified retractable aileron generally produced slightly smaller values 
of Cr at values of M below 0 .61 and slightly larger values of Cr at 
values of M above 0.61 than did the basiC retractable aileron. 

As was previously indicated for the plug-aileron configuration, the 
area of the aileron top edge affects the aileron hinge moments, especially 
near the aileron neutral position. This fact is corroborated by the 
similarity in the values of Ch obtained near zero project ion for the 
modified and basic retractable ailerons. In addition, the curves of the 
hinge-moment coefficient against aileron projection for the modified 
aileron were stable over most of the projection range, had a smaller 
variation in the values of Ch over the projection range, and had 

-------~ -
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smaller positive values of 
retractable aileron . It is 
of Ch over the projection 
are similar to those of the 
configuration (compare fig. 

Ch at large projections than the basic 
rather interesting to note that the values 
range for this modified r etractable aileron 
basic plug aileron in the flap-retracted 
31 with fig. 10(b)) . 

Comparison of Lateral-Control Characteristics of the 

Basic Plug and Retractable Ailerons 

For purposes of direct comparison, some of the lateral-control 
data previously presented for both the basic plug and retractable ailerons 
have been replotted for similar test conditions in the sallia figure. (See 
figs. 33 and 34. ) A more complete comparison of these data can be made 
with figures 10 to 14 and figures 24 to 28. 

In general, the yawing-moment characteristics of both the plug 
and retractable ailerons were similar and exhibited the same trends with 
angle-of-attack change, ~lap deflection, and Mach number. 

Both the retractable-aileron and the plug-aileron data exhibited 
general increases in rolling effectiveness with increase in the Mach 
number, but the retractable-aileron data did not exhibit the slight 
decrease in effectiveness produced by the plug aileron at low angles of 
attack when the Mach number was increased from 0.27 to 0 .41. (See 
figs. 14 and 28.) 

With the full-span flap retracted, the values of Cl obtained with 
the basic plug aileron generally were the same as those for the basic 
r~tractable aileron for small projections above the wing, but the 
retractable aileron produced slightly larger values of Cl for inter
mediate and large projections. This greater effectiveness exhibited 
by the retractable aileron compared to the plug aileron is in direct 
contrast to the results obtained from tests of plug and retractable 
ailerons on wings having conventional airfoil sections (references 4 
and 5). However, the low-drag wing employed in the present investigation 
had its maximum thickness located farther downstream. than the location 
of wing maximum thickness on the aforementioned conventional wings, 
and the wing plug slot on the wing investigated was fairly narrow with 
probably very little scoop effect . Unpublished pressure-distribution 
data obtained in a spoiler-type-aileron investigation of a wing employing 
an airfoil section similar to that of the present wing indicated the 
possibility of no flow or a downward flow of air through the wing slot 
when the plug aileron was projected in the flap-retracted configuration. 
This lack of or downward flow of air would tend to have either no effect 
on the plug-aileron rolling characteristics as compared to the retractable
aileron rolling characteristics or an effect such as to reduce the plug
aile ron rolling effectiveness in the flap-retracted configuratio~. This 
r eduction in rolling effectiveness of the plug aileron was apparently 
obtained in the present investigat ion, as shown by the data of figure 33. 
In t he flap-deflected configuration, the pressure difference between 

- -----
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the two wing surfaces in the vicinity of the wing plug slot is sufficient 
to induce a flow upward through the slot and thereby increase the 
effectiveness. It would seem, therefore, that in order to obtain the 
increased rolling effectiveness provided by a wing slot behind a spoiler
type aileron, the pressure distribution (and hence, lo~ation of wing 
maximum thicknes s) in the vicinity of the aileron and the design of the 
wing plug slot should be considered in the design of such configurations. 

Increase in angle of attack below the stall angle generally 
increased the rolling effectiveness of the plug aileron but produced 
a negligible effect on rolling effectiveness of the r etractable aileron . 
Deflecting the flap also had more effect in increasing the values 
of Cl for the plug aileron than for the retractable aileron. With the 
flap deflected, considerably larger values of Cl generally were obtained 
over the entire projection range for the plug aileron than for the 
retrac table aileron, and the tendency toward reversal of effectiveness 
for small prOjections exhibited by the retractable-aileron data was not 
shown by the plug-aileron data. 

Values of the helix angle pb/2V generated by the wing 
pb Cl 

roll were computed from the equation 2V = C---' where Cl 
lp P 

tip in a 

is the 

damping-in -roll coefficient, and indicated the effectiveness of the plug 
and retractable ailerons investigated , particularly with flap deflected. 
For example, at low speeds with flap retracted, which is perhaps the 
least effective flight range for the ailerons, the computed value 
of · pb/2V for maximum projection is about 0 .08 or higher, based on a 
value of Cl p (obtained from reference 16) of 0.40. 

With the flap r etracted, the values of Ch for both the retractable 
and plug aile rons were about the same near zero projection, and the 
variation of Ch with projection for the plug aileron generally was 
more stable over a greater part of the projection range than for the 
retractable aileron. With the flap deflected, the values of Ch near 
the aileron neutral position and for large prOjections were more negative 
for the plug aileron. Also, with flap deflected, the plug aileron had 
a larger variation of Ch over the projection range and had more stable 
curves of Ch against projection than the retractable aileron. In 
addition, the values of Ch for the plug aileron exhibited a larger 
change wi th flap deflection than did the values of Ch for the r etractable 
aileron. With either aileron, changes in the Mach number had slight or 
negligible effects on Ch· 

It should be borne in mind that the characteristics of the plug 
aileron and the retractable aileron may be changed somewhat by several 
modifications, as discussed previously and shown in figures 15 to 23 
and 29 to 32 for the plug and retractable ailerons, respectively . The 
characteristics of the plug and retractable ailerons may also be changed 
by other modifications, as discussed in references 5, 6, and 17· These 

~~---------- ------- ------ ---- ._-
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changes would be mainly in the hinge-moment_ characteristics and are 
considered somewhat secondary because the stick forces that would be 
provided on an airplane utilizing either of the spoiler-type devices 
investigated are rather low or may be masked by a booster system, a 
mechanical device providing "stick feel," or by a "feeler" aileron 
(reference 18). For example, the hinge moment provided on the model 
investigated herein at a dynamic pressure of 200 pounds per square foot 
(approx. 300 mph) and at a value of Ch of 1.0 was 4.8 foot-pounds and 
2.0 foot-pounds for the basic plug and retractable ailerons, respectively. 
The characteristics of the positive-projection range for the plug aileron 
should be considered in the design of the control linkage and differential 
of the control system if a radical differential, such as would be required 
with the retractable aileron, is to be avoided. 

Comparison of Lateral-Control Characteristics of the Plug anQ 

Retractable Ailerons with Those of a Sealed Plain Aileron 

The variations of rolling-moment coefficient with Mach number for 
the basic plug and retractable ailerons investigated herein and for a 
sealed plain aileron previously investigated on the same wing (refer
ence 10) are compared in figure 35. The sealed-plain-aileron data showed 
a general decrease in rolling effectiveness wher eas the plug and retract
able ailerons showed a general increase in effectiveness with increase 
in the Mach number. This effect is similar to that obtained in an almost 
similar investigation (reference 9) of a thicker semispan wing at Reynolds 
and Mach numbers (over the span of the ailerons tested) which were 
comparable to those existing herein. 

Further comparisons of these data with the data of reference 10 
indicate a slight loss in effectiveness of the sealed plain aileron as 
the angle of attack increased near the flap-retracted stall angle; whereas 
the plug aileron and retractable aileron of the present investigation 
gave an increased effectiveness and an inconsistent trend, respectively. 
Also, the spoiler-type ailerons produced extremely large values of Cz 
in the flap-deflected configuration and exhibited a large amount of 
effectiveness above the flap-deflected stall angle; whereas conventional
aileron effectiveness is known to receive no substantial boost as a 
result of flap deflection and to "washout" above the wing stall· 

When comparing spOiler-type ailerons with conventional ailerons, 
it should be remembered that the spOiler-type aileron projects above 
one wing and remains within the wing contour or projects slightly below 
the lower contour on the other wing when the control stick is displaced 
laterally; therefore, the spoiler-type -aileron effectiveness on one 
wing is comparable to the conventional -aileron effectiveness on both 
wings. Moreover, spoiler-type ailerons' permit use of full-span flaps 
to increase the wing lift, and the span of a spOiler-type aileron may be 
increased - to increase the aileron effectiveness - without adversely 
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affecting the airplane lift charac-teristics; whereas conventional 
ailerons limit the flap span, and hence the airplane lift, and attempts 
to increase aileron control by increasing the aileron span would be 
detrimental to the performance of the airplane. 

A comparison of the yawing-mo~ent characteristics of the conven
tional aileron of reference 10 and the spoiler -type ailerons of the 
present investigation reveals the generally favorable yawing character
istics - such as to increase aileron effectiveness - of the plug and 
retractable ailerons and the unfavorable yawing characteristics of the 
conventional aileron. 

The hinge-moment characteristics of the plug and retractable 
ailerons are somewhat irregular in comparison with the characteristics 
of the sealed plain aileron of reference 10. The plug and retractable 
ailerons, however, provided values of Ch that exhibited almost no 
Mach number effects and provided low hinge moments that could be masked 
or altered ( as previously discussed) and permit large aileron projectio~s, 
hence control, at high speed. The values of Ch for the sealed plain 
aileron increased with Mach number and the hinge moments probably would 
limit the aileron deflection, hence the control, at high speeds . 

CONCLUSIONS 

A high-speed wind-tunnel investigation was made to determine the 
lateral-control characteristics of plug and retractable ailerons on a 
thin, low-drag, semispan wing equipped with a 2 5-percent-chord, full-span, 
slotted flap. The ailerons investigated covered 49 percent of the wing 
semispan, were located at the 70 -percent -chord station, and wer~ perfo 
rated and segmented. The investigation was performed through a Mach 
number range from 0.13 to 0.71. The Mach and Reynolds numbers were 
simultaneously varied during !he investigation . The results of the 
investigation led to the following conclusions: 

1. With flap retracted or deflected, the values of rolling-moment 
coefficient produced by projection of the basic plug or retractable 
ailerons generally increased with increase in the Mach and Reynolds 
numbers, particularly for small projections in the flap-retracted config 
uration. The rolling effectiveness of ~he basic plug aileron generally 
increased with increase in the angle of attack in both flap configurations, 
whereas the rolling effectiveness of the basic retractable aileron 
generally increased with increase in the angle of attack only at small 
projections in the flap-retracted configuration. Almost linear control 
effectiveness with aileron projection probably would be provided in flight 
by both ailerons at all speeds in the flap-retracted configuration. 
Appreciably larger values of rolling-moment coefficient were produced at 
all prOjections of the basic plug an~ retractable ailerons with the full
span flap deflected than were produced with flap retracted, and large 
values of rolling-moment coefficient were produced by both ailerons above 

~-- - - -- --------- -- - -- ------ - - - ------- J 
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the flap-deflected stall angle. Inc onsistent t r ends of reversed rolling 
effectiveness for small project i ons wer e exhibited by the r etrac table 
aileron with flap defl ected. 

2. Favorable values of yawing-moment coefficient that became more 
favorable with aileron project ion , l ess favorable with increase in the 
angle of attack, and were essentially unaffected by increase in the Mach 
number were generally obtained with the basic plug and ret ractable 
ailerons at angles of attack below the wing stall. 

3· The variation of hinge-moment coeffici ent with projection of 
either the basic plug or r etractable aile rons was gener~lly irregular 
over the projection range and exhibited either small or inco~sistent 
changes with increase in t he Mach number. The curves of hinge -moment 
coefficient against aileron projection for the plug aileron with flap 
retracted were generally stable over the negative projection range and 
became more stable with increase in the angle of attack; whereas the 
corresponding data of the retractable aileron were generally uns table 
for small projections, stable for large projections, and wer e inconsist
ently affected by changes in the angle of attack . With the flap deflected , 
more negatlve values of hinge -moment coefficient were obtained at small 
projections of the basic plug aileron and more posi t ive values of hinge
moment coefficient were obtained at large projections of the basic 
retractable aileron than were obtained with flap retracted. 

4. Several modifications of the basic plug and basic r etractable 
ailero~s were investigated and were observed t o have either a slight or 
a negligible effect on the aileron rolling-moment characteristics and a 
substantial effect on the hinge -moment characteristics. A means of 
altering , to some extent, the lateral-control characteristics of the 
aileron is thereby available. 

5. A comparison of the characteristics of plug and r etractable ailerons 
indicated similar yawing-moment characteristics for both ~ilerons, 
slightly larger values of rolling -moment coeffici ent for the r etractable 
aileron with flap retracted at intermediate and large projections, and 
substantially larger values of rolling-moment coeffici ent for the plug 
aileron with flap defl ected over the entire projection range . In addition, 
the tendency toward r eversal of effectiveness for small projections with 
flap deflected which was exhibited by the retractable-ailer on data was 
not shown by the plug-aileron data. The variat ion of hinge-moment coeffi 
cient with aileron projection generally was more stable over a greater 
part of the projection range for the plug aileron, and the values of 
hinge-moment coefficlent of t he plug aileron exhibited a larger change 
with flap deflection than did the values of hinge-moment coefficient of 
the retractable aileron. 

6. A comparison of the data for plug and r etractable ailerons with the 
data obtained with a sealed plain aileron on the same wing indicated 
the generally more beneficial eff e cts obtained with the spoiler -type 
ailerons. Increase of rolling effectiveness with Mach number and flap 
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deflection, control above the flap-deflected wing stall angle, generally 
favorable yawing moments, and no appreciable effects of changes in Mach 
number on the hinge-moment characteristics were observed for the spoiler
type devices as contrasted to opposite trends shown or anticipated for 
the sealed plain aileron. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., April 7, 1948 
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TABLE I. - ORDINATES FOR AIRFOIL AND FLAP 

[All d1Jnensions given in percent of wing ChOrd] 

NACA 65-210 airfoil Slotted flap 

Upper surface Lower surface Upper surface Lower surface 

Station Ordinate Station Ordinate Station Ordinate Station Ordinate 

0 0 0 0 0 0 0 0 
.435 .819 ·565 -·719 
.678 ·999 .tQ2 -·859 

1.169 1.273 1·331 -1.059 
2.408 1·757 2·592 -1·385 
4·898 2.491 5·102 -1.859 
7·394 3·069 7·606 -2.221 
9·894 3·555 10.106 -2·521 

14·899 4·338 15·101 -2·992 
19·909 4·938 20.091 -3·346 
24·921 5·397 25·079 -3·607 
29·936 5·732 30.064 -3.788 
34·951 5·954 35 ·049 -3 ·894 
39 ·968 6.067 40 .032 -3·925 
44·984 6.058 45·016 -3·868 
50.000 5·918 50·000 -3·709 
55·014 5.625 54·986 -3.435 
60 .027 5·217 59·973 -3·075 
65.036 4·712 64·964 -2.652 

.28 ·92 .28 -.41 

.56 1.19 ·56 - .62 
1.12 1·56 1.12 -.88 
1.69 1.eo 1·69 -1.00 
2.25 1·99 2.48 -1.03 
3.38 2.22 4·98 -.83 
4.50 2·33 7·48 -.63 
5 ·61 2·38 9·98 -.44 
7·00 2.40 12.48 -.27 
9·00 2·35 14.98 -.12 

11.00 2.16 17·48 .01 
12 .51 1·91 19·99 .10 
15·01 1·50 22.49 .12 
17·51 1·10 25·09 0 
20.00 ·71 
22·50 ·34 
25·00 0 

70.043 4.128 69·957 -2.184 
75.045 3·479 74·955 -1.689 eo.o44 2.783 79·956 -1.191 
85·038 2.057 84 .962 -·711 

L.E. radius: O.eo 
Slope of radius through L.E.: 0·35 

90.028 1·327 89·972 - .293 
95.014 .622 94·986 .010 

100.000 0 100.000 0 

~---

~ 

L .E. ra.d.i us : 0.687 
Slope of radius through L.E. : 0.084 
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(a) Front view showing aileron projecting from upper surface of wing. 

t b) Rear view showing aileron proj ecting from upper surface of wing. 

Figure 1. - Reflection-plane model in inverted position with full-span 
flap retracted. 
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Figure 2. - Rear view of reflection-plane model in inverted position with full-span flap deflected. 
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-,,--- To L. £."- - - -.85 C -----------------'l~ 

Aileron 
~1t-.:..:.h~in.:::'9_e __ ._a_'O.2e -+ r·Olc \ 111t-·aoee 

T+--------. IOe 
.~4GC 

-~----"""*'-l~+-- __ --If-__ IYing chord line 

-------ToL.£·.----

---To L.£:'----]65C ---"-----~ 

(a) Basic plug -aileron arrangement . 

..... ~I------ To L.E. ---- .85c --------------~ 

~ L.f Aileron "~ 
hinge .OO.G c8111t .OOi'-e 

T+--------./tJc 
,tJ4.Zc 

Win chord line 
----U-------.: 

-.. ..----- To L.E. ----

--- To L.E. .765c ------------4 

(b) Basic retractable-aileron arrangement. 

Figure 4. - Schematic drawing of basic plug-aileron and retractable
aileron arrangements tested on semispan wing. 
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. tJo,,"cl::lJ- ·t1' c 
r--_ I Flt-.?o.ec 

~.()(}ec 
(a) Plug aileron with O.Olc top 

plate removed . 
(b) Plug aileron with enlarged 

plug slot on wing lower 
surface. 

(c) Plug aileron with enlarged 
wing slot ahead of aileron. 

,ooe,c1:L r·Ofc 

1/~t-·oo~c 

~.oo~c 

(d) Plug aileron with perforations sealed. 

(0 Retractable aileron with enlarged wing slot 
behind aileron. 

~.ooec 

(e) Plug aileron with perforations sealed and 
wiper seal installed in slot ahead of aileron. 

+---·/(Jc 

(g) Retractable aileron equipped with an O.Olc 
top plate. 

Figure 6. - Sketches of modified plug-aileron and modified retractable
aileron arrangements tested on semispan wing. 

~~~------~- -- -.~~~~-
J 



I. 

IZxJO 
I 

. 
~ ---- I -- , 

~ 
~ 

10 

0::: 8 
""" 

~ 

/ 
/ 

/' 
:/ 

-Q 

§ 6 
c::: 

/ 
v 

/ 
/ , 

I 
~ --~ 
~4 
~ 

/ 1 

/ 
1/ ~ 

G .3 .4 .5 .6 ./ .Z .7 .8 .9 
M~ch number) M 

Figure 7. - Variation of Reynolds number with Mach number. Reynolds number is based on wing mp.an 
aerodynamic chord of 2.86 feet. 

~ 
~ 
~ 
~ 

I-' 
~ 
~ 
w 

W 
I-' 



J 
....... "\ 
~ 
.~ 
.\,J / s::: , . 
\l 

~ 
........ 0 
~ 
~ ~ -: / 
I 

~ 
.~ 

-...c:: 
~ 
Ci:: 

~ 
"'::; 

'cS"' 
..::( "\ 

'> 
~ ......, 
~ 

....... 

'" 

4 

0 

~ -4 
~ 
c:: 

<;( 

0 

8 

~ ~ 
::t9f£ ' 

~ 

Dafo of presenf invesfigafirJn 

Dafo presenfed in reference /0 

~ y8 
."". '" 

A . 

I ,.,.h Jr 
.J.Y:. 
~iX 

~ 

~-
I I I L 

-.2 o .2 .4 
Lift coefficiel7t/ CL 

~ 
"' N 

. ~ 
.u· ~ 

o 
Q.) 

~ 
~ 

~ 
~ 

Figure 8 . - Aerodynamic charact eristics of 
semispan wing model with flap retract ed at 
Mach number of 0 .71. 

~~ ~;lllllllllJlfffl 
"'h 
~ 
Q.) 

1:: 
C> 
1:: 

-.jl~ 
~ 

~"I 4 Cl 
b'\J <.J 

~ -.4 0 Dafa of presenf inres fi§afion P~.\ -t-"\ 
. .... f-- . .J ~ 

~ 8 Dafa presented in reference 10 .!k? ~ 
~ Iff~ '> 
C( lB-:;;:'----? ..:;:: 

I -" k<:- .'- 'i-
11lY~>='-'" ~ 

___ ~ \J 

~2r / 
o-f---'ll~ . ~ 

1 e q~ cS 
f<'.,..,..... 0 
p'~'" 8 . ~ 

--Increasing ex: A~ 
~ o 

..... 

'B - - - - -- Decreasing ex: ,9i'~ 
~ 4 I ", • .;t/ 
\J IJ7J 
() I/V 

....... 0 . b'~ I I I I I 

1; m<' / 

\.. 4 / 1/1 I I I I I I I 
a - ~l/' 

} _elJffflllll ~l 
-12 

.6 .8 /.0 /.z J.4 1.6 1.8 e.o 
L iff coefficienr;CL 

Figure 9. - Aerodynamic characteristics of 
semispan wing model with full-span slotted 
flap deflected 450 at Mach number of 0.13. 

w 
I\) 

~ 
(') 

~ 

~ 
!2l 
o . 
~ 
0\ 
0\ 
w 



\..:)-<:: 
....... ~ .8 s::: 
~ 

" ~ 
~ .4-
8 

...... 
~ 
1:: 0 
§ 

I 
<:I> 

g-> 
:::t: 

",,4 

-;..., 

~ "'.,)t:: 01 
~ -...' . 
<::S <::: 
~ ~ 
I ~ 
~~ a 
~ ~ 
~ " 

-10 

--~-----~ ~ ------

f
r--_·ct:ta1JcI 

~~<j~ 
l_ -=B-

-- -"--.OO2.C 

-8 -6 -4 -2 o 2 
AIleron prqjecfion) percenl chord 

(a) a. ~ -2.1 0
; C

L 
~ -D .07. 

05 

04 "'.,)'" 
12' 

03 ~ 
~ 
~ 
8 

02 1:: 
'" § 

0/ ~ 
g-

::2 
o ~ 

'01 

d-
...... ' 

t::: 
~ 
\J 

---JOe 

.8 

..;::: 
-.....: 

'U 
Cl 
\J 

....... 

.4 
L ~ . ~~.oozc--.-

OEIIITIII I 
S 
~ 
~ 
~ 
~ 

{ 

o 

-.4 

-;..., 

~ S .0/ 
f:: • a ...... 
~ § 
~ ~ 0 
~ " ::l I\) 

~ 2 -/0 

[SJ§I ~--LI I~ 
rp- ~~ 

IY 

~~ 

-8 -6 -4 -2 o 2 
Aileron prc!Jeclion) perceol chord 

(b) a. ~ 0.20
; CL ~ 0.13. 

.04 

G" 
.03 ~ 

'" 
~ 

02 " . ~ 
\J 

";:::: 
~ 
f:: 
§ 
g> 

:.:::: -...; 

~ 

Figure 10. - Variation of lateral-control characteristics of complete wing with plug-aileron projection 
at various Mach numbers. Full-span flap retracted. 

~ 
~ 
~ 
~ 
f-' 
0\ 
0\ 
w 

w 
w 



L 

'-:J-..c::: 

-...' <:: 
.8 

'" <:; 
<::: <....: 

<:0 .4-c:, 
~ 

......... 
<:: 

I 
0 

I 

'" ~ -.4 
::i 

..... 
~ '-:J<:: 
~ ..... ' 01 "" <:: . 
~ ~ 
~~ 
~ '" 0 ~ ~ 

I.Z 

-J;: '-:,-..c::: 

-......' .8 
~ 
<:; 
~ <....: .4-"" "" " -.... 
" 0 "" ~ 
E: 
I 

<:0 

~ -.4 
:::t 

04 '-:J"" -.8 
........ "' 
~ c 

03 «:: 
<....: 
~ 

8 
02 -.... 

" ~ 
~ 

01 ~ 
I 

~ , 
G 

0 C)2 

"t 1...:>" 
~ -...."' 01 
C> " • E:: ~ 
~~ 
S; <....: 
~ ~ 0 
~ 8 

-10 -8 -6 -4 -2 o 2 
Aileron prqjeclion, percenl cnord 

( c ) ex. ~ 2. 50
; C L ~ O. 32. 

Figure 10. - Continued. 

OOzch 

~ ~f'~~ 
~~'" - '<-ooze 
l~ . 

& . ~ 

I~~ .~ ;.~.H 
'f':. ~ ~~ J~ 

~#l 
~ 

U~-+-+++t-Iln~_ 04 '-:J"" 

........ -
~ 

3 <;::: ]PS~ .0 ~ 
I ~~ " 

"'bJ.\ . 02 ~ 
M 0.,~ _ ~ 

,-r- <) 019 ' l .0 ~ 
<:: ..--, 1t..l7 ~ ~ 

..--, ' 0 .4-1 v~~~r 0 ~ 

~t--+-t-t-Irrl-~ -
~ j ~ 

_ J 1 
-10 -8 -6 -4. -2 o 2 

Aileron projecfion ) percenf chord 

(d) ex. ~ 7.1°; C
L 

~ 0.65. 

w 
+=-

~ o 
:x> 

~ 
~ o . 
f--' 
0\ 
0\ 
w 



1.2 
"'--<.::. 
-.~ 

~ .8 
<:; 

<.:::: 
<..... 
~ 
C) .4-
<..> 

-. 
~ 
~ 0 
~ 
~ 

I 
~ 

~ -.4 
:::t 

-.8 

~ 
<:0 '-.l~ 
t2 -." 
~ ~ ~ ~ .01 
~~ 
~ \i 
~ ~ 0 I 

-10 

---_._----

+ ---jOe 

\~ 
~ 
~ ~ 

~IM 
'~I1.W w 

04 

1 
'-:)'" 

" t' 03 c:: 
~ ~ 

<.::: 
'f'... ~ 
~ 02 (3 , ...... 

M '~ ~ 
01 ~ <> 0./9 "~ C) 

~ 
t::. .n '-'l 

~ ~~ 
I 

~ 0 ,.;::: 
-......: 

C) 

~ 

VI 
I , , I 

IMI 
~ 

l:t+tt' 
-8 -6 -4- -2 0 2 

Aileron prq/eclio() , percenf chord 

(e) ex. ~ 11.70 ; CL ~ 0.9 5. 

Figure 10. - Concluded. 

/2 

~--<.::. 

..... 'B 
~ 
<:; 

<;::: 

"'l"-
ll.. ~~ 

-\ 

[~ ~<rrr. 
-~7}le 

~4 
(;: 
~o 

~ 
~;¢ 

:::t: 

~8 

~ 
...... ~ 

<:: 
.~ 

<.> ::: 
'" o 
t.> 

~ 
~OJ 
<::. 
~ 

~ o 
~ 

.~ 

'\ 

n-

~ 
0 

~ 

'Q.. 

\' 

I" "'v,. 

~ ....... ') ~ 
~ 

~ 
~ ~ 

.~ 
~ 
~ 

=G 

~ j--.: i'- :x. 

- -

~~ 
~ ~~ 

k" ~ . -f .;51 

~ 1/>'1 
~ 

(d~g) CL 

o -G.O -O.OG 
0 .z .14 
<> ZS 31 
t:; 7.1 E4 
'V 11.6 .94 

~ 
~ II 

,,~ 

~ ~ lili ~ 
~ ..... 

~-

.~ 
r T Tl 

$:: -10 -8 -6 -4. -2 o 2. 
Ailel'dn prqjecfion , percent chord 

(a) M = 0.19. 

05 

04 

03 

02 

01 

a 

Figure 11. - Variation of lateral -control 
characteristics of complete wing with 
plug -aileron proj ection at various 

"-:l'" 
..... -<:: 
~ 
<.> 

" ~ 
~ 

~ 
~ 
E: 
I 

~ 
~ 
<3 
~ 

angles of attack. Full-span flap retracted . 

~ 
~ 
~ 
2i o 

f-' 
0\ 
(J'\ 

LV 

LV 
V1 



l_ 

t~ ~n 1211111_-~~ 
002< 

'-.l--<::: 

...... ' 
~ 
<:; 
~ 

.81 Il 1\:l I I I I I I I I I I 
~ 
...... 
~ 

~ , 
'" f ~4-I1-+~+-1 l-t~~~~ 

1; ,,<0 

~ "<2' .01 
E: ~ 
~~ 
~ ~ 0 
~ '-' -10 

<L ( (JegJ 
'J -G. I -0.05 

0 .z .13 
o 1..5 30 

.61 

-m:lnl411~ 
-8 -6 -4- -2- 0 2 

Aileron prqjechon ) percenf chord 

(b) M = 0.41. 

04- ,,"" 
..... -

<0 

03 ~ 
<..l 

<;::: 

02-
) 
..... 

<::: 

'" 
0/ ~ 

~ 
~ 

0 ~ 
c:::c 

"..c:: 
"<2' .8 ... 

<:; 
~ 
~ .4-
8 

...... 
~ E: 0 

~ ... 
~ -.4-

::l': 

~ '-.l<:: 

~ ~ .01 
, i::l 

S;!.,<;:: 
~ <.....: 
~ ~ 0 
~ I.) 

~ c, 

f\ - ...... ~P 
Cl t1 
"' ~ .f">. 

N.L'. I M~ 
~~~~ 

,, 1..-0 
.... K~ 

~~ I 

~ 
:~I., , 

(~) CL I--tr\--"Io.'--!--+--+--I--I 
f--+-+---! o -/;. 1 -0.08 ~ , 

1--+-+_ 0 .1. .12, pi.,., . ." 
t::. 2.5 .32 ~. 

~~t--~_ ~. 
l I JJ 
I T l I 

-10 -8 -6 -4- -2 0 
percent chord 

2 . 
Aileron pro/eclion ) 

(c) M = 0.61. 

4 '-.l"'" 
....... ' 
~ 

3 ~ <.... 
<II 

~ 
'2 ...... 

~ 
~ 
~ g-, 
~ 
C§ 

o ~ 

'I 

w 
0\ 

s; 
o 
~ 

~ 
~ o . 

Figure 11. - Concluded. 

f-' 
0\ 
0\ 
w 

------- _.- - .• ------ --



l 

\J 
" ~ 
" ~ .0. 

~ 
~ .0 
~ 

~ 0 
~ 
~ 

-

I 

I 

1ii t--
lit ;:: ~ 
p -~ ~ 

~. j ~ 
~ 

M 
CJ 0.13 

<> ./9 
t>. .1:-7 

4 ~ :-- ...-. ...... 

--~---~ 

07 

06 

~ 
r\~ 

\ ~ 

~ 
'\ I 

~ 
0.5 "'-.' 

~ 
" ~ 

04 ~ "(: 

~ 
\3 

OJ , 
~ 

Oc ~ 
~ 
I 

01 ~ 
~ ,& 

~ ~ 

~ 

" 0 ~ 
T 

01 

---........ ~~ ~ 

'V ~ 

~-

.13 

\$ 
" .4-
~ 
\) 
~ 0 
~ 
\3 

'" -.4 
~ 
~ -A 
~ .U 

1 
~ 
~-1. 
5::: . 

~ 
-I. 

c::.. 

0 

c. 0 

+ ·ct>.ecy.tr-_______ ----Jtlr ·002 
./a:- C 

~ 
] 

I~D. -flo. 
~ V ~ &" , 

~ 
M ~ . 

61 0./3 ~ 
<> ./9 , 

.J ~ 
t>. .l7 (J ~\ 

~ 

~ \ 
~. ~ 

'\ 
~ 

- --~ -0 
~ . 
~ -10 -c3 -6 -4 -2 o 2 -10 -8 -6 -4 ~ o 2. 

Aileron pro/ed/a"" ~rclMI chard A;/ert¥J pr?/i9c1iO/l J /18rce",; chore! 

(a) ex. ~ -6.30
; CL ~ 0.9S. 

Figure 12. - Variation of later al-contr ol characteristics of compl et e wing with plug-aileron 
proj ection at various Mach num bers . Full -span flap deflected 450 • 

~ 
Q 

>-
~ 
~ 
0 

f-' 
0\ 
0\ 
w 

w 
--J 

-- - -1 



~ 
'\.' 
~ 
\; 
~ 
~ .0, 
\S 

~ .0 
'ti 

l!> 

ff~' it 7 

,t't~ 
ov "" ~ C-

6 

Ll u,,-\ 
'\ ~ la, ',5 

M \\ 
r---t--+--+-- Ll 0. /3 ~ u 

<> ./9 

'4 

r----t--+---+--I ~ ,l! ~ 

\ .c. 

q\\ b, 

~.~ -.w ' 0 
"1 ~ 

rI~-jIlT-~~-+~~+-~a 

'J 

IrI-j~~~~~.~~-+-+~~~+-~ 
-O:::::~--=-.I"" 

=~ 0., ~ ~ 
'l:> -"..; , 

I~~~-+~~~+-~ 

§ 
~ 0 
I 

~ 
~ -0 ~ . 

I ~-

~ -;0 -8 -6 -4 -2 o 2 
A/!~r(Jn ,orq;'eclio/7 J ,oerce/7/ chord 

(b) 

\.)~ 

'"'" ~ 
~ 
~ 
\ 
~ 
"-
~ 
~ 
~ , 
~ 

:S::: 
~ 
~ 

\J~ 

"'-
~ 
\) 
~ 
~ 
\) -
\) . 

8 

~ 
\i -I. 
~ , 

L 

~ 
I 

~ -/ 

~ -2 

5 

.u 

-2) ~ 

Ll-

." 

<> 

--~-

~ 

'--A ~ 
~'" h1. 

~ , 7 
-& \ 

\ b 
M ~\ 

Q 0./3 \ 0 
<> ./9 ~ ~ 
~ .f,7 Ip~ 

~ \' 
l\ 
I\~. 
~\ ~ 

~-

-;0 -I} -6 -4 -2 o 2. 

Ai/eran prqjecl/o/7 J p6'rcenl c/Jord 

ex, ~ -1. 8°; C L ~ 1.29. 

Figure 12. - Continued. 

lAJ 
co 

~ 
(') 
;t> 

~ 
!:2l o . 
f-' 
0\ 
0\ 

lAJ 



.01 

C: '-..l~ 
~ "--" 0 
<:> <:::: 
to ~ 
r!.. ~ 
;::' <...: 

~ 
tj ~ ""~ 
J "'R'" 

"',~ 
'2tJ\ 

M 1\ I':t,. , 

I-------+--l---l 
G 0./3 ~\ i 

<> ./9 \' : 
I--l---l---l il> .f, 7 

~ 
!\ 
~~ ~ 
1"1~~ 

~~r--!h .. ~A 
~ t---lJ. ~1" . 

1"'-' ..... 

~ 
~ ~-. Ol 
~ ~ -10-8 -6 -4 -2 o z 

Allerof} prqjeclioJ7) percenl chord 

08 

07 

06 '-::."" 

-....:- '-.:)-<::. <:::: 

05 ~ "--" 
..::: ~ ...... 
~ ~ 

04- ':> ~ 
<,... 

...... ~ 

~ Cl 
"-l 

03 E: 
C) ...... 
E: <:::: 

~ 
I 

~ § 
02 s E: C5 I 

~ 
~ 

~ 
01 :::t 

0 

'0/ 

--~-- ------

II 

/. 

-

. \::.~ ~~. ~ 
~ jjL~ 

' I J ILZ ,OOZe ~ 
.I!I 

1 I J I "'1---<: I I .8 

.4 I 

\ 
J 
~ 

o 
-..:~ 

-
~ 

-.4 

M I ~~ 
{] a/3 & - <> ./9 

1- . ~ 
I'>. ,(J .~ :>'\ 

-.8 

-12 

~ 
, ,--, 

' ~ :D.. 
-I. 

J! 
'\' J 

"U - 2. 

-2. 4 

r 

J. 
8 I 

~ ,---
1 ..I. ..I. ..I. 1 -

- 2. 

-10 -8 -6 -4 -2 o z 
, Aileron projeclion ) percenl chord 

(c ) ex, ~ 2.8° ; C
L 

~ 1. 59. 

Figure 12. - Continued. 

~ o 
~ 

~ 
~ o . 
f-' 
0\ 
0\ 
w 

w 
\0 



1:: ~r::: 
~ 
~ ~~ ,0/ 
E: ~ 
, " 
~~ 
~ ~ 0 
~ ~ 

"7(}/ 

PfF 

9 L2 

~ 

~~~ 
8 .8 

-0 '\-". 
~'\ 
'\~ C .4 7 

{f '" ~[\. 
'\ \~ 

\ ~ 
M \ '\ .1 

a ()/3 \ 
f-----+--+----1 <> .I :3 I 

~ .;:'7 \ 
.1 

~~-r~+-~-+~h ~~~~ 
~ 
\ ~ .[ 

,->'" <...J" 0 
" -...:- ....... 

~ t::: 
<:; '" (:; 
~ 

~ -.4 ~ 
~ ~ 

<;) 

~ 

~ 
~ 

,,8 '" ~ 
~ E:: , 

~ -/' 2-~ I 

~ '" 
<;) ~ 

"<' :::t - I b 

6 

5 

4 

3 

'2 

~ 
~ .l / -2.0 

~ 
.~ &~ - 2.4 o 

~~l 
~~ ~. ~ -2.8 / 

. '"t>1 p:::,~~ ~~ . 

~V 
- /0 -8 -6 -4 -2 o 

~ ~ ~ ~ ~ 0 2 
Aileron projection J percenf chord 

(d ) a.~ 7.1°; C
L 
~ 1. 82 . 

F igure 12. - Continued. 

AIleron jm!jeclion) percenl cnord 

~ 

z 

~ 
o 

~ o 
:r> 

~ 
~ o 

f-' 
0\ 
G\ 
w 



i 

I 

1: ~ .01 
I» '-S 
E:: ....... ~ 
~ <:: 

~. ~ 0 
S>'I~ ~ , 
~ ~ 
~ <v -.01 

- ---- ~-- - -_._- -- - .~-~- - --

07 
A -<) 

~ I 

" 
06 

/.6 
...D. 

~ 
a 

"" \ 
~ ~ 
~ \ 

M "\ R 
CI 1)/3 \ \ 
o .19 \ <? 

q \ 
\ :> 
~ ~\ , .,A ~;> 

[VV 

~-

05 '-.)"" 

/,2 

....... ' <:: 
~ 

04 
'-' 

.8 
<;::: 
<..: 
I» 

~ 

03 '" 
'-.)~ 

.4-

<:: 
~ 

~ 
........ ' c:: 

t:: 
~ 

02- I 

<:; f) 

~ 
~ «-

-.:::: 
~ 

---. 
(3 

01 
~ 

-.4 
~ 

....... c:: 
~ 

0 

~ -. 8 E: 
I 
~ 

~ 

01 

~ -1.2 

-16 

\ 
1\ <; 

~m 
~ \ 
1\ \ 
\~ 
~ 
~ I~ 

lli "'-
~ 

~ !:l," Q 

M F& 
• CJ 0./3 1\ ~ 

o .19 !LA ~ 

1\ Ll 
111 

..... 
r--a pA V 

.. 
~ r--. t1 

\fJ 
-2.0 

v-N l£L ~ ,-..... '--- ~ 

~. 

-2.4 
-m -8 -6 -4 -2 o 2 -/0 -8 -6 -4 -2 o 2 

Ai/erM projection J percenf chord Ai/erM projection , percent chord 

(e) c.:. ~ 10.0° ; C
L 

~ 1.76. 

Figure 12 . - Concluded . 

I 

~ 
(") 

:x:-

~ 
!2j 
o . 
I-' 
0\ 
0\ 

l.A.) 

+=
I-' 



" c: ~ 'J 01 t: , . c::. ........ 
t= § 
I " 

~~ a 
~ '" t:J (l A 

~OJ 
-10 

I 
,....E 

rl "lQ 
LT 7 ~ ~"'" rl ~ ~ 
~ ,~ r\ J r 

~' 
'tr 

"'" 
'\ <\\fi; 

l~ \\ :}\p 
~ ',\p 

'" ~ IX CL I\~ &e9) 
'\ ~ Ll -6.3 098 

t. -1.8 I.Z7 1'1 

o (,.7 1.57 ~ 

Ll 7.0 1.76 ~ ~ 
o 9.9 I. 71 'l~ U:f( N 

~ ~;J 
\ ~ 

l!i-~ 2-~ 
E:: to r--Q. 

r--r; h:-- ikl 
." . Ai; ~ 

LJ.. 
---0 ---b- -u... t-- ~ ~ = 

!J:11' 

~ 
-

-8 -6 -4 -2 0 Z 
Aileron projection, percenf chord 

08 

0.7 f/ 

0.6 1.1 

,-:>'" 

....... ' o.J ~ 
<:; 
~ 
~ 

0.4 ~ 

~ 
~ 

0.3 ~ 
t= 
~ 

0.2 ~ 
C> 
~ 

L 

0. 

JJ 

·Cl?.ec ~.Oo.ec 

1 .... ----- .~ 
!.2R=m 
81 I IT] 

L ~rfl I 4 I I I \. ~ I I I I I I, 

I 0 i'",. "':\ I I I I I I I 

~ ~ ~ <.... -.4 \ h,. I I I I I I 

~ ",,~~ l,\ 
~ -.8 ~~it I I 

~ • rdegJ CL '\R~ 
~ -1.2 Ll -6.3 0.98 1 11~ 
~ ~ ~ -1.8 I.Z7 I f r.~~ 

:::t -1.6 0 Z.7 1.57 . P7F~ 
Ll 70. 1.76 \~ . f\~ 

-2.0. 0 99 I. 71 ~\ H ~ 
I I I ,:?J 

-2.41 I I I I I I I I I 1 1 1 1 1 

-2.81 I 1 I 1 I 1 1 1 1 1 1 1 1 1 

~ 

-10. -8 -6 -4 -2 0. 2 

AtJerM projecfion) percenl chord 

(a) M = 0.13. 

Figure 13. - Variation of la teral -control characteristics of complete wing with plug-aileron proj ection 
at various angles of attack. Full-span flap deflected 450

• 

+:
f\) 

~ o 
~ 

~ 
~ 
o . 
~ 
0\ 
0\ 

LA> 



...-d 
d VU ~ 
0' 

» '" 6"'" 
'/ {J '" t"" l~ 

~1 II '\ 
1'--.'" ~ ~ 

- ---- - --- - -- -- ---- --_. --- ------.----- --- -- - ---

( 'f} 

( '8 

( 7 
~ ! 

~ , 
-

4 

~ 
~ 
~ 
~ o . 

"'''\ [\~ 
.( 

1 
'6 " ~ 

~ .6 (J. ~ 
I--' 
0\ 
0\ 
W 

\S 
" ~ " .0. 
\i 
~ 
~ IJ .0 
\) 

-

/ 

" ~ 0 
~ 

I '--~ ~:-O/ 
~ -/0 

Q ~ ,~ 
\ 

a; C 
&eg) L 

Q -63 0.91 

~ - 1.8 /. 30 
o Z.8 1.60 
Ll 72 U36 

t:. ...;:" r--- VL 

[J.t-o r-
.~ 

--tl.- ;=:: J.-
£t I--, 1-....... --z1--. 

'---

-I} -6 -4 
~ Aileron prqjecfio/7 ) 

'-==-- --

b\ 
I~\ 
Iq\ 
\ 

\ 

~. 
~\I\\ 
\~ 

l~ ~ ~ . 

~ ~ 
/!Y 

~ b...n ..... ~ ~ 
[]. ~rr = 
~ 
~-

-2 0 C!. 

,Percenf chord 

.l 

L 

'S ~ 
'\) 

~ 
'4 "-

~ 
'3 § 

~ 
f 

~ ~ 
~ 

/ 

~ 
~ 

o 

-0/ 

(b) M = 0.27. 

\J .4 
'\...,' 

~ 
~ 0 

$:: 
~ 
~ ~4 

l 
~ ~8 
~ 
~ -I ? 

~ 
~ -I , 

-2 .C 

-2: q 

Figure 13. - Concluded. 

'" 

\ 
"" 1\ a-

y 
~\ ..rt 

" ~ k ~ 
~ t\ 
~ 

a: C 
(de g) L 

[J -6.3 0.9 7 

I'>. -1.13 1.30 
o 2.8 /.60 

Ll 1;:' 1.86 

-;0 -8 -6 -4 

Ai/erpn preyed/o/7 ) 

~ 
h\ 

'"' I'i I 

V1 .f ~: _t ]~ ~ 
19ft. V 

Iff 

" I&p 
j.' 

rr 

~ 
'--- I I I 

-2, 0 2 

,Percenl c);ord 

~ 
w 



r------------------------- ------------------

Aileron 
.051 . fion I I I prOjec 

.04 

"" 
'-.:l .03 

"" ~ 
~ 

" 
\::5 

<t:::. ot 'lJ. 
~ 

"'i--.. 

~ 
~.O/ 
~ 
.~ 
~o 
~ 

I- I (DerCeJ 
I-- '1-7'--

J ~~A 
,/;-6 I 

I/V / -5 

~~VI/ ,-........ / / -4 
I---~ V 1/ 

r ............ /' ./ 

l---- l-/V 1/-3 

J..--r---.. I V -
I ~ ~ /-2 

L- ~ 1/ -
I ~ t--- ____ L--- -/-

_ L 05_ 
- --r-+--J--- I -------1 

c) 

-0/ . a .;:, .4 .6 .8 0 
Mach numher)M 

(a) a. ~ -2.1°. 

+ ------.10 C 

L - -!(Ai/erlJn prq)ecfion 
.tJoec ~rc~l7f r;) 

.Z J .6 .8 0 
Mach nLAmber,M 

(b) a. ~ 0.2°. 

.Z .4-

Aileron 
pr()jecfion 

(percenf c) 

.6 .8 
Mach numher.J M 

(c) a. ~ 2.5°. 

Figure 14. - Variation of lateral-control characteristics of complete wing with Mach number at 
various plug-aileron proj ections. Full-span flap retracted. 

+=+=-

~ o 
~ 

~ 
~ . 
f-' 
0\ 
0\ 

lAJ 

------------ - -- - --- - --- ---- -------- -- ---- -. ------



'-.)-{;;: 

...... ' 
~ 

1.2 

~ «.;: 
~ .8 
I.l 

....... 
~ .4-

~ , 
~ 0 ~ 

:::t: 
-.4-

-.8 

~ ~, 0.1 s: ,+-' • 

~ ~ 
~ <3 
~~ 0 
~ ~ 
~ ~ 

v~~ g 
r---r- '1'1 I I ~ '<-.- I 

~ J J 
.:, .\\ J I 

~ ~M~ ~
~~ v " ~ ~1mi2. 

'-,- ,r- I - ::0 ~~ E:3.. -[ ~ .. ~ .l ~ 
, -,--1- ~---1 J t-
W-+-P:::~I- J r-
' ~~ 1 1 
1 ~ I ~ 
r-r-- ~ '~'\ J +- r 
Ll h~~ --p 

M 1 Jru, ~jj 
0 0. 19 ~ ~_ 

---r- , 0.4 1 ~ iii. . . 

0.4-

0.3 

0.2 

01 

0. 1-----;-- , - v 'L 
I 0 .8/~ r--I 

---+--,- 1-I;:, .66 J - I ~t' 
'1 .71 U~ 01 

J ... ,c 1 L± ~ -JU~ 
11 " lL I J -L 

-10 -8 -6 -4 -2 o 2 
AileNn projection , percenl chord 

(a) a. ~ 0.20
; C L ~ 0.13. 

'-:l"" 
....... -
~ 
~ 
~ 
~ 

"'-
~ 
~ 

~ , 
~ 
~ 

C5 
C\( 

c...:,""" 
.8 

'" c::: 
.4-~ 

<::; 
~ , 
~ 0. 
~ 

<» 

~ 
~ -.4-, 
~ 

~ 
~ -.8 

....... 
~ ~C:::.o. 
~ 5:;' 
E2 ~ 
'<;::: 
~ "- 0. 
~ ~ 
~ <.> 

~ 1- 1 
,- ~! ---t ~. ~oozc 

:!..L. -. ,- ll...l!! I-.J 
- ~~:Z: ~ ?>::lsJ ;Q ~~ 

IV I'" ~~~ 
,-- 1 ~ . 

1 J -1 
1 j r-

CL!-W-+-t-tttUJr-
J·1 1 J 1_ 

1 1 J r-

~" J J 
1 .h Ih~ _,-
~ " 'R ~\ 

1 "~l'~_ 
M c~ . 

J 0 fJI9 --+-t-'-P~~--HIT-I 
'--.----,-- ' 0 .41 \~ 

I----t---,- 0 .61 1 I~ ~ I l 1 
l v ] 'f _I r -1. TI LJ " c J 

JJ J ~I ~--H-+-ITT I 
J ~ ~ t~ 1 11 1 J 

_./() -8 -6 -4 -2 o 2 
Aileron prqjeclion , percenl c/;ord 

(b) a. ~ 2.60
; CL ~ 0.33. 

0.4- '-.l ....... 
,+-' 

c::: 
"" 0.3 <::; 
~ 
'\;; 
~ 

0.2 
~ 
~ 

0.1 t2 , 
~ 
~ 

~ 
0. ~ 
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Figure 16. - Variation of lateral-control characteristics of complete wing with projection of modified 
plug aileron at various angles of attack. Plug aileron modified by removing a.Olc top plate. 
Full-span flap retracted. 
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Figure 17. - Variation of lateral -cont rol characteristics of complete wing with projection of modified 
plug aileron at various Mach numbers. Plug aileron modified by removing O.Ole top plate. 
Full-span flap deflected 450
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flap retracted. 
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Figure 20 . - Variation of lateral-control characteristics of complete wing with aileron projection of 
modified plug aileron. Plug aileron modified by enlarging plug slot on wing lower surface. 
Full -span flap retracted . 
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Figure 21. - Variation of lateral-control characteristics of complete wing with aileron projection of 
modified plug aileron. Plug aileron modified by enlarging plug slot on wing lower surface. 
Full-span flap deflected 45°. 
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several modifications of plug aileron. Full-span flap r etracted. 
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Figure 23. - Variation of lateral-control characteristics of complete wing with aileron projection for 
several modifications of plug aileron. Full-span flap deflected 450 • 
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Figure 24. - Variation of lateral -control characteristics of complete wing with r etractable-aileron 
pr ojection at various Mach numbers. Full - span flap retracted. 
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Figure 24. - Continued. 
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Figure 24 . - Concluded. 
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Figure 25 . - Variation of lateral-control 
characteristics of complete wing with 
retractable-aileron projection at various 
angles of a ttack. Full-span flap 
r etracted. 
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Figure 26. - Variation of lateral-control characteristics of complete wing with retractable-aileron 
projection at various Mach numbers. Full-span flap deflected 450
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Figure 29. - Variation of lateral-control characteristics of complete wing with projection of modified 
retractable aileron at various Mach numbers. Retractable aileron modified by enlarging slot 
behind aileron on wing upper surface. Full-span flap retracted. 
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Figure 31. - Variation of lateral-control 
characteristics of complete wing with pro-
j ection of modified retractable aileron at 
various Mach numbers. Retractable aileron 
modified by installing 0.0 lc top plate on 
aileron. Full-span flap retracted. 
a. ~ 0.20; CL ~0.12. 
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E"igure 32. - Variation of lateral-control 
characteristics of complete wing with pro
jection of modified retractable aileron at 
various Mach numbers. Retractable aileron 
modified by installing 0.0 lc top plate on 
aileron. Full-span flap deflected 450 • 
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complete wing at various angles of attack and Mach numbers. Full -sp~n flap ret racted. 
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Figure 34 . - Comparison of plug-aileron and retractable-aileron lateral-control characteristics on 
complete wing at various angles of attack. Full-span flap deflected 450

• M = 0.19. 
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Figure 35. - Comparison of variation of rolling-moment coefficient with Mach number for plug, 
retractable, and sealed plain ailerons on complete wing model. Full-span flap retracted. 
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