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saxilisry sirfoil zeunied rasr its trailisg edige and
i as a flzp, The tests were mede with 2 10 Ty m fash
. Clark Y mein airfcil snd an F.A.C.i. 0012 flap Bavizg s
. ghord egual is 15 perce=t of ithe maiz wisg chord, The
. . mxi€ of the flsp ix all cases was on ilo flap chord m&
iy 30 ;crctnt back from ite lending edgs.

s s The opticen locaticn of the flap ax&c vala!i'u to the
© sais wing for zaflumn 1ift was fomad 0 be 1.UB ;srcut of
ﬂw mia ‘#ing chord bemizd the trailies e&xe ss- 2:5. isw—
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etrsct inte oy tecoms & ‘part of the nals v :
* satural or iow-draz sttitnde. 1 Jess LOOMOR TYDE
sts of o= enxiliary aivfofl which reczisms sxtersel iz
3n wing st eli times. Thia istter iype of fligp Z3s
M s etﬂmis -‘me :i:;lus: is écrmxx sad tas&a
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The presaent repcrt jiver thke resulxs of tests made
Yy tke X.1.C.4. on & Clavk Y wixg w$tE a8 auxiliary 2ir-
£0i1, 1§ perzant of ths =ing chord wide, mocunted ia sev-
saral positions mear the trailinz edge. The dztas were 2%
taired inm the course of & comprebeveive imvestigatilicz of
suxiliary airfoils for z2se as ailarvops and for this reasss
tae iaformacion rsiztive to theliz 3se as a Righ-1if% de-
vice iz not complets st all tesz? pgsitisms. The scops af
tha tests, horever, imcluded tke doterzination ¢f the max-
fmam 317% 2nd migisues drag etbteinablie and the dest value
of the clizk criterion (17D =2t ©p = 0.7} at pearly all
the poszitions fested. Iz zdditicm, =ere desaiied 141%,
dragz, centsr-of-pressurs, and latoral-stability data were
sotatned witk thes flsp in ths post favorable lecestien.
the range of lecaticons of the fizp axis ®as Iyes 70 to 110
percesnt of the wing chord and fre= 0 to 20 porcent delow
the wiag cherd, This range includes the flap pesitioms
used b7 voil Jumkers and Wragg.

AFPABATTS

dodaig.~ The malin wing was 2 lgxinated =skegany Clark
T oirfoil having a 10-inch chord amd a &0-inch spanm. The
fiap had an E.A.T.4. CCl12 profile {sse zable ] for ordi-
ratzs), was meds of duralusin, and kad a 1.5-Iinch chord
Ema 3 pem #ewal S that of the =aiz wing. 1% wag attached
tc the main wizns ¥ séven 1/32-1nch shesi-zicel Prackels.
Zach breckst carried 2 Binge pim fitted iz m socket locoted
st t=» 20-percext-chord point of the flap. The augle of
the fiap %o tke =sin wipg vas set by msemn of guadragntis
fized rigidly 4 the Zirp and so arranged that they conid
Be scruved to four of the Srackaets. Tis range of deflec-
tion availndle al sach locatien of tkes Tlap azis (excapt
shers the fiep came in contact with the loger sarface of
the wing) wes from ihe jrailisg sdge up 75 to the trail-
tag sdge dowm 569. is & jacremenis. Tigurs 1 siors ke
eing model with the fisp zosnted fn the optimum pesitior,

$i=d turael.~ Al the prosent tezts wars mads in tke

S.A.G.m. 7 %y 10 fool ppec-Jet wizZ fuzzel. Ino this tuxmel
the pedel iz supported in sueck = narmer that the ferces axéd
soments 2bcut the guaricr-chord peizt of tas mid section of
the medel sre sezsured dirscily in coeificiomt form. Fer
antorota®ion testz, iflLc staderd Jorce-test triped is ro-
placed by 2 special mounting that pernits tkhe zodel to ro-
tats sbout the l-oogitudizal viand zzis pessing through ths
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zid-span guarter-ckord point. This apparatas lis nonptsd
cn the belauce, and the rollirg-woment ceefficient can Be
recd directly during the forced-rotation tesiis. A4 con-
plete description of the tuanel and itz egaipnent is ziven
in sofarexnce 2.

Z8838

The tasts were conducted in pccordance wilkh ke siznd-
sré procsdurs, azd st $:e =sual dymanic pressure azd Reyr-
olds Braoder ezplayed iz the 7 ¥y 10 Yool tucnel. The &1
wenie presssrs was 15.37 pouzds per sguare fook, corresponi~
izg e am =air spesd 37 50 niles prer hour at siadderd demsi-
ty, and the Beyaslds Jzuzber wrs 509,000, dased oxn the ckorl
of \qe trix ging sectice.

Witk = faw sxceptions, short force tests usizg several
fisp dafliscztions vere coaducgted 2t each locatlioz of the
fizp to deteramine ties saxlimeo stisinadle 1ift, the nizxirun
drag, azd the best value of ths ciimd criterion. 4t the
rost favorable locatlon of the flap for maximas 1ift fouad
by these prelinicary tests, the following tests were con-
dacted with the flap iz dath the hi;h—l&ft and Sht logw-drag
attitudes: 6-componment force tests at D and 20" yaw; free
autorotation tests to dstermine the angle of atlack adkove
rhich sutorotation ia self-atarting; ard forced a2atoroia-
tion tasts 2t O° exd 20% yaw, in which ke rallizg monent
#ag mezgured while the wing was rolli=g at o velezsity s=3uzl
to the =axizue likely to e enscuniored ia comtroiled e
fiight 3in very gusiy air. ; ' 2 R

e ace e pres sasidered sat-
isfactory except in t4s range just adeve $he stall, wheve
valges of the -osfficiests wvra erraiic and cftem pesriy
defined.

!ﬁi,&ccnra;; of the preseat tostis fg &

EESTLYS

The resulis of thkis iavestization srs presemtsd iz
the fora of coutouyr charts {(figs. 2 %o §) showixg thoe eaf-
fant of the flap-axis locztios am: /

{
g fiap ¢ for D 14y
c {Zisp iz Bast attitude for kigh f‘ t)

0D e, (flap iz Best ettitude for low drag)
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et

o8z {flep iz ezt pitituden Jor high 1ift zzd low

lzp ir Pest attituds for raste of
iim

in s4ditioxn, 13ft%, 2rug, znéd center-of-pressure curv s ure
given iz fismre § for She wing with the Iizp ir the opti-
wus lecatiea for Cp .. Tadle II presomts Iz condemsod

forrs ihe salient charsctforistics for emch poxiltion of ile
flap axis tested,

The coefficients ag plotted £nd 23 givem s tadls II
=27 be defined as follows:

[ i - -l—i.‘-‘z
o= q8

o - A

) = qfs

wiere g iz the dynamic pressaro, 8§ is the total arece
of wing-plus-flap, b is tis wiag span, and A i3 ths
roiling sopent Sessgured zhile the vwing i roiifsnz. The

coefficient C) 1is used 23 = seasurs of ibs cegree of lat-
eral 3%atility or imstetility of ¢ wing unler varisus com-

ditions, Ia the nresext caso, it is used tc indicates the
r2llizng zonenis dsvelioped vher & ving iz smitjecied te a

roilisg Teleocity cgual to tke mexiomm likxely to be epzotm-
tered iz coutrelled Z11p%t i vory zualy sir. Thls rellinsg

velocity =ay Ys expresscd 4z terms of the wing spanm as:

P .
— .05

where V¥V 1is the air gpusd at the cexter ol the wing and
! iz the asguier velccity 12 rell alont tie wind axie.

DISTUSSIOE

daxizmur 1ifi.- The value o the maximmm 13118 cossfi-
cieat of ¢ vizg sysie= 12y BC used as & criteriosr of the
wing area reguired for a dezired izpding speed or, con-
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versely, for tie iznding speod oblained with =2 gives 2ing
area. Vitk the presezt =»inz systes, comsistimg o7 a3 =als
2irfoil 2234 sz auxiliary alrfoly used ss a fiap, 3 zazximax
1ift ccefficiant egual tc =2r Better thaz ihat af s plais
wizz wes obtalizad with the flap ozig loated alnest any-
=hers within the iizits of the ares expicred. ({Ssec flg.
2.) TForvard =f abeui 85 parcest of ike wing cherd ihs
flep rednces ths wvalus of telsw that obtzinatie

vit: tke wisg slone. This reduciiom is ecpparent until
the smalier ving is =zt ieast J.2 ckord leagth belew the

ne in wing.

Az ispertest iscreass n 2p__ %8 obizized enly

ches the fizp 2x1s is within a very limited ares Juit dacx
of and Telos the trailizg edge of ibe wing. %Ths cptimn
&xis positicn for 2 15-parcsat~chord flap nimged atout =
point 0.2 of its »idth back from its lesding edge was 1-1/4
percent chord behind the trailing edge and 2-1/2 parcest
chord Selow the chord of the fafx wing, In tnis posilies
a mazizan 117t coefficlient ¢f I,f10, Saszad oz the whols
#ing area, or 2.080C based ox ths usin wing srea, Tas ob-
taines itk the flap 45° dcwn,

Kisimas drag.- The ninioux drag coefficient of = wimgp
cay b2 used as & roughk eriterion of high speed when “on-
parizg siciler airglanss eguipped with wings of egual arca.
For tss plain wing (finp remcved) used in these tezis tae
pizices draz coaffizizst was 0.G135, Tigure 3 gives con-
tours of ths values of Op_ ., will %he flap atisched,

The fact that certai= valuez of Gnii& fz11 %elow tust

for the wisg 2lone is due, iz yaryisg cegress, 1o $hrce
factors: (i)} T&s mizmious érag coefficient of ths Tisp
{based an its own ares) iz less thar that of the wimg;
(2} tze fisp iz some positions is opsraifng i» air tkat
soyss &t a cissideradly redmced wolecity relative s the
undisturbed Hir stresm; szd {3) & mutual interferszce af~
fact exists which reducos she vaise of Op_,, on the zain
wisng., She mimizum drag coesfficient of the flap (W A.C.a.
0012 profile) zay »e asgumef tc b= aboul G.0LI35., This
vaiue is obitained fron dats givez in referemces 3 and &,
veighted to compensste for the 2iffersnces iz the charac-
terigtics of the variable~density viod tuzpel npd the 7

ty 15 foot atmospheric wisd tmazel. The reductios iz dy-
zamic presszre inm a 1inited area directly below the trail-
ing edgs of the =aiz wving has tesn shown to %e ia the or
der of 30 pavceat (froz zapublisihed data obtained ic the
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B k. C.A, full~scéle wind iansel). If tke nbtove values for
3 a7 tae flap iz assused to e sbselzmaidle im ik Te-
cn o7 ihe iesest dymamic presscre, 53335 for the wing-
<s-7lap Becczes C,0147. ZExamizatics 0f figuza T and 2e2-

- -

€ II shows that peticestly lower wvslmes of 03513 Tere
shtzismcd st several arie locatione, im gpite of the faci
thet the Srag of tke fixztures sumpersizgz fhe flap is In-
siudad iz 21} faces. The maxiaax fegrec ¢f favyurable in-
terferezcy ozcurred at positicz ¥, =here a mizizum Arag
ceefficisat of U.C141 wes odtaimed. 4t pogitiem €, whkicl
s5z ticwx to e the sptizum with regpect Yo paximum 1157¢,
ol C.0148, %ae 2iffersace betwacr theze itwo 7alues

of Cp_.. =27 e taken 2s just sosticesdle whea 1t is oo

zé2ered that the probabdle eceurscy of t3s determinetion of
Cxn ‘is abgut =0.0002.

“rin 5
‘fhers thé seme velue of Cp . for the flop i3.ss-

gumed as im the previgus -case, tut vitkh 2 lecatiop suffi-
clentiy renmtved Trom the wing to cegilect any redu-tica. is
velogity or cuiawi iatevferoncs sffect. tie zisicun drag
costiliciant for the system Becomss 0.0152, Shis ressunll
ghowg ihat 2 net wanfaverstle imterferancs sicurs with
fiap locationms forzard of abeout the SO0-perceai-cheord poln?;
1% als: throws some doudt on the agcuracy of the Op_,
value given for peosidien . s

Specd yanza.—~ The ratio V;;%gi iz & convenlend ¥ip-

e : j -0 : $

-8 of merit for comparimg the sifectivemess of Aiffprept
visgs s producing 5 lrrze speed ranmgs. Conlowrs of iwmis
retioc sgeinst axis iccatics are piven ip figure 4. Owipg
te the rether szell pernentsge weriaties in “D-:a~ . the

ccatsg?stfpt,tkﬁ spesi~range eriterion fellcr Siosely
thosc shown in figurs 2 Yor Of . The maxizas valae of
the ratic occurs at pesitien 7, ‘whers & retio 55 percesnt
Zreater thac that for the plalin wing Is odiained,

This Zigure ray B cozpared fo thet obiszimed for o
Fowler flap raported .= refergnce 5. The Fovler fl=p had
£ skord lamgth of 40 percent of the =znin wisg chord and
reiracioll compieiely withic the miin vwing when in the low-
drep attitude, Thic crrangenexnt pevs & Tadis of

HEEEQE = 1958, or 145 perceat gronter than thes for the '

Cpiss
plein wing.
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Comparissn zay £lsz be nade Betwesa the preseat flazp
srragagesont and tho Wrags fiap 23 reperted iz refarence
1. Iz tiel case the fiap was &7 roz.zata;y 32 percexnt of
tze zaiz wing cahord Wl in other resgacis the =models wmere
einiisr. The optinmu= angle for zaximom 1ift was founmd %o
%e ziout bsif of ihat dsterxmined iz ths pressnt tasis, but
the zose pusiticn of the flap relative t¢ t2e trailisg
edge of e main wing and the volusg of meximue 1ift co-
efficionss cbizined chack ransonadbliy well.

Zale cligb.- In orier %o sstadlisk = s=itable cri-
terioz far tac =ffect of tae wing cherasteristics on the
rate of £1in® of &n airplaus, the perforusnss curves ifor
a2 noaber of types acd sizes of airslanes wers caluulatad,
and the rolstion of thes maxizum rate of clicd &3 the 1ifi
and drag curves studled, This iovestizaticn sbowed that
the L/B at Cp = 0.7 gave 2 coasistently reliable fig-
ere of morit for this purposs., Tais citerion 15 plotied
iz the form of comicurs of thz axis losation of the flap
in fizure 5. Eighast values of tha critazisz are 2bout *
£ percaxt less thonm thoss for the plain wimg; thay oceoe
Tvher the flap axis is slighily aft of tho opticuon location
Zor n;a.x. ¥its the flap iz the optinum position for

{C) the drop in the rete-of-clizmk criterica zmoaxtis
ﬂtq 10 percecat of tket for the plaix wing.

, PO

Cptimsy pogitign.~- The data upoan which to base the
choice of &xn optizua positioz for a 15-percemt-cherd ox-
terzal flap is not entirsly complsts witlomt 2 ksowledge
of the drsgz characteristicy irp tha visinity of zaxiomn
1ift, Fowever, referszcs 5 indisetes that the draz nesr
c;n‘: €583 mot wary greatly wiilr locutitn ef the fiap,

Consequently, the %eat pcsiticn naz b2 takem 2s that giv~
fing the highest 1ift (3c:1tion Ci. WMinirun drag =zt this
location is alightly greater than thet otiaimed farther
belew the =ing at posgition F, ®mt ths difference sees
uniaportant when the azznracy of ihe fstermination of
cnnin is conzidsred together with £he very wlight differ-

-
exce in the ratis u;ill for the twe positions, Inasmuck
nin
2s the rate-cf-cilrct criterior is the szce for the two Jo-
cationsg, position C weg chogen 23 tle =ost favereble
fror 211 congidarstions saf latsrei-gtability teosis w=ve
run with ths flsp loczled here only.
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Lateral stability.- Lateral statility was measured
vy deterziciag tne imitial azgle 2t waich zuserctation
sas seli-startirg under varice: copdilicas of roll and
yar, as well az tke zsxizus nznszizbis tergues developad
ghes the ming mas forced to rotats at a givex rate. Suck
tegts wers mefe on ths ving with the flap mounfted in the
cptizun positicn only amd sel otz for kEigh =pesd azd for
iznding. %he restlts cf thase tests, presentad iz tabdle
13, s2Lor pnegligidble changes in C) as cempared to the
plein wizg., Inmitiel azgles of izstadiiity sre approxi-
=ctely fhs sazs se thoso for t2e plain ving vker tkhe flep
iz iz t3e Bigh-speed =ttitude, ¥Fith the Iisp dowm, how-

ever, 5 $he wing yasad 207, tks wiug shows 3 distinct
tendemcy, at all nor=sal anglez of attack, te increase 22
tnitizl reie of rotatior iu roll whem th- roll is in the
gsme dircetion as the vaw, The significence of this tex-
dency iz relation tos the latersl-stability characteristics
of 2 complete airplane is iargely dependext umpon the fin
exd yndder fesign, dikedral, snd other stiructural fealures
gf +kha a2ivplzne, Ia géncral, hsTever, the tsndeéency corre—
sponds %o that preducsi by am insrease iz dihedral, =
changs that increazsgses the spirsl stability of exn airplace
tui mekes 4%t more 2ifficult to mad=tain a yawed attitude
such as might te2 employed in 2 crogs-wind lznding.

COECLUSIOES
tte following conciusions may te drawa concerzing ihe
zee o7 a 15-percent-cherd auxilisary 2irfoil “lap of sym-
metrical profils with & etraight Clarz T wizg. Im 2vaery
cass where ths tefs Toptimux location® is used reference

ig made to the position 2% which the highest veiue of
cLz‘x wag obtained,

i, Thet optizam location of tke 20-percent-chord
coizt of the flep {hiage axis} iz gnite critical. It lies
1-174 percent of the maim wizg chord tehiad the tralling
edge snd 23-1/2 parcent tolow thaz chord.

2. !35 the flsp in the gptizu= position and 3
flecied 45 down, cznax = 1,810 tbased on the total wing
area, or 2.083 tagsd cx the ares of the =eis wing. This
value rapresents an increzse of 45 percens over that cb
taized =ith the piaii ving.
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X, Psvorsble interferesace exists detween the wing
224 the flap (iz the high-speed attitude) at 211 practical
iccaticos of tke Tiap axis behind 97 percent of the main
rizg chord and within 20 percent of the chord lime.

4, The flep decrecses the rate—of-climd criterira i >3
10 percent in the optimaa location.

5. Leterzl ataebiiiiy is uzaffected by the flap whez
zeurnted in ths high-gpead atiitude &t the optimum posi-
tioz. Witk the flrp in the laxdiag 2ttitude 2xd $he wing
sabjected to cosbized 2¢° gaz cnd a rolling velecity such

g
that g-; = 0,08, the wing shows ar increased teadency to-
ward gpirsl stability,

Langley Nemorial dercanuticel Labtoratory,
National Advisory Sommittee for Acrozazutics,
Langler ¥ield, Va., February 2, 1934,
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