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TVO-MMESRIOHAI, KEHIMTUHHEL IHVE3TIGATIO» 

OF FOUR TYPES OF HKSB-IIJT FLAP OH AH 

HACA 6} -»10 AIRFOIL SZCTIOH 

By Jenas F. Cnhlll 

•BMW» 

An lr.vef.ticat.'on waa node In the Langley two--dimensional 
low-turbulence tunnels to develop flap configurations for i 
lift of the HACM 6'» -210 airfoil section equipped with four types of 
higb-llft flap.   Lift and pltchlng-mcaent dnta wore obtained for the 
optimum configurations.   Scale effect and the effect of standard 
leading-edge roughntje an mnxlwum lift coefficient were al-o 
determined. 

Teats wer« Bade of three 2*-percen1>-chord singlo slotted flaps 
with the trailing edgeo of the slot lips located at 81», 90, and 
97.3 percent of the airfnil chord, and of a 31.3-percent-chord double 
slotted flap.    For the m'del with each of the Tlaps,  tho maximum lift 
was shewn to becomu mnro uensltlve to email movements of the flap as 
the flap deflection was Increased.   The maxlaun lift coefficient of 
the airfoil with each of the Single dlotted flaps was shown to ba 
about 2.'»Y and tint with the double u lotted flap was 2.73 at a 
Reynolda number of 6 x 10°.   The Baxlmum lift coefficient was shown 
to Increase as the Koynolda number wag increesod In the range of 
Reynolds number l'rcm 2 to U or 6 x 10°, but in some cases the maximum 
lift coefficient decreased at higher Reynolds numbers.   The decrement 
in maximum lift caused by standard loughnesn decroased a.   the flap 
deflection was increased and at the higher deflection« was approxi- 
mately tho some as the decrement obtained with tho plain airfoil. 

IOTFOrtJOTIOH 

An extensive Investigation of thin airfoil eoctlonj has been 
unlevt-&en by the Katlonil Advisory Committee for Aeronautics to 
obtain Information applicable tu the design of hlgh-sr>eed airplanes. 
Since very little data f jr flaps on thin K/£A 6- series airfoil 

• 
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seoticr» tB'O aTEjlaTOe, icoic -sens oate a? s& 5Ä3A. S5--S.Ö eir&il 
Ec-ction eqvdpp-EÖ. -<{iih foes.' 'tj-sss G£ Mglwiffe Slss« 

BJw IXCI- Sä-SlO i.tE>fsiI 3!sc~ica "uss üsl 
is 'sea MsJi sriticsl 

e&ec. ci üst-Uit £Ux3 to £s 
oifttsicci fsaa teets ai" ii'ü SJül 2ji»i: 
idrfail -«-i-ii vsrleac "i-psc cf HE? fc-ra Itsa SECKSSCS, Sa 
rcSsrsüMS X, S, £24 S.   25CM teln •acre «Stiiccä. %£tfe t alsglo 
slotteä flaj, fe?o elattcä flr.ga «its. clot lips czfcesäei to 
90 cai 100 3*rociÄ of tä» afctfoil efcoed, Kii a istälc slotted. 
a;j.   SeCerease 2 cioos tfciä tie escir-ia lift eü Uni yücMDC" 
ascaii issnäxsä olitaissi %£•& sfcjjSs ttloirfseä. üegs Icsroanc 
ca ths lssetli of Sis EIA Up ie ii-easci.   3» &X&3A slsfctefi 
ilc.» Oi" reference 3 pr^iEssE. •w*-^ 12fSs iSacS tie sssas ss the 
rf-oittci Sitp -jitt tio lscesst list: Up (Rräer £X££) ti j-licLlsa» 
i:=r.o:iv lacrtnajito CSSCKä t-is ssnf. sa SS^o icdssLs Elctt&i i2.s? *2i.t£ 
tfce Sil-perceai-ciäcri lip wftcccisi.   55:-? tie s- lass clcb-lip 
cxfax'jlcss iscscsta särjatx^ni rodblsjas tixS sre css^ctsäsS. %" - 
the 7eiy tain rear *irts of tic 2P^oatat."=3i C-atrits scsälecs- 
Bce iXagc uisd it tts jseaaSS Sere utilities. *swra 4crigit;-j. to 
prori-to as srxsä tfiitiaSiSS fa.* «rtrr-tttursl in •d» Kloi 11^ as" «es 

ßaga 

SHS-SS 

f 

fci=s 

C£•. 

i 

!L"!£Ctr?,Cri X*^*tl   CtK?« *~I*3.tJSltS 
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mac 

section pltchlng-moxient coefficient about 
quarter-chord point 

Increment of section lift coefficient 

Increment of maximum section lift coefficient 

increment of eectlon pltchlng-noment coefficient 
about giiarter-chord point 

horizontal and vortical positions, respectively, of 
flap reference point measured l\ -n noat rearward 
Btatlcn cf slot lip In percent o.- c (x posit-ive 
forward and y positive tt1 v) 

positions of fore-flap reference pain1-. 

*eeltion3 cf main-flap referonco point measured from 
trailing edge cf fore flap 

deflection of flap, measured betvuen fla? chord line 
when : I- r 18 deflected and flap ch rd line when flap 
is retracted 

deflection of fore flap, measured ft  a» wine chord line 

Reynolds number 

K)WXS 

Urn 

The basic airfoil used In the j'-«*ssnt  •esta hei a chord of 
2 feet and ct-JBplefeljr epaxaed the 3-foot-vIde teert soct.ion3 of t!i 
tunnels.    Tho main part of the codil Ahead  .:    he flupe vat; 
Constructed of cBhteanj- and was pn ridel vlth -J- O.- h-fcli. trdllng- 
idro aieeus for each cf the fleas« 

'The fla.s were imiSjlllHillwt of sue! and ot. :h of the single 
sl-ttoa flaps had a jherd of Vj percent of -he be-:ic airfoil cho-d. 
Thj single slotted flaps are deelfna'cd mtottaA I'la-j 1, fc, and 3 
«nd wire des'pied with the trailing, od,jo cf the sic', lip u-, &», Jf;, 
and !>7«S percent of the baslr airfoil chord, retractive!?,    fhtse 
lla^s hftl thickarsae* of 1U.16,  11.5:5, and 3.?.: per^un; of the  flap 
ch-i-d, respectively.    Slotted flap 1 van umd cs the main-flay part 
cf the djublt alerted flap.    The fcrt flap ».ad o chord of 7-5 percent 
of tho baric alrfjil chord.    !?•*• final   i'i "ir at ion of the fwe llap 

- 
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nd the »»In flap ifj -such that the» two flaps could bo doflooted us 
a unit and cn-jloood vithln inn tJ.i-foil p.-ofl.lc whcni retracted,    do 
total .lon3i* of tho conbiiution in «»is MnfftgWftttCB was 31.8 porcent 
of the bcslc airfoil chord.   Ordimtes of tta airfoil section and 
of tlu. flay:' ?iv giVM In tf.blo I 'U;d tifcotchc-s uf tho rru-Jout flaps 
In .-. <,!•• 11 d   J.J oxton'.od position» art shown In figure 1. 

do fl,«a wuro attached to thi- main part of tho airfoil by 
flttinga at the eeda that rarrdtted any d:u«rcd pociMon or 
d-->f loeticn.   Tcr tho double olottüd flip, tho fore iM-ip and tiio 
mil flnp vero mounted eo that each fl-.p could bo ^oved independently 
u;itll ur. oftiam pocition tf Lhe main flip '.nth rosr.uct to tfco foro 
fl'..p was dcvcloy-d it tho W° deflJOt.'on and th.« tic two flr.pa woro 
att-.oh'jd r.'.rl'Uy tojcttiur.    Confi/jurat'CMS jf tho l-.'ne -ira dofined 
by Uiu positions of their rci'cri;r\c J pcintn a.".d thuii  dcflectlcio 
a» .mown In flgm 1(b).    3io referjnov points fj.: doi'injd as tho 
IntortMSttan of >ij flr.p cl,ord Unco  T.d 'Jiu conto-ü.* of the flag 
nosj.    3oflections -.«.re noaoiirod botwoen tho flap chord -Uno v.rn 
tho flap via »trusted ITA tho Tiap Ciori lino whon the flap Mia 
d-flocfc-d.   Vfi'.on th~ double clouted flsp ur.c tect.;!1.    a a unit,    he 
deflection v.3 AoflnaA by the dJ'le-rtlon nf the ma's: ;'li n end t*o 
for. flsp rsfsreno* poirt vas used to define th? rocltlc::. 

Fjr MM r.oirp.l smooth condition, the; andcl w J finiJhcd witii 
K". ')0Ü carborundum pr-v-r to prjducu acrodjn-imic-lj-y smooth Rurfacoa. 
Per tha cfc-ndtrd 1«J||IU| sfljl rerghnejn condition, 'J10 model surfaces 
ware the a» m in tao owotfc condition, but 0.011-Inch carborundum 
Greine w»ra apilied to th-3 lefiJnp od^jo over z. .rarfaco lsngth of 
If " mer.saroi from t!>e ;•• • 1....,- <.'•••: or. •Mb rorfr.ee.    it.» roi^fcnose 
appl.'ed con-uspondo to U10 definition of staid:".>3 rct^nors ,-rivon 
ir refereiws b. 

'ir.T^7 

J 
'  ; 

Preliainory tuute of thJ Boijol with euch of,the flcpo were 
first c nd'iOtvd rit a Tle;T.uJds minbv-r of S.k x 10^ for tho purpoca 
oi' lotoiiRlnlnjj tiic optlruu corfii-uration ^f o'^eh flap for nulnun 
lift.    Lift ro'dlr^rs «oils' taten ovor tt.e po»C: o" tie lift curve 
for 11 number of flap positions "t sorei-jl fU.p (lofiections.    In 
e"Ch caro cno;v>3 ponitiens w.-'ro irvcrt.'c" ted to «.nJuiv the choice 
of optlituii poi'ltim eni to s!iow the efx't^t of deviations fron 
tho optlima confipuatlan.   2oc-axtio oJ the Isrfs wmber ol tests 
Ir.rolvtii ij: dftjrniniJv; an abnoluto optiiTn cenfigaration of öie 
double sluttad fl'-p, teu frro-fli-p .nd ii.in-flap d^floctlcns 
wore set *t 25° and £0°, resp.iCt!v«ly. and an optima position 

•  ' 
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of a«, main flep with respect to tiie fere fl?.p wan developed. 
Oj tinum positions of the fere flap end main flap ee a unit wore 
then developed foi several flap deflections with the nein flap 
.. 'I fore flap held 'it tills relative position. 

Lift data at Reynolds numbers of SA and S.O X 10°,  pltchin..-- 
oofcont data, and data on the effect of standard le5dirig-eatje 
rouginess were determined ett th-.- optimum configuration for -»ach 
flap deflection for slotted flaps 1 and ? and for the double 
slotted flap, and thd scale effect on maximum lift vac Investi- 
gated at one deflection near the deflection for Euxinum lift. 

Teats cf the model vith slotted flsp 3 vero discontinued 
after  i few tests shewed that ';:., Birtx.lTiium lifts prcdueod by use 
of this flap wore no higher than the rarixlnun lif ta produced by 
•JO-; of slotted flap3 1 and 2. 

All lift measurements were mule by the methods described 
in rof jrence U and were corrected   to free-:ilr values According 
to tho equations given in U.u appendix of reference 1*. 

rrEnnK1!'.TIOK OF RESULTS 

Lift and pitching-aannit dati for tho plain airfoil fron 
roforunet !i are shown in figure Bi    Lift data are -lco sliown 
lor the model with i 0.20c Bimulnfcjd split flap deflected 60° 
for oc-verai. Reynolds numbers. 

Contours of flap position for naxiaun lift at several 
daflections for each of the flaps are shown in figures 3 to 7. 
In each I'icuro the flap is drawn in at the position it which tiic- 
i'-..-*heet mKSiantm lift was measured.    Fiiniru 3 shows tho contour 
of vulueB of soximum lift coefficient for ii_iii-il- ;• paclticM wi'h 
reapeet to the fors-flup trailing edgj.    Contours of values of 
-. r'.nun lift coefficient for ;iositions of tho mr-in fl.'.p <xnd fore 
i'l^p ±j a unit at vu-ious deflections uro presented in fipure U. 
i"Suroa 5, 6, and 7 show contours oLt-iin-jd fer vtricuo di.fl.ctione 
of slotted flaps 1, 2, and 3, respectively. 

Fiu data shown In figures 3 to 13, with 1lio exception of d'ta 
for »Jotted flap I, include lift chrractoristicn for the model 
In both the smooth nnd UI-J ot-.ndard leoding-edgc r.wjjxaa 
cond'.tior.s, pltchln-s-jrexint iuta and sctle-Oifoct fete on lift 
characteristics.   For slotted fLjp 3, only t'«e lift charact-jrietico 
at a Reynolds number or 2.1* x 10° und thj ccolj-effect date «an 

.'        - r 
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cb veined,      -re de .a shoved that the maximal lirts obtained vlth 
flap ? voro no l.lrhcr chwi the Äaximum lifle oV-,nlnod vi*.ii slotted 
Heps 1 or P..    Since conet-iw*;irti of a »lap oiiUler to rloi ted 
flftp J presence evta'mr problams than nnwliiliillliej oi olo'ted 
fltpa 1 «d 2, the- taghf of eist rd fluri } ve--e £Aß.ontini'.ed- 

Optima» Configure tlonr; for Ifcrtimci Lilt 

In nenrly all snMtm tfce acntotUPa ofcow ttict, st the optioai 
—TlMOT li.-.'t ,.>osl\ior, *ho Bi? b-twoio. the a\ot lip and the flip 
noro in :ill,--hS3y (s-r oa'-ei a» tae i'lap dorje-tion to incro- sed. 
In all cr.seo, the fit pa el*-- show,: to Ik' BUT:. aaaalttm to cUg,'it. 
ahangaa la porltten !.a 'Jri doi'^ction ic £iMve«ag&.   2io rontoaro 
chow tii•» noca.'ioitgr .""or wie .In locrtln« fcio ru.ii f.Up end tho 
fore i'lLji r:rsd !n ira'.ritiin:.!:;? toi»r;.iiC in In cout:uotlor..    Fo:.1 

ezenple, In f-ftu-e ^("Ji '- chtrr.jB of 1 percent of t:.e wine, cliord 
fro» tho optlMJS pool felon cm "Juyoe a decrease oi' 16 iiercent la the 
raluu of the BMdaaa l*,.f t coefficient. 

BoiJ.9 Efi'eot 

/ 
i 

Valpea or the r*-xlr?.a» lift roofll^lejit tiro plotted In figure IS 
rißulnet Ej^oTd-i r.'Jri!j-;r for each of tho t"np&.    Thj matMM lift 
of the »lr-oi' w* th ••ah of *i.tt fl"ju Id chew; io incronjo «o the 
Hejmoida masher Io tnereewd froci 2 to k or 6 x iou, btt thin effect 
«i cn.an„i; -,o thö hjjuolds rurib«. •.• Io laawUMft above It o." C X 3L0*. 
Bio dfltA for ths i-e-lel will' tJ:o oplit flap dcfl ictod ''.00 elnw 
•i elallar oriU.   .ff-.ct hu'., decidodlr IOVHJ- BitudLnia liita.    IroHghoui 
tho ran*' of Iwyricldp nvidbtr tsaU<d th^ ar-sUus lift coefficient 
of the plain airfoil incra-co:! :<a the Keynolda uraäior io lncj-c'j.red. 
i'.Vpir«io ;-, 35, V,   a>l is enow thet et tiio JilcJier Kcyneldc m;Dbürs 
the lift curvoo _t low cr.tjls;! of atte.sk -JIB nhiftud dovmnurd. 
Tu: to Wi-r; undu at ctTuni diffuront vrlucs of öic dynamic proMUTa 
ft i H'ynoids r jmb.-r of 5 x 10° (by rarjrtnp the ticrnel preEJtir..J 
und *Ao rosultc indicated that +J.io dovnvord a'llft of thu lift 
curv- o V".J r.o1- cr.v.ccl by ^of3u2tiona o.' tho nodal.    On. optlKun 
position foun.'. <A B KojT.oldo nuiibcr of 5.U X 10" niftht not bo 
the optlrr. ••'• *J.c hl^icr foyr.oi(!o madicra. 
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Bff-5ct of Keiighncias 

Curves ure presented In ."figure 30 that ehow tiio decrement 
In ;.r jdnum lift coefficient caused by the addition of standard 
roti iin iss to tho airfoil loading edge at various deflections of 
throe rf the fl;ps.   In all cases shown the effect of roughncar. 
ou —I— lift A.ore:.-...-! wtth an Increase In flap deflection and 
at the higher difljctlona   in ü^pixarlna tely the »xu as tha effect 
obtained from tuctc of tiio plain airfoil.   Flsuroa 8(c), 11(c), 
eril l'*(c) chow that, st high flap deflections, thv lift coefficients 
incix-aeo sharply up to the oaxUaum lift In the li ;dii!;»-«j<:.'o roughness 
condition.   Tuft studlr.b shoved that tho flow over tho fla-p was 
!•(•! J) in the I'.'xjfiiJ'.'.t,.- i-tngo of lift coefficient in both tliu 
.ir-j-j'h and tlic rough conditions aud that la tho rough condition 
tli-: flow ovor the flap ianrorod bofeav tho aaln port of tho wing 
«tailed.   No such inprovcBunt w-R not 4 in the smooth condition. 
Thin off act la noticed In tho data obtained with .noli cf file flupo. 
but is Y -y slight with the doubl« Blotted flap.    KM tests In 
the smooth condition the model was kept vi ry enooth und accurately 
to contour.    The dlccucsicn of tfcc lift charactcrlctlcn of row;h 
airfoils contblned in reference 4 aey bo uppliod to those rocultn. 

fltchtnc Men rtu 

Inorencntc rf pitching-roment coefficient ;j"o plettod against 
ir.crounta of lift coefficient at «a» csiclo oi' citac> of 0° In 
fi<£iro SI.   The i-ot'.tion between tl.coo incrcmcr.ts is oiiown to be 
ulaot-t linear; tljis fact indicates th-rt tho lncntMental lc^d 
distribution cauccd by deflictlon of üie fl&p HMtM eonst«nt in 
eh •?••  for various deflect;ons and depends only en the rr-lue of 
ir.crcn».ntal lift cocffiolint. 

CoppurlJpn cf Flsps 

Values of 1.1« mextant llfta aro plotsed acoixKJt xlap deflocfcion 
in fipure 22 for slotted flaps 1 and 2 and t'i» double clotted flap. 
The highest maximum lift coefficienta moactc-ed wec-e 2.J»7, 2.i8, 
and 2.46 with clotted flaps 1, 3, and JU IMVMlfMaVf and 2.73 
with the double slotted flap.    The doublu slet-od ilap la shown 
to ptoduce the WWjes'; —<— lifce in bot:* MM SHOO )• and tho 
rough -onditiano.    iho mcximi«, lift of t'w nr-doi with the double 
elo'-'cd 1'iap wtth the leadiar-edf-e le-jfhnrisa Is only allrJitl}- 
lrver than r.Uc i^j-.irna Hi'!  of ".he model vi.-n the ether rlapo in 
the smnoth condltlcti. 

-' •      
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Dornfto the l'-.-yo Increases lr. crea dbtr.in*-: wiser, slotted 
tZa^o 8 tuid 3 ero flofloet»*!, too m>rli»>iu lift of the ricdel with 
tiioao flepc w«3 no higher täi'-* *« rsaximun lift with Blotted 
fie? 1.    Ifco cr.oil leadin<T-edt7> i-eiil of rlotted flc.p3 2 raU 3 
are believed to bo ruanonslbi-e for tors onup'irativuly lew naxfauni 
liftr. 

Tie pitchJne-noisoiit inci-enonta jiresenteA in figure PI show 
ti.?t too pit3Jil'u;-!aaratit ircrcmor.t for a conrtsuit lift increment 
irifi-ojaes es thj lanytii f? which tho flap extends la increased. 
The lnovsnente for the double eiuttod flap ire chovn to be 
i-rp.'-oxirstol^ <••••.:. to ton fcicnaaerito fo.- elottud flap 2.    '/tie 
tctil  sl-ori"., or flap chord p'uo sirfoil cio-a (to toJ end of 
too L,IC. Up), ?o the tseiai/ for those  fcuo flapa<    i>.e decroa:» in 
ilr^lano lift o-fficitnt c»urad by toe devn lo-sd on too ta.'l 

3V'ir3<i  to tri'a tho wints r ltchlr;j UKienr, ia also i.hcvn in 
figure tX.   "Slilj C-itt. lead WE salflttla.ted frmi  iio DQtAtdOn 

A.-, 
:t 

«hare 

:.. 

decro-ur in lift cosfflolcnt caused by down load on tail 

tail length in airfoil- shards 

This equation Js not onct slncu variations la -Uwash •»t 
tho tail ar« Ignored) tsmv-T, toe accuracy la sufficient to 
anew a camparinon -raong toe various iypoo of flap.   i.ltooui#t 
toe pitching Eoaunts ar-j conei'!...mbly hi.jhor for to? doubly 
«lotted flay than fez slotted flsp 1, tho difference i.i the 
trin lo:id3 io r.->t great vncivjh to rshiiig..- toe relative offectlvaneoe 
of tho two fl«po. 

MBCHRrOJSE 

A Sfc-inoh chord nol^l of tho TACA jr-iJO    irfoil noetic« 
•quipped with 'J^r w air.-Jf.Le ujottod fit ?n having v.jiotis slot-lip 
ujr..vTiBjct:a  -nd wito i deublo ij'-.otted fiap wts täTV'i in tho 
Li.-ijlty tvo-dluenatouil low-turbulouco tunnels to d^rrlop flip 
conflgiiretlaM for Surinam lift.   Du r-jauUe of too Vista 
1Pdioatj4 the fcll.arlafr concl'U'lonoi 

•*—- 

- 
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l. niu matmm lift coefficient of th.- noaei witt u»ch of 
tho uirwlo olottod flaps wise rhout P. A" and vii* Ö'- dciibla elott-id 
fiaj wi'.B 2.73 «t c. fciyi.clde nvabcr of C X lo''. 

T. As the flap deflactiot; 'flia lnci-einod, feba optitr'u poet-ion 
or She flap became    closer to the uppur olot lip TJJ4 the 
ei.noltl-rtty of tJie aexlmum lift to email Bovtafcjnt- c-f the flfp 
iaervasedi 

3- In ell casco Ported, the amxiraiffl lilt s«ef*lciMtt was 
incroaeed by lncveapcs in lx.--i.olde nisibe" in tj'.o rerco of Eejiioldn 
n-BBttr fron 8 x 10^ to U or C x 106, but in ocjne .-nreB tjic wfTiP<TI uj-t 

coefficient deorea—d at vciuts of i.he WaynMi ma&ar above 4 or 6XKA 

4. Tho dee»wr::t   m BiK7!«aa lift r'MPofl. hy ;'<•-•-.<•-.rl rt-u^ineuu 
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Figure 9.-    Section lift characteristics or the UACA 65-210 airfoil 
with a 0.312c double Blotted flap at varloua heynolds numbers. 
6f • 50°;    x = 0.92;    j = 2.}6. 
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Figure  15.-    Saotlon lift characteristic» of the NACA 65-210 airfoil 
with slotted flap 2 at  various  Reynolds  numbers. 
X = l.U;     7 = 0.92. 
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