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N.KCIONALABVISOIIYCOMMWDEFORAERONAUTICS 

SEMISFAN WING EQiJEFLtD wmx 16 .FPER-KD 

PIADI - AXD AILERONS HATmG VARIOUS 

FzANsANDm -ANGm 

By Jack Fischel and Leelie E. S&miter 

f: 

A wM-tunnel inveet1gation wae performed at low speed to determine 
the aerodynamic characterfetics of a 51.3O Bweptback eemiepan wm 
equippedwith 16.7~ercent-cho~plafn.ftle;ps and ailerona having various 
spans f3nd spanwise locations, and with one apan of aileron having trailing- 
edge angles of 6O, UP, ana. 25O. Lift, drag, pitching-mament, and flap 
hinge-moms& data were obtained for the wing equipped tith several epana of 
sealed and unsealed flaps deflected up to a", and rolling+moment, yawing- 
moment, hUge+mmnt, end aileron*eal-pressure data were obtained for the 
various combinations of aileron spas and trail B angles. Ih addition, 
thexing-m 0 oharacterietice were detezmined for a spoiler-type 
aileron omfiguration having a span of 60 percent of the wing aemispan and 
a projection of 5-percen-t wing chord In conjunction with a g2.%ercent- 
apau flap deflected O", 30°, end 60°. 

-t 

The results indicate, in general, thatchangeeinthewTngangleof 
attack, flap deflection, flap span, or flap spanwise location produced 
trends in the wbg lift, &ag, pitcwt, and flap hinge-momsnt 
characteristios that were 13imLl.m to, but of different magnitude from, 
the trends produced cm unswept wings,, except possibly at large angles of 
attack near the wing stall. Aleo, changes in.the wing angle of attaok, 
aileron deflection, aileron apen, or aileron epmwise location generally 
produced effects on the swept-xing lateral+ontrol chaxacteriatium that 
were &miles in trend to, but differing in magnLtude from, the corresponding 
effects produced on unswept wings. Notably, the data indicated that a 
given peroent-span aileron would be moat effective in producing roll when 
it spans the center portion of the wing aamfspan. 

At values of wing angle of attack below apprmtely 14O, the rolling 
moment produced bs the spoiler--aileron ccmfiguration generally increased 
with inoreaee in the angle of attack, and the yating moment wa8 favorable; 
also, in this angle-of-attack range, the spoiler aileron generally produced 
larger rolling moments wfth flap deflected than with flap undeflected. 
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INTRODUCTION a 

The -plain-flap type-of control device is being considered and 
incorporated in the design of high-epeed aircraft having swept wings. 
The design engineer on such aircraft is greatly wered, however, by 
a lack of data upon which to baee estimates of the various lift and 
lateral-control design parametere. In order to help alleviate this 
difficulty, the National Ahis& Committee for Aeronautics is currently 
investigating flap-type controla on swept wings with the ultimate objective 
of obtaining flap and aileron design criterions similar to those available 
on unswept wings (references 1 to 6). 

The data preeented and discussed herein are the reeulte ofa low- 
Bpeed lift and lateral-control investigation of 16.7--percent-chard plain 
flaps and ailerone having various spans, spanwiee locations, and traili- 
edge angles on a tapered low-drag semispan wing having a leading-dge sweep. - 
angle of 51.3O. The present investigation, which was performed in the 
Langley 300 MF'H 7-by lo-foot tunnel, is an extension of the investigation 
reported in reference 7. The model used in the present investigation and 
that reported in reference 7 were eesentially the same, differing only in - 
the plan form of the wing tip. The characterieticer of the wein@; in pitch .- 
were detetined through a large a&Le-of-etttack range for various flap 
deflections with the flaps sealed and unsealed. Rolling- nt, yawing- 
moment, hinge-moment and internal+!ealqreesure characteristic8 of the 

4 

various span ailerons were determined for a tige range of aileron 
deflections and angles of attack with the ailerons sealed. The effect x c 
of aileron-end treatment (inboard end of aileron cut off parallel to the 
plane of symmsm rather than normal to the aileron hinge axie) on the 
lateral control and hLnge--mcment chazacteristics of one of the aileron 
configurations was also investigated. In addition, the lateral-control 
effectiveness of a spoiler configuration (previously developed on another 
Bweptback wing, reference S), investigated inconjunction with a full- 
span plainuneealed flap deflected various amounts, was determined. 

Included herein is a comp&rieon between the aercdynemic and lateral 
. control characteristic8 of the subject wing and the raked-tip wing of 

reference 7. 

The forces and moments measured on the wing are presented about the 
wind axes, which, for the conditions of these teete (zero yaw), correspond 
to the stability axea. The X-88 is in the plane of eymmetry of the & 
model and i&parallel to the tunnel free-stream air flow. The Z-aria is 
in the plane of eymmetxy of the model and ie perpendicular to the X-axis. I-- 
The Y-axie is perpendicular to both the X- and Z-08. All three axes ' 
intersect at the intersection of-the chord plane and the plane of ssmpetry 
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of the model at the chordtiee location shown in-figure 1. Thie position 
corresponda to the aerw c center of the plain wing end is located 
at 29.9 percent of the meen aerodyne&c chord. 

% lift coefficient 

ACII increment of lift 

CD (3zxlg coefficient 

* .: 

. 

c, 

Twice ( lift of SemiEQan model 
qs ) 

coefficient 

(D/H) 

coefficient 
tng mcment of semispan model about Y-exis 

qsa 

increment of pitchwoment coefficient 

Ct roll-ant coefficient (L/qSb) 

c, yawnt coefficient (M/qSb) 

% flap or ,aileron hv nt coefficzent (~/W-f) 

D 

L 

P seal-pressure coefficient 
Preasurebelowaileronaeel 

( 
-Prwaure abwe aileron seal 
a > 

twice drew of semispan model, pound8 

m 

H 

M 

Q 

S 

b 

A 

rolling moment, resulting from aileron deflection or spoiler 
projection, about X-exls, foot--gour& 

yawing mcsment, resulting fram aileron deflection or spoiler 
projection, about !Z-exie, foot-pounds 

flap or aileron hinga moment, foot-pounds 

srea-ntof flap oraileronrearwsrd of end'abdut the 
hinge exis, cubic feet (eee table I) 

fre-tresm dynamic preeaure, pounds per 8quare foot 

twice exe& of semispan wing model, 18 -90 square feet 

twice span of 8emi8pan model, 8.05 feet 

aepect ratio of wing, 3.43 (b2/S) 
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Y 

X 

bf 

baa 

V 

P 

a 

% 

wing mean aerdyxamic chord (M.A.C.), 

2.49 feet' 

local ving chord, feet 

di8tancg along X+txis from leading edge of root chord to 
leading edge of mean aerodymmic chord, 

2.20 feet (g2 cx Q) 

lateral distance frora plane of wmmetrg, measured parallel 
to Y-is, feet 

longltudind distance fromleadingedge ofwingrootchord 
to wing leading edge at my spanwiee station, measured 
parallel to X-+xis, feet 

Sp&Il of flap, meaeured parallel to Y-ari8, feet 

span of aileron, measured parallel to Yeis, feet 

free-&ream velocity, feet per second 

m&t68 densi-ty of air, slugs per cubic foot 

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

flap deflection relative to King chord plane, measured 
perpendicular to flap hinge axis (positive when 
trailing edge is down), degrees 

aileron deflection relative to wing chord plane, measured 
perpendicular to aileron hinge axis (positive when 
trailing edge 18 down), dewem 

flap or aileron trail~dge angle, meamred in a plane 
approximately perpendicular to flap or aileron hinge 
8318, depees 

wing sweep angle, angle betweenwingleading edge and a 
line parallel to Y-axier, degrees 

rollIng+nment coefficient produced by lo difference In 
angle of attack of vaxioue right and left portions of a 
complete wing (reference 5) 

4 
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effective change in the angle of attack over the fl8pped 
portion of a wing produced by a unit ohange Fn flap 
deflection 

The 8Ub8Cript8 8, and a indicate the fat tor held 
constant. Au elope8 were measured in the ticini* 
of 8,=0° and a=oo. 

Subscripts: 

i inbo& 

0 outboeuld 

f fl*p 

a tileron 

The eubscripts 1 to 5 have been Used with the seal-pressure 
coeffioient P to indicate the spanwise station at tihich the pressure ' 
coefficient was ~~2asxzred. (See fig. 2.) 

The lift, drag, end pitch- nt coefficient data presented 
herein represent the aezodymmic effect8 of deflection in the same 
direction of the flaps or spoiler on both 8emispans of the ccmplete wing. 
The roll Lng+ament aud yawing-mamant coeffioient data represent the 
aerodynamic moment8 on a complete xlng p.roducetd by the deflection of the 
aileron (or projection of a spoiler) on only one semispan of the coaqlete 
w= 

All the test data have been corrected for je+bomdm=y 8nd reflection- 
plane effects. Blockage corrections, to accouzlt for the constriction 
effect8 produced by the wing model end wing w&e, have also been applfed 
to the test data. 
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No aorreotime have been applied to the data to account for the small 
amount of wing twist produoed by aileron deflection or the tare effeats of 
the root-fai%?ing bodg. 

The ssmi8p~tb- ngmdelwaemm~%edve!rticaU~ in the 
Langley 300 MPH 7- bq 1CLfoot t-1, aa ehown in figure 3. l?he root chord 
of the model wna adjacent to the ceiling of the tunnel which served aa a 
reflectimi plane. Thelnadelwaamunted on the sir~cnuponentbalance 
qstem inermha mannerthatallforoeeand mcmemte actLug on the model 
could be meaemred. A EIUEU clearance wae maintained between the model 
and the tuzmel oailing 80 that no part of the model came in oontact with 
the tunnel structure. A root fairing, consisting of a body of revolution, 
wan attaohed to the root of the model in order to deflect the spanwise 
flow of air that entera t.h-g~ tunnel test seution through the clearance 
hole between the tie1 end the tunnel ceiling, 

The modelwae oPnPrtru&ed of laminebted mahow over a welded eteel 
framework to theplan-formdintermfcme shown in figmel. !l?hemodelwas 
sweptbaok 51.3O at the leading edge, had an aspect ratio of 3.43 and a 
taper ratio of 0.44, and had neither twi& nor dihedral. 93s wing 
eectione normal to the W-percemt-chord line of the wing when in the 
-pt canditia W~IW NAOA 65-012. Transition wae fixed at the leading 
edge of the wing in order to duplicate mme nearly full~oale conditiona. 
The transition &rip, comieting of No. 60 carborundum grains, emtended 
werthe forward 5 peroent of the wing chord onboththe upper and the 
lower mrfaoem elong'the entire 8pan of the wing model. The carborundum 
graIna were eparerely rspread to cover from 5 to 10 ljercent of this area. 

The eemiepan-uing model wa8 equipped with plain radiue-aoae control 
surfaces (whioh were uered either aa lift+Iape or ailerone) that were 
x) percent ohord normal to the 5O-percent-chord line of the wing when 
in the unswept ocmdition and 16.7 percent chord parallel to the plane of 
tg-nnaew of the swept wing, The flap8 m ailerons were constructed 
around steel spars with jointa (cut norm& to the hinge axis) at 
three ~amrise staticma a0 that various span8 of flap or aileron, occupying 
various epauuise locationa, uould be obt.ained (fig. 1 and table I). The 
modified plan form of the O.@$ outboard aileron (table I) had the 
inboard end of the aileron cut parallel to the plane of qmmetry (fig. 4). 
The thrgemahogaqy flap andalleronprofilee ueed hadtrailin~ angles 
(IX a plane approximately normal. to the hinge axie) of 6O (true contour of 
trailing cage of NACA 65-012 airfoil), l&O (straight side8 fkcm hinge line 
to trailing edge of wing), aud 250 (beveled trailing edge), and were built 
to the eectioner ahown in figure 5. Except aa noted, the various lift 
flaps did not have a eeal acrose the gap ahead of the flap noee, whereas 
the various aileron8 were sealed. The seal. coneisted of a plastic 



RACARMITo. L8Hx, 7 

e 

L 

Impregnated cloth attached to both the wing and the control surface, 
acroea the gap ahead of the control-surface nose, except at. the point of 
attachment of the flap or aileron actuating mschanigm and at the control- 
enrface support beaxings. The seal extended end was attached to the 
bearing housing at the end of each flap or aileron chamber, and it is 
believed that the seal in each oha?&er wae fairly coqlete. Pressure 
orifices were located abwe and below the seal in the wing block ahead 
of the aileron at the Bpanwiee locations 8hown in figure 2. Two pairs 
of pressure orifices were located in each of the two center aileron 
aectiom, whereas only one pair of orifices was located in the inboard 
aileron seotion. 

The spoile~ileron configtmation conelated of six spoiler aement6, 
each havdng a qan of 0.1% end a projection of 0.05~~ attached to the 
upper surface of the wing in a stepped fashion ~5th the span of each 
eegnent normal to the plane of ssmmem (fig. 6). The midpoint of each 
spoiler eegnent wan! on the 0.7'0~ line of the wing end the apoller 
extended from 0.e to 0.84. 

A remotely controlled motarcdriven flap-actuating mechanIxm~ was 
used to obtain the veriou~ flap and aileron deflectilone emrployed in the 
investigation. The control--surface deflectfone were conetantlg indicated 
on a meter by the lzae of a calTbrated potentiometer which wae mounted on 
the hinge axle neglr,the outboezd end of the aileron. A calibrated 
electrical resistance-&pe strain gage was employed to measure the flap 
end aileron hinge moments. 

All the teats were performed at au average dynemic pressure of 
approximately 20.5 pounds per equare foot, which corresponds to a Mach 
number of 0.12 and a Reynolds nu&er of 2,200,OCO based on the wing mean 
aerodynamic chord of 2.49 feet. 

Wing angle-ofettack tests with the unsealed flaps deflected various 
amounts from Oo to 60° were made through an -e-of-attack range from -loo 
to the wing staXl augle, whereas corresponding teats wdth the sealed flaps 
at zero deflection were generally made through an e-f-attack range 
from -100 $0 100. Additfanal lift, drag, pit.ching+mment, and hinge- 
moment coefficient data presented herein, for both the retracted and 1 
deflected conditions of the sealed flaps, were obtained fn the course of 
obtaining the lateral-control-test data. 

Lateral--control teats, with the various epan adlerone having the 
various trail-e angles, g enerdly were performed through an aileron- 
deflection range from -30° to 30° at oonst+nt anglee of attack ranging 
from -ho to 2Q" In 4O increments. 
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Tests of the spoiler configuration were performed through an angle- 
of-attack range from --IO0 to the wing stall angle with the maximum span 
umealed flap 0.92% 

> 
deflected O", 30°, and 600. 

RllSWL5 ANDDISCUSSION 

Wing AerodyneI& Characteristics 

The static aerodynamic characteristica of the wing in pitch for several 
deflections of 0.52lg and 0.92% unseeled inboard flaps are presented in 

five 7, and corresponding data for several deflections of sealed flaps 
having various s-pans and spanwise locations are presented in figures 8 
and 9. The incremental values of lift coefficient and pitchinwnt 
coefficient resulting from flap deflection are shown in figures 10 and 11, 
respectively, for the flaps in both the unsealed and sealed conditions. 
In addition;the effects of flap span and spsnwiee location on the values 
of lift ooefficient and pitching-mament coefficient obtained on the subject 
wing with the sealed flaps deflected 30° are shown in the mmauxry figures 
presented as figures 12.and 13. 

Lift characteriatics.- The data pre8ented.i.n figures 7 to 10 end 12 
show that increase in either the flap span or the flap deflection, within 
the range investigated, generally resulted in an increase in the lift at 
any given angle of attack and'also in the maximum lift obtainable. The 
incremental lift produced by unit flap deflection tended to decrease as 
the flap deflection or the angle of attack increased and was generally 
lerger at cc = O" than at other angles of attack. 

The values of ACL obtained with the 0.52lg and 0.92% unseabd 
flaps deflected 60° were, respectively, 
at a = O", 

approximately 0.33 and 0.43 
approximately 0.29 and 0.35 at a = 12O, and approxi- 

mately 0.07 and 0.21 at Ck (figs. 7 and 10). The low value 
of A% shown here for the O-52$ flap as compared to the 
value of AC h for the 0.925$ flap has been noted previously in 
other investigations of partial-pan and full-span flaps on swept- 
back wings and is thought to be associated with a premature stall 
occurring over the inboard portion of the wing when a trailing- 
edge ,flap is deflected. This phenomenon is more olesrly illustrated 
by a comparison of the lift curves of figures 7 to 9, which reveals 
that the values of ACD tend to decrease more rapidly for. inboard 
flaps than for outboard or full-span flaps, as the wing stall is 
approached. The decrease in the values of AC, produced by given 
flap deflections as a increased (figs. 7 to 10) wae also noted in the 
awept*ing investigation reported in reference 7; but was not noted in 

4 
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the jnveatigationa of uusweptwinga reported in references land 2, and 
is therefore thought to be a phencmenon aaaociated with Bweptback uinga. 
The data presented herefn were obtained at a moderately low value of 
Reynolds number; however, the reaulta of other Kind--tunnel investigationa 
have indioated that the rate of increase of k uithRq-noldanmnber 
is less for sweptback winga than far unaweq-t wings in the critioel range 
of Reynolds number and is almost negligible when tramrition is fIxed on 
the wing leading edge. 

In addition to the increase in wing lift with flap apan previously 
noted, figures 8, 9, a& 12 aleo ahow that, at angles of attaok below that 
for CL, the lift effectiveness of a given percent-span outboard flap 

was less than that of a corresponding peroentqan inboard flap. This is 
in excess of the effeot that could be attributed to the larger ratio of 
flap area to wing Brea obta3ned ~9th inboard flaps than with outboard flaps 
and weee with comeeponding reaulte obtained on unswept wjnga (referenoea 1 
to 3) and with the results obtaIned in the auept+vlng fnaeatigation reported 
in reference 7. It will be noted that with the flap sealed, the ratio of 

at Q,aax (figa. 8 and lo), but with the flqp unsealed, this ratio is 
aJmo8tconatantcml.y at cc=OO and12O (figa. 7andl.O). Moreover, 
CL conrpariaon of the lift data of figure6 7, 8, and 10 shorn that, at 
angles of attaak below that for the valuea of A% obtained . 
with flspa sealed or tmsealed were gene- quite a3mikc (fig. lo), 
thereby indicating that the beneficial effects on A% of sealing the 
f+Yzq obtained in previou~~ inveatigationaonmawept wingawemnut 
obtained cm the axibject xing. 

Drag characteriatica.- Increase inthe flap apanorthe flap 
defleotion of either the sealed ox uuaenled -8 generally produced 
larger values of drag coefficient at low given Values of k and 
amaUer value6 of drag coefficient at high given valUes of cl; 
(figs. 7 to 9). A comparison of the lift-drsg ratios L/a obtadned 
at the various flap deflections indicates that at valuea of k above 
aqproxtitely 0.6, a flap deflection of 30° provides almost the opt- 
value of L/D, and Ecrgr inoreaae Tn flap deflectIon does not Qqmove 
this ratio, although it does increase the lift coeffioient (ffg. 7). 
Because of the importance of the L/a ratio fortake4ffandlmding 
(aa well as for cruising flight), and beoauae of the increase in 
pitching mcment with flap deflection (as will be diaauased in the 
following section) it xtey be advantageous to 1-t the flap defleotIon 
to a moderate value on aweptback wInga. 

See,lLng the flag produced no aignifioant changes in the ruluea of 
drag coefficient at given values of lift coefficient for a given percenti 
span flap (figs.. 7 and 8). 
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Pitchivnt characteristics.- At values of lift coefficient 
above approximately 0.65;the subject wing had an .-table veri'ation 
of pitching-mamant coefficient tith lift coefficient regardless of the 
flap span, flap deflectian, or the ccnsdition of the flap-nose eeal 
(figs. 7 to 9). -ease in either the flap span or the flap deflection 
generally produced negative increment.6 of pitc-oment coefficient A&, 
over the entire lift+oefficient range (fige,.7, 8, and 11). The values 
of AC, reflected only a amall effect of sealing the flap at large flap 
deflecti-, but sealing the flap produced about 20 percent less negative 
value8 of ACx for the 0.92% flap at lou flap deflections. The value8 
of AC, obtained at a = O" v-led almost lin&ly with flap deflection 
at valueer of 8f between O" and 30° (fig. ll), although the variation of 
pitching+rmment coefficient with flap deflection Cmsf tended to decrease 
as the flap deflection.incre,ased (figs. 7 and 8). For outboard flaps, Or 
flaps having their outboard end at 0.990$, the data of figures 9 and 13 
indicate that a nonlinear variation of C, with flap epau exists and 
that, for a given percent-qpau flap, ACm was largest for a flap located 
wer the center portion or!the outboard portion of the wing end was 
almoet negligible for a short--span flap apazming the inboard portion 
of the-. Almoert similar trends axe shown by the variation of hf 
with flap span, although euch data are not presented hereIn. This effeat 
is associated with the long5tudinal dietance rearumd of the aerodynamic 
center of the load- produced by flaps on ewept winge. 

Flap hinge+amme nt characteristics.- As would nomnally be anticipated, 
the hin ge-moment data of figures 7 to 9 show that the values of the flap 
hInge+ucment coefficient became more negative with increase in the lift 
coefficient (or the angle of attack) of the wing, and also with increaee 
in the flap deflection. Only slight, and in acme caaea, lnconaietent 
effects on the value6 of hUgmoment coefficient were produced m 
increasing the flap spa& vary-g the spanwise position of the flaps, or 
sealing the flape. 

In general, changes In the ting angle of attack, flap defleotion, 
flap span, or flap spanwiere location, produced trend8 in the swept-wing 
lift, drag, pitchmment, and flap hinge-mome nt characteristics that 
were eimilar to, but of different magnit.ude f?tmm, the trenda produced on 
unswept winge, except possibily at lerge angles of attack neer the wing 
stall. 

Aileron-Control Characterietioe 

The variation of the aileron lateral control characterietica with 
aileron deflection OI+ wing angle of attack for each of the combinations 
of aileron 8pm and trailwdge angle investigated is presented in 
figures 14 to 21. The laterdqontrdl paranmtera cz8 , ch8 , d c 

ha' 
determined from the &ta in figures 14 to 17, 20, and "v (foraailerons 
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having Y -- b 
“8 

= 0.9 4 , are ahown plotted against the position of the 
inboard en of the aileron in figure 22 and against alleron trail* 
cage angle in figure 23. A eunmmry chart, preerenting the values of the 
aforemention0d lfkteral~ontrol paramtere and the value6 of the asal- 
preesure parameter PQ obtuined tith each of the ailercm ocmbinationa 
tested, as well as the values of the total rolling+ncment coefficient 
produoed by %O" deflection of each aileron, in given In table III.. 

Rolliq+mment chaxacterietics.- The duta of flguree 14 to 59. ehou 
that the curves of roll ing+maent coefficient against aileron depection 
for a given aileron configuration are fairly linear aud are almost 
identicul for values of a at and below 8.3O, but that them curve8 
generally become leae linear and the valuee of Cz at given aileron 
deflecti- decrearse with increas e IIL CC above 8.3O. the -tub 
of the reduction fn CZ (as a increased) appeared to increase as 
the apan of an aileron having pa0 = 0.9.* (atboard ailerons) 
increased and i~ p#xrticularIy large for the 0.5l3g (center--aped 
and 0.52l 

i 
(inboard) ailerone. Thie phenomenon ia thought to be 

aeeociate with the preanatme stall that occnrred when control surfaces' 
were uered on the inboard portion of the sing (see fige. 7 to 9) and 
iudioatea t&at an tieron on the subject wing would retain the greater 
part of its effectivenem throu& the at range when it ier located 
near the wing tip. 

A0 en Fndication of the lEeB3.UulU rollInn effectiveneee of the 
ailerons, assuming an aileron -stem with no differential linkage, the 
v&ues of the tot&l rollingimament coefficient for &30* aileron deflec- 
tion at cone-t;ant ~ulues of a have been c-ted for each of the aileron 
arrangements investigated and are listed in table II. Beoauee the trends 
exhIbited by these values of total Cz for 8, = f30° are similar to 
the trenda exhfbited by the valuea of the aileroMffectiveneBs 
parameter Cz 

8, 
for each of the aileron errangementer, anly the variatiorm 

of the parameter Cz8 with aileron a-pan, 6panu53e location, 8nd trailing 
edge angle will be de%t with in the foIlowIng discueaion of roll- 
moment c3haracteristice. 

The veriation of the ailero-ffectiveneee param 
ter cz8* with 

the position of the lnboerd end of the aileron, for ailerons 
huving $I& = 14O d Yao = O.* and with aileron trail-age 
angle, for outboard ailerons of 0.4@$, is ehowq in figures 22 end 23, 
respectively. Aswouldbe normsllg anticipated, %I increased with 
increasing aileron span end decreaeed with increagingaaileron trailing- 
edge angle. (Corresp 
unswept wings (refer&x 4 .) -7 

effects have been determked previously on 
The variation.of Czg with eileron 

qanwaenonlineer, UT@ the data of figure 22 and tabale II Fndlcate that 
a @Ten percent-m afleron would be WEIt effective when Wa the 
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center gortion of the wing semispa and least effective when spanning the 
inboard portion of-the wing semispan. A ccmrperison of the values 
of cz 

6a 
measured with the 0.513g centel--epan aileron and with 

the 0.32$ inboard aileron (table II) with the values of Cz 
683 

estimated for these ailerons from the 
cz8a. 

curve of figure 22 
indicate8 excellent agreement. The estimated values of Cz 

8, 
were 

. 
obtained from figure 22 by taking the difference between the values 
of %a. at the inboard and outbosrd.ends of each aileron. Because of 
this excellent agreement between the measured and estimated values 
of cz 

%' 
it is indicated that. the Cz 

6, 
curve of figure 22 could be 

used to estimate accurately the aileron-effectiveness parameters of. 
ailerons manning various portions of the wing semispan on wings having 
plan forms similar to the wing investigated. 

In the investigation reported in reference 9, the subject data and 
data obtained in other investigations have been analyzed and a method of 
cmput1n.g controlparame ters for sweptback wings has been developed, 
which, for the subject wing, is represented by the relationship 

The variation of Cz 
sa 

with aileron span calculated from this relation 
ship is shown in figure 22. The variation of Cz/LkG with aileron span 
used in these calculations was obtained from reference 5 for a wing of 
aspect ratio 6 and a taper ratio of 0.5; these valuee approximately 
correspond to the ge‘&etric characteristics for the wing of the present 
paper when it is unswept. A value of 0.44 was used for Aq!! which 
corresponds to the value for a sealed aileron of 0.20~ (normel or 
approximately normel to the hinge line). The theoretical curve of %, 
is in excellent agreement with the experimentally detezmined curve (as 
was shown in reference .9)', except for short-span ailerons located near the 
-wing tip, where the experimentally determined curve provides slightly 
smaller values of Cz 

ha' 

Yawing-moment chsracteristics.- The total yawimment coefficient 
resulting from equal up end down deflection of the ailerons was generally . 
adverse (sign of yawing moment opposite to sign of rolling moment) for 
all combinations of aileron open and trailimdge angles tested (figs. 14 
to u). The magnitude of the adverse yawi ng-&ment coefficient increaeed 
as the angle of attack increased, in one case becoming as much as 
84 percent of the tot& rollin- nt coefficient. The ratio of adverse 
yawing moment to rolling moment was considerably larger for the subject 
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wing than the aorresptilng ratio obtAined for unaKeptwi%s. Reference 10 
indicates that these large adverse yawing mmuents would tend to reduce the 
rolling power of the ailerons and that these adverse yawing mmente, when 
coupled with the lou aileron effectiveness encouutered at high valuee of 
lift coefficient &/or Iow airplane directional stabilf-tg, msy be quite 
deleterious. As would be expected, the yaxing moment produoed by any 
given equal up and down deflection of the ailerons inc$eased with 
increasing aileron span. Variation of the aileron trailin-e angle. 
caused no significant changes in the ysMng moments produced by 
the 0.40% outboszd aileron (figs. 16, 20, aud 2l). 

From considerations of either the total yaxing moment or the ratio 
of yawing 3nomnt to rolling mment, there appears to be no.advauw to 
be gained in the use of ailerons spanning the center portion or the 
irrbosrd portion of the wing semfspau. The centez93ps.u ailercm (O.@), 
while producing more roll- moment, ulffo produced more adverse yating 
moment thsn would probably be produced by a ccmparable span aileron 
looated at the ving tip; however, the ratio of yawing mment to rolling 
HlonleDlI w&s &lnlost identic&l for all configurationrr. 

Aileron hmcment chsxacteristics.- EHnge-mament-ooefficient data 
obtained on the vsrious spans of aflerm (figs. 14 to U) show that the 
values of the hTnge9it coefficient C& at given aileron deflections, 
generally became more negative as the wing angle of attack increased. The 
data also show that a fairly linear variation of Ch tith 8, was 
obtained for the 0.925$ tileron at low angles of attack. The variation 
Of ch tith 6,, for the ~-0% aileron, genersJ.ly became less as 
the value of a T.nszeaeed, ae the silerm spaa of outboard ailerons 
deoreaeed and, for the 0.40% outboexd ailerons, UB the aileron trails 
edge angle increased. 

The values of the aileron hinge-mament parameters cho, and Ch 
a 

were only slightly affected by changes in the span or spauwise locatfon 
of the ailerons (fig. 22 and table II). For ailerons having yao = 0.999 
snd & = 140, ?k& apa $t8& exhibited a slight shift towsrd mre 
negative values as the aileron span was increased, und for the 0.513; center- 

span aileron and the 0.!5!21b p inboard aileron as weI3 as for the O.&e out- 
boerd aileron, the data indicated 8 slight shift towsrd more negative 
values of both s and C% when the spanwise position of the aileron 
wasmoved Inbosrd. B udditi&, for outboard ailerons of O.h.Ok$, Ch 

m3.d chs etibited large changes toward less negative (or more positive) 
values 4& the aileron trai we angle wa8 increased (fig. 23). Corre- 
sponding effects on the values of (2% aud CM a produced by change in 
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aileron trailing-edge angle have been noted previously in other investi- 
gations on swept and unswept wings (references 7 and 4, respectively). 

Internal seal--pressure characteristics.- The internal seal--preseUre 
data obtained on the vtiiou~ span ailerons having a traili~dge angle 
of 140 (figs. 14 to Wand table II) show that the most linear variation 
of P with 6, and the highest vsJ.ue of P &t w given VdUe Of 8, 
were invariably obtained on each aileron at the spanwIse station located 
nearest the inboard end. of the aileron. In addition, for each span of 
aileron, the values of I? for given ailerm deflections and the values 
of P8& generally decreased in proceeding from the inboard pressure- 
orifice stations to the outboard stations. Increasing the wing angle of 
attack had sn'inconsistent effect upon T's, but generally produced a 
shift of the preesure curves toward more positive value8 of pressure 
coefficient. For a constant aileron span 

(b, = 0 l 40%) 
increasing the 

aileron traili-e angle generally produced slightly s&ller veJues 
Of '$3, end. produced only negligible changes in the values of P at 
given aileron deflec%ions (figs. 16, 20, and 21 and table II). 

? 

The seal-pressure data indicate, in general, that sealed. internal 
balances will provide hinge-moment balancing effects on a highly sweptback 
wing through a moderate--aileroI1-deflection range and a large angle-of- 
attack range up to and through the angle of wing stall. Calculations of 
the balancing moments of various sizes of sealed internal balance made by 
the methods and data presented in reference ll and the data presented in 
the present paper showed that an internal balance which would permit 
a0 aileron deflection on the wing Sxcvestigated would provide considerable 
balancing effects through the wing angle-of--etttack range; however, this 
would also limit the rolling power of the ailerons; which msy be serious at 
low speeds. In order to increase the deflection range of the ailerons 
above *O", and thereby the available rolling moment, the size of the 
overhanging beJance,wo&d necessarily be shortened with an accompanying 
loas in available balancing power of the internal balance. 

R 

=c 
. 

Cheracteristice of the modified 0.40@ aileron.- As has been previously 

noted, and aa shown in figure 1, the ailerons testea.in the main pert of 
this investigation were formed by segments the ends of which, with the 
exception of the ende at the 0.06% and O.* stations, were cut 
perpendicular to the aileron hinge line. In order to determine the 
effects of aileron end treatment or change 
aileron control characteristics, the 0.40 4 

in aileron plan form on 
outboard a-lleron having a 

trailin@+d@;e angle of 60 was modified by-cutting the inboard end of the 
aileron parallel to the plane of symmetry (fig. 4). A comparison of the 
data for the modified aileron configuration with that of the original 
aileron configura+.ion (figs. 24and 25 and table II) shows that the 
mod.ificat.ion resulted in *pproxima+.ely a *erGen+. reduction in the 
rolling power of the aileron, no &table change in the yawinvment 

- 

+-- 

4 
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characteristics, and a negligible reduction, in the value of the hinge- 
moment parameter ch,. The main effect of the modification wan a 
reduction in the variation of hinge mcrment over the asleron deflection 
range; this reduction amounted to approximately 55 percent in the value 
Of %a. 

Spoiler Control Chsracteriatice 

The aer oQ-nemic end lateral control charaoteristics of the wing 
equipped with the spoiler configuration shown in figure 6 and with 
the 0.92% unsealed flap deflected O", 30°, and 60° are shown in 
figure 26. As has been previously noted, the spoiler configuration 
wed for these teats is aimAlar to one of the more satisfactory 
configurations developed in the investigation reported in reference 8. 

A ccmperison of the aer odynemic characteristics of the flapped 
wing-spoiler configuration with the characteristics of the plain flapped 
ning (fig. 7(b)) f3h ows that the addition of the epoiler configuration on 
both semispens of the complete swept wing (for possible use as a epeed 
brake or a glideqath Control) generelly produced the ssme effects on 
the values of c& C-D, c, md ch at vabh of a below approxi- 
mately 16O as ere produced on unswept wings. Addition of the spoiler 
configuration to the swept wing reduced.t$e values of CL over the 
entire angle-of-attack range; In addition, the values of C-D were 
increased, and the values of Cm and Ch generally became more 
positive (or less negative) at low angles of attack, and opposite trends 
were exhibited by these coefficients at large englee of attack. The 
spoiler configuration produced only small changes in the incremental 
values of CL, CD, Cm, and Ch resulting From deflection of the flap: 

The variation of spoiler-aileron roll- nt coefficient with 
angle of attack was irregular for sll three flap deflections; the values 
of Cz generally increased with increase in a at, values of a below 
approximately 14O & tended to decrease with iScrease in a above 
a = 140. Except in the high angle-of--attack range, the values of Cz 
produced bg,spoiler projection generally were greatest with the flap 
deflected. The yati vnt coefficients produced by spoiler projec- 
tion were favorable over moat of the angle-of-ttack range but became 
adverse at angles of attack greater than approximately 12O. 

It ie rather difficult to make a direct comparison between the 
relative effectiveness of the one spoiler configuration investigated 
end-the effectiveness of the ailerons investigated, principal- because 
the spoiler was tested at only one projection and the configuration 
tested may not be optimum for the subject wing. However, considering 
the variation of the row ent characteristics over the projection _ 
renge of this spoiler configuration on another wing (reference 8) - 
which would probably be quite similar on the subject wing - it appears 
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that the present spoiler canfiguration at a maximum projection of 
approximately 0.08~ would probably provide as mu& $oiling mom&t 
over the angle-ofettack range as the 0.40% outboard aileron (which 
represents a fairly mica2 aileron configuration) deflected f2oo 
(to sllow for adequate internal balantiing). A comparison ofthis 
nature is not complete, however, because the spoilers exhibited more 
favorable yawing-mcment characterietics and would have more favorable 
stick-force chszacterietics than the O.bo4f: aileron, partioularly at 
high speeds. It should be remembered that the ocaqparative analysis of 
the effectiveness ofYhe two lateral control devices is based on data 
obtained only at low speed and, as such, is not titended to apply in the 
transonic speed range wherein wings of this plan form ere designe~I to fQ-. 

Effect of Wtig+f.ip Shape 

Reference 7 presents the results of an investigation, similar to 
that reported herein, performed with essentially the same wing model 
as the present model, except that the wing model of reference 7 was 
equipped tith a raked tip. For purposes of idantifioation, the wing 
of referenoe 7 wiY be referred to in the ensuing discussion as the 
"raked--tip wing" and the wing of the present iweetigation will be 
referred to as the Nswept-tip wing." 

Cmgmxison of wing aerodynsmic oharacteristice.- The variation of 
the wing angle of at&a& end drag, and pitoh- nt ooefficients with 
lift coefficient for the raked-tip wing with the largest span of flap 
tested at O" and 30° deflections were almost identical to the come- 
spending characteristics of the swept-Up wing with the O.g2$ flap at 
similar deflections. This rather complete lack of significant changes 
in the wing aerodynamic characteristice as a result of changing the tip 
shape has been not8d previously Fn several unpublished investigations. 
This phenomena n, plus the fact that the aspect ratios of the swept--tip 
and raked-tip tinge under discussion were about the ssme, leads to the 
belief that q major changes in the w5ng aerodynsmi c chsxacteristice 
resulting from a change in the wip shape are the result of changes 
in +.he wing aspect ratio. In addition, it is considered acmewhat 
surprising that the variation of the incremsnt of lift coeffi_cient with 
flap defleation produced by the largest span flap on the raked-Lip wing 
was almost in perfect agreesmut with the results for the 0.92% flap on 
the swept-tip wing, because the ratios of srea and span of the largeet 
span flap on the rsked-tlp Wang to the area and span of the raked-tip 
wing are smaller than the corresponding ratios forthe swept-tip wing. 

Comparison of aileron lateral control characteristics.- In general, 
the C2, c, Chr and P data obtained on +-he swept-tip and raked- 
tip wings were quite 8imIlar and. exhibited the same trends with change 
in aileron deflection and wing angle of attack. Also, in general, the 
effect of variation of t&e wing-tip shape on the variation of the lateral- 
control parameters CM a' Ch, and Czg, with aileron trailiwdge 

4- 
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angle and onthevsriation of C% and ch,, wit-h aileron span was 
negligible. For aqv. given span ofaaileron, the rolUng-effectiveness 

paramet8r c26a 
for the swept-tip wing was 8lfghtJy greater than 

t3-m C28 values for the raked--tip wing. This effect seems logical 

when oneamnside& the oczuparati~e spans and spanwIse locations of the 
aflerons tested on both wings. From a comparison of these l-peed 
data, it appears, therefore, that the wdng with the swept tip would be 
preferred because the Wang tith this tip has, for equal aspect ratio 
and taper ratio, more physical length of trailing edge upon which to 
install ailerons and hi-lift device's than the ccmpsrable reked-tLp 
wing, and because it would provide more satisfactory performance (as a 
result of its larger area) far 8311 aIrplane. 

CONCLUSIONS 

A uind-tmnel inveetigation was performed at low speed to determine 
the aerodynamic chsmtoteristice of a 51.3O sweptback semispen wing 
equipped with 16.7-percent-chard pla3n flaps and ailerons having various 
spans, spami.se locatikla, and trailfng-edge angles. In addition, a 
spoilercsileron configuration was tested on the semIspan wing in conjuuc- 
tion with a 92.5-percent-epan flap. The results of the dnveetigation 
led to the fallawing conclusions: 

1. ti general, chsnges in the uing angle of attack, flap deflection, 
flap span, or flap spanwise location produced trends in the sweptrxing 
lift, drag, pitchiVnt, endflaphiqg~~~~~ nt charact8ristice that 
were eimilsr to, but of different witude from, the trends produced 
on unswept wInga, except possibly- at large angles of attack near the 
v+ngetall. In the low and moderate lift-COeffiCie& range, a aeel 
installed across the 0.5qercent-chord gap ahead of the flap nose 
produced no significant changes in the lift, drag, pitchinmnt, 
andhinge-mcrme nt characteristice of the wing obtained with the flap 
unsealed. 

2. The incremental value of lift coefficient AO, obtained 
tith 52.l-percent span and 92.5-percent span unsealed fiape deflected 6C" 
m-9 respectively, ~proximately 0.33 and 0.43 at zero angle of attack, 
approximately 0.29 and 0.35 at an angle of attack of l2O, and approxi- 
mately 0.07 and 0.21 at -lift. . -- 

3. As would be normally anticipated the effectiveness of the 
ailerons, as-shown by the variation of rollingg nt coefficient tith 
afleron d8fleCtiOR Cl 

6,’ 
increased as the aileron span increased and . 

decreased as the trail-age angle of a given aileron was increased. 
The data indicated that a given percent-span aileron would be most 
effective when spanning the center portion of the xLng semispan, but 
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would retain the greater psrt of its effectiveness through the angle- 
of-attack range when spanning the outboard portionof the wing semlspan. 

4. The total-yawing moment, resultingfrom equal up and down 
deflections of the ailerons, was generally adverse for all combinations 
of aileron span and trsiliwge angle tested and became more adverse 
as the wing angle of-attack or the aileron span increased. Variation 
of the traili~dge angle caused no significant changes in the yawing 
mmente produced by a given epm of aileron. 

5. The values of the aileron hing e-moment parameters % end C 
%a 

were only slightly affected by changes in the span or spanwiee location 
of the ailerons; Cb and (2% exhibited a slight shift towerd more 
negative values as the aileron aman was increased toward the wing root 
section and as the spanwise location of a given span of aileron was 
moved inboard. In addition, for a given span of aileron, Ch and C% 

a 
exhibited lsrge changes toward less negative (or more positive) values as 
the aileron trailiWdg8 angle was increased. 

6. Increase in the wing angle of attack had an inconsistent effect 
on the variation of seal-pressure coefficient with aileron deflection P8 a' 
but generally produced a shift of the curves of the pressure coefficient 
against aileron deflection toward more positive values of pressure 
coefficient. Increase in the aileron trailing-edge angle generally 

-7 

= 
. 

resulted in slightly smaller values of Pg but had a negligible effect 
on the vsluee of pressure coefficient obta&ined at given aileron deflections. 
The seal--pressure data indicate, in general, that.eealed internal balances 
will provide hingmmnt...balancing effects on a highly sweptback wing 
through a moderate aileron-deflection range and a large angle-of-attack 
range up to and through the angle of wing stall. 

7. Data obtained on a &O.&percent-span outboard aileron modified 
by making the inboard end of the aileron parallel to the plane of 
mew (*he original aileron had its inboard end normal to the aileron 
hinge line) shows that the only notable changes resulting fram the modifi- 
cation were an approximately +percent reduction in the rolling effective- 
ness of the ail&on and a 5Nercent reduction in the parameter c45a* 

8. The rolling moment produced w the spoilelcsileron configuration y 
generslly increased with.increase in wing angle of attack a at velues 
of a below approximately 14O and, in this a range, generally was 
greater with the flap deflected than with the flap undeflected. Also, 

# 

in th8 aforementioned a range, the spoiler aileron produced favorable 
yawing moments. a-" 
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9. A ccmpsrison made betueen the data obtained on the subject suept 
wing and data obtained on a raked-tip version of the eubje.ct wing indicated 
no major differences existed in the trends sad magnItudea of the coef- 
ficients obtained. 

Langley Aeronautical Laborat- 
national Advisory CommIttee for Aeronautics 

Langley Field, Vu. 
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TABIZ I.- DIMEIOSI~AL~~ISTI(=SOFW 

vmous 0.167~ PLAPS m ABJCRORS TESTED 

OB THE 51.30 mm 

Flap or aileron spanwiee location 
Flap or 

alleron epan rfi or gal Yf, or B% 

o-92$ 0.0~ 0390$ 0.2l.31 

.686$ .304g .99+ -1399 

.404g l 5q -9 00637 

-173: .817$ l e l o-5 

.52lg .O%g l 5q .1494 
. 

.513g .304g -817: .l.l74 

“.404g .5+ . * .0561 

%odified by cutting inboard end of aileron parallel to plane of 
eymmetm. - 



M+T &, c18, 
p% Totd .Cl for 8, - %@’ 

e 
0% 

a % sts. 1 ~+,a~ 2 sta. 3 sta. 4 %a. 5 aa~ o" as 8.3O am 12.5O sly g0.8~ 

0.92% 14 0.00118 -0.oo64 -0.m4 0.06 0.033 o..ojo 6.033 0.027 0.0574 o.oyS o.o4g5 0.0436 

.q 14 .00105 -.co@ -.c015 ------ ,033 .og. .033 .oq .0514 .oy3 .0414 .a417 

.40* 14 mo57 -.m57 -.ml------ ------ ------ .030 .024 .02gg .02g8 .0290 ,024o 

.17$ 14 .m22 ------- e-msssm --L--C c-et-- -cs--- -e--c- --mwm .0&l .o134 no129 .a096 

.52li 14 .cm63 -.0067 -JO25 ,024 se6 .a?3 ~~~~I~ s--c-- .0323 ml5 .a265 .Olpo 

.51$ 14 .ooo81 -.0064 -80~ ------ .031, .oq .o& .ozj no433 .W .o358 no308 

.40* r, .t)cxY+8 -Jo35 .txJ&-~-- -,,---, .or( .oa. .0276 a243 .0268 .oe5 

.40$ 6 .oooyg -AX@ -.a115 --w-w- ------ ------ .030 ,026 .031o .M~ ao2-76 .0242 

".9 6 .c@J% -Jo31 -Jo14 ------ ------ ------ ------ ------ ------ -m-w- ..-c-s--m- -1-w-1-s 

a Modified tq outting Moara end ps9rdld to plalm of Ewmatrg. v 

r ’ - . * 
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Figure l.- Sketch of the 61.9’ sweptback semlspan wing model. S - 18.!N square feet; A = 3.43; 
taper ratio = 0.44. (All dimensions in feet, exept as noted.) 
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Figure 2.- Location of pressure orifices on the semispan wing model. 
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Figure 3.- The 51.30 sweptback semispan wing mounted near the ceiling in the Langley 330 MPH 7- by 
10 -foot tunnel. 



Fi@u% 4.- Sketch of the 61. So sweptback semIspan wing showing the modified and original 0,404 i 
ailerons tasted. 
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- 

Ffgure 5.- Sketch of the flap and aileron contours tested on the 51.3O swepthack 
semispan wing model. (Contours and dimensions shown are in a plane 
normal to the ELI-percent-chord line of the wing in the unswept condition or 
approximately normal to the aileron hinge line.) 
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Section A-A 

Figure Cl.- Plan form and section of the spoiler confi~atlon t&.ed on the 61.3’ swepttack semlspan 
wing model. m 
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Figure 7.- Effect offlapdeflection onbaer&dynamic cha&teristicsinpitch 
of the 51.3O sweptbackwing. @ = 14O over entirewing span; flap unsealed. 
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Figure 7. - Continued. 
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(b) Flap span, 0.925!$; yfi = O.OfX$; Yfo = o=g93$ 

- 

I 

, 

Figure 7.- Continued. 
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Figure 7. - Concluded. 
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Figure 8.- Effect of flap deflection on the aerodynamic characteristics in pitch 
of the 51.3O sweptback wing. @ = 14’ over entire wing span; flap ssaled. 
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(a) Concluded. 

Figure8.- Continued. 
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Figure 8.- Continued. 
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(b) Concluded. 

Figure 8.- Concluded. 
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(a) (3 = 14O over flapped portion of wing; g = 6’ over remainder of wing. 

Figure 9.- Effect of flap span and spanwise location on the aerodynamic 
charactsristics in pitch of the 51.3O sweptback wing. Flap sealed; 
tjf = xl . 
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(a) Concluded. 

Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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(a) Flap unsealed. (b) Flap sealed. z 
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Figure lO.- Variation of increment of lift coefficient &CL with flap deflection for the 61.30 swepthck 
wing. yfl = 0.06$!; )I = 14O over entire wing span. 
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Figure 11.- Variation of increment of pitching-moment coefficient AC, with 

flap deflection for the 51.3O sweptback wing at 
(3 = 14O over entire wing spaa 

a = 0’. yf, = 0.06%; 
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Figure 12.- Effects of flap span and spanwise location on lift coefficient of the 
51.30 sweptback wing. Flap sealed; 6f = So; 0 = 14O over entire 

wing span for y 
fi 

= 0.06%; g = 14O over flapped portion of wing, and 

g = f3O over remainder of wing for yfi = 0.9Wg. 
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Figure 13. - Effect of fia.g span and spanwise location on pitching-moment 
coefficient of the 51.3 sweptback wing at a= O”. Flap sealed, 

5f 
= 30; pl = 14O over entire wing span for yfi = 0.085;; j# = 14O 

over flapped petition of wing, and @ = 6’ over remainder of wing for 

yfO 
= 0.99og 
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Figure 14.- Variation of lateral control characteristics with aileron deflection 

on the 51.3O sweptback wing. ba = 0.92e; yao = 0.9eo;; $4, = 14O. 
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Figure 14.- Continued. 
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Figure 14. - Continued. 
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Figure 15.- Variation of lateral control characteristics with aileron deflection 

on the 51.3’ sweptback wing. ba = 0.886;; yao = O.QQOi; 8, = 14’, 
@ = 6’ over remainder of wing span. 
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Figure EL- Conti.nued. 
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Figure 15. - Continued. 
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Figure le.- Variationoflateralcontrolcharacteristics with ailerondeflection 

onthe 51.3O steptbackwing. ba = 0.404;; ya 

pI = 6O 
0 

= O.QQOg; @, = 14O, 

over remainder ofwing span. 
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Figure 16.; Continued. 
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Figure 16.- Concluded. 
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Figure 17. - Variation of lateral control charaCteristica with wing angle of attack for various aileron 
deflections on the 51.3’ swept&k wing. ba = 0.17%; yao = 0.94; 9, Q 1Jo, 9 = go over 
remainder of wing span. 
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Figure 18.- Variation of lateral Control characteristics withaileron deflection 

onthe 51.3O sweptbackwing. b, = 0.51%; ya, = 0.817g; @a = 14O; 

(J = 140 over remainder of wingspan. 
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Figure. 18. - Continued. 
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Figure 18.- Continued. 
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Figure 18.- Concluded. 
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Figure 19.- Vafiation of lateraL control characteristics with ailerc 

on the 51.3O sweptback wing. ba = 0.5215; ya 
0 

= 0.586$ ga 

$3 = 14O over remainder of wing span. 

In deflec 

= 140, 

:li0ll 
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Figure 19.- Continued. 
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Figure 20.- Variation of lateral control characteristics with aileron deflection 

on the 51.3O sweptback wing. b, = 0.404$; y% = 0.990;; (8, = 60, - 

$3 = 60 over remainder of wing span. 
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_ Figure 20.- Continued. . 
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Figure 20. - Concluded. 
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Figure 21.- Variation of lateral control characteristics with aileron deflection 

on the 51.3’ sweptback wing. ba = O&04!; y, 

$3 = go 
0 

= 0.9905; (8, = 25’, 

over remainder of wing span. 
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Figure 21.- COntinUed. 
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Figure 21. - Concluded. 
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Figure 22.- Variation of aXLeron parameters Q, , Ch 
a 

q and ch, W-ith 

relative positionofinboard end ofaileron on the 51.3* sweptback wing 
ga = 14O, p = 6O over remafnder ofwingspan; g 

ito 
= 0.9q. 
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Figure 23.- Variation of aileron parameters C!s 6 ; -ChB , a,,& C with 
a a ha 

aileron trailing-edge angle on the 51.3'sweptback wing. ba = 0.404g; 

yaO 
=. 0.990;; @ = 6O .on wing inboard of aileron. 
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Figure 24.- Comparison of the variation of tinge-moment coefficient with angle of attack for the or&Ml 
and modified ailerons of b, = 0.404; on the 51.30 sweptback wing. 6, = 0’; $& = So; 

yaO =I 



78 NACARMNo. L8E20 

.3 

-2 

./ 

G7 O 
-. / 

-. 2 

-.3 

I I I I I I 
lnbodrd end of ai/erm 

. 

. 

. 

Figure 25.- Compaiison of the variation of lateral control characteristics with 

aileron defleCtion for the original and modifi%d ailerons of ba = 0.404; on 

the 51.3’ sweptback wing. o = 0’; pa = 6’; y 
&O 

= 0.9&x$& 
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Figure 26.- Variation of aerodynamic characteristics with angle of attack 

the 51.3' sweptback wing &tipped with O&O~ spoiler ailerons and a 0. 

unsealed flap. @f = 14*; yf 
0 

= 0.990& 

of 

,925g 
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Figure 26.- Continued. 
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Figure 26.- Concluded. 


