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NATIONAL ADVISORY COMMI'lTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

AN INVESTIGATION AT LOW SPEED OF A 51.30 SWEPrBACK 

SEMISPAN WING EQUIPPED WITH 16. 7-PERCENT-CHORD 

PLAIN FLAPS AND AILERONS HAVING VARIOUS 

SPANS AND THREE TRAILING-EDGE ANGLES 

By Jack Fischel and Leslie E. Schneiter 

SUMMARY 

A wind-tunnel investigation was performed a t low speed t o det ermine 
the aerodynamic characteristics of a 51.30 8wept back semispan wing 
equipped with 16.7-percent-chord plain flaps and ailerons having various 
spans and spanwise locations, and with one span of aileron having t railing
edge angles of 60 , 140 , and 250 • Lift, drag, pltching-moment , and flap 
hinge-moment data were obtained for the wing equipped with several spans of 
sealed and unsealed flaps deflected up to 600

, and rolling-moment , yawing
moment, hinge-moment, and aileron-seal-pressure data were obtained f or the 
various combinations of aileron span and trailing-edge angles. In addition, 
the wing aerodynamic charact eristics were determined for a spoiler-type 
aileron configuration having a span of 60 percent of t he wing semispan and 
a projection of 5-percent wing chord in conjunct ion wi t h a 92.5-percent 
span flap deflected 00 , 300 , and 600 • 

The results indicate, in general, t hat changes in t he wing angle of 
att ack, flap deflection, flap span, or flap spanwise locat ion produced 
trends in the wing lift, drag, pit ching-moment , and flap hinge-moment 
characteristics that were similar t o, but of different magni t ude from, 
the trends produced on unswept wings, except possibly a t large angles of 
a t tack near t he wing stall. Also, changes in the wing angle of attack, 
aileron deflection, aileron span, or aileron spanwise locat ion generally 
produced effect s on the swept -wing lat eral-cont rol characterist I cs t hat 
were similar in t rend t o, but differing in magnit ude from, t he corresponding 
effect s produced on unswept wings. Not ably, t he dat a indicat ed that a 
given percent-span aileron would be mos t effect ive in produc i ng roll when 
it spans t he center portion of t he wing sem1span. 

At values of wing angle of att ack below approximat ely 140
, t he rolling 

moment produced by the spoiler-aileron configurat ion generally increased 
wIth in~rease in the angle of attack, and the yawing moment was favorable; 
also, in this angle-of-attack range, t he spoiler aileron generally produced 
larger rolling moments with flap deflected t han with flap undeflect ed. 
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INTRODUCTION 

The plain- flap type of cont rol device is being considered and 
i ncorpora t ed in t he design of high-speed aircraft having swept wings. 
The design engineer on such aircraft is great ly hampered, however, by 
a lack of dat a upon which t o base es t imat es of t he various lift and 
l a t.eral--cont rol design parameters. In order t o help alleviat e t his 
difficulty , t he Na t ional AdVisory Commi ttee for Aeronaut ics is current ly 
invest i gat ing flap-t ype cont r ols on swept wings wi t h t he ult imat e object ive 
of ob t a ining flap and aileron design cri t erions similar t o t hose available 
on unswept wings (references 1 t o 6) . 

The da t a presented and discussed herein are t he r esult s of a low
speed lift and lateral-cont rol invest igat ion of 16.7-percent -chord plain 
f laps and ailerons having various spans , spanwise loca ions, and t railing
edge angles on a t apered low-drag semispan wing having a l eadi ng-edge sweep 
angle of 51 .30 . The present inves t igation, which was perf ormed in t he 
Langley 300 yWH 7- by la-foot t unnel, is an ext ension of t he invest iga t ion 
repor t ed in reference 7. The model used in the presen t investigat ion and 
t hat report ed in reference 7 were essent ially the same, differing only in 
t he plan form of the wing tip . The characterist ics of t he wing in pit ch 
were det ermined through a large angle-of-attack range for various flap 
deflec t ions wit h t he flaps sealed and unsealed . Rolling~oment, yawing-
moment , hinge~oment and int ernal--eeal-pressure characterist ics of t he ." 
various span ailerons were det ermined for a large range of aileron 
def lec t ions and angles of attack wit h t he ailerons sealed. The effect 
of a i leron-end treatment ( inboard end of aileron cut off parallel t o t he 
plane of symmet ry rather than normal t o the aileron hinge axis) on t he 
lateral control and hinge~oment charac t eris t ics of one of t he aileron 
configurations was also invest igat ed. I n addit ion, t he lat eral-con t rol 
e f f ect iveness of a spoiler configurat ion (previously developed on anot her 
swept ba ck wing, reference 8) , inves t igated in con j unct ion wi t h a full-
span plain unsealed flap def lected various amount s, was de t ermined. 

Included here in is a comparison be t ween t he aerodynamic and lat eral 
cont rol charact eristics of t he s ubjec t wing and t he raked-tip wing of 
ref erence 7. 

SYMBOIS 

The forces and moment s measured on t he ¥ling are present ed about t he 
wind axes, which, f or t he condi ions of t hese t est s (zero yaw), correspond 
t.o t he s t ability axes. The X-axis i s in t he plane of symmet ry of t he 
m01el and is parallel t o t he tumlel f ree-s t ream air flow. The Z-axis is 
in t he plane of symmetry of t he model and is perpendicular t o t he X-axis. 
The Y-axis i s perpendicular to both t he X- and Z-e.:x:e s . All t hree axes 
int ersect a t t he intersection of t he chord plane and. the plane of sym:net ry 

~--------
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of the model at the chordwise loca t ion shown in figure 1. This position 
corresponds t o the aerodynamic center of the plain wing and is located 
at. 29.9 percent. of the mean aerodynamic chord . 
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b 

A 

lift coefficient (Twice lift O!s SemiSpan maiel) 

increment. of lift coefficient. 

drag coefficient (D/qS) 

pitching-moment coefficient 

(
Twice pitching moment of semispan model about Y-axiS) 

qSc 

increment of pitchi~oment coefficient 

rolling~oment coefficient (L/qSb) 

ya\fing~oment coefficient (N /qSb ) 

flap or aileron hinge~oment coefficient (H/2qM) 

seal-pressure coefficient 
(Pressure below aileron seal ~ Pressure above aileron seal) 

twice drag -of semispan model , pounds 

rolling moment , result ing from aileron deflect ion or spoiler 
project ion, about X-axiS, foot-pounds 

yawing moment , result ing from aileron deflection or spoiler 
project.ion, about Z-axiS , foot.-pounds 

flap or aileron hinge moment , foot-pounds 

area~oment of flap or aileron rearward of and about t.he 
hinge axis, cubic f eet (see t able I) 

free-st ream dynamiC pressure, pounds per square foot (~pv2) 

twice area of semispan wing model, 18.90 square feet 

t wice span of semi span model, 8 .05 f eet 

aspect rat io of wing, 3.43 (b2/S) 
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wing mean aerodynamic chord (M.A.C.), 

2.49 fee t (~J:b/2 c 2 dy) 

loc~ wing chord, f ee t 

dis t ance along X-axis from leading edge of root · chord t o 
le~ding edge of mean aerodynamic chord, 

2.20 f eet (~t/2 ex dy) 

lat eral dis t ance from plane of symmet ry, measured parallel 
t o Y-axis, f eet 

longi t udinal dis t ance from leading edge of wing root chord 
t o wing leading edge a t any spanwise s t a t ion, measured 
parallel t o X-axiS, fee t 

span of flap, measured parallel t o Y-axiS, fee t 

span of aileron, measured parallel to Y-axis, fee t 

free-e t ream velocit y , f ee t per second 

mass density of air, slugs per cubic foo t 

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

flap deflect ion relat ive t o wing chord plane, measured 
perpendicular to flap hinge axi s (posit ive when 
t railing edge is down), degrees 

aileron deflection relat i ve t o wing chord plane, measured 
perpendicular to aileron hinge axis (positive when 
t railing edge i s dOwn), degrees 

flap or aileron t railing-edge angle , measured in a plane 
approximat ely perpendicular t o flap or aileron hinge 
axis, degrees 

wing sweep angle, angle bet ween wing leading edge and a 
line parallel t o Y-axiS, degrees 

rolling-moment coeffi cient produced by 10 difference in 
angle of a ttack of various r ight and left portions of a 
complet e wing (ref erence 5) 
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Po = (QL.) a dO aa 

Subscripts: 

i 

o 

f 

a. 

max 

5 

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

The subscripts 8a and ~ indicate the factor held 
constant. All slopes were measured in the vicinity 
of 5 = 00 and a = 00 • a 

inboard 

outboard 

flap 

aileron 

maximum 

The subscripts 1 to 5 have been used with the seal-pressure 
coefficient P to indicat e the spanwise station a t which the pressure 
coefficient was measured. (See fig. 2.) 

The lift, drag, and pitching-moment coefficient data present ed 
herein represent t he aerodynamic effect s of deflection in the same 
direction of the flaps or spoiler on both semispans of the complete wing. 
The rolli~oment and yawing-moment coefficient data represent the 
aerodynamic moments on a complete wing produced by the deflection of t he 
aileron (or projec t ion of a spoiler) on only one semispan of the complete 
wing. 

CORRECTIONS 

All the test data have been correct ed for jet-boundary and reflection
plane effect s. Blockage corrections, to account for the constriction 
effect s produced by the wing model and wing wake, have also been applied 
t o the test dat a. 
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No corrections have been applied to the data to account for the small 
amount of wing twist produced by aileron deflection or the t are effects of 
the roo~fairing body. 

APPARATUS AND MODEL 

The aemlspan-fWeptback-w1ng model was mounted vertically in the 
Langley 300 MPH 7- by 10-foot. tunnel, as shown in figure 3. The root chord 
of the model was adjacent to the ceiling of t he tunnel which served as a 
reflection plane. The model was mounted on t he six~omponent balance 
syst em in such a manner that all forces and moments acting on the model 
could be measured. A emall clearance was maintained bet ween t he model 
and t he t unnel ceiling so that no part of the model came in cont act with 
t he t unnel structure. A root fairing, consist ing of a body of revolut ion, 
was attached to the root of the model in order to deflect t he spanwise 
flow of air that enters th~ t unnel test section t hrough t he clearance 
hole bet ween the model and the tunnel ceiling, 

The ~odel was constructed of laminated mahogany over a welded s t eel 
framework t o the plan-form dimensions shown in figure 1. The model was 
sweptback 51.30 at the leading edge, had an aspect rat io of 3.43 and a 
t aper ratio of 0.44, and had nei t her twist nor dihedral. The wing 
sections normal to the 50-percent-chord line of t he wing when in t he 
unswept condition were NACA 65-012. Transition was fixed at the leading 
edge of t he wing in order to duplicat e more nearly full-scale condi t iona. 
The transition s t rip, consist ing of No. 60 carborundum grains, ext ended 
over the forward 5 percent of the wing chord on bot h the upper and t he 
lower surfaces along the ent ire span of the wing model. The carborundum 
grai ns were sparsely spread to cover from 5 to 10 percent of t his area. 

The semispan-v1ng model was equipped with plain radius-flose control 
surfaces (which were used either as lift-flaps or ailerons) that were 
20 percent chord normal to the 50-percent -chord line of t he wing when 
i n t he Ullawep t condition and 16.7 percent chord parallel t o t he plane of 
~etry of the swept wing, The flaps or ailerons were constructed 
around s t eel spars with jointe (cut normal t o t he hinge axis) a t 
t hree ~anwise stations so that various spans of flap or aileron, occupying 
vari ous apanwise locations, could be obt ained ( f ig. 1 and t able I). The 

modi fied plan form of the 0.40~ outboard aileron (table I) had t he 

inboard end of t he aileron cut parallel t o the plane of ff.rmmet r,y (fig. 4). 
The three mahogany flap and aileron profiles used had trailing-edge angles 
(in a plane approximately normal t o t he hinge axis) of 60 ( t rue cont our of 
t railing edge of NACA 65-012 airfoil), 140 (et raight sides from hinge line 
t o t railing edge of wing), and 250 (beveled t railing edge), and were built 
t o t he sect. iona shown in figure 5. Except as noted, t he various lift 
flaps did not have a seal across t he gap ahead of the flap nose, whereas 
the various ailerons were sealed. The seal consisted of a plastic 

• I 
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:!l!rpregnat ed cloth attached to both the ving end the control surface, 
across the gap ahead of the control-surface nose, e:x:cept a t. t he point of 
att achment of t he flap or aileron ac t uating mechanism and at t he control
surface support bearings. The seal e:x:tended and vas attached t o the 
bearing hOUSing a t the end of each flap or aileron chamber, and it is 
beJieved t hat t he seal in each chamber vas f airly comple t e. Pressure 
orifices were locat ed above and belov t he seal in t he wing block ahead 
of the aileron a t t he spanvise locat ions shown in f igure 2. Tvo pairs 
of pressure orifices vere located in each of the t vo cent er a i leron 
sections, whereas only one pair of orifices was located in the inbo~d 
aileron sect ion. 

The spoiler-aileron configuration consisted of six spoiler segment s, 

each having a span of 0.10~ and a projec tion of 0.05c, a ttached t o the 

upper surface of the wing in a stepped fashion vith the span of each 
segment normal t o t he plane of symmet ry (fig. 6). The midpoint of each 
spoiler segment was on t he 0.70c line of the wing and t he spoiler 
exte~ded f rom 0.20~ t o 0. 8~. 

A remot ely cont rolled mot or-driven flap-ac t uat ing mechanism was 
used t o obt ain t he various flap and aileron deflections employed in t he 
invest igation. The control-surface def lections vere constantly indica t ed 
on a met er by t he use of a calibrat ed po t ent iomet er vhich was mount ed on 
t he hinge axis near t he out board end of t he aileron. A calibrat ed 
elect rical resist ance-type s t rain gage was employed t o measure the flap 
and aileron hinge moments. 

TESTS 

All the tests were performed a t an average dynamic pressure of 
approximat.ely 20.5 pounds per square foot, which corresponds t o a Mach 
number of 0.12 and a Reynolds number of 2,200,000 based on the wing mean 
aerodynamiC chord of 2.49 f eet. 

Wing angle-of-attack t es ts vi t h the unsealed flap s deflected various 
amoun t s from 00 t o 600 were mad.e through an angle-of -attack range from -100 

t o the wing st9.1l angle, whereas corresponding t es t s wi th the sealed flaps 
a t zero deflection were generally made t hrough an angle-of-attack range 
from -100 t o 100 • Addi t ional li ft , drag, pi t ching-moment, and hinge
moment. coefficient dat a present ed herein, for bo th the ret ract ed and 
deflect ed conditions of t he sealed flaps, were ob t ained in the course of 
obt.aining t he lat eral --cont.rol-t est dat a. 

La t eral-control t es t s, wi t.h the various span ailerons having t he 
various t railing-edge angles, generally were performed through an aileron
deflec t. ion range from -300 t o 300 a t constant. angles of at t a ck ranging 
from -40 t o 280 in 40 incrementa. 
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Tests of the spoiler configurat ion were perf ormed through an angle
of -e.ttack range from -100 t o t he wing st all angle wi th the maximum span 

unsealed f lap (bf = 0.92~) deflect ed 00, 300, and 600 . 

,RESULTS AND DISCUSSION 

Wing Aerodynamic Characteristics 

The stat ic aerodynamic charact eri stics of t he wi ng in pit ch for several 

deflect ions of 0.521~ and 0.92~ unsealed inboard fl aps are present ed in 

figure 7, and corresponding dat a for several def lect ions of sealed f laps 
having various spans and spanwis9 locat ions are present ed in figures 8 
and 9. The incremental values of lift coeffici ent and p itching-moment 
coefficient resulting from flap deflect ion are shown in figures 10 and 11, 
respec t i vely, for the flaps in both the unsealed and sealed conditions. 
In addi t ion, the effect s of flap span and spanwise locat ion on the values 
of lift coefficient and pi t.ching-moment. coeffici ent. obt a ined on t.he subject 
wing wit h t he sealed f laps deflect.ed 300 are shown in t he summary figures 
present ed as f i gures 12 ' and 13. 

Lift charac t eris t ics.- The data presented in figure s 7 t o 10 and 12 
show t ha t increase in either t he flap span or the flap deflection, within 
t he range investigat ed, generally result ed in an increase in t he lift a t 
any given angle of a t t ack and also in t he 1IlB.Iimum lift obtainable. The 
incremental lift produced by uni t flap deflection t ended to decrease as 
the flap deflect i on or t he angle of attack increased and was generally 
larger a t a = 00 than at ot her angles of a ttack. 

The values of 6 CL obtained with the 0. 521~ and 0 . 92~ unsealed 

flaps deflected 600 were, respectively, approximat ely 0. 33 and 0.43 
at a = 00, approximat ely 0.29 and 0.35 a t a = 120, and approxi
mat ely 0.07 and 0.21 at CLmax (figs. 7 and 10). The low value 

of 6 CLmax shown here for the 0.521Q f lap as compared to t he 
b 2 

value of 6CLmax for the 0.9252 flap has been noted previously in 

ot her investigations of part ial-span and full-span flaps on swept 
back wings and is thought t o be associat ed wit h a premat ure s t all 
occurring over the inboard portion of the wing when a trailing
edge f lap is deflect ed. This phenomenon i s more clearly illus trat ed 
by a comparison of the lift curves of figure s 7 t o 9, which reveals 
t.hat. t he values of 6 CL t end t o decrease more rapidly for inboard 
flaps t han for outboard or full-span flaps, as the wing s t~l is 
approached. The decrease in the values of 6CL produced by given 
f lap deflections as a increased ( figs. 7 to 10) was also not.ed in the 
swept.-wing investigation report ed in reference 7, but was not no t ed in 
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the investigations of unswept wings reported in references 1 and 2, and 
is therefore thought to be a phenomenon associated with sweptback wings. 
The data presented herein were obtained at a moderately low value of 
Reynolds number; however, the results of other wind-tunnel investigations 
have indicated that the rate of increase of CLmax with Reynolds number 
Is less for aweptback wings than for unawept winga in the critical range 
of Reynolds number and is almost negligible when transition is fixed on 
the wing leading edge. 

In addition to the increase in wing lift with flap span previously 
noted, figures 8, 9, and 12 also show that, at angles of attack below that 
for CL.ma.x' the lift effectiveness of a given percent-span outboard flap 

was less than that of a corresponding percent-epan inboard flap. This is 
in excess of the effect that could be attributed to the larger ratio of 
flap area to wing area obtained with inboard. flaps than with outboard flaps 
and agrees with corresponding results obtained on unawept wings (references 1 
to 3) and with the results obtained in the swept-wing investigation reported 
in reference 7. It will be noted that with the flap sealed, the ratio of 

~CLb b~/~C~ "Q is almost constant at a. = 0°, 12°, and 
f=O.521~ f=o.92~ 

at CLmax. (figs. 8 and 10), but with the flap unsealed, this ratio is 

almost constant on.ly at a. = 00 and 12° (figs. 7 and 10). Moreover, 
a comparison of the lift data of figures 7, 8, and 10 shows that, at 
angles of attack pelow that for c~, the values of 6CL obtained 
wi th flaps sealed or unsealed were generally quite similar (fig. 10), 
thereby indicating that the beneficial effects on 6CL of sealing the 
flap obtained in previous investigations on unswept wings were not 
obtained on the subject wing, 

Drag characteristics.- Increase in the flap span or the flap 
deflection of either the sealed or unsealed flaps generally produced 
larger values of drag coefficient at low given values of CL and 
smaller values of drag coefficient at high given values of CL 
(figs. 7 to 9). A comparison of the lift-drag ratiOS LID obtained 
at the various flap deflections indicates that at values of CL above 
approximately 0.6, a flap deflection of 300 provides almost the optimum 
value of LID, and a:ny increase in flap deflection does not improve 
this ratiO, although it does increase the lift coefficient (fig. 7). 
Eecause of the importance of the LID ratio for take-off and landing 
(as well as for cruising flight), and because of the increase in 
pitching moment with flap deflection (as will be discussed in the 
following section) it may be advantageous to limit the flap deflection 
to a moderate value on sweptback wings. 

Sealing the flap produced no significant changes in the values of 
drag coefficient at given values of lift coefficient for a given percen~ 
span flap (figs. 7 and 8). 
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Pitching-moment characteri s tics.- At yalue s of lift coefficient 
aboYe appro::x:imat,ely 0. 65 , the sub ject wing had an unstable Y8rfation 
of lli t.ching-moment coeffici ent wi th l ift coefficient r egardless of t.he 
flap span, flap def lection , or t.he condition of the fl a:p--nose seal 
(figs. 7 t o 9). I ncrease i n e ither t he fl ap span or the flap deflect. ion 
generally produced negatiye increment. s of pitching-moment coeffici ent 6Cm 
oyer t.he entire l ift-coef fic i ent range (figs. 7 ~ 8, and 11). The yal ues 
of 6Cm r eflec ted only a small effect of sealing the f lap a t large flap 
deflections~ but sealing the f lap produced about 20 percent less negatiye 
Yalues of 6 Cm f or the 0. 92~ f l ap at l ow flap deflections. The yalues 
of 6 Cm ob tained at ~ = 00 yari ed almos t linearly with flap deflection 
a t values of Of bet ween 00 and 30 0 '( fig. 11) ~ al though the yariation of 
pitching-moment coeffici ent wi t h flap deflec t ion Cmo

f 
t ended t o decrease 

as t he flap de f lect i on i ncreased (figs. 7 and 8). For out board flaps~ or 

flap s haYing the i r outboard end at 0.990~, the dat a of figures 9 and 13 
indi cat e t hat a nonlinear vari ation of Cm with flap span exist s and 
t hat , for a giYen percent-span flap , 6Cm was large s t for a flap locat ed 
oyer t he center por t i on or t he outboard portion of the wing and was 
almos t negligible f or a short.-€pan flap spanning the inboard. portion 
of t he wing. Almost s imilar t r ends are shown by the yariation of C

ll15r 
wi t h flap s:pan~ although such da t a are not present ed herein. This effect 
is associat ed wi t h the longitudinal dist ance rearward of the aerodynamic 
center of the loading produced by flap s on swept wings. 

Flap hinge-moment charact eri s tics. - As would normally be anti cipated, 
t he hinge-moment dat a of figures 7 to 9 show tha t the yalues of the flap 
hinge-moment. coefficient became more negative wi t h increase in the lift 
coefficient (or the angle of a ttack) of the wing~ and also wi th increase 
in the flap def lect i on . Only slight ~ and in some cases, inconsist ent 
effe ct. s on t he Yalues of hinge-mament coefficient. were produced by 
increasing t he flap span, yarying t he sPallwise position of the flaps, or 
sealing the flaps. 

I n general, changes in the wing angle of attack, f lap deflect ion~ 
f lap span, or f lap spanwise l oca t ion, pr oduced t rends in the swept~ing 
lift , drag, pi t ching-moment , and flap hinge-moment. charact eristics tha t 
were similar t o, but of different magnit.ude fram, t he t rends produced on 
unswept wings, except poss ibily at large angles of at.tack near t he wing 
s t.all . 

Aileron-Cont rol Charact eris t ics 

The yar i ati on of the a i leron lat er al cont.rol charact.eristics wi t.h 
aileron deflec ion or wing angle of atta ck for each of the combinat ions 
of a i leron span and t.railing~dge angle inYestigat ed is pr esent ed in 
figures 14 t o 21 . The lateral-control paramet ers C2~, Ch , and Cn, 

u a 0a .u.a. 
de t ermined from t he dat a in figures 14 t o 17, 20, and 21 ( f or a i lerons 

.' 
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having Yao = O.99~), are shown plotted against the position of the 
inboard end of the aileron in figure 22 and against aileron trailing
edge angle in figure 23. A summar,y chart, presenting the values of the 
aforementiOned lateral~ontrol parameters and the values of the seal
pressure ~arameter P8 obtained with each of the aileron combinations 

a 
tested, as well as the values of the total rolling~ament coefficient 
produced by ±30o deflection of each aileron, 1s given in table II. 

Rolling-moment characteriatics.- The data of figures 14 to 21 show 
I 

that the curves of rolling-mament coefficient against aileron deflection 
for a given aileron configuration are fairly linear and are almost 
identical for values of ~ at and below 8.30 , but that these curves 
generally became less linear and the values of Cl at given aileron 
deflections decrease with increase in ~ above 8.30 • The magnitude 
of the reduction in Cz (as ~ increased) appeared to increase as 
the span of an aileron having Yao = O.990~ (outboard ailerons) 
increased, and 1s }>articularly large for the O. 5l3~ (center-epan) 
and 0.521:2. (inboard.) ailerons. This phenomenon is thought to be 
aSBociate& with the ' premature stall that occurred when control surfaces 
were used on the inboard portion of the wing (see figs. 7 to 9) and 
indicates that an aileron on the subject wing would retain the greater 
part of its effectiveness through the ~ range when it is located 
near the wing tip. 

As an indication of the maximum rolling effec t iveness of the 
ailerons, assuming an aileron system with no differential linkage, the 
values of the total rolling-moment coefficient for ±300 aileron deflec
tion at oonstant values of ~ have been computed for each of the aileron 
arrangements investigated and are listed in table II. Because the trends 
exhibited by these values of total Cl for 0a = ±30o are similar to 
the trends exhibited by the values of the aileron-effectiveness 
parameter Clo for each of the aileron arrangements, only the variations 

a 
of the parameter Cl8 with aileron span, spanwise location, and trailin~ 

a 
edge angle will be dealt with in the following discussion of rolling-
moment characteristics. 

The variation of the aileron-effectiveness parameter Clo with 
a 

the position of the inboard end of the aileron, for ailerons 
having 9a = 140 and Yao = O.9~ and with aileron trailing-edge 

angle, for outboard ailerons of O.40~, is shown in figures 22 and 23, 

respectively. As would be normally anticipated, C18 increased with 
a 

increasing aileron span and decreased with increasing aileron trailing-
edge angle. (Corresponding effects have been determined previously on 
unBWe~t wings (reference 4).) The variation of ClB with aileron 

a 
span wae nonlinear, and the data of figure 22 and table II indicate that 
a given percent-gpan aileron would be most eff ective when spanning the 



12 NACA RM No. L8H20 

cent er :port ion of t he wing semispan and least effect ive when spanning t he 
inboard port ion of the wing semispan. A comparison of the values 

of CIa measured wi t h t he 0.513~ cent e:r-span aileron and wi th 
a 

t he 0.521~ inboard a i leron (table II) wi t h t he values of CI5 
a 

estimat ed for these ailerons from t he CIa curve of figure 22 
a 

indica tes excellent agreemen t . The estimat ed values of CI
5 a 

were 

obt ained from figure 22 by taking t he difference bet ween t he values 
of Cln a t t he inboard and out board ends of each aileron. Because of 

a 
t h i s excellent agreement bet ween t he 
of CIa' it i s indicat ed tha t t he 

a 

measured and es imat ed values 
CIo curve of f igure 22 could be 

a 
used t o est imat e accurat ely t he a ileron-effect iveness paramet ers of 
ailerons spanning va~ious portions of t he wing semi span on wings having 
plan forms similar t o the wing invest igated. 

In th~ invest igation reported in reference 9, the subject dat a and 
dat a obt ained in ot her inves t igat ions have been analyzed and a met hod of 
comput ing control paramet ers for swept back wings has been developed, 
which, f or t he subject wing, is represent ed by t he relat ionship 

The variat ion of CIa 
a 

with a ileron span calculat ed from t his relation-

ship is shown in figure 22. The variation of cI16~ wi t h aileron span 
used in these calculations was obt a ined from reference 5 for a wing of 
aspec t ratio 6 and a t aper rat io of 0.5; these values approximat ely 
correspond t o the geometric charact eris t ics f or t he wing of t he present 
paper when i t is unawe:pt. A value of 0.44 was used for 6~/6D which 
corresponds t o the value for a sealed aileron of O.20c (normal or 
approximately normal t o t he hinge line). The t heoretical curve of CIa 

a 
is in excellent agreement wi t h t he experimen t ally de t ermined curve (as 
was shown in reference 9), except. for short -span ailerons locat ed near t he 
wing t ip, where t he experimentally det ermined curve provides slight ly 
smaller values of CI5 . 

a 

Yawin~oment charact eris tics.- The total yawing-moment coefficient 
resul t ing f rom equal up and down def lect ion of t he ailerons was generally 
adverse (sign of yawing moment opposit e t o sign of rolling moment ) for 
all combinations of a ileron span and tra iling-edge angles t est ed (figs. 14 
t o 21). The magnitude of t he adverse yawing-moment coeffici ent increased 
as t he angle of a ttack i ncreased, in one case be coming as much as 
84 percent of the total rolling-moment coef ficient . The ratio of adverse 
yawing moment to rolling moment was considerably larger for the subject 

--- -~~----
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wing than the correB1'onding ratio obtained for unswept winge. Reference 10 
indicates that these large adverse yawing momenta would t end to reduce the 
rolling power of the ailerons and that these adverse yawing moments, when 
coupled with the low aileron effectiveness encountered a t high values of 
lift coefficient and/or low airplane directional stability, may be quite 
deleterious. As vould be expect ed, the yawing moment produced by any 
given equal up and down deflection of the ailerons increased with 
increasing aileron span. Variation of the aileron trailing-edge angle 
caused no significant changes in the yawing moment s produced by 
the 0.40~ outboard aileron (figs. 16, 20, and 21). 

From considerations of either the total yawing moment or the ratio 
of yawing moment to rolling moment, there appears to be no advantage t o 
be gained in the use of ailerons B1'anning the center portion or the 

inboard portion of the wing sem18]Jan. The center-apan aileron (0.5l3~), 
while producing more rol11ng moment, also produced more adverse yawing 
moment than would probably be produced by a comparable span aileron 
located at the wing tip; however, the ratio of yawing moment to rolling 
moment was almost identical for all configurations. 

Aileron hi~oment charact erist ics.- Hing~oment-ooefficient data 
obtained on the yarious B1'ans of aileron (figs. 14 to 21) show that the 
yalues of the hing~ment coefficient Ch, at given aileron deflections, 
generally became more negat ive as the wing angle of attack increased. The 
data also show that a fairly linear yariation of Ch with oa was 
obtained for the 0.92~ aileron at low angles of a ttack. The variation 
of Ch with 0a, for the up-going aileron, generally became less as 

the value of a increased, as the aileron span of outboard ailerons 

decreased and, for the 0.40~ outboard ailerons, as the aileron t railing

edge angle increased. 

The yaluee of the aileron hing~oment parameters Cha and ChBa 
were only slightly affected by changes in the span or epanwise location 

of the ailerOns (fig. 22 and table II). For ailerons having Yao = 0.99~ 
and 9a = 140 , Cha and Ch exhibited a slight shift toward more °a b negative values as the aileron span was increased, and for t.he 0.5l3~ center-

B1'an aileron and the 0.521~ inboard aileron as well as for the 0.40~ out
board aileron, the data indicat ed a slight shift toward more negative 
values of both Cha and ChBa when the spanwise posi t ion of the aileron 

was moved inboard. In addition, for outboard. ailerons of O. 40~, Cha 

and Cha exhibited large changes toward less negative (or more positive) 
values a~ the aileron trailing-edge angle was increased (fig. 23). Corre
sponding effects on the values of Cha and Cha

a 
produced by change in 
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a ileron tralllng-edge angle haye been noted preyiously in other inyesti
ga t i ons on swept and unawept wings (ref erences 7 and 4, respect iyely). 

Internal seal-pressure charac t erist.ics.- The internal seal-pressure 
dat a obt a ined on the yarious span ailerons haying a trailing-edge angle 
of 140 ( figs. 14 to 19 and t able II) show tha t the most linear yarlat ion 
of P with 5 a and t he highest value of P a t any given value of 0a 

were inyarlably obt ained on each aileron a t the spanwise s t ation locat ed 
nearest he inboard end of the aileron. In addition, for each span of 
aileron, the yalues of P for giYen aileron deflections and the values 
of Poa generally decreased in proce~ding from the inboard pressure-

orifice s t a t ions to the out board s t ations. Increasing the wing angle of 
attack had an inconsistent effec t upon Poa but generally produced a 

shift of the pressure curves t oward more positive Yalues of pressure 

cOefficient . For a const ant a i leron span ( ba = 0.404B-), increasing t.he 

aileron t.railing-edge angle generally produced slight ly smaller values 
of P~a and produced only negligible changes in the Yalues of P a t 

given a ileron deflections (figs. 16,20, and 21 and t able II). 

The seal-pressure data indicate, in general, that sealed inteTIlal 
balances will proyide hlnge-moment balancing effect s on a highly swept back 
wing t hrough a moderat e aileron-deflec t ion range and a large angle-of
attack range up t o and t hrough the angle of wing s t all. Calculations of 
the balancing moments of yarious sizes of sealed int ernal balance made by 
t.he met hods and dat a present.ed in ref erence 11 and he dat a present ed in 
t he present paper showed that an int ernal balance which would permit 
±200 a ileron deflection on the wing inYestigat ed would provide considerable 
balancing effect s t hrough the wing angle-of-attack range; however, t his 
would also limit the r olling power of the ailerons, which may be serious a t 
low speeds. In order t o increase the deflection range of t he a ilerons 
above ±200 , and thereby the aYailable roll ing moment, the size of the 
overhanging balance would necessarily be short ened with an accompany ing 
loss in available balancing power of the int ernal balance . 

Charac t.eris tics of t he modifi ed 0.40~ aileron. - As has been preyiously 

not ed, and as shown in figure 1, the a i lerons t est ed in the main part of 
thi s inYestiga tion were f ormed by segment.s the ends of which, wi th the 

except i on of the ends a t t.he O.065~ and O.99~ s t a t ions, were cut. 
perpendicular t o the aileron hinge l ine. In order t o determine the 
effects of aileron end t reatment or changes in aileron plan form on 
aileron control charac t.eristics" the o.404~ outboard a ileron haVing a 
trailing-edge angle of 60 Wd,S modified by cutting t.he inboard end of the 
aileron parallel to the plane of symmet ry ( fig . 4). A comparison of the 
dat.a for t.he modified aileron configuration wi th t.hat of the original 
aileron configurat.i on (figs. 24 and 25 and t.able II) shows t hat the 
IlJ.odificat ion result ed in approxima t-.ely a 9-percent. reduction in the 
roll ing power of the aileron, no not able change in the yawing-moment 

L._ 
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charact eristics" and a negligible reduction in t he value of the hinge
moment paramet.er Cha: The main effect of the modification was a 

reduction in the variation of hinge moment over the aileron deflect ion 
range; this reduct ion amount ed to approximat.ely 55 percent in the value 
of ChB . 

a 

Spoiler Control Charact eristics 

The aerodynamic and lateral cont rol characteristics of the wing 
equipped wi th t he spoiler configurat ion shown in figure 6 and with 

the 0.92~ unaealed flap deflect ed 00, 300, and 600 are shown in 

figure 26. As has been previously not ed, t he spoiler configurat ion 
used for these t es t s is similar to one of the more satisfact ory 
configurations developed in the investigation reported in ref erence S . 

A comparison of the aerodynamic characteristics of t he flapped 
wing-spoiler configurat ion with t he charact erist ics of the plain flapped 
wing (fig. 7(b)) shows that t he addition of t he spoiler configurat.i on on 
bot h semis:pans of t he comple t e swept wing (for possible use as a speed 
brake or a glide-path control) generally produced t he same effects on 
the values of CLJ CD' Cm" and Ch a t. values of ~ below approxi
mately 160 as are produced on Ullswept wings. Addition of t.he spoiler 
configurat ion t o t he swept wing reduced ~he values of CL over the 
entire angle-of-attack range; in addit ion, t.he values of CD were 
increased, and t he values of Cm and Ch generally became more 
posi t ive (or less negat ive) a t low angles of attack, and opposit e t rends 
were exhibited by t hese coefficient s a t large angles of attack. The 
spoiler configuration produced only small changes in t he incremental 
values of CLJ Cn, Cm, and Ch result ing from deflec t ion of t he flap. 

The variation of spoiler-eileron rolling-moment coefficient wi th 
angle of attack was irregular for all t hree flap deflections; the values 
of CI generally increased wi th increase in ~ a t values of ~ below 
approximat ely 140 and t ended t o decrease with .increase in a above 
~ = 140. Except in t he high angle-of-attack range, the values of C2 
produced by spoiler projec t ion generally were greatest with the flap 
deflec t.ed. The yawing-moment coefficient s produced by spoiler pro j ec
tion were favorable over mos t of t he angle-of-attack range but became 
adverse a t angles of a ttack great er t han approximat ely 120. 

I t is rat her difficul t t o make a direct compari son bet ween the 
relat ive effect iveness of t he one spoiler configura ~ion investiga t ed 
and t he effectiveness of t he ailerons inves t iga ed, pri nCipally because 
the spoiler was t est ed a t only one project ion and t he configuration 
t e sted m.ay not be op timum f or t.he subjec t wing . . However , considering 
t he variat ion of t he rolling-moment charact eris t ics over t he projection 
range of his spoiler configuration on ano t her wing (reference 8) -
which would probably be qui t e similar on t he subject wIng - i t appears 
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that the present spoiler configuration a t a maximum projection of 
approximately 0.08c would probably provide as much rolling moment 

over t he angle-of-attack range as the 0.40~ out board aileron (which 

represent s a fairly t ypical aileron configuration) deflected ±2Qo 
(to allow for adequat e internal balancing). A comparison of thi s 
nature is not comple t e, however, because the spoilers exhibited more 
favorable yawing~oment characterist ics and would have more favorable 
s tick-force characteristics than the 0.40~ aileron, part icularly at 
high speeds. It Bhould be remembered that the comparative analysis of 
the effectiveness of the t wo lateral control devices is based on data 
obt ained only at low speed and, as such, is not intended to apply in the 
transonic speed range wherein wings of this plan form are designed to fly. 

Effect of Wing~ip Shape 

Reference 7 presents t he result s of an investigation, similar t o 
that reported herein, performed with essentially the same wing model 
as the present model, except tha t the wing model of reference 7 was 
equipped with a raked tip. For purposes of identification, the wing 
of reference 7 will be referred t o in the ensuing discussion as the 
rtraked-'tip wing" and the wing of the present investigation will be 

h " " referred to as t e swept-tip wing. 

Comparison of wing aerodynamic charact eristics.- The variation of 
the wing angle of attack and drag, and pitohing~oment coefficients with 
lift coefficient for the raked-tip wing wi th t he largest span of flap 
t est ed at 00 and 300 deflections were almost identical to t he corre-

sponding characteristics of the swep t - tip wing wi th the 0.92~ flap a t 
similar deflections. This rather complete lack of significant changes 
in the wing aerodynamic characterist ics as a result of changing the tip 
shape has been noted previously in several unpublished investigations. 
This phendmenon, plus the f act that t he aspect ratios of t he swept-tip 
and raked-tip wings under discussion were about the same, leads to t he 
belief that any major changes in t he wing aerodynamic characteristics 
resul ting from a change in t he wing-tip shape are the result of changes 
in -'-,he wing aspect ratio. In addition, i t is considered somewhat 
surprising tha t t.he variat.ion of the increment of lift coefficient. wi th 
flap deflection produced by the largest span flap on the raked-tip wing 

was almost in perfect agreement with the results for the 0.92~ flap on 

the swept - tip wing, because the rat ios of area and span of the largest 
span flap on the raked-tip wing to the area and span of the raked-tip 
wing are smaller than the corresponding ra~i os for t he swept -tip wing. 

Comparison of aileron lat eral cont.rol charact eristics.- In general, 
the, Cl, Cn, Ch, and P dat a obt.ained on t ,he swept -tip and raked-
tip wings were quite similar and exhibited the same trends with change 
in a i leron deflection and wing angle of attack. Also, in general, the 
eff ect of variat.ion of t he wing-tip shape on t.he variat ion of the lateral
control paramet ers Cha' Cha' and C2a wit h aileron trailing-edge 

a a 

" 
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angle and on t.he 

negligible. For 
parameter CIa 

a 

variation of ChOa and Cha, with aileron span was 
any given span of aileron~ the roll ing-ef fec t. iveness 
for t he svept ---tip v i ng ImS slight.ly great.er than 

t he CIo values for t he raked-tip ving. Thi s effect seems l ogical 
a 

when one considers t he comparative spans and spanvise locat ions of the 
ailerons t ested on bot h wings. From a comparison of these low-epeed 
data~ i t appears~ therefore~ t hat t he wing wit h the swep t tip would be 
preferred because t he ving wit h t his t ip has~ f or equal aspect ratiO 
and t aper ratio~ more physical length of t railing edge upon whi ch t o 
inst all ailerons and high-11ft dev ices t han t he comparable raked---tip 
wing~ and because , it would provide more sat isf ac t ory perf ormance (as a 
result of its larger area) for an airplane. 

CONCLUSIONS 

17 

A wind-t unnel inVest igat ion was performed a t low speed t o det ermi ne 
t he aerodynamic charact erist ics of a 51.30 swept back semispan wing 
equipped wi t h l6.7-percent.-chord plain flaps and ailerons having vari ous 
spans, spanwise locat ions, and t railing-edge angles. In addition, a 
spoiler-aileron configurat ion was t est ed on t he semispan wi ng in conjunc
t ion wit h a 92.5-percent -epan flap. The results of t he i nvestigation 
led t o the following conclusions: 

1. In general~ changes in t he ving angle of attack, flap deflection , 
f lap span~ or flap apanwise locat ion produced t rends in the swept -w1ng 
li ft ~ drag~ pitching~oment , and flap hinge-moment charact eri s tics tha t 
were similar to~ but of di f ferent magni t ude f rom, the trends produced 
on unswept wings~ except possibly a t large angles of a ttack near the 
wing s t all. In t he low and moderat e l ift-coeffic ient range, a seal 
inst alled across the O.5-percent -chord gap ahead of the f lap nose 
produced no significant changes. in the lift~ drag, p itching-moment, 
and hinge-moment charact erist ics of he wing obt a i ned with the f lap 
unsealed. 

2. The incremental value of lift coef ficient ~CL obt ained 
wi t h 52.1-percent span and 92.5-percent span unsealed flap s defl ected 600 

were~ respectively~ approximat ely 0.33 and 0 .43 a t zer o angle of a tta ck , 
approximately 0.29 and 0.35 at an angle of attack of 120 , and approx i 
mat ely 0.07 and 0.21 a t :maximum lift . 

3. As would be normally ant ici pat ed t he e f fec t i veness of the 
ailerons, as ' shown by t he variat ion of rolling~oment coefficient with 
aileron deflect ion CZa ' increased as t he aileron span increased and 

a 
decreased as t he trailing-edge angle of a given a i leron was increased . 
The data indicat ed t hat a given percent -span aileron would be most 
effect ive when spanning t he cent er port ion of t he wing semispan, but 
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would ret ain t he greater part of its e ffectiveness t hrough the angle
of -attack range when spanning t he outboard portion of the wing semispan. 

4. The tot al yawing moment , result ing from equal up and down 
deflections of t he ailerons, was generally adverse for all combinat ions 
of a ileron span and t railing-edge angle t ested and became more adverse 
as t he wing angle of attack or the aileron span increased. Variation 
of t he t railing-edge angle caused no significant changes in the yawing 
moment s produced by a given span of aileron. 

5 . The values of the aileron hing~oment paramet ers Cha, and Cbo 
were only slightly aff ect ed by changes in the span or spanwise locat ion 
of the ailerons; C~ and Cho exhibi t ed a slight shift t oward more 

a 
nega t ive values as the aileron span was increased t oward the wing root 

a 

s ect ion and as the spanwise locat ion of a given span of aileron 'Was 
moved inboard. In addi t ion, f or a given span of aileron, Ch and 

0. ChB 
a 

exhibi ed large changes t oward less nega t. ive (or more positive) values as 
t he aileron t railing-edge angle was increased. 

6 . Increase in t he wing angle of a t t ack had an inconsistent effect 
on t he variat ion of seal-pressure coefficient wi t h aileron deflect ion Po 
bu generally produced a shift of the curves of t he pressure coefficient 
aga ins t aileron deflection t oward more positive values of pressure 
coefficient . Increase in t he aileron t railing-edge angle generally 
resulted in sli ght ly smaller values of Pa but had a negligible effect _ a 

a 

on t he values of pressure coefficient. obt ained at given aileron deflect ions. 
The seal-pressure data indicat e, in general, tha t sealed int ernal balances 
will provide hinge-moment balancing effects on a highly swept back wing 
t hrough a moderate a ileron-def lect ion range and a large angle-of-attack 
range up t.o and through t he angle of wing s t all . 

7. Da t a obt ained on a 40.4-percent-span out board aileron modified 
by making t he inboard end of t he aileron parallel t o t he plane of 
symmet ry ( .he original aileron had i t. s inboard end normal t o the a ileron 
hinge l i ne) shows t hat the only notable changes result ing from t he modifi
ca tion were an appro:x:imately 9-percent reduct ion in t.he rolling effec t ive
ness of t he aileron and a 55-percent reduc t ion in the paramet er Ch . 

b a 

8 . The rolling moment produced by t he spoiler-aileron configuration 
enerally increased wit h increase in wing angle of attack 0. a t values 

of 0. below appro:x:imat ely 140 and, in t his 0. range, generally was 
great er with t he flap deflect ed t han with t he f lap undeflect. ed. Also, 
in t he aforement ioned 0. range, t he spoiler a ileron produced f avorable 
yawing momen ,so 

, 
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9. A comparison made be t ween t he data obt ained on the subject swept 
wing and dat a obt ained on a raked-tip version of the subject wing indica t ed 
no major differences exist ed in the t rends and magnitudes of the coef
f icient s obt ained. 

Langley Aeronautical Laboratory 
Nat ional Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I. - DlMENSIONAL CHARACTERISTICS OF THE 

Flap or 

VARIOUS 0.167c FLAPS AND AILERONS TESTED 

ON THE 51.30 SWEPrBACK Wll"G 

Flap or aileron spanwise location 

aileron span Yfi or Ya1 Yfo or Yao 
0.92~ 0.06~ 

2 0 . 99~ 

.68~ .30~ b 
.99~ 

.40~ .586Q. 
2 . 99~ 

b 
.1732" .817~ b .99~ 

b .5212 .06~ .58~ 
b .513'2 .30~ . 817~ 

a.40~ . 584 .990~ 

M 
( ft3) 

0.2131 

.1399 

.0637 

.0225 

.1494 

.1174 

.0561 

~odified by cutting inboard end of aileron parallel t o plane of 
symmetry. ~ 
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Aileron 
¢a span, 

ba ( deg) 

b 0. 92~ 14 

. 68~ 14 

.40~ 14 

.173~ 14 

.521~ 14 

b 
.513"2 14 

.40q 25 

40412-• 2 6 

a 4041 . 2 6 

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

TABLE II.- SUMMARY OF THE LATERAL CONTROL CHARACTERISTICS OF 0.167c AILERONS 

OF VARIOUS SPANS ON THE 51. 3° SWEPI'BACK WING 

P5 a Total Cl f or 5a = ±300 
C1B Ch eha, 

a Da ! 

Sta. 1 Sta. 2 St a. 3 St a. 4 Sta. 5 a. As 0° a. ~ 8 .3° a. '" 12.5° a. AS 20. 80 

I 

0.00118 -0.0064 -0.0024 0.025 0.033 0.030 0.033 0.027 0.0574 0.0562 0.0495 0.0436 
I 

I 

.00105 -.0060 -.0015 ------ .033 .031 .033 .027 .0514 .0503 .0414 .0417 

.00057 -.0057 -.0011 ------ ------ ------ .030 .024 .0299 .0298 .0250 .0240 
I 
I 

.00022 ------- ------- ------ ------ ------ ------ ------ .0139 .0134 .0129 .0096 I 

I 

I 
.00063 -.0067 -.0025 .024 .026 .023 ------ ------ .0323 .0315 .0265 .0190 I 

I 

.00081 -.0064 .028 .0425 .0358 .0308 
1 

-.0011 ------ .031 .027 .023 .0433 I 

I 

.00048 -.0035 .0015 ------ ------ ------ .027 .021 .0276 .0243 .0268 .0255 I 
I 

.00059 -.0069 -.0015 ------ ------ ------ .030 .026 .0310 .0276 .0276 .0242 I 
I 

I 

.00054 -.0031 -.0014 ------ ------ ------ ------ ------ ------ -------- --------- _________ I 

I 
- - --

a Modified by cutting inboard end parallel t o plane of ~try. ~ 
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Figure 1.- Sketch of the 51.30 sweptback semispan wing model. S = 18.90 square feet; A == 3.43; 
taper ratio = 0.44. (All dimensions in feet, except 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 300 MPH 7 - by 
10 -foot tunnel. 
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Figure 4. - Sketch of the 51. 3° sweptback semispan wing showing the modified and original O .~04 ~ 
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lJ~r~/ed - IrClI~/7g -eC&e oJleron; (/J = 25. 0 

Figure 5. - Sketch of the flap and aileron contours tes ted on the 51. 30 sweptback 
semispan wing model. (Contours and dimensions shown are in a plane 
normal to the 50 -percent-chord line of the wing in the unswept condition or 
appr oximately normal to the ailer on hinge line.) 

J 

~ J 

j 



.. 

, 
,... 3.Z 71 ~~ 

"" I " 
~ ~1.3' 

Spoilers 

4: 025 ' ar~ 

Spodet' ~ J ,05c projection 

! I /Flap 

--4-.~ 'E 
Sec fion A-A 

~ P'/6~\~ L~, O~5t 

hinge 

Spoiler 
segments 

, b 
A 0 ,990 Z 

~ J~1 0.167c CJ.7dc 
I. ~#j' 

~ 

Figure 6. - P lan form and section of the spoiler configuration tested on the 51. 30 swept back semispan 
wing model. 
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Figure 7. - Effect of flap deflection on the aerodynamic characteristics in pitch 
of the 51.30 sweptback wing. (0 = 140 over entire wing span; flap unsealed. 
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Figure 25. - Comparison of the variation of lateral control characteristics with 

aileron deflection for the original and modified ailerons of ba = 0.404~ on 

the 51.30 sweptback wing. a = 00
; 0

a 
= 6

0
; Y

ao 
= 0.990~. 
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Figure 26. - Variation of aerodynamic characteristics with angle of attack of 

the 51. 30 sweptback wing equipped with 0.600!2 spoiler ailerons and a 0. 925~ 
o b 2 ~ 

unsealed flap. \Of = 14 ; Yf = 0.9902 , 
o 
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Figure 26. - Continued . 
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Figure 26. - Concluded. 


