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By Wiflfam J. Underwood and Robert J. Fiuber 

An investigation we8 made of txo s-izical circular-arc 
airfoils of 6 d 10 percent thicknass and equQsed e-th l eadiq-  
eQe and tral. lAq-edge h i@- l i f t  devtces . The h igh- l i f t  d 6 V i C e S  
consistad of a 0 -20-chord p l s i n  t r a f l a - e d g e  flap, a 0 -15-chord 
dzooped-nose f l ap  and & 0.10 -cllord leading-ed&o sx-kmibls f h p  . 
The section lift, pitching-mxsnt, and. scme d r ~ g  c&r&cterfstice 
of the two eupersonic airfcils testsd et high Reyno- rrunibors 
asld low Yach numbws (ET f 0.14) 55th t.he various hi&-lif t devicea 
are peeontea.  

obtains& at a Raynolds number of 6 x 20' f o r  the o p t i m  
cambfnation of dxapefi-nose and pk3.1~ flaps for the 6 - and 
10 -percent-thick  airfoils, reeTectively. The optimum cambinaticms 
of flap  deflectlorn f 01' the 6- cad "percent-thick  airfoils 

were found to be &n = 30°, = &lo, a.ld 1 5 ~  = 3 6 O ,  &T = 60°, 
respectively, where an represent9 the drooped rime and sf 
the plain treiling-edg~ i l e p  deflections. The r e s u l t s  f o r  t he  
10-percsnt-thlck airfoil ~5th the plain trailing-edge f lep 
deflected 60° indicate no tnportmt c-es t he  IEXIE~~ 
section lift coefficient with small departures from the optimum 
drooped-nose f lap def1c;ctZan. With the f&pa n e u ~ c l  t h e  rtExlmm 
section l i f t  coefficients for the 6 -  an& 10 qercent -thick airfoils 
were 0 -73 and 0 -67. respectively. The rasulte also indicated that 
the ecale effecte on the maximum sect icn lift coefficient w ~ r 6 ,  In 

n e e i g i b l e  over the r a q e  of Reynolds r?uniber from 3 x 10 g e n e r a ,  

Maximum sectim l i f t  coefficients o 1.95 end 2-03 wore 

6 

to 18 X JD . 
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Deflecting  the droopea-nose f lap  t.es more effective in  
oxtending the l ~ w - i l m g  range to higher section 1st coefficients 
thm deflecting the ple-fn f h p .  

The present rapLd rate of development of airplanes that a r e  
expected t o  f ly succosefully  in t h e  transonic and supersonic speed 
ranges has focuscld -est  attention on tho chamctcr is t ics  of 
airfoils h e v i q  sharp leadfn&z e d g ~ a .  The principal  rsquiriment 
of these  airfoils is a.low drag i n  the qpropr i c t e  s p e d  range. 
If the a i q k n e  is zlno expcted  t o  land safsl~ or to flJ; 
sat:sfuctorily in the I.ow-apr;ed rmge, however, it is also 
neceflsary that  ma118 be provlded ' f G r  1ncreecin.g tho mtwdly low 
maximum Iff t of the sharp-ef!&ed airfoils. la investlgatFon has 
bean mda accor&in@;ly i n  the L&ngley two-dimnsioml low-turbulence 
pressure tunnel crf the improvement8 i n  mEcximum section lift 
coefficient that c m  be o b t e i n d  by the use of 'sirrplc high-lift 
dGvices. Tkrie w5nd tunnel smblas  both tho Rcynolds nmibm and 
the Mnch number appropriate to the h d i n g  condition for Q typicnl 
C i r p ~ ~ ~  to be R p ~ O . % D t 6 d  6 i m u l b f l 9 G L l S ~ - .  The &irfoflS Usad W C n  
of  eymmetrical circular-ezc s h p c z  and wore 6 and 10 pcrcmt  thick. 
Each a l r f o i l  wet3 equipped w i t h  a 20-prcent-chord plain trail%@:- 
edge flzp, 8. 15percent-chord drooped-nosc f lap ,  ,end a l t e m h l y  
R 10 -psrcent-chord  loadiq-edge  oxtensibla flzp . 

The section l i f t  end pitchin!-moment  chc,mctcristics wero 
detsrmimd for both elrfolls with tho  high-lift devices  dcflscted 
individually and. 3n conbfmtlon with one another. The Eection drag 
characteristics were o b k i n e d  for the 6 ~ c r c o c t - t h i c k  cirfoil  with 
the f laps  p m t l y  deflected as 1ow-dre.g-control f k p e  and fcr both 
a i r fo f l s  w i t h  the fLp,ps neutral .  

COEFFICIENTS AND SYMBOLS 

c2  soction lift coofficient (<%) 
'd section dreg coefficient 



t 

%/4 

%.C. 

i 

90 

PO 

and 

sectfon pifiching-moment coefffcient about t he  quarter 

free -atream veloci ty  

3 

section angle 0% at tack,  degrees 

droope'd-nose flep Seflection, degrees, gaeltive d-d 

Reynolds nmber 

increment of section of a t tack  at m a x Z m 1 x c  lift 
&de to ' f lep def lec t L m  

increment of -imm eectfon l i f t  coefficitmt due.to 
flap deflection 

W i t h  t h e  &vent of supersonic airpbnee, airfoils with S h a r p  
leading edges and varying shapes have been desfgned.. Two 
eupersonic airfoils of circular-arc shape with thiclmesses 
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of 6 and LO percent are dfscuseed  herein and are designated 
K"XA 28-(5O)(O3)-(5O)(O3) and NACA 2S-(50)(05)-(50)(05), respectively. 
The significance of these des iga t lons  is 3ndicated i n  the following 
example : 

EACA designation .- .-- ".I i /  
Circular  arc -- - j  

i 

Superecnic - 1 

Position of n;aximum o r d a t e  
of uppar muface  (percent 
chord) .- 

Value of mxirum ord imte  of 
upper surface  (percent  chord} 

Poa i t im  of maximxn ordinate of 
lower surface (gerosnt chord) - 

Value of maximum ordfnste of 
lower surfbce (percent chord) --"---- 

The designation 2S-(5C) (03) -(%) ( O 3 ) ,  therefore, denotes a 
s y ~ m e t r i c a l   c i r c m - a r c  a€rfoil with a m~ljiimun thicknees of 
6 percent a t  midchord. Ordinates of the 6- and l@-percent- 
thick circalar-erc airfoils a r e  given In tables I and 11, 
respectively. 

Both of t he   c " , r c "a rc -a i r fo i l  model8 had e '&-inch  chord 
and a 35 - 5 -inch spm and were made of 6 tee]. . The flaps of the 
6-percent,-th:ck airfoil were made of brass end those ~f the  
io percent  -.thick a i r f o i l  wer6 mede ~f dura1mi.n. Sketches of the 
modele are  yresented a8 figure 1. The O.20-chord plsin f l a p  and 
the 0 .l?-chord drooped-nose f l ap  were ptvcted on leaf' hinges zrounted 
f l u s h  with  the lower surface. The leading-eQe f l a p  wa6 8. 0.10 -chord 
exteneion of the upper surface m c  ahead of the normal leading 
edze gf the plain a i r f o i l .  Model end plates as shown in   f igure  2 
were used t o  facilitate s e t t i ~  the dsflectlon of the drocped-nose 
and plain f laps .  The models were d e s i s e d  so  that p l s i n  flap 
deflections Bf up to 60° and drooped-nose flap deflections €in 
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up to  Po could be obtfiined. The f h p s  were sealed a t  the hinge 
l i ne  by having tAe f lap  skirt in mb3hq contgc t with the flap. 
When the pla- f lap  of the 6percent-thick airfoil was deflected 
beyond 50 , the gap  between the flap and s k i r t  was sealed with 
modeling clay t o  prevent  leakage. 

0 

Tests of the two mdels were made in th6 I.angley two- 
d-ensional  low-turbulence preseure tunnel. me t e s t s  included 
mamrements at E P.eynolde number of 6 x lo6 of a i r f o i l  lift 
and pitching moment f o r  each nicdel w i t h  the high-lif t   devices 
deflected  either hdiv3dually o r  fn conJunction w i t h  one another. 

A$ Reynclds numbers of 3 x lo6 and 9 x M the l i f t  
characterist ics of both mcdelo were obtained with the f laps  neutral 
and w i t h  the drcoped-noee ssld p l a i n  flaFs deflected simultaneously 
t o  go end 60 , rsspectivsly. A t  these Reynolds nuITiber8 the lift 
cheracterist ics of the PXCA 2s-(50) (05) - ( w )  (05)  e i r f o i l  were ale0 
determined with the drooped-nose and plain flaps deflected sfml- 
taneously to 36O end 60 , respective . A further 9 vestigation of 
the l i f t   c h a r a c t e r i s t i c s   a t  14 x 10' and 18 x XI' was made for 
t h e  NACA 2S-(50) (05) -(50) (05) airfoil v i t h  the flaps  neutgal end 
Wlth the drmped-nose and . the plain flaps deflected t o  36 and. &lo, 
respectively. Drag measuremr,ta of each model for tihe flapa -neutral 
concliticm were obtap-ed by wake S L Z V ~ ~ E  at Reynold6 nmkere 

0 

0 

6 of ~ x l o , 5 x l o , ~ g x 1 o .  0 b 

4 6 6 At Regnolds zxaibers of 3 x 10 , 6 x 10 , and 9 2.' 10 the 
Mach nmler w a s  substentially constant at 0 -10. At Reynold8 nuniber~ 

6 
of 14 x 13 and 18 x lU6 the Mach numbers were 0.12 and 3.14, 
respectivel;. 

The l i f t  a d  drag charecterietics of the NACA 2S-(50)(03)-(50)(03) 
airfoil with t h e  drooped-nose and plain f l a p  deflected 
as low-drag-control flaps were obtafned at a Reynolds number 

of 2.1 x 10 in the Langley t ~ o  -dimensionel low-turbulence tunnel. 6 
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For these t e s t s ,  the h igh- l i f t  Cevices, bo%h iadividua.lly o r  in 
combination w i t h  one anoLkhOr, were deflected ‘t;hrough a I?-6 of 
flap  deflections frcm 0’ to  lo@. . Evaluation of t k e  section  drag 
characterist ics of the NACA 2S(50)(03)-(50)(03) airfci l  with 
the h i @ - l i f t  devices  deflected more than .l@O by tiza wake- 
survey lllethod ( the d~ method available) proved iqrrac%ical 
because of large spanvise var ia t ions  In  drag t h a t  occurred when 
the  flow m a  p a r t l y  separated. 

L i f t  meesuremente of t he  models w i t h  the f l q s  neutral, wj.th 

and  wlthout model  end piates,  ( f igs .  2 ead 3) in3icated that, the 
nods1 end pletes had no sispliffcant  effect on the measured 
cheracterist ics.  

P l a i n   a i r f o u . - T h e  mrcdynamic seetioncharacterist ics of 
the 6 -  and 10 -percent  -thick s:.metric.%L circu1E1”arc a i r fo i l s  
wi th  the flaps  neutrzl  are presented in figure 4. 

The mxirow? section lift coefficients  are 0.73 and 0.67 for  
the 6- and LC ~ e r c e n t - t h i c k  s l r f o i l s ,  resFctLvely. This decrease 
in maximunr section l i f t  cokfficient w i t h  ac reas in3  e i r f o l l  
thickness i s  o p p s i t e  t o  Khe  L-e-nds that m y  be shown from the 
data of NACA 6-series airfoils  (reference 1) thi.ou&h the sane 
thickness range cod may be  explained 88 follows: P-s tlie thiclmess 
of the KACA 6-series alrfoila is increased f’rcm 6 t o  1.3 porcmt, 
the oorresponding  incraase.  in the a i r f c i l  leerilng-edge raLius resul ts  
i n  imprmsd alr-flow conditions cound t h e  leading 6dze st the 
high anyles of attack. The increase  in tralltng-edge angle t h a t  
results  with  lncrrjasin3  thiclmess tend3 t o  decracse the  maximum 
section l i f t  coefficient due t o  an increase in boundery-leyer 
thicknem on the upper  surface. The favorhble effect cf a l u g e  
Isnding-eQtj  radius  appems t o  predomimte in this  thickness range 
for the NACA. 5-ser ies a i r f o i l s  and highcr  values of mEurimm l i f t  
are produced. For the circular-arc   a i r foi ls ,  however, ths leadfnrf 
edges of’ both the 6- and 10-percent  thick a i r fo l l s  a m  sharp and the 
a i r - f l o w  corditions aromii tha leadlng cQes a t  hish q l e s  of a t k c k  
are  about  the B ~ O .  The effact  of en increase  in  trsilind-edge 
angle with increasing thic?mose resu l t s   in  a decrease of maximum 
l i f t .  



7 

The lift -curve  slogea are 0.097 an 

* .  
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AirfoLls w i t h  hiqh-lift devices. - Tile l i f t  and pitching-mon;ent 
cheracterist ics of the two spmetr ics l   c i rcuhr-arc  airl"0ilS for 
ve;rioua deflections of the leed%g-edqe  and tmil i rg-edge  ktgh-l i f t  
devices  deflected  indLvidually axe presented  In fIgU.T?es 5 t o  7 .  

The meximum section l i f t  coeffic:en%s of the 6-  and lopercent -  
thick airfoils increased as the 0.20-chord plain f l a p  wee deflected. 
The values of the maximum l i f t   coe f f i c i en t s   ( f i g .  5 )  for  both 
alrfoils were stibs",antially equivalent a t  correspondiEg f h p  
deflections, but the angles of attack fo r  maximum l i f t  fiecreased 
as the  f laps  mre  deflected.  

Deflecting  the 0 .i5c drocped-nose f h p 6  (f is. 6 )  increased the 
maximm- section l i f t  coefficients and IncreaEed the angles of 
httack fo r  wximum lift primerlly by a l l e v i a t a g  the negative 
pressure peaks that cause leadiq-edge sepamtion near maxim 
lift. These pressure peaks are aU.eviated bocnua:. the flow 
approaching the leeding edge is more nearly alined ai; high ant;.les of  
at tack when the drooped-nose flap is deflected. The maximam section 
lift coefficients  for the 6 -  and 10 -percer,t -thick a i r fo i l8  et the 
optlmum drooped-nose f lap  def lec   t lon of 30° are  1 .l7 and 1.15, 
respectively. A t  ccrrespcmdlrq deflectlcrs of the 0 . 1 5 ~  drooped- 
nose flap the maximum section lift coefficients of both airfo:is a r e  
essentially the same. A t  angles of attack well below those f o r  
m i m m  l i f t  tke drcoped-nose f laps  act   ae  spoi lers  on the lower 
surface of the a i r fo i l s  and cause ~ c m e  reduction in lift. These 
losses in lift increase as the flap  deflection is increased. 

Extending tho @.lOc lettding-edge  flepe (fig. 7) increcsed the 
m a x i m u m  section l i f t  coef fk ien ts  end l if t-curve alopes of' Ijo'rh 
a i r f o i l s  frm the  basic  configuretione. The higher slopes clf t h o  lift 
curves for the two tiirf'oila  with *&e 0 . 1 0 ~  leadlng-edge flap3 
extended &re p r ' m i l g  d w  t o  the fact that the section lift 
coefficients a r e  based on the chord of the plafn a i r fo i l .  

The variation of the incremnt   in  maximum sectioc l i f t  
coefficient Ac and incrercent i n  ewle  cf at';ack tli maxim 

l f f t  Aa, f o r  both d e l e  w i t h  deflection of the drolsped-nose 

f l ap  and plain f l a p  is summarized in  figure 8. This flgure clearly 
shows that the optinnun drooped-nose f lap   def lec t im f o r  mazimm lift 
OCCUTS at.   approximtely 30° for both the 6- and the io -percent -thick 
a i r fo i l s .  No  opt-Lmum de f l ec t im  %.as obLafnsd for t h e  plain f l ap  
inasmuch 8s the h i a e e t   t e s t  deflectisn was a t i l l  the moet effective.  
The maximum section lift coefffcfents of both a i r f o i l s  ere 
substantfally  equivalent at correspomling flap deflectiom, but the 
incremnta  in  mximum section lift coefficient with f l a p  deflection 

2 T m x  

h a x  
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d i f f e r  because of the lower maximum section l i f t  coefficient of 
the 1-0 -percent  -thick airfoil w i t h  the f h g e  neutral. (See fig 4 - 1 
As shown t~ figure 8, posltive  ipcrements in  the m & l e  of a t tack 
at maxim l i f t  reeuited d e n  the drooped-nose flap was,deflected 
while  negative  increments were produced with the plain  f lap  deflected.  

I TheJAi-ching -I&IL-L$. c?iarac.tmi&ica-of . t h e  two modele - e ~  , 

any 0-fihe J_j"-.---- various types of flaps- def;.e&ed .(ft-gar.ts. show 
tlm?%he- aerod.yn&rr;ic c e n t e r   c o n ~ ~ ~ u e ? .  to. move. toyzcd-:.Be.,.leading 
edge aa the. high-lift device, & . s u t  Into. .o~g~at ion.  The area added 
t?tXWlegd%%"%blge of. the basic model  by extend& the 0 . I O  -chord 
leading-edge flap accounte.for the usuaU~ U g e  change. i n  slope of 
the pitchfllg-mment-cimf9icfent curve inasmuch 68 the moments were 
measured about . the quarter -chord point of the basic mcdel. 

. Combined 'deflections of hi&-l i f  t devices. - The reaults of t e s t s  
of ' t h e  two a i r f o i l s  with various c.ombinationa of  the high-lif t ' 

devkes  are- preeented i n  figures 9 anit 10. As shown in f i g r e  9 ; '  
the optimum fla? daflections  correspondiq b tha hQhest maximum 
section lift coefficient were Bn = wo, 6f = bo, and 6, = 36O, 
Sf = 60 for the 6 -  and 10 percant-thick airfoils, respectively. 
The aata for the 10-percent-thick a i r fo i l  w t t h  the pSaln f lap '  
.'deflected bo. indicate no imgcrtant charges tn the maxtmum sectidn 
lift coefficient with mll depertures fram the optfmm drooped-nose- 

L .  

.o . . 

' f h p  deflectioa.  

A con?parieon Be'tween tQe' lMt- chmecter is t ics  of the two 
E i r f O i l s  ~ L t h  the 0.15 -chord drooped-nose flap  deflected 30' and 
the  0.20-chord  plain'rlap  deflected 60° ( f ig .  9). with those for 
the airfoil with the plain fl&, deflected 60" (fig. 5 )  s h m  that 
the maximrun section l i f t  coefficients were Increased 0.32 0.30 
bnd the angles of attack f o r  maximum l i f t  w0r.e increased 6.5 
and 6'; respectfvely, - for  the 6 - and 10 percent  - thick airfoils. 
A similajl. capar i son  .between the lift characterlst ics of the two 
a i r f o i l s  wi%h the 0.10 -ghord leading-edge flar, extendect and the 
plain f lap  deflected 60 ( f ig .  10) with those for the .two aLrfoils . 
x i t h  the, paain flap deflected 60° ( f ig .  5 1 EhDws that the msximum 
section lift .coefficients were :€ncreeied about 0 =lc and Oi24 end the 
a x l e a  of at tack for maxihnm l i f t  were increased 1 6 end 2 ; 
respectivelj-, Cor the 6 -  ' a n d  1G "przent-thick airfoil&. A l a r g e  
percentage of ,these i nc rehes  in maxim section l i f t  coefficients 
is &ue t o  the increase in the model chorcb that occmd with t h d  

0 -10 -chord  lead%-edge f l a p  extended ,since the coefffcferts are 
based on the chords of the basic mcdele. . 

.~ 

.. . 
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The section l i f t  characterist ics of the tTro airfoi ls   wi th  
the drooped-nose and plain flaps deflected 30 end & , respec- 
t ively,  obtafned a t  Reynold8 numbers of 3 x lo6, 6 Y 10 .r and 

9 x :LO &*e presented in   f igure U.. At R e p o l &  numbers between 

3 x 10 and 9 x 10 t he  data (fig. ll(a) ) show no appreciable 
scale ef fec t  on the maxirrrm l i f t  coefficient of the 6percent-  
t h i ck   a i r fo i l .  In the case of the  IO-percent thick a i r f o i l  

. ( f ig .  ll(b)), however,. some adverse  scale  effect is indicated i n  
the mas: imwn l i f t  coefficient a t  Reynold2 numbers between 3 x 10 

and 6 x 10 . ~ ~ r n ~ l a r l y ,  some &verse scale effect  (fig. g ( c > )  
l e  indicated  in tke maximum l i f t  coefficient a t  Reynolds n u b e r s  
between 3 x lQ6 and 9 x IO6 w i t h  the drooped-nose and plain 

flaps deflected 36' and 60'. reepectivsly . A t  Re;.nolds numbers 
above 9 x 10 , however, the raaxin;wn section lift coefficient of 
t h i s  combination remineb  apprGximtely  conataat. 

0 0 

6 
6 
6 6 

G 
6 

6 

The section pitching-moment characterist ics of the two airfoils 
at  colrbked f h p  deflections of 6, = 30°, L = 60' (fig.  11) show 
that the aerodynamic center remains ahead of b e  q-mrtcr-chord point. 
In  addition, the coxbined a,ctl.cn of the drooped-nose f l ap  and plain 
f lap caused the moment coefficient8  to  increase ne$e.tivel.y with 
increasing lift coefficient until the angle of attack was high 
eno&zh that  the  spoiler  action of the drooped-nose f l ap  m s  
alleviated.  A 6  the l i f t  ccefficient was increaoed beyond th is  point, 
the moment decreased  neqatively t o  npyoximately 2.5 beyond the 
angle of attack for maximum lift whereupon the moment curve breaks. 

0 

Low-dre,~-contr~l  f laas.  - The l i f t  and d m !  characterist lcs of 
tho nACA 2E-(fiO) (03 )  - (50 )   (03 )  a i r f o i l  with the drooped-noae ~vld 
plain flaps deflected m e  prasented  fiRure 1 2 . .  Deflecting the 
drooped-nose f l ap   t o  10' decreased the section drag coefficient of 
the  6-percent-thick  circuhr-arc airfoil at a l i f t  coefficient 
of 0 .3  elout 4.0 percent by d e l a y i q  the f o m t i c n  of a. negetivo 
pressure peak a t  the leading edge which causes separatfon. In  
general,  deflecting  the drooped-ncse f lap  was more effective i n  
extending  the low-dre~ r"p to  hipgher eection lift coefficient8 
than W&B deflecting  the plain f lap .  

CONCLUSIONS 

A two-dimemional wind-tunnel  investigation was mde of 
aymmetricEt1 circular-arc airfoils, 6 and 10 percent thick, with 

, 
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leading-edge and. trail ing-edge  high-lif t   device^ at Reynolds numbers 
from 2.1 x 10 t o  18 x 10 . The results  obtained  indicated.  the 
following concluoions: 

6 6 

1. Maxlmum l i f t   c o e f f i c i e n t s  of 1.95 and 2.03 were obtained 
f o r  the optimum combination of drcosd-nose and plain flaps f o r  
the 6 - and 10 -percent  -thick airfoils, respectlvely. The 
corresponding mxirmm l i f t  coefficfenta for the plein a i r f o i l 8  n .? 

were 0.73 and o -67, respectively. 

* 
, i  

. " 

2. Illhe optimum combination of flap deflections for the 6- 
and 10-percent-thick  airfoils wers found .to be = 30°, -= 60°, 
and 8n = 36 , = 60°, respectively, where €in represents the 
drocped-nose and Ef the ,Dkin-fhp deflectiors.  The resu l t s  

for the  10-percent-thick  airfoil with the  plain f lqp  deflected 60 
indicate no important changes in the maximum eection l i f t  coef- 
Zicient  with small departures from the optimum drooped-nose-fltq 
deflection. 

0 

0 

3. The scale effects on the maximum l i f t  coefficient were, 
i n  general, negligible. 

4. The sectfon  pitchingaonent  chwacterist ics  indicated that 
the aeroQnamic center wae ahaad of the querter-chord point and moved 
tmrrrd the leading e Q e  %-hen any of the high-lifk devicee ua8 
deflected or extended. 

5 .  Deflecting the 6rooped-noee f h p  m s  more effective Ln 
extending  the Low-drag rmge to higher section l i f t  ccefficients 
than deflecting the plain f lap.  

Langley Memorial Aeronautical Laboratory 
National Advrecry Ccn?mittee f o r  Aeronautics 

Langley Ffeld, Va. 
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F i v e  1.- Synmetr ioa l  circular-arc airfoils with leading-edge and trailing-edge 
high-lift devices. 
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Flgure 1.- Oonoluded. 
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Figure 2.- Front view of a symmetrical circular-arc m o i l  equipped 
with end plates. 
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Figure 3.- Front view of a symmetrical circular-arc a,irf'ofl without 
end plates. 

. . . . . . . . . . . . . . . . . .. . .. 



L 

\ 

. .  . ,  

. ... . . . .. . . . . . . 

'H 



. . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 



. . . . . . . 

2 
? 

b 



Fig. 5a ' NACA RM No. L6K22 
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NACA RM No. L6K22 Fig. 5b 
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Fig. 6a NACA RM No. L6K22 
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Fig. 7a NACA RM No. L6K22 
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Fig. 8 NACA R,M No. L6K22 
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Figure 8.-  Variation of' the *increment i n  rnaximun section lift 
ooeffioient and angle of  a t a l l  with deflection of the 
drooped-noee and plain f laps;  R, 6 x 106. 
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Fig. 9b NACA RM No. L6K22 
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Fig, 10a NACA RM No. LEK22 
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Sootion angle of attack, a,,, dog 

(a) NACA 2S-(50)(03)-(50)(03). 
figure 10.- S e o t l o n  llft and 1tohlngQomsnt oharectarlatlos of fro 

sgmmetrloal olrcular-ara &folla alth the O.U)-chord extensible 
leadlng-adge flap and ths 0.PO-ahord plain f l a p ;  R, 6 x 106. 
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Fig. Ila NACA RM No. L6K22 * 

Seotlon angle o r  attaak,  an, dag 

(a) HACA 2S-(50)(03)-(50)(03). 

1.- Seatlon lLft and pltahing-moment aharaateriatios of twa symmetrical aircular-arc 
.la wlth the droopad-noae flap deflected 300 and the plain f l a p  deflaotsd 600. 
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Fig. 12 NACA RM NO: L6K22 
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Section l i f t  coefficient, cz 

Figure 12.- Seotlon l ift  and drag oharactsrlatios of an HACA 25-(50)(03)-(50)(OJ) airroil 
f OF varioua defleotiona of the drooped-noas and plhin flapst R, 2.1 x 106. 

# 

? 



I 

? 

I 


