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NATIONAL ADVISORY COMMITTEE YOR AERONAUTICS

TECHNICAL NOTE MO, 1191

TWO-DIMENSIONAL WIND-TUNNEL INVESTIGATION

OF FOUR TYPES OF HIGH-LIFT FIAP ON AN
NACA 65-210 AIRFOIL SECTION
By Jcnes ¥, Cahill

SUMMARY

B N

An investigation was made in the Iangley two-dimensional
low-tuibulence tunnels to develop flap configurations for maximum
11ft of the HACA 65-210 airfoil eection equipped with four typee of
high~lift flap. Lift and pitching-mcment dnta were obtained for the

. optimum configurations, Ecale effect and the offect of standard

leading-edge roughnese an maximum 1ift coefficient wore alao
1 dotexmined.

=

Tcets were made of three 25-percent~chord ainglo slotted flape
with the trailing edgec of the slot lips located at 84, 90, and
97.5 percent of ths airfoil chord, and of a 31.2-percent—chord doubdble
elotted flap., For the mndel with vach of the [laps, the maximum 11t
wae shcwn to beccme moro sensitive to small movemonts of the flap as
the flap deflection was incressed., The maximum 1lift coefficient of
the airfoil with each of the single slotted {laps wae ehown to be
about 2,%7 and that with {he double alotted flap was 2.73 at a
Peynolda number of 6 x 100, The maximum 1ift coefficient was shown
to incroase as the Roynolds nuaber increesvd In the range of
Teynolds number from 2 to 4 or 6 % 10°, but in same cases the maximum
1ift coefTicient decreased at higher Reynclds numbers. The decrement
in maximum 1ift caunsd by standard ioughness decxoased as the flap
deflcction was increcased ond at the highor deflecticns was approxi-
mately tho same as the decrement obtained with the plain airfoil, :

§ ¥ R S ¢

INTROIUCTION

An extencive investigation of thin airfoil esctions has been
undertaken by the Katlonal Adviscry Committee for Aerorautice to
cbtain infcraition applicablo tu the design of high-speed airplanes.
Since very little data for fleps on thin KiCA 6 eerlec alrfoll
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section pitching-moment coefficient about
quarter-chord point
increment of cection 11ft coefficient
increment of maximm, section 1ift coefficient

incremont of eection Pitching-noment coeflicient
about guazter-chord point .

horizentad and vertical positions, renpectively, of
flap reference Point measwres fiom most rearvard
station cf slot 11p in percent o~ o (x pomitive
forvard end y pomitive below)

poeitions or fore-flap refercnce poans

rceitiona of mein-flap reference rolut measured from
tralling edge of fore rlup

deflecticn of flap, moasured between flay chorrd line
when flep is derleotad and {lep chwd ling when flap
ie re¢tracsed

Cetlection of fere Tlap, meagured from wing chord 1ine

Reynolde number
MoDILS

The basic alrioll uged in the rwvesent tegtn hed & chord of
< feeh end campletely eparned the 3-foot-wide teg soctions of the
tuncla.  The amin part of the model aheed of he flups wes
coiutucted of ehogany and was provided with derachuble tredling-
cdre olecos for cach of the #laps.

Tac laps were consiructed of eteel end onch or the gingle
elottog leps had A cherd of &5 percent of the busic airioil cho=q,
Tho sinsle plotted flaps ere designsted slottea flars 1, &, and 3
Nl ware dea'gncd with the tratling edgo of the aled 1ip at 84, 90,
and 51.5 yercent of the basic airfcil chord, recsectively. These
“lapg hed thicknessed of 14.16, 11.55, and 8.92 pexcens of the flup
chmdg, Fespectively. Slotsed <lep 1 was uaed ez the nain-flay naxrt
of tho doutle gy ted flap. The fore flep ied & cherd of 7.5 perceat

't the bacic Birfo1l chord. Ofre iinel oon lpweiion of the fure 1lap
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end ¢ho main flap wos such that tho two flz2ps could bo doflocted as
a unit rnd en:loced within the cizfoll profilc whon rotructod. Tho
total longth of tho cambinetion In this configswrstlion was 31.0 porcent
of tho bcailec alrfoil chord. Ordin:tea of +tho ulrioil svction and

of the flars sro glvin in tublo I mud skoiches of the variout flnpa

in rotrocted end oxtenied poeitions are ehwown iu figwe 1.

Tho flepa wuro ctinched to the mein part of tho nirfoll by
fittinga at tho ¢rds thnt perritted eny dosired positlon ox
doflecticon. For tho doublec slotted flizp, ths fore Ilap znd the
madn flnp wero mounted ©o that occh flap could bo zoved Indunendently
untll an optirwm position ¢f the min flap with rosgcet to, tho fore
£lup wes devologed =t tho 50° dsflectlon erd thun the two flops wore
attichod ripidly together. Configurations of tho t2owe are dofined
by the poatitions of thelir rclervnes points and tholr deflecticns

an shown in figwee 1{b). The referomoe pointo nry detinid am tho
intorscetion of 4hoy flep cliord lince ~nd ‘ho contows of the flap
noed. Duflcetions swurs mosenrod botwoen tho flup chard ino wacn

tho flap was retrucicd wrd tho flap chord line whon the flop was
d.fleet.d. Whon tho dovblo clobted flep woe tostod w3 a wnli, the
dofloction wea dufincd by the dofleetion nf the main Tlep end the
for: flop reforonco polirt vas uscd to @ofino the vociiicn.

For the rorml smooth condition, the aodel woo finluhed with
No. 400 carboruntum pencr to produce cerodynardesliy smooth rurfacoa.
Fcr tho stundird lawdine-cdgo rovghinesza condition, tho mdol surfaces
were the oime es in tho cmooth condition, but 0.01l-inch carborundua
greine wera aprlied o tho lecding odzo over = surluco longth of
0.03¢ mecgurol fram the lewding edge on euch curfacoe. The roughness

applied cormiveponds to tho definition of stend=»d roughnora iven
in referonce k.

Prolininery tocts of the nodel with euch ofsthe flcpo were

1rst conducted nt a Reynolds nurber of 2.4 X 10% for the purpoes
of lotormining %o optiram confijurtction of oach flan for maximum
lLift. L1t recdirgs were takon over %o ponk o the 1lift curve
Tor a number of €lup positiona =t poveral flup doflections. In
ench czro enowh pocitions were irvesilpnted to ensure the choice
of opti:zm pociticon end to show the efTent of dovietdons fran
tho optirma configuetion. Jecaune o the 1lary» nuder of teats
invalved 1n detorminiug an absolute optlrm configuration cf the
doublo slotied flup, the fore-flep tmd mia-Tlep dsflocticns
worw sot at 25C and $0°, ruspoctively, and ap optimm position

0o
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of the mein flep with respect to the forv flep was developed.
Optimme poeitions of tho fore flep end main flap &s & unit were
then developed for scvoral flap deflections with the mein flep
aid fore flap held at this raletive poeition.

L4t data et Roynolds numbers of 2.4 end 6.0 X 196, pitching-
nonent data, end data on the effcct of standnrd lomdirg-odge
roughnese were deternined st the optimm configuration for cach
flap dofluction for slntted flaps 1 and 2 end for the double
olotted flep, end the pcele cffect on maxirmm 1if't wae inveoeti-
gatad et one defloction noar tho defluction for ravirum 1ift.

Tosts cf the modol with slotted flep 3 vore discontinued
after A fow tests chowed that the maximm 1irts produced by uso

of this flep wore nn highor than tho maximmm lifts nroduced by
uso of slotted flaps L and 2.

All 1ift measurczents wore made by the methods desceribed
in reforence 4 and were corrvcted to free-ulr valucs eccording
to tho oquetiens given in the appondix of refercnco b,

PRESINTATION OF RESULTS

Lift nnd pitching-momcnt data for the plain atrfoil from
refervnce 4 are shown in figwre 2. Lift date 210 wlso shown
for tho modcl with n 0.20c simlnted eplit Clep deflccted 60°
for ooveral Reyrolds nmumbors.

5 Contours of flap peeition for raxirmm 1ift at coveral
doflections for eamch of the flape are showa in figurcs 3 to 7.

In oach f'igurc the flup is drewn in et tho poeition ot which tho

) hishost mexizom 11ft wee moajurod. Figure 3 giows tho contonr
ol valuue of msxiram 1ift coefficiont for muin-tlep poetilons with
ruppuct to the fora-flup treiling edgo. Contours of valuca of
marimm 11ft coefficient fer positicna of tho mnin fl2p and fore
flap £3 a unit at varlous deflcciione aro pruscnted in fipurs h.
P guves 9, 6, and 7 chow centours obtainsd fur verious dufluctions
ol slotiA fleps 1, £, and 3, rospuctivuly.

Tho 42ta ghowm in figures 3 to 13, with tho cxcoption of Anta
for mloticd flap 3, fncludc Lift choructaoristice for the mofol
in both the smooth rnd tho stenderd leeding-udge rovgiupcss
cmditions, pltching-momont 2uta end scrlo-olioct 4ot on 1ift
cheructeristica., For slotted flsp 3, enly the LIt cheracturietica
st % Roynoids numbesr or 2.4 % 106 and tho cealo-cffoct date wore {

Jﬁ' :_‘_::..-“I*‘-_-——!-‘—L-.-.r
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cbieired. TlLose dala showed that the mexirmm lilts obiained with
flap 2 wero no higher thun the mazimum llfic obunined with slotied
fleps 1 or 2. Since conctruction of & ilap siriler to rlotted
flep 2 prescnts greater problams than constiuctlion of plotted
fleps 1 wndl 2, the teeis of slst.ed flap 3 wers dlscontinmed.

DIECESION

Optimm Confipguretions for lhexlmren LUt

I nenrly al) zugam the contourns ohow tint, =% the optimm
morinem 1400 positior, the gan bulwoea the elot 1in end thie flap
noro 43 mlighily decroared as the Tlap doflention Is Zncreorsed.

n 21l ersop, the flipa ery eheowa to bo mars sencitiva to slight
chenpeo 2a vorltion ua tho doflaction ip ‘rerscxocd. Tho rontours
chow the pocunnity Tor cave In lecrting tae mln ficp =nd the

fore flup £nd in maintaining toloruincse In constructlan. Fou
ox=mpla. 1o Clruce Ye), & chitnge of 1 porcent of the wing chord
frem the optliess yociticn cun 2uvge a docreusu oif 16 percent ia the
valae of the mexlpmr JASH coefficlent.

Sacls Efiect

Velnes ol 4o mexirzm LI0t coefllcient cxe plotted in Tigure 19

nguingt Pomolda ruwdor forr ench of the tlsns. Tho muxfieen LIft
of the #irvol’ w'th cerch ol e flvjps Zo showmy Lo jncresdc ap the
Roynnll wrber 28 tnercosel from 2 to B oor G X 109, but thie effect
doervenct us the Rojuolde rumdur ic increnesd ubovs % or & X 200,
Tho datu for ths pelel with tho #nlit Slup dnflieing €00 saow
a eimller peale offoct bul decidedly lows moxiaus Ji2te. Throughous
the ranee of Jeymodds nuuber tosied the masliam 117t cosificient
of the nlain alrfoil Inorsuosi sg the hernelds newber is increared.
Plpures 5, 12, 17, u 5 show thet at tho sr Roynelde nurbors
the 112t curvon U4 ol alteck nro £hiftod dowmeard,
Tonte woere mlv at sl different velues of the dymamic prossure
t a Royrolds rumber ef 5 % 109 (by varying tho tumol presaury)

nd the runulic fndicated that tlio deuricatl Shiift of the 1ift
cureg weia not crueed by dorfloestione ol tiw melqal. The ophimmm
poattion found 24 e Rojmolds madber of 2.4 X 10 might not b

the cptirrmm nt *hic Lilgier Paymoids rusbiza.
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Effect of Roughnoss

Curves wre prosentod in flgure 20 that show tho decroment
in mexirum Mt coofficiont causod by the addition of stendard
royghiness to tho atrfoil loeling edes at various deflociions of
throo of tho fl=ps. In 2ll casce showm tho efiect of roughnoss
on nexfimun 11t dcereases with on incroase in flap defloction and

at the righor dcflectiona ia upproximately tho soma em the effoet
obtuinud from tuete of tho plain airfoil.

Figureos 8(c), L1(c),
erd WW(c) chow that, at high flep deflections, tho ULt coofficisnts
ircreeso sherply up to the mexisaum JATt in the lzeding-odge roughnese
condition. Tuft studics showed that the flow ovor tho flap wes
rouch in tho intermwdiuts rangas of 1ift coofficiont in botn tho
emooth and the rough conditions end that in tho rough condition
ths flow over thu flap improved bofore tho main part of tho wing
etalled. No sueh irprovemont wes notcd In the smooth condition.

Thios offuvct !0 noticod in tho data obiained with coch of tho {lapa
but 13 vory alight with the double slotted flap.

For *oots in

tho smooth condition the medal was kopt very emooth and cceurntely
to contour. Thu dizcuzsion of the lift chayzctecrictico of roush
ulrioils coentuincd in roforenco 4 mey bo zppliod to thoso reculta.

Pitchiing Momonts

Inercemente of pltching-romont coefficiont sro pletted apgainat
ircremonts of 1ift coefficlent nt =n rngle of sitack of 0° in
fioure 21. The rolution butwoen theso inercments ig shown o bo
aimnot Lincar; this fact indicates that the incremontal load
dfstribution caurod by dafloction of the flsp remains conetent in
shapo for various defloctions and deponds enly on the valuo of

Inercrantal 11t cocfliciont.

Caspuorison ¢f Flaps

Values of tlio meximm lifts arc plotied agadnst flap dotloction
in fifure 22 for plotted flaps 1 and 2 and tle double elottcd Tlap. |
Tho highest maximm 1Tt ccefficlents measmued wewe 2.47, 2.18, |
ard 2-30 o with clotted flaps 1, 2, and %, respectively, end 2.73
with the doudlo slotted flap. The double slotied {lap ie chown
to produce the higchont maximm 1ifte in ot the mmooth and tho
rough conditions.

Tho meximm 11t of the model with tho double

3
slotted l'lapi with the leading-cdes rouglnea io oxly slightly
lower than the meximg 14f't of the model wish tie other {laps in
tro emooth conditian.
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Dosnito the levge increases in rrea obtcined when slotted
flave 2 end 3 ero dofloctud, tho maxiizm it of the nodsl with
tiieso flepe was no higher thun the maximin 128¢ with alo“ted
flep 1, The ermall leading-edgw 1231 of clottod fleps 2 end 3

The pitching-naseut Increronta prosonted in figure 21 chow
thet tho pitching-moment ircrement for a comrtent it increment

|

are believed tc bo ruanomsidle ror the cagprratively low maximm
ifte.

ineroages es tho langtn €0 which tho flap extends is increcsed.
The inercimnts for tho doudlo slotted £inp are chown to de
cporoxirately equal to tho incrcments fou slotted flup 2. ‘Yhe
tctal ckoni, or fiep chord plus eirfoll cho.t {to the end of

the sloh 1n), 1o ko cemu Tor thege two Plume. Ihe decroase in

=irnlane 1% coufficient cwmead dy the dewn lod on the tall

‘23ulrad to trim the wing pltching mement is clco vhown in
figure 21,

™his dmm 1oad we crloulsted frun U0 oquation

Cre
‘\:lt = -—z-t’ "

whosu

beq decrense in LTt coeTfietont couced by dovn Josd on tall

iy t211 lonth tn airfoll chorls

Thie equution 18 nob oxact sinco verlatious (o Acwwwezsh at
tho tall wrs igerad; Lowover, ‘he acturvey 3s sufliziont %o
sLow 2 comparison wmong the verirur typez of rlep. .dfliough
the pitehing romente are cenalduendly ntpshor for the double
elottod Dnp thoan for clnttod Tlep 1, the differancs ia the
srin innd3 18 not groat vnewgh to chunge tae relative oflaclivencos
of tha two flapa

CORCLIEYONS

A 2hoinch cherd modcl of tho NACR 32.210 ¢ 'rfoil scetion
couipped with thrye sirzie slottod flrps huving virious slot-iip
xionsiond ond with a doublo atotted flap wee Lesied In th
Lisigley tvo-dlmensdionnd low-turbuleaeo tunncls to duvelep £l
canfismrations for muximumm i{t. Tho rosulte of thu tosia
tndicated tiv. folloving conclucions:

-
- e ""‘w"m"‘-tmhi'
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1. The meximum 24t coafficient of the model with oach ef
tho single slottud flaps wma ebout 2.47 and with the dcuhle slottnd
fizp wob 2.73 nt ¢ Reynelde mmber of 6 X 107,

2. AA the flap 4eflection wWua fncrensed, the coptlrrm poeition
of the flap beceme closer to the uppor slob lp wd the
ecnattivity of tho maximum 11ft to emall movemonts of the flep
tnersecod.

2. In 21l casep lerted, tho maximaem 13Tt coelficlen: was
incroeced by increescs in Kesnolde musber in the renge of Peyroldn
nmber frem 2 X 106 to b or & x 106, but in sune cerea the meximm Lift
coclCficient. decrecsed at velues of the Reynolds mzher above b or 6x10°.

Y. Tho dcevervnt oo mezirsma LY cancod By o6 nAirl Plusineus
dperousocd 28 tho flap doflection was Incruased ond 2t tho higher
doflections wes opproxivately the swss ex the decroment cbtalined
with tno plain alrfoil.

7. Pltehlng-monent inervments caused ty fl-p Aofloection woro
higher vt @ coratent value of Lift Smoromcnt for the deublo slotted
flep then for the a'ngle nlobtled flup with the chortezt slob-lip

extenplon hut wore spgroexismntely equal to thoe pitoliing-momwat
lrercaoonts for the cingle elotted flap with thn inscrmodibts

riot 1ip sxtenslon. The loas in 1lift cooffici:nt cnucold bty
tximming loels on the tetll did not change tho r.lutive cffectivenezs
of the flape.

Longley Momorial Aorcnauticul Luboiatory
Rationel Advisoary Coumittue for Aeronacutice
Lemgley Fleld, Va., September 5, 19%6
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ALrfoll ahorg u,..-—\

L
Alrfoll shord ltse - _ FMlap shord line ‘"‘f‘:“"i
1 + \ ]
Fore=flap cherd line F o
—

(b) Vartsklss wsed to defins flap eonfiguretions,
Pigure 1.= Comsluded,
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A gnndll'd Toughneas
6 x 106

Section lire Coefficlent, o;

NATIONAL AQVISORY
COMMITTEE FOR AERONAUTICS

-8 0 8 16 2L
Section angle of attlck, a,, deg

Section pltching-mozment

(a) Plain airfoil,

Flgure 2.« Section 1ift and pitching-mosent charocteristics of the
NACA 65-210 airfoll sectlion, (Keference ;. )
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Section angls of attack, &g, dag

Atrfotl witk 0.20c split flep.d, = 60°.
Pigure 2.~ Concluded,
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