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O F  AN NACA 62-213 SESIISPAN WING EQUIPPED 

WTET. €'LUG ANI) REmC'I!ABU AEiBONS 

AM) A FULL-SPAN SLOTTED FLAP 

By Jack Fischel and Raymond D. Vogler 

SUMMARY 

A wind-tunnel investigation was made a t  low values of Reynolds and 
Mach nmibers t o  determine the high-lif t  and lateral control character- 
i s t i c s  of a semispan wing of NACA 6%-215 a i r f o i l  section equipped w i t h  
a 25-percent-chord, full-span, s lot ted f l ap  and plug and retractable 
ailerons The ailerons were located a t  the 70-percent-chord s ta t ion  
over the outer 49 percent of the wing semispan and were fabricated in 
f ive  spanwise segments. 

The results of the investigation indicated that large increases 
in  wing l i f t  could be obtained by use of a full-span s lo t ted  flap,  and 
also that a 15O og a 3Q0 f l ap  deflection would probably be more advan- 
tageous than a 45 
Characteristics j whereas a 45' f lap  deflection may be more advantageow 
f o r  landing o r  as a glide-path control. 

f l ap  deflection f o r  best  airplane climb and flight 

The plug ard retractable ailerons investigated produced large 
rol l ing mments i n  a l l  f l a p  conditions, and the effectiveness of both 

In a l l  f l ap  
conditions, the plug aileron was generally more effective than the 
retractable aileron. 
generally favorable with the f lap  retracted, and became less favorable 
with increase i n  w i n g  angle of attack o r  f l ap  deflection. 

,ailerons hcreased with increase i n  the f l a p  deflection. 

The yawing moments produced by both ailerons were 

A conrparison of the l i f t  data obtajlled on the present wing and on a 
previously investigated wing of similar plan form havhg NACA 65-210 sec- 
t ions showed the similari ty i n  the incremental values of maximum l i f t  
coefficient produced by a 45' f l ap  deflection on both wings and a l so  
showed the mre advantageous l i f t  characterist ics obtained with the 
thicker wing used in  the present investigationo In addition, the plug 
and retractable ailerons on the present wing generally produced larger  
rol l ing moments and more favorable yawing moments than were produced by 
slmilar ailerons a t  correqonding projections on the NACA 65-210 w i n g .  
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INTROIWCTION 

NACA TN NO. 1872 

A s  a solution t o  the high-l i f t  and lateral-control problems pre- 
sented a t  take-off and landing f o r  transport airplanes and other airplanes 
having large w i n g  loadings, the National Advisory Committee for Aero- 
nautics has been investigating the chamcterist ics of spoiler-type 
lateral-control devices t o  be used In conjunction with full-span flaps.  
The resu l t s  of many of these irttrestigations have been summarized in 
refereme 1 and have indicated that,  in addition t o  allowing f o r  the use 
of full-span or almost full-span high-l i f t  flaps, the spoiler-type, 
lateral-control devices a l so  provide control a t  high angles of attack, 
favorable yawing mments, and higher reversal  speeds than conventional 
flap-type ailerons because of the smaller wing t w i s t i n g  maments of 
spoiler-type ailerons. Ln addition, spoiler-type lateral-control devices 
provide small s t i ck  forces and an increased effectiveness when full-span Slaps 
are  deflected, particularly when a plug aileron is used. These investi-  
gations have also shown the large increases i n  wing l i f t  obtainable with 
a full-span flap,  and the generally superior l i f t  and Lateral control 
characterist ics obtainable with a slotted-type flap.  The results of 
other investigations p e r f o m d  on unswept w i n g s  having high c r i t i c a l  
speeds (references 2 t o  5 )  showed the increase in ro l l ing  effectiveness 
of the spoiler-type ailerons when the Mach number was increased i n  the 
high Reynolds nmber range as contrasted t o  a decrease in rol l ing 
effectiveness obtained w i t h  conventional ailerons as the Mach number 
increased. 

The present investigation was p e r f o m d  in the Langley 300 MPH 
.7- by 10-foot tunne l  t o  determine the l i f t  and l a t e ra l  control character- 
i s t i c s  of a moderately thick, low-drag, semispan wing (having 
NACA 6%-215 sections) equipped with a full-span s lo t ted  f l ap  and e i ther  
a plug aileron o r  a retractable aileron. 
an extension of the investigations reported i n  references 4 t o  6 and 
employs the same wing plan f o m  but a thicker wing section than t h a t  used 
i n  these previous investigations. Wing l i f t ,  drag, and pitching-moment 
characterist ics were obtained f o r  the plain wing, and a l so  f o r  the wing 
with the f l ap  deflected l5', 30", and 45' a t  various f l ap  positions in' 
order t o  determine the optimm-lift flap-deflected positions (that is, 
the f l ap  positions a t  which optimum l i f t  characterist ics were obtained 
over the angle-of-attack range). 
ai leron configurations were performed a t  various aileron projections 
through an angle-of-attack range with the plain-wing configuration and 
also with the flapped-wing configuration with the f b p  a t  various deflec- 
t ions in  the selected optimum-lift positions, 

The present investigation is 

Tests of the plug-aileron and retractable- 

SYMBOLS 

The molnents on the wing are presented about the wind axes. The 
X-axis i s  in the plane of symmetry of the model and is  para l le l  t o  the 
tunnel free-stream air  flow. The Z-axis is in the plane of symmetry of 



NACA TN No. 1872 3 

the model and is perpendicular to the X-axis. 
perpendicular to the X-axis and Z-axis. 
intersection of the chord plane and the 35-percent-chord station at the 
root of the model. 

The Y-axis is mutually 
A l l  three axes intersect at t he  

The synibols wed in the presentation of results are as follows: 

lift coefficient (Twice lift of semispan mr>del/qS) 

incremnt of lift coefficient 

drag coef f icient (D/qS)  

pi tching-moment c oef f ic ient *( M/ @ E )  

rolling-manenti coefficient (L/qSb) 

yawing-moment coefficient (N/ q ~ b )  

damping-in-roll coefficientj that is, rate of change of 
rolling-moment coefficient with wing-tip helix 

wing-tip helix angle, radians 

local wing chord 

w b g  mean aerodynamic chord (2e86 ft) ($/*C%) 

twice span of semispan model (16 ft) 

lateral distance from plane of symmetry, feet 

twice area of semispan model (44.42 sq ft) 

twice drag of semispan model, pounds 
\ 

twice pitching m m n t  of semispan model about 35-percent-chord 
station at root of model, foot-pounds 

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

yawing moment, resulting from aileron projection, about Z-axis, 

free-stream wnamic pressure, pounds per square foot (jjp$) 

f 00 t- pounds 
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V 

P 

a 

X 

Y 

free-stream velocity, feet  per second 

mass density of a i r ,  slugs per cubic foot 

angle of attack with respect t o  chord plane a t  root of mdel ,  
degrees 

f l ap  deflection, measured between wing-chord plane and flap- 
chord plane; posit ive &en t r a i l i ng  edge of f l ap  is down, 
degrees (fig.  2) 

distance from w 3 n g  upper-surface l i p  t o  f l ap  nose, measured 
para l le l  t o  wing-chord plane and positive When f l ap  nose 
is ahead of l i p ,  percent chord (fig.  2)  

distance from w i n g  upper-surface l i p  t o  f l ap  nose, measured 
normal t o  wing chord plane and positive when f l a p  nose is 
below l ip ,  percent chord (fig.  2) 

c = -  
La aa 

Subscript : 

IE3X maximum 

C OIUF[ECTIONS 

All the data presented a re  based on the dimensions of the complete 
w i n g  0 

The t e s t  data have been corrected f o r  jet-boundaqy effect8 according 
t o  the methods outlined in reference 7. 
applied t o  the test data by the methods of reference 8. 

Blockage corrections w e r e  

MODEL AND APPARATUS 

The r igh t  semispan w i n g  m d e l  was m m t e d  horizontally i n  the 
Langley 300 MPH 7- by 10-foot tunnel  with its root  section adjacent t o  
one of the ver t ica l  walls of the tunnel, the ver t ica l  wall thereby 
serving as a ref lect ion plane. 
tho plan-form dimensions shown in  figvre 1 and had an aspect r a t i o  of 3-76 
and n r a t i o  of t i p  chord t o  roo t  chord of 0.37. The model was constructed 
with neither t w i s t  nor dihedral and had an NACA 652-215 a i r f o i l  section 
( t ab le  I) from root t o  t ip .  
edge sections which were used alternately f o r  tea t s  of the plain-wing 

The w i n g  was constructed according t o  

The wing was constructed with two t ra i l ing-  
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configuration axxi f o r  tests of the flapped-wing configuration ( f igo  2) .  
Bo t ransi t ion s t r i p s  were used on the w i n g ,  and an attempt was made t o  
keep the model surface m o t h  dur- the entire investigationo 

The 25-percent-chord, full-span, s lo t ted  f l ap  used i n  this investi- 
gation was b u i l t  t o  the section dimensions presented in table I a d  
extended from the wing root  section t o  the 95-percent-semispan station. 
This f l ap  was originally designed and constructed t o  conform t o  the 
contour of the thinner w i n g  (NACA 65-210) used in the investigations 
reported In references 4 t o  6, and, because of i ts  avai labi l i ty  and 
satisfactory aerodynamic characterist ics,  was used in the flap-deflected 
w t n g  configurations tes ted in the present investigation (fig.  2). 
main difference between the f l ap  used in  -the present investigation and a 
f l ap  that would be formed from the trailing-edge paz t  of the NACA 
6%-215 w j n g  is that r e s u l t b g  f’rom a difference in  the thickness of the 
w i n g s  fromwhich these f laps  are formed, since the caniber and a i r f o i l  
series of these wings are the same. 
profi les  is shown in  figure 3 t o  illustrate the slmilarites and the 
differences i n  the various wing and f l ap  profiles. 
wing fitthgs supportjng the f l ap  provided f o r  a range of flap-nose 
positions and f l a p  deflections, and allowed a survey t o  be made f o r  the 
optimum-lift f l ap  position at  each f l a p  deflection investigated. 

The 

A comparison of the w2ng and f l a p  

Each of the three 

The plug-aileron and retractable-aileron configurations Investigated 
The plug aileron is  a spoiler-type aileron are shown i n  f i g y e s  1 and 2. 

which f i ts  in to  a s l o t  through the wing when i n  the neutral  position and 
leaves t h i s  s l o t  open when it is extended above the w h g .  
ai leron is a spoiler-type aileron (usuau_~ a circuIax arc) that emerges 
only from the upper surface of the wing without leaving a open s l o t  
through the wing. Several ailerons, each having different projections, 
were used in  tests of both the plug-aileron and retractable-aileron 
configurations, and each ai leron had a span equal t o  49.2 percent of the 
wing semispan. 
equal s e p n t s  and were fastened t o  the upper surface of the wing a t  
the 70-percent-chord station. (See f i g -  2.) Only negative aileron 
projections - that is, ailerons extending above the wing upper surface - 
w e r e  employed i n  the present investigation. Ailerons havbg projections 
l e s s  than -9 percent chord had no gap between the lower edge of the 
aileron and the wingj whereas ailerons having projections of -10 and 
-ll percent chord enibodied gaps of 1 and 2 percent chord, respectively, 
between the wing  and the aileron. 
did not move out of the wing profile f r o m  the neutral  position as they 
would in  a pract ical  airplane instal la t ion (for exxmple, the configura- 
t ions of references 3, 6, and g ) ,  the configurations investigated are 
believed t o  simulate pract ical  airplane i n s k l l a t i o n s  and t o  provide 
aerodynamic data representative of these installations.  
these aileron configurations fo r  a ful l -s ize  airplane, the plug s l o t  
shown in  figure 2 was sealed a t  the upper and lower surfaces of the 
wing f o r  the tes t  a t  zero projection of the plug aileron, fo r  a l l  t e s t s  
of the retractable-aileron configuration, and during the ent i re  l i f t  
investigation reported herein, but was unsealed fo r  t e s t s  of the plug- 
aileron configurations employing f i n i t e  aileron projections. 

The retractable 

The ailerons were fabricated f r o m  dural sheet i n  f ive  

Although the ailerons investigated 

In simulating 
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A l l  tests of the plain-.wing configuration were, performed a t  a 
dynamic pressure of approximately 51  pounds per square foot, Which come- 

6 sponds t o  a Mach number of 0.19 and a Reynolds number of 3.7 X 10 based 
on the w i n g  mean aerodynamic chord of 2.86 feet .  
deflected configuraticm was investigated a t  a dymmAc pressure of appr0x.i- 
mately 26 pounds per square foot ,  which corresponds t o  a Mach nmber 
of 0 -13 and a Reynolds number of 2.6 X 106. 

The w h g  ;In the flag- 

A l l  of the testsowere perform& through an angle-of-attack range 
t o  the angle of w i n g  stall. A number of flap- from approximately -8 

nose positions with respect t o  the wing upper-surface l i p  were investi- 
gated a t  each of the f lap  deflections obtainable (l?”, 30°, and 45’) in 
order t o  determine the f lap  position fo r  op t tam l i f t  characteristics. 
The opt3mum-lift flap-nose positions selected from th is  sumey were 
subsequently used when the characteristics of the plug aileron $nd the 
retractable aileron were investigated. 
characteristics were deteMnlned with ailerons of various projections 
(ramging from 0 percent chord t o  -11 percent chord) fastened t o  the 
upper surface of the wing a t  the 70-percent-chord 1 b e .  

The wing-aileron l a t e r a l  control 

RESULTS AND DISCmSIoN 

W i n g  Aerodynamic Characteristics 

The wing lift, drag, and pitching-mmnt characteristics obtained 
with the full-span f lap  a t  various positions with respect t o  the wing 
upper-surfqce l i p  a t  f lap  deflections of 15O, 30°, and 45’ are shown in 
figures 4, 5, and 6, respectively. 
t e r i s t i c s  obtained with the plain-wing configuration are a l so  shown in  
each of these figures. 
dynamic characteristics of deflecting and locating the f lap  a t  the 
various positions investigated, and indicate that  the f l ap  position f o r  
small deflections is not c r i t i ca l ,  but becoms successively more c r i t i c a l  
with increase i n  f lap  deflection. 
small deflections t o  a t t a in  a given position and deflection is not 
l h i t e d  by the possibil i ty of obtaFning deleterious aerodynamic charac- 
t e r i s t i c s .  The data of figures 4 t o  6 a l so  show that  deflection of the 
full-span f lap  o r  increase in the f lap deflection produced an increase 
i n  the wing l i f t  a t  any given value of 
i n  the nose-down w t n g  pitching moment a t  given values of 

For comparison, corresponding charac- 

These data show the effects on the wing aero- 

Thus, the path taken by the f lap a t  

a and also produced an increase 
CL. 

The w i n g  aerodynamic characteristics obtained with the plain-wing 
configuration and with the selected optimum-lift flapped-wing configura- 
t ions are shown i n  figure 7. 
indicate that maximWn lift was not always obtained w i t h  the f lap  a t  the 
selected optimum-lift position a t  each of the f lap  deflections 

Although the data of figures 4 t o  6 
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Plain wing 

a 1 5 O  

a300 

investigated, more satisfactory l i f t  chmacterist ics ( as w e l l  as drag 
and pitching-moment characterist ics) w e r e  generally produced with the 
f l a p  a t  the selected positions than were produced a t  other f l ap  positions. 
Figure 7 shows that the incremntal l i f t  produced by u n i t  f l ap  deflection 
tended t o  decrease as the f l a p  deflection increased, and the values 
of ACL produced by f l ap  deflection at  given values of a were  fairly 
constant up t o  about 90 percent of C b x  but decreased a t  lmger  
values of CL 'because of the lower values of a f o r  w i n g  stall attained 
with increased f l ap  deflection. A summary of the wing l i f t  character- 
i s t i c s  is presented in  the following table: 

0.11 ---- 1.34 ---- 
080 0.69 2.00 0.06 

1.27 1.16 2 022 0 8 8  

a450 1.56 1.45 2.30 .96 

snap a t  selected optimm-lift positions I 

The data i n  the preceding table and i n  figure 7 show tha t  the value 
of 
t ha t  produced with a 45O f l a p  deflection, leven though the 45' f l ap  
deflection produced larger values of 
a t tack range. 
given values of CL 
the same as those produced by the plain wing, and were lower than the 
values of CD produced with the 45' f l ap  deflection. Also, as previously 
discussed, Cm became more negative with increase i n  f l ap  deflection. 
From a consideration of trbmed-flight l i f t -drag  r a t io s  providing best  
climb and f l i  t characterist ics,  it would therefore be concluded tgat 
a 15O o r  a 30'flap deflection would be more advantageous than a 45 f l ap  
deflection; whereas the 43O f l a p  deflection ( o r  a larger  deflection) 
may be more advantageow f o r  landing o r  as a glide-path control. 

C h  produced with a 30° f l ap  deflection was almost a s  large as 

CL over mst of the angle-of- 

f o r  f l a p  deflections of 15' and 30' were almost 
In addition, the values of drag coefficient produced a t  

Became the wing of the present investigation was chosen mainly 
t o  give laxge-scale lateral-control data and.had a relat ively low aspect 
ra t io ,  the l i f t ,  drag, and pitching-moment characterist ics presented 
herein are  not those that would be obtained on a high-aspect-ratio 
transport-type airplane wingo 

r a t i o  L/D obtained on the present wing s 26 a t  'L 

13 a t  

In addition, the values of the l i f t -drag 

(i b)-, 
CL = 1.0, and 7 a t  CL = 2 .O are not representative of the larger  
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values of L/D that could and would be obtamd on the high-aspect- 
r a t io  wings used on trassport airpIaaes (values o f '  (L/D)- of amroxi- 
mately 35 were obtained in the high-aspec-kmttu wtug inveetigatiane, 
reported in references 10 and 11) j however, the present data indicate 
the advantages t o  be gained far -t;ranSport-type asld other high-perfolznasce 
alrcraft by me of a full-spas f lq .  

A canrps3ison of the lift data obtained in the present investigation 
with compamble data obtainsd in the inwstigation of the NACA 65-210 semi- 
span w i n g  reported in reference 4 is Dreeented in the following table: 

These data show the s W l a S i t y  in the values of 
both wings by a 45' f lap  deflection - a phenomenon wbich might be ant ic i -  
pated because the s m  f lap  was used in both hmst igat ion&o Also shown 
are the more advantageous lift characteristics anticipated and obtained 
with the wing investigated herein - a result of me thicker w i n g  section 
used on the present wing,  and a phenomenon which has been noted previ- 
ously (references 12 and 13) 

A C h  produced on- 

Lateral Control Characteristics 

Variatian of the lateral contzol characteristics of the cnmplete 
wing with p ly-a i le ron  projection a t  various angles of attack and f o r  
various f l ap  eonfigurations is shown in figures 8 t o  ll. 
data obtained f o r  various projections of the retractable aileron are 
shown in  figures 3 2  t o  15. The selected optimum-lift f l a p  positions 
previously discussed were employed a t  the VaJrious f l ap  deflectians a t  
which the plug-aileron and the retractable-aileron control character- 
i s t i c s  were investigated. 

Corresponding 

Aileron hinge-mament chmmcteristics were not detenpFned in this 
investigation because s h p l i f i e d  aileron configurations ( f igo  2) were  
tested; however, the hinge-mmmt data presented in references 1, 5 ,  
and 6 show the magnitude and trends of the hinge mcxmsnts that could be 
expected f o r  various plug-aileron and retractable-aileron configurations 
that may be instal led on the present w i n g  if incorporated in  an airplane. 



NACA TN No. 1872 9 

Plug aileron.- "b,e lateral-control data of figures 8 t o  11 showed t h a t  
the rol l ing effectiveness of the plug aileron w a ~  nonlinear ovep the 
projection mnge and generally increased wlth increase in aileron pro- 
jection. S a n ~  of the nonlinearity results frm the tes t ing technique, 
a s  discussed la te r ,  and might not be present in an actual instal- 
lation.  he rol l ing effectiveness of the plug aibron also increased 
with increase in  the wing angle of attack, except a t  W g e  values of a 
asd aileron projections W g e r  than about -2 percent chord where a 
s l igh t  decrease i n  rol l ing effectiveness with increase in u was noted. 

Th ,  ineffectiveness exhibited by the plug aileron at  relatively 
s m a l l  projections and l o w  angles of attack f o r  the plain-wing configura- 
t ion  (fig. 8) is  similar t o  that obtained w i t h  retractable ailerons on 
cavent ional  wing s e c t i m s j  however, t h i s  ineffectimneas of the retract- 
able ailerons on conventional w h g  sections ms alleviated when a s l o t  
was added behind the aileron (references 9 and 14) 
the present w i n g  model was therefore believed t o  be cmpmatively 
ineffective a t  these low angles of attack because o f  the Ermall differences 
in pressure that probably existed between the two w i n g  eurfaces in the 
vicinity of the plug s l o t  when the f lap  was not deflectedo 
is substantiated by the fact that unpublished section pressure data on a 
similar w h g  section show that R reversed (unf'avorable) pressure gradient 
across the plug s l o t  could be obtained. A t  high angles of attack i n  the 
plab-wing configuration, and a l so  w i t h  the f l ap  deflected, the pressure 
difference between the upper and lower w i n g  surfaces near the plug s l o t  
was sufficient t o  produce an induced flow through the plug s l o t  and 
thereby increase the aileron effectiveness. Similar effects  w e r e  noted 
a t  corresponding l o w  values of Mach number i n  the aileron-investigation* 
reported in reference 5 ,  but were alleviated when the Mach rimer was 
increased. 
that an increase in roUing effectiveness with increase in  Mach nmber 
may be expected over the en t i re  projection range f o r  the present wing-  
aileron canfiguration. The rol l ing ineffectiveness encountered a t  low 
angles of a t tack and low Mach nuuibers by the present plain-wLng con- 
figurdtion is therefore believed t o  be inconsequential fo r  a reasonably 
high-speed airplane because the airplane in this at t i tude (low a) 
would normally be flytug a t  higher values of Mach number than those 
a t  which these data were obtained; also, the rol l ing effectiveness of 
the plug aileron on the aforementioned high-speed ajrplane is expected 
t o  vary almost linearly with aileron projection throughout the speed 
range in  the flap-retracted condition. 
owner tyye having low wing loadlnefs and relatively low maxLmum speeds, 
wing sections similar t o  those on the present w i n g  - or  those that 
might give an unfavorable pressure difference,across the plug s l o t  - 
probably would be unsatisfactory if a plug-aileron configuration is t o  
be employed. 
would probably be desirable. 

The plug s l o t  on 

This belief 

Moreover, the data of references 2, 3, 5, and 6 indicate 

For airplanes of the private- 

For such airpla-nes, use of conventional w i n g  sections 

The lssge values of rolling-moment coefficient a t  small aileron 
projections of about -0 .01~ shown in  figures 8 t o  ll at the higher 
values of lift coefficient result frm the sudden opening of the plug 
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s l o t  as w e l l  as f r o m  projection of the aileron. Because the opening of 
the plug s l o t  would. probably be more gradual with increase of aileron 
projection in an airplane instal la t ion (probably somewhat l i ke  the con- 
figuration investigated on the NACA 65-210 wing in reference ?), the 
resultant curves of rolling-moment coefficient against aileron pro- 
jection would not e ih ib i t  such a surge in rol l ing effectiveness with 
init ial  aileron projection as was obtained in the present investigation, 
and the aforementioned curves would be more linear. It is believed, 
however, from the data of references 5 and 6, that no aileron ineffec- 
tiveness would be encountered with the lift f l ap  deflected. 
the data of figures 8 t o  ll show tha t  a t  l o w  angles of attack a,slight 
reduction or  a tendency toward a reduction i n  the values of rolling- 
moment coefficient occurred a t  negative aileron projections above -9.0 per- 
cent chord. 
between the wing m d  the lower edge of the,aileron, and it is believed 
tha t  t h i s  gap permitted a pa r t i a l  premure recoverg on the wing rearward 
of the aileron, the pressure recovery thereby causing a l o s s  in effec- 
tivenesso A simllas effect  was a l s o  noted i n  the investigation reported 
i n  reference 5.  

In addition, 

A t  projections greater than -9.0 percent chord, a gap existed 

The aileron effectiveness increased with increase in  f lap  deflectionj 
the values of C z  
twice as large as the values of C z  
figuration. 
aileron provided large rolling moments up t o  and even above the whg 
stall angle i n  any f lap  configuration. 

obtained a t  a f lap deflection of 45' were more than 
obtained with the plain-wing con- 

In addition, the data of figures 8 t o  11 show that  the plw 

The values of yawing-moment coefficient obtained by projection of 
the plug aileron on the plain-wing configuration were generally favorable 
( that  is, having the same sign as the values of 
angles of attack and the values of 
with'increase in  aileron projection i n  a l l  f lap  configurations. 
woad be expected, the values of 
with increase in the f lap deflection and also with increase i n  the 
angle of attack i n  a l l  f lap  configurations (figs. 8 t o  ll) 0 The sudden 
surge i n  negative values of 
a t  large values of a with the f lap  deflected probably resu l t  from the 
sudden opening of the plug s l o t  (as previously discwsed f o r  the aileron 
effectiveness) and probably would not be encountered on a normal plug- 
aileron instal la t ion (reference 5 ) .  On the basis of the resul ts  obtained 
i n  the investigations reported in references 5 and 6, Mach number would 
be expected t o  have a negligible o r  an incornistent effect  on the yawing- 
m m n t  data. 

C z )  a t  almost all 
Cn generally became m r e  favorable 

A s  
Cn generally became less favorable 

Cn noted f o r  initial aileron projections 

Retractable aileron.- The values of rollhg-moment coefficient 
obtained by projection of the retractable aileron increased nonlinearly 
w i t h  aileron projection over most of the projection range in  a l l  f lap  
configurations (figs.  I2 t o  l5), but exhibited trends of reversed 
aileron effectiveness f o r  small projections with the f lap  deflected 30° 
and 45O, R phenmnon usually exhibited by retractable ailerons i n  the 
flap-deflected configuration (reference 14) . 
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In the plain-whg configuration, small aileron projections were s m -  
w h a t  ineffective i n  producing r o l l  a t  low values of 
i n  a increased the effectiveness i n  t h i s  projection range. Because the 
data of references 2, 3, and 5 indicate that an increase in aileron 
effectiveness w i t h  increase i n  Mach number may be expected over the 
en t i re  projection range f o r  this aileron configuration, particularly for  
small aileron projections, it is believed thcl t  the af'oremsntioned ineffec- 
t i ve  region of r o l l  for small aileron projections in  the flap-retracted 
coPfigumtion would not be encountered In f l i g h t  by a reasonably high- 
speed airplane employing the present wing-aileron canfiguration. 
such an airplane, flap-re-kacted f l i gh t  would be a t  high speed and l o w  
angles of a t tack and vice versa; therefore rolling-moment coefficients 
probably would vary almost linearly with aileron projection. 

a, but an increase 

For 

In a l l  f l a p  configurations, an increase i n  the angle of attack 
usually produced an increase i n  the rol l ing moment f o r  -11 aileron 
projections. A t  moderate and large aileron projections, an increase 
i n  a a t  low values of a produced an increase in C l  j wheseas an 
increase i n  a a t  large values of a produced a decrease in C z 0  
These trends are  in contrast t o  the decrease in effectiveness exhibited 
by retractable ailerons on w 
angle of attack was increased 7 references 1 and 14) 
a constant or  a s l ight ly  reduced aileron effectiveness was generally 
exhibited a t  retractable-aileron projections greater than -9 percent 
chord i n  a l l  f l a p  configurations. 
discussed f o r  the plug-aileron configuration and is  believed to  r e su l t  
f r o m  the pa r t i a l  pressure recovery on the w i n g  rearward of the aileron 
when a gap exiets between the lower edge of the aileron and the wing 
surface 

8 having conventional sections when the 
A t  l o w  values of a, 

This effect  was also noted and 

The rol l ing effectiveness of the retractable aileron increased with 
increase in  f l ap  deflection and was approximately 100 percent larger 
a t  6f = 4 5 O  than in the plain-wing configurationp (Compare f i g .  I2 
with f ig .  15.) The retractable aileron a l so  provided large values of 
up t o  and above the flap-retracted ,or flap-deflected wing stall angle 
Because the rol l ing effectiveness of the retractable aileron appears 
very good a t  6f = 15' ( f ig .  13) and the rol l ing-mmnt data obtained a t  
t h i s  f lap  deflection do not exhibit the reversal in effectiveness f o r  
small aileron projections exhibited by the data obtained a t  f lap  deflec- 
t i ons  of 30° and 45' (figs.  14 and 15), it would appear that the 
retractable aileron would be a very effective and deairable la te ra l -  
control device throughout the l i f t  range provided that the l i f t  charac- 
t e r i s t i c s  produced a t  the small f lap  deflections (up t o  approximately 15') 
are acceptable. 

C z  

The yawing moments produced by projection of tlae retractable aileron 
with the plain-- configuration generally had the same sign as the 
rol l ing mamsnts, and hence were favorable, but b e e m  l e s s  favorable with 
increase in f l ap  deflection (figs 1.2 t o  15) The values of C, 
generally became more favorable with increase i n  aileron projection and 
less  favorable w i t h  increase in the wing angle of attack i n  a l l  f l ap  
configurations. Although the effects of changes i n  Mach number were not 
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d e t e e d  in the present investIgatian, the data of references 5 and 6 
indicate that the retsactable-aileron yawing-mmmt chamcterist ics 
presented herein would be expected t o  be either negli&bly .or incan- 
sistently affected by such changes. 

C m ~ s o n  of Lateral Control Characteristics 

of the Plug and Retractable A i l e r o n a  

The rollhg-mcnwnt characteristics of the plug a i l e m  and the 
r e t k c t a b l e  aileron generaUy exhibited the same trenae with increase in 
aileron projection, angle of attack, and f l a p  deflection (figs. 8 t o  ll 
and 12 t o  15) 
w i n g  configuration were about the sane a t  low values of 
aileron produced larger r o l l i n g  maments than the retractable aileron a t  
large values of a. ( C a n p a r e  fig. 8 w i t h  f i g .  12.) W i t h  the f l ap  
deflected, *the plug aileron generally produced larger rol l ing mcnnsnts 
over the entire projection razlge than did the retractable aileron, and 
the tendency toward reversal of effectiveness f o r  smll proJectiom 
exhibited by the retractable-aileron data a t  and 45O w a ~  not 
shown by the plug-aileron data. 
effectiveness of the plug a d  retractable ailerans w i t h  f l a p  deflected, 
we of the plug aileron would be mre advantageous f o r  high-performance 
a i rc raf t ,  particularly Fn the high-l i f t  f l i g h t  range and a t  f lap  deflec- 
t i o m  of 30' and 45O. 

r o l l  were computed from the equation - pb = - '2 ( w h e r e  cZp is the 

damping-in-roll coefficient) and indicated the effectiveness of the plug 
and retractable ailerons bwestigated, particularly with f l ap  deflected. 
These camputations showed that a value of 
usualQ exceeded a t  large aileron projections with the f l ap  retracted, and 
easily exceeded with the f lap deflected, corresponded t o  a value of pb/2v 
of 0-09, based on a value of' 

The rol l ing mamnts produced by both ailerom in the plain- 
a, but the plug 

Sf = 30° 
Because of these differences in the 

Values of the helix angle pb/2V generated by the wing t i p  In a 

2v CZp 

Cz of 0.036, wbich was 

Czp  (obtained from reference 15) of 0.40. 

The gad% momenta produced by projection of the plug or retractable 
ailerons were generally similar for a l l  f'lap configmatiom, and eichibited 
the same effects  produced by Fncrease in aileron projection, angle of 
attack, and f l a p  deflection. 

C m p i s o n  of Lateral Control Characteristics of the 

Plug and Retractable Ailerons on the Present W i n g  

with Similar Ailerons on an NACA 65-210 W L n g  

Comparisons were made of the l a t e r a l  control characteristics pro- 
duced by the plug and retractable ailerons on the MCA 62-21? w i n g  of 
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the present investigation w i t h  the corresponding characterist ics produced 
by similar ailerons on the NACA 65-210 wing (reference 5 ) .  
these comparisons are presented i n  figures 16 and 17 f o r  the flap-retracted 
and flap-deflected (Sf = 45O)  configurations, respectively. 

Same of 

A t  comparable values of l i f t  coefficient i n  e i ther  f l ap  configuration, 
the plug and retractable ailerons of the present investigation generally 
produced larger values of C2 at corresponding aileron projections than 
the plug and retractable ailerons on the NACA 65-210 wing. The plug and 
retractable ailerons on both wings produced nonlinear increases of 
with aileron projection, and a lso  produced large increases in C2 
the f lap  was deflected. 
present wing produced increases i n  C2 with increase i n  a a t  small 
projections, and a t  moderate and large projections, produced increases 
in  C2 with increase i n  a a t  low values of a, and decreases in  C2 
with increase i n  a a t  large values of a. In contrast, the plug 
ailerons of reference 5 generally produced an increased effectiveness 
i n  both f l a p  configurations with increase in a, and the r@tractable 
ailerons of reference 5 generally produced an increase in effectivenese 
with increase i n  a only a t  s m a l l  projections w i t h  the f l ap  retracted. 
On both wings, the plug ailerons were usually more effective than the 
retractable ailerons with the f lap  deflected. 

C2 
when 

In a l l  f lap  configurations, the ailerons on the 

A t  comparable values of l i f t  coefficient in e i ther  f l ap  configura- 
tion, the plug and retractable ailerons on the present wing generally 
produced more favorable values of yawing-moment coefficient than similar 
ailerons on the NACA 65-210 wing. 
produced by aileron projection on ei ther  6 exhibited similar effects 
of changes in aileron projection, angle of attack, and f lap  deflection. 

The yawing-moment characteristics 

A wind-tunnel investigation was made at low values of Reynolds 
and Mach ntmibers t o  determine the high-lif t  and l a t e r a l  control charac- 
t e r i s t i c s  of a semispan w i n g  of NACA 652-215 a i r f o i l  section equipped 
with a 25-percent-chord, full-span, s lot ted f lap and plug and retractable 
ailerons. 
over the outer 49 percent of the w- seMspan,’ and were fabricated i n  
f ive  spanwise segments. 
following conclusions: 

The ailerons were located at  the 70-percent-chord s ta t ion 

The results of the investigation led t o  the 

1. Deflection of the full-span f l a p  or  increase in  the f l ap  
deflection produced an increase i n  the w i n g  l i f t  a t  any given angle 
of attack, and also generally produced an increase in the nose-down 
wing pitching mment and ei ther  a negligible change or  a s l igh t  increase 
i n  the wing drag a t  given values of l i f t  coefficient. 
maximum l i f t  coefficient of 1-34 was obtained with the plain wing, and 
values of maximum l i f t  coefficient of 2.00, 2.22, and 2.30 were obtained 
with the f lap  deflected 15’, 30°, and 45O, respectively, a t  the selected 
optimum-f lap positions. 

A value of 
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2. O n  the basis  of a ccrmparison of lift, pitching-mmnt, and 
l if t-drag-ratio data obtained at the Variow f lap  deflections investi- 
gated, it appears thatoa 15' or a 30' f l ap  deflection would be more 
advantageous than a 45 f lap  deflection f o r  best  climb and flight 
characteristics; whereas the 4 5 O  f lap deflection may be more ad=- 
tageous f o r  landing or as a glide-path controlo 

3. The rol l ing effectiveness of both the plug and the retractable 

and 4 5 O ,  where 
ailerons generally increased with increase in aileron grojection, 
except a t  mall projections w i t h  the f lap  deflected 30 
the retractable aileron e&ibited trends of reversed rolling effective- 
ness. In a l l  f b p  configurations, the rol l ing effectiveness of both 
ailerons a t  moderate and large projections lncreased with increase in 
the w i n g  angle of attack a a t  low values of a, and decreased with 
increase i n  a a t  large values of aj f o r  s m a l l  aileron projectians, 
increase in a increased the aileron effectiveness. The rol l ing 
effectiveness of both ailerons increased with increase in the f lap  
deflection and was more than twice as large with the f lap  deflected 45' 
as with the f l ap  neutral. 
moments up t o  and above the wing  stall. 
a t  large values of 
the plug aileron was generally more effective than the retractable 
aileron e 

Both ailerons also provided large rol l ing 
In the plain-wing configuration 

a, and with the f lap  deflected a t  a l l  values of a, 

4. The plug and the retractable ailerons produced similar yawing- 
moment characteristics. 
generally favora,ble i n  the plain-wing c a n f i w t i o n s j  and in  a l l  f lap  
configurations, the wing yawing moments generally became more favorable 
with.increase i n  aileron projection and l e s s  favorable with increase 
i n  wing angle of attack and f l ap  deflection. 

The yawing maments of both ailerons were 

5. A t  comparable values of l i f t  coefficient w i t h  the f l ap  
retracted or deflected the plug and retractable ailerons on the NACA 
6%-213 wing of the present investigation generally produced larger 
values of rol l ing moment and more favorable values of yawing m m n t  than 
were produced by similar ailerons a t  corresponding projections on a pre- 
viously investigated wing of similar plan form having NACA 65-210 sections. 
In addition, the rolllng-mornent and yawing-mment characteristics pro- 
duced by aileron projection on either wing generally exhibited similar 
effects of changes iri aileron projection, f lap  deflection, and angle of 
attack . 
Langley Aeronautical Laboratory 

National Advisory Comnittee f o r  Aeronautics 
Langley A i r  Force Base, Va., January 28, 1949 
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-Aileron (used as a plug aileron and 4 retrachble &kmn) 

Gup sealed for retmc+ab/e - aileron confgurqtidn, gap 
open for plug -aileron configuratibn 

Wihg chord @g 

(a) Aileron configuration on the plain wing. 

Gap sealed for reihac fable-ailero 
configurntior?, gap open for plug -aileron 
configuration 

4-%------ .74& 

of flap 

(b) Aileron configuration with flap deflected. 

Figure 2,- Schematic d r a w i n g  of plug-aileron and retractable-aileron 
configwratione tested on semispan wing. 
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Figure 4.- Aerodynamic characteristics of wing for various positions 
of f l a p  nose. 6f = 15O. 
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Figure 5.- Aerodynamic chasacteriatice of w i n g  for vaxioua poeitions of 
flap nom. 6f = 30°. 
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Li f t  coefficient, C, 

E 'igure 6.- Aerodynamic characteristics of wing for  various positions of 
f l a p  nom. 6f = 45'. 
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7 6  ;4 .2 0 .Z .4 .6 .0 110 12 II4 16 L8 ZA 22 2.4 
Lift coeiWcied, CL 

Figure 7.- Aerodynamic characteristics of the w i n g  for selected optimum- 
lift f l a p  positiom and for p l a i n  w i n g .  
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Figure 8.- Variation of lateral control characteristics of complete wing 
with projection of plug aileron. Plaill-wing aileron configuration. 
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Figure 9.- Variation of lateral control characterietice of complete wing 
with projection of plug aileron. 6f = 15O; X = 1.0; Y = 2.5. 
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Figure 10.- Variation of lateral control characteristics of complete wing 
with projection of plug aileron. 6f = 30°; X = 1.0; Y = 2.0. 
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Figure 11.- Variation of lateral-control characteristics of complete wing 
with projection of plug aileron, 6f = 45O; X = 1.0; Y = 1,O. 
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Figure 12.- Vasiation of lateral control characteristics of complete wing 
with proJection of retractable aileron. 
configuration. 

Plain-wing aileron 
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Figure 13.- Variation of l a t e r a l  control cha,racteristice of complete wing 
with projection of retractable aileron. 6f = 15'; X = 1.0; Y = 2.5. 
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Figure 14.- Variation of lateral control characteristics of complete wing 
with projection of retractable aileron. 6f = 30'; X = 1.0; Y = 2.0. 
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Figure 15.- Variation of lateral control characteristics of complete wing 

w i t h  projection of retractable aileron. 6f = 45'; X = 1.0; Y = 1.0. 
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Wing 1 NACA6@l5 

A .z . 14 Plug (basic) 
0 .3 .26 Refractable (hsjc) he ference 5) 3""""" 

-8 -6 -4 .-z 

Figure 16.- Comparison of lateral control characteristics of plug and 
retractable ailerons on present wing (NACA 6521215) and on w i n g  of 
reference 5 (NACA %65-210). Full--span flap retracted. 
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Figure 17.- Comparison of lateral control characteristics of plug and 
retractable ailerons on preaent wing (NACA 652-215) and on wing of 
reference 5 (NACA 65-210). f i l l - span  flap deflected 45'. 


