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· TECmiTCAL NOI'E NO. 1463 

INVESI'IGATION OF "tlf:CA. 65(1l2 )Alll (APPROX.) 

AIRFOIL WITH 0. 35-CHOBD SLCJr1IED FLAP AT 

REYNOLDS m:Jl.lBERS UP TO 25 MILLION 

By Stanley F. Racisz 

SUMMARY 

An investiga'tiion has been made in the Langley two-dimensional 
low-tm•bulence tunnel and the J...angley two-dimensional· low-turbulence 
:pressure tunnel to determine the_ highest maximum 11.ft configurations 
(ideal configurations) of a 0.35-chord slotted fla:p on an -
NACA 65(u2)Alll (a:pprox.) airfoil section. The scale effects on 

.the aerodynamic characteristics were determined for Reynolds numbers 
ranging from 2.4 x 106 to approximately 25.o ~ 106. 

Increasing the Reynolds number from 2.4 x 106 to 9.0 x 106 
decl'eased the flap d.e:e.:Lection for highest maximum lift from 45° 
to· '40° and 35° (deflections of' 40° and 35° gave same max:tmum lift) • 
Increasing the Reynolds number caused the flap position for hiGhest 
maximum lift to move upward approximately 1 percent of the ai~foil 
chord f'or flap ·deflections. of 35° and 40° and also rearward for a 
flap def.lection of 35°. 'lLhe· flap configurat,.on with the center of the 
flap leading-edge radius located 1.98 percent chord behind and 
3.21 percent chord oelow the slot lip at a.flap deflection of 35° was 

· the optimum configurat.ion. A maximum: increase of only 0.1 :J.n the value 
of the maximum section lift coefficient was obtained at a Reynolds 
number of 9.0 x 106 by shifting the flap frvm the pos~tion giving the 
highest muximtun lift at a Reynolds number of 2.4 X 10 • In general, 
increasing the Reynolds number delayed the stall to higher section 
angles of attack and also caused a more graO.uaJ. stall for both the 
flap-retracted and the flap-deflected configurations. The maximum 
section lift coefficients for the flap-re~racted configuration increased 
as Reynolds number increased to 18.0 x 10 and then decreased slightly 
with further increase in Reynolds number; the coefficients for the 
flap-deflected configur~tion increased as the Reynolds number increased 
to a value of 13.0 x 10 and then decreased slightly. The increment 
of maximum section lift coefficient due to the slotted fla.p 
increased fro~ 1. 24 to 1. 36 ·as the Reynolds number was increased 
from 3.0 x 10 to about 12.0 x 106 and then decreased to 1.31 as 
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the Reynolds number increased. up to about 25 .o X 106. At section 
lift coefficients outside the low-drag range, the section ~rag 
coeffio ient decrea.a·ed as the Reynolds ·number ·increased throue,hout 
the test range of Reynolds :t;~.um.ber. 

INmODUCTION' -. 

The use of thin wing sections to increase the critical speeds 
o:r high-speed ai:r.planea has led to the need for nigh-lift :flaps in 
take-off and lanrling. Large w:J.ng chords und the trend. towarn 
higher takewo:ff and landing speeds have increased. the Reynolds 
numper for which the airfoil section with the flap must provide the 
requ,tred hiGh lift ... up to vp..luea approaching 25 ,0 x 106. At high 
Reynolds numbers, the ideal. f;tap.confitwration (flap configuration 
for highest ~~imum-lift) ~Y be ~onsiderably different from th~t at low Reynolds numbers because of changes in the boundary-layer 
che.racteriatics a'lld t.ha flow ocndil:;iona throUGh the slot. The 
range of ReJnolde number covered in expertmental investigations 
SllCh as those re-ported-in re.f0rence 1 has ;;eneral.ly been limi-ted to 
about 9 .o x 106.. A1 thml,f"h a limited amount o:f data for Reynolds 
numbers higher than 9 .o X 106 are ·available for thin air.:fo11a 
equipped with slotteCl. flaps, the la:r.Be scale effects on maximum 
lift coefficient ~t Reynolds numbers below 9,0 X 106, illuRtr~ted in 
r~ference 1~ indicate the.t the maximum lift. coefficient -:ma.;v- con-· 
tinue to va:r.y cons:J.d.erably w:1, th Reynolds number as. the Reynolds 
number is increased to values above 9 ,O x 10°. 

An NACA 65(112)-~1 (n~prox.) airfoil section equipped 
with a 0.35-chord s~otted flap has been tested in the Langley 
two-dimensional lo~-turbulence tunnels to determine whether the 
ideal flap config~ration is dependent upon the Reynolds number 

·and to determine the scale effec'l;s on the aerodynamic cha.re..cteristins 
fo:r. Reynolds numbers up to 25 .o x 106. 

SYMBOLS· 

~0 section anple of attack, degrees 

c airfoil chord (flap retracted) 

od sect~on drag coefficient 
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section lif.t coefficient 

maximum section lift coefficient 

~ increment of maximum section lift coefficient 'tma.x 

ClDc/4 section pi tching-nioment coe-fficient about airfoil qua:~ter­
. chord point · 

3 

x, y .. horizontal and vertical posit~ons, respectively, of center 
of flap lead1.ng-edge radius with res:pect to ·UP'Per lip · 
of slot .. ;tn -percent c (x positive forward ·of slot lip and 

. y positive below slot l.ip (fig • .1.)) 

flap deflection, degrees· 

Reynolds number 

MODEL 

The 2-foot-chord model tested in the pr8sent investigation was 
approximately an NACA 65f_ll2)Al.ll airfoil section with a 0 ~35c 
slotted flap. The NACA 6A-series airfoils, wh:l,ch may be derived 
by ·the method discussed in reference 2, were designed to_ .eliminate 
tho trailine;-edge cusp of the NACA 6- series airfoils. The _ 
NACA''65(l12)Alll airfoil was d.erivetl by a different method, but 
the resUlting section is approximately the same as would be obtained 
from reference 2. Ordinates for the airfoil section and the flap 
are given in tables I and II, res-pectively. A sketch of the monel 
showing th13 essential d:llnensions and the reference points definilig 
the fJ.a-o position is pl:'esented aa figure 1. The model~_ constructe:!. 
of aluminum alloy, completely spanned the 3-f'oot-wide test· sectiOn;· 
Photographs of the model -w:tt.h the flap deflecte'i are presented as 
figure 2 • The method of attaching th<:~ fla:p to the main part of 
the model, as sh<?'WD. in figure 2(a), per.mitted an extensive variation 
of the flap position for each flap deflection •. Althouch. the slot · 
was closed when the flap was retracte~, a plaateline seal was 
inserted in the slot to prevent any leakage of air Which could 
reeul t from small changes in the model surfaces during teste -with 
the :f'lap retracted. The seal was removed for testa. of' the model 
w1 th the flap deflected. For most of the teste the model surfaces 
were aerodynamically smooth. For the condition with leading~edge 
roughness the surfaces were the same as those for the smooth 



4 NACA TN No. 1463 

condition except +~at o.oll-incli- carborundum grains had been ap~lied 
over a surface length of 0 .oBp at~ the ·airfoil· leading_ ed-ge on both 
surfv.cee. The roughness oonf1iurat1on corresponded ·to the stantlard 
roughness described in ref'erenc~ 3. · 

TESTS 

Teets of the model were D.lade in the Lan••,J;ey two-d.imensionS.l. 

t
ow-turb,uenoe tunnel (LTT) to determine the ideal flap configu~atian 
flap co:b.f'ieu,ration for highest c1. · ) · at a :Reynolds number of 

h . max 
2 .4: x 10.). These teste cone:i stoo of measurements of the mrud.mum 
section 11ft coefficients fox an ebctensive range of flap position at 

:.severel flap deflections·. The section lift characteristics fol.· 
an extensive range of angle of attack were determined for the ideal 
flap poai t1.ona. S:!.milar teste were ma1le in the Lenf",ley two-dimensional 
low-turbl.uence pressure tunnel (TDT) to find the iiieal confiBUration 
at a Reynolrl.s number of 9 .o X 106 and to obta1.n an indication of 
the effects of Re;vnold.s number on the iiJ.eaJ. configuration. The 
highest tun...l'lel -preasm·e at which a1 terations of the flap configura­
tion could ~Je ra.ad.e w! thin the tunnel was 1-J. atmOspheres abaolute. 
The teste of the flap-deflected: conftguratiOl'la were therefor~ 
limited to a Reyn0ld a number of 9 .0 ;, 106 which was the hiphea-t 
obtainable at that pressure without exceeding a t'lmnel Mach number 
of approximately 0.2. The sc::W.e effects on the aeroC!.YneJnic chari\C­
ter:l.atica f'or He;v1olds n'lunbers ra.n£ing fl'·om 2 .l~ x 106- to approxi-
mately F~.o x lOb were then determined for the flap configuration 
selected as the optimum. The section lift churao+~ristics ~or 
intermedi.a.te flt:l,p deflections were d~tormined at a Reynold£!· mnnber · 
o:r 9 .o· x 106, Thei. scale -effects on t.he eectfon lift and drag 
chn.racteriatics of the airfoil section --:11th the flap retractad were 
determined at Reynolds numbers ran~ing from 3 ~0 x ·loG 'to approxi- -
mately 25 .o >: 106. The· seotion pitchj.n~-m.oment.. cl:laracterietica eiw. 
'the effec_ts c;>f lea.din!)-~edge rou. . .t-'lbneae on the section 11ft nnd dra@: 
characteristics were determ~.ned .at :RE:lynolds numbel'B ranging from 
3.0 X 106 to 9.0 X 106. , 

A discussion of the test methods used in the LTT and tho TDT 
and ot' the methods used _in correcti:r.ijY, the -test data to free-air 
conditions ·is given in refer_ence 3 •. ·The m".xtmum t'rce:-stream Mach 
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numbers attained during tests. in the LTI' and TDT are given in the 
following table: · 

Reynolds number Mach number 
. 

2.4 X 106 0.16 
3.0 .10 
6.0 .14 
9·0 .16 

12.0 .14_ 
113.0 .lh 
25.0 .18 

RESULTS AND DISCUSSION 

The terms "ideal deflection" and "ideal position" are used 
herein to desi~ate the flap deflectiOn and flap position, respec~ 
tively, for the highest value of clmax at a particular Reynolds 
number. The term "ideal configuration". is Used to deeiBD.ate the 
flap configuration described by the flap deflection and position 
for the highest value of ct • · 

max 

Flap Configurations 

Ideal configuration at R = 2.4 X 106,- Contours for constant 
values of clmax for various positions of th~ center of the flap 
leading-edge radius at flap deflections of 35°, 40°, and 450 are 
presented itJ. figure 3 • The ideal poei tion for each of the flap 
deflections tested is also shown. The tests were limited to a 
flap deflection of 45° because at that ~eflection the flow over the 
flap was stalled throughout most of the range of ang.lc of attack 
and the increase i~ the value of c!max resulting from increasing 
the deflection from 40° to 45° was only 0 .05. That any significant 
increase in the value of c2 · would have been obtained by max 
increasing the flap deflection beyond 45° is therefore unlikely 
because more severe stalling of the flap-could be expected to occur 
at higher flap deflections. The ideal configuration e.t a Reynolds 
number of 2 .4 X 106 as shown in figure 3 ¥TaB a flap deflection of 450 
with the center of the "flap leading~edge radius loQated _ _p .73 percent 
chord behind and 4 •46 percent chor_d below the slot lip. The ideal 
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deflection was the same as that found to be the ideal for the 
0 .25c slotted flap, d.esignated as slotted flap 1 in reference 1, 
on the NACA 65-210 airfoil section. The ideal position varied 
ol"'~Y about 1 percent chord as the flap cleflection increased 
from 35° to 4-5°. 

The section lift characteristics· of the model-w:l th the f'l.S.p 
located ln the positions found to be the ideal at a Beyno1ds 
number· of 2.4 x 106 for the three flap deflections tested are 
pre-sented in figUre 4. At flap deflections of ll-0° ani 4-5°, the 
slopes of the lift curves o.t section angl.ea of-attack ali~lttly 
below the stall are considerably hi~her then the slopes of the 
CUJ:'.VeS at l.ow section angles Of attack. Tuft studies Of the air 
flow over the flap at a deflection of.40° in~icated thut the ~low 
over t~e flap was stalled throughout most of the ~a-of-attack 
range but unstalled e.t ari~ea of attack slightly below the angle 
of attack for :maximum lift, A less pronounced. change tn l'ift at 
hip~ angles of attack wa~ obtaine~ at a flap deflection of 40° b,y 
shifting the flap poai t:ton forr.<ar-1 of . and. upwurd. from the ideal 
position with a consequent reduct:i.on :J.n the value of C'Zma.x• 

... Id-e~ conf1.Ru:ra:t~on at' R ci. o .o x to6.- The valueR of clmax 
measu.'!:'ed at .. a Reynolis number of. ap-pl·.oximately 9.0 X 106 for 
several flB:P confiRUl~ations inc:}.Ud.in~ those fouhd. .. to be the id.ea.l 
a.t a. Reynold number of -2.4 x lob are presented in :ficure ). The 
hi'gheet maximum section lift coeff:ic·-:f.en"ta measured o.t fla-p def'lections 
of 35° and 40° at a Reynolds number .of 9.0 x lob were almost the 
same and therefore either one of the two flap de~lections could be 
selected as the ideal. A f'la:p deflection of 35°, ho'tvever, would be 
more suitable than a flap def~ection of 40° inasmuch as a lowor 
drag could. be expected for that fiap deflection.- A comparison of 
the 1ata :preaente~ .in-~iguree.3 al}d 5. indicates that incroaaine: 
tha Reynolds munber fJ.·om. 2 .1-J. x 106. to. a:p],1roximately ·9 .0 x .;Lo6 
decre'lE:leri the ideal deflection by at least 5o. Increasing the 
Reynolds number from 2.4 'x 1Q6 to '9.o X loG cau~ed the ideal position 
to move Upward for flap dc:.flections of' 35° and 4o0 and also rearw 
\ora.rd for a flap deflection of' 35~. .TheEJe chartges in the ideal 
position resulting from the inQrease in Reynolds ntunber were 
slightly lese than' 1 percent chord. as).ndicated_by the data presented 
in :figure 5. Tlie--lare~st :b1creaee 1ri ·.the value of cl at a 

Reynolds n~ber of 9.0 ~ i66 obtairi.ed. .. by ·shifting the ~p position 
from that found to be the i~eal at a Reynolns number of 2.4 x 106 
was only 0 .1 • 

The section lift .characteristics at o. Reynolile number of" 
9.0 x.lo6 for several :positions of the flap including those found 
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to be the ideal at ·a Beynolds number of 2. 4 x 106 are presented in 
figure 6. A comparison of the lift . curves obtained for flap deflec­
tions of 35° and 40° indicates that variations iri flap-position have 
less effect on the section lift coefficient at low angles of attack 
for a flap deflection of 35°-than for a flap deflection of .4Qo. For 
example, at a fl.a.p deflection of 40°, shifting the .position changed 
the section lift coefficient at an angle of attack of oo by 0.5; , 
whereas, for a flap·deflection of 35°, the change in the.seotian lift 
coefficient at low angles of attack was about 0.1~ 

~imum configuration.- The ideal configuration at high Beynolds 
numbers would probably be more closely approx:J.mated by thai? found to 
be the ideal at a Beynolds number of 9. 0 X lob than the ideal con­
figuration determined at a Beynolds number of 2.4 x 106. An estimate 
of an optimum configuration at high Reynolds n'Uill'llers was therefo:re 
made from the results obtained at aJ:~e;ynolds number Of 9.0 x 106. 
Although the highest maximum eection lift coefficients for flap 
deflections of 350 and 40° were almost the-same at a Beynolds number 
of 9.Q x 106, the flap deflection of 35° would probably be ~ore 
suitable because of lower drag, smaller change in lift at low angles 
of attack with flap position, and less complicated structUre 
resul.ting from the smaller flap deflection along with the .ema.ller 
variation of lift coefficient with Beynolds number at low -angles of 
attack (fig. 6). For a flap deflection of

6
40°, increasing the 

Be;ynolds number from. 2.4 X 106 to 9.0 X 10 caused a change of 0.25 
in the section lift coefficient at a section angle of attack of 0°; 
whereas, for a flap deflection of 35° :t the change was only 0.05. 
The flap deflection of 35° was therefore selected as the optimum 
deflection. Inasmuch as increasing the Beynolds number caused a 
rearward and upward Shift in the ideal position of the flap for a 
deflection of 35° (fig. 5), the position with the center of the flap 
leading-edge radius located. L 98 percent c behind and 3. 21. percent c 
below the slot lip would probably be a sufficiently accurate 
approximation of the ideal position at high Beynolds nu,mbers. - The 
resulting flap configuration 5f = 35°1 x = - 1.98 pe~cent c, and 

.: y .. = 3. 21 percent c, which will hereinafter bei referred to as the 
· "optimum configuration,

6
" was the configuration tested at Bey,nolds 

numbers up to 25.0 x 10 . 

Lift Char.acterietics 

Scale effects on maximum lift.- The section lift characteristics 
of .:th,e airfoil. with the flap-retracted configuration and with the 
opt'imum configuration are presented in figures 7 and 8 for several 
Re;ynolds numbers ranging f~om 3.0 x 106 to 25.3 X 106 . The v~riation 
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o£ maximum section lift coefficio~t and increment of ~~ section 
lift coefficient due to the 0.35e slotted f1ap with Beynol1s number 
are presented in fignre 9 • . The rn.ax:lmum section lift coefficient of 
the model with the.flap retracted 1ncraased

6
from 1.17 to l·35 as 

the Reynolr'ia number increas.ed from 3 .o x 10 to 18 .o x 106 and th81} 
d0crcaeed to 1. 30 as the Reynolds mllllber increased up to 24 .~ x 106 • 

. The ma.:x:inlum section H.:f't coefficient of the model with the _optimum 
configuration increased from 2.15 to 2~71 as the Reynolds number 
increased fl'om 2 :4 x 106 to 13 .o x 106 an~l than decreased to 2.62 

.as the Reynolds number incl:'eaaed up to 25.3 .X 106.. The increment 
of maY~1rnun section .lift coefficient, ehow.n ·in figure 9, increased 

6 frcm 1. 2h to 1. 36 as the. Re.jlriolds .nlll'uber was inc:;;,•eased from 3 .o x ·10 
to about 12.0 X 106 and then J.ecreased to 1.31 as the Reynolde 
number ivaa 1ncreased to. abov:t;:. ?.5 .o x 106. 

Sr)me··. of the data obt~d.ned at the lowe-r Reynolds numbers may 
be compared with. Cl..a.tA. given for the ·.NACA 65-210 airfo1Lwi th the 
0 .25c slotted· flap desi'jnat.ed as slotted fla,p' J. in refaronce 1 and. 
data obtain<¥!. for the NACA 23012 a1.rfoil secticn with the 0 .4oc · 
slotted flap· d-esignated as- flap 1~13. in reference 4. The data for _ 
the NACA 65-210 and. NACA 230,12 ab·i'oil· sections 'rl. th slotted flaps 
have been included w:t th the data presented in fi:JUTe 9. The · 
differences in the :valites of' .6ct. for the thJ:'ee a:!.rfoil sections 

zna.x 
:can bA ascribed to dif~erences in tho flap ch~rd. 

Angle of attack for maximum lift.- The date. present.e:i. in 
fi;~urea 7 and. 3 illdicate that :ror the :flap-r~tra.ctod con:f1ry.r~t1on 
increasing the Reynold.s. nuniber from 1 .o x 10 to eppro:x::tmately. 
12 .o X 10 increased the section angle of attack for clmax by 
about 2°; whe:roas for the optimum configt..1rat1on with the flap 
deflected, the c~~~e of attack for c~max was increase~ by ao 
much aa 5°. The increase in the angle of attack for zn.3Xinru:II'. section 
lift coefficient with increase in P.eynoL~a number was accompanied by 
~- lD.C're P,radual stall. Increusing the Reynolds nt1mber beyond. -
appro:x:ima.teJ.:- 12 .o x 100 had smaller effects rm the angle of" attack 
for ma.xim1.1Ill lift and on the stall than those obtained at low 
Reynolds numbers • 

Lift a·t; lm., ansles of. attack.- The variation of section lift 
coefficient with Re~nolds ntunber at a constant section angle of 
attack is shown in f'i~e 10. Slight reductions in the section 
lift coefficient at.a section angle bf-attack of -8,1°, or positive 
increases in the anp~e of attack for zero lift, were obtained for 
the optimum flap . .configuration as the Reynolds number was increasod 
beyond ap-proximately 12 .o x 106. The variation of the an,rrle of' · 
attack for zero lift 'rl th Roynolda number may be ascribed to chanp;ee 
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in the no~v through the· slot. These· flow changes probably result 
in a: varia,tion. of the ide~ c_c;mr.iguration with Reynolds :q.umber. · For 
the f'la:p-retrat;_ted cbndition, however, the section lift cbef'ffcient 
at a section anr~e of attack of··oo remained· substantiaJ.ly independent 
of ·the Reynolds number·~ · · 

·~--. . 
. Intermediate flap deflections.- The flap was deflected along a 

p~rcular-arc path so that the configuration resulting·at a flap 
·deflection 

4
0f 35° corresponded to the optimum configura~iEm. A 

line connecting the pivot point and station·0.78oc on the .air.foil 
_chord line was always perpendicul.ar to the airfoil ohord line and 

,. therefore the flap -position wa.a detelinined by the flap def-lection. 
The location of the pivot point about which the flap· was deflected 
and sketches of the fla-p confiaurations for several ~la~ ~eflectians 
are shown in figure 11.. · 

Th~ section lift cha.racteriatice at a·Reynol.ds number of 
9 .o x 106 for flap deflections u{_to ·a deflection of 35° ·are · · 
presented in fi{!;ure 12. .At a flap deflection of 20° end at section 
angles of attack hig.'ller than about -l1-0, two values of the section 
lift coefficient vere obtained at each angle of attack al:though· -the 
maximum section lift. coefficient remained nea,rly the same. Repeat 
testa indicated that tne condition givillB the lower lift coeffi­
cients was the more·· stable of the two. Tuft studies at a fiap 
de~~ection of 20° ,indicated that the irregular behavior of the lift 
coeffiq_ients was associated w1 th partial stalling of the flap 
caueed.by th~ relatively poor slot shape for ~~is flap ~efleotion. 
Increasing the flap deflection tO 300 -unstalled·the flow over the 
flap. and the i'l.ow r9mained ,metalled throughout most of the axigl~-
6f-attack range although unsteady ?low conditione existed near the 
tr~iiltne· ed~e at low angles of attack. The data present:ed in 
figure 12 indicate that the increase in maximum section 11£t 
coefficient and the decrease in'tha arigle of attack for maxUro~ 
lift caused by deflecting ~e flap was app~oximately a linear 
function of the flap deflection within the range of flap.deflab~ion 
investigated. .Altho'!l¢h. te~ts were· not made for the cOnfiguration 
corresponding to ~ flap deflection of 40° with the flap position as 
determined by the. flap pa+..h, the ma.Ximum section lift-coefficient 
would probably not be eo high aa that obtained -for a flap deflection 
of 35° beca~se the flap would be an appreciable distance behind 
the slot lip. 

~itching~Moment Characteristics 

The sec.tion pitching-moment cll~acteristice of: tho~ airfoil __ _ 
· se.c;.tion with the flap retracted for Rejn.olda numb~rs i'angiiig. from 
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3 .o x 106 to 9.1 x 106 are· presented in fir:e 13, !~creasing the 
Re;ynold~ number from 3 .o x 106 to 9 .1 x 10 caused- only enlB.ll 
ch~ee . in the· section .pi-tchi-ng-moment coef'f'icient. at section 
angles of attack below the :ataJ.l. 

The sectipn pitching-moment characteristics at a Reynolds 
nun!.ber of 6 .o x 106 for the a1.l"foil- se~tion with the optimum con-

. fiepration are presented :tn fif(Ul~e 14 •. The slope· of the pi tCh.ing~ 
moment curve was positive at angles. of attack from about 2° to 
slightly·above the stall. From this po~nt, increases in the eection 
angle of attack caused the slope of the pitching-moment curve to · 
be.come -negative, IJ;Ihe value of ·the- eect:ion pitching-moment coeffi­
cient throu(!hout 100et of the "CSilr1e of· angle of attack was approxi­
mately o.J. moranegat~ve t~an that-measured for the NACA 65-210 airfoil 
section witil the 0.25c slotted flap deaie,na.ted as slotted flap 1 
in reference 1 end a~~oxim~tely 0.04 or 0.05 less negative than. 
that obtained for the NAOA 65-210 airfoil section with a 0.31c 
do1lble slotted flap (reference 1). 

The section drM characteristics of the airfoil section ~th 
the. flap retracted f'~r Reynolds numbers rangtne from 3 .o X 10 

·to 24.7 x ·106 ·are -presented in figure 15. The· minimum seotion 
drag coefficient aecreaeed as the Beynolds numb~r increased 
between Reynolds numbers of 3.0 X 106 an0 13.0 x 106~·and. increased 
between Reynol1s numbers of 13 .o x 106 and 24,7 X 10°, At section 
lift coefficients outside the low-dra~ ran8a, however, the section 
drac coefficient decreased as the Reynolds number increased. 
throu.gb.out the teet rnnge of Reynl')lde numb9J:!, The range of' section 
lift coefficient for low drag continuously decreased with increase 
in Reynol4s number ttntil at a Reynolds number bgtween lA.o x 106 end 
24.7 x lOb the rann:e 9f section lift coefficient for low· dra.13 was 
no longer defined by ~ "bucket •11 

Effects of Leading-F~ge Roughness 

. The section 11ft and a.rag characteristics of tho airfoil 
for the smooth condition.and f'or the condition wtth standard 
leading-edt?;e rouglmees are presented for a Beynol<is number of 
6 ,0 x 106 in figure 16 , The decrease ·1n the IllllXim~ sect ion 11ft 
coefficient for the o~timt~ canfigl~ation caused bY the addition of 
roughn.~ss to the leading edge of the airfoil was a.pproxim.e.tely the 
s~ as that obtained for the airfoil-with the·flap retracted. 
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Approximately the same decrement in the maximum section lift 
coefficient was ·obtained for the NACA 65-210 e.irf'oil llith slotted 
flap 1 at def~ect:f.ona "of 300 and. 4o0 (reference 1). The minimum 
section drag coefficient for the condition with leading-edge · 
rowrhneas is {:l.pproximately the esme as that .estimated from data 
presonted in reference 3 for airfoil sections similar to the 
NACA 65(112)Alll airfoil• 

CONCLUSIONS 

The results of tests of an N.ACA 65tlJ~)Al11· (a.p'9rox,) a.1.rfoil 
section with a 0 .35-.chord. al.otted flap :ln··{~ne Lanf',ley two-dimensional 
low-t'l.lrbnlence tunnels at Reynolris numbers ranging from 2.4 x 1o6 
to approximately 25 .o x ).06 indicated the foll.ow.tng conclusions: 

1. Increasing the Reynolds ntunbor fr~ 2.4 x 106 to 9.0 x 106 
decreased the fla~ deflection for bi3hest maximum lift fra.m 45~ . • 
to 4o:0 antl 15° ( defl~ctions of }j.QO and 35° (l,FJ.Ve same ·m,axirllum.l:i.ft) o 

Increasing the ReynolQ8 number caused the flap position for-highest 
ma.ximUlll. 11.ft -to move upward approxim<itely 1 percent of the afrfoil 
chord for flap deflections of 35° end 4oo and also rearwa~-~or a · 
flap deflection of 35°-~ The fl.ap co..TJ.fiJUrat;l.on with the center of 
the flap le~ing-edge rad.iue located 1.98 percent chord 'behind and 
3.21 percent chord below the slot lip at a flap de..flection of-35° 
was. the optimum confir;uration. · · 

2 • A maximum increase of ·only 0 .'1 in the value of the ma;x::imum 
section lift coefficient was obtaine:i at a Reynolds number o.f .. 9 .o x 106 
by shifting tne flap from the poe! tion g:t ving the highest maxinn.un 
lift at a Reynol.de number of 2.4 X 106. .. -. 

3. In general, increasing the Reynolds number delayei the stall 
to hi;~her section angles of atte.ck and also caused a more gra.:I.ual 
stal.l f'or both the fl.ap-retracted and the flap-deflected configurations. 

4. The maximum section lift coe~ficiente for the flap-
retracted configuration inc1~aaed as Reynolds number increased to 
18.0 X 106 and then decreased slightly vrith further incro?.se in 
Reynolds number; the coefficients for the flap-deflected contiguration 
increased aa the Reynolds nU111be1· incree.sad. to s. value of 13.0 X 1o6 
and then decreased slightl~. 
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5. The increment· of ·ma:rlmufn. section lift coefficient due to· the 
slotted flap in~reased ~rom. 1 .. ~~l- tq l. 36 as the . Beynoids 'number .was 
1ncreas~d.~ ~rom .3i0 x· 10· to.ab·?ut 1~.0 X 106 and. thEm deorea~ed to 1.31 
f!.B .the .;ReynOlds nu.mber increase-d up to about 25.0 X 106. . . . 

. . . . . . . 
6. "At section lift coefficients outai~ the· ·low-dr~ rangfj, .the 

aectton qr~s coefrioient· decreased as the Beynolds numb~r incraaaea 
througq.olJ.t the. teet range of Reynolds number. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee ·for Aeronaut~cs 

· Langley Field, Va. 1 Ai.lgust 4, 1947 
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TABLE I 

ORDD!A.TES FoR THE 

NACA. 65(112.)A111 (.lPPROX.) AIRFOIL SEOTION 

~tations and ordi.Jlatea in 
percent air~oi1 cho!'~ 

Upper sur~ace L:>wer aur~ace 
::~tatl.on 1 orcunat:e 5tatl.on O.rlll.Ilate 

0 0 0 0 
-4~ .871 -5~ -.821 

1:~ 1.0~0 ·1§2 -i:U1 l.§ 5 1. 2 
2-4~ 1. w ;:6~0 .. 1.625 

4:1 
2.5 

16:a~ -2.22l 

f:t66 -2.gg 

J:9li2 
-3· 3 

·371 15.054 :ue ~-950 4-i~ r.jft -9~8 -4-~ 
~4:~ ~ }: ~~ :ft: ~-9~3 .033 o.oM -4-96~ 

·992 6.000 s.o -4-90 
50.000 5-8~ so.ooo -4·4f5 
ts.ooa 5·5 54-~2 -4· 3 

0.017 ~-087 -4.011 65.021 4·57$ 6t91§ -3·54 
r-025 .029 6k.9t5 ·-3·0~ 5-025 3-429 1 .9 5 -.2.5 

0.025 tm ~t§t~ -1.4 85.025 -l. Vi 
90.021 

l:z~f ~=~2 -·~1 96·064 :: 74 10 .o 

L.E. radius: 0.842 ·-

NATIONAL ADVISORY 
COMMITTU FOR A!ROIIAUTICS 

TABLE II 

ORDINATES FOR 0.35-cHORD FLAP 

IJI.tationa and ordinates 1ll percent 
a1~o1l chord; lower surface ~ flap 
torme<l. b:r lower aurtace ~ plain 
a1~o1JJ 

Station Ordi.Jlate 

6z.so -0.863 
6 .oo --36J 6~.00 ·3 
6 .oo ·m to.oo l. 
2.00 1. 6 

1i.oo 2.lQ4 
~ .oo 2.26l 
a.oo 2.34 
o.oo 2.354 

82.00 2.300 
8~.00 2.18~ 
8 .oo 2.000 

Upper surface ~airs i.Jlto 
plain airroi1 section 
at station 88.00 

L.E. radius 1 1.404 
L.E. radi~ center at 

station 66.50 and 
ordinate -1.971 

NATIONAL ADVISORY 
COMMITTU FOl AlRONAUTICS 
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(a) Airfoil with 0.35o slotted flap. 
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(b) Variables ueed to define flap configuration. 

Figure 1.- Profile of the NACA 65(ll2)Alll (approx.) airfoil seotion with a 0.350 slotted !lap. 
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(a) Side view. 

Figure 2.- Photographs of model with 0.35c slotted :fla.p. 
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Figure 2. - Concluded. 
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or X 
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-16 0 8 16 

Section angle of attack, a0 , deg 

Figure 4.- Section lift characteristics o.t' the 
NACA 65{112)Alll (approx.) airfoil eeotion 
with a 0.35c slotted flap. R = 2.4 x 106. 
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