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htroductio

In 1983. r rcscarch prog ra,n wrs cond uclcd ioileleminccl
lccts olwing tip cxlc $onson rgcncralavialion rircrali. Thc
ge|eral r\irti(m turdcl hrd I wing thxl uscd NA(lA 6 serics

lrrnrnrrairlail sccti(nrs Srx wing rip corrllguralit\ wcrc conr

prrcd inrhc llxlsA& Nl tinilcr\it) 7 I l0laot $ ind lunncl
using r lr7 scalcrxrcl.l (Rel 1,2.:l).

V .rlLn't-.,YlV, tll i

Thc tip ha!ins bcst pcrlbrnrrncc olcrall. sus strnilar in ap

Narancc ro onc rcstcd b Hocrncr (Rcl. 4. 5) On rhe basrs
()l winl lLmncl rc$rlc. rnodill.rlions wcrc rnadc lo.r prodLrc
li(n rircrali and llighl rcsls scrc mrde llral \'rldrred inrpnrle
Ir.rrs i clirnb rrl.. nrll spccd l.d \r.rbil,l) tls predicled bl
llr!, $ inil lunncl rcsulrs.



a

Thc ou$or.il po bn ol r l5 Dreter sajlphnc wing becarnc
availabl. n)r use .is a rvnrd tunnel nroclcl Ihis wing had r
d )pcd tip conliguratim tlticrl ofseveral .urrcnt desigrs an.l
\cr! sinrihr lo one ol thc gcn.ral a!iation rifs thar had bccn
t.stcd crrlier The ouler li!c lccr oflhe glidcr \ring were uscd
lo nrakc r wind rurnel obdcl ft)i conrprrison rc\Lirg ol $ing
lip shrpcr. Ihe tip section $rs cut off and llucd wirh spal\ lo
allos tip rc|laceorent. A cw rif similar ro rhc scnerlrl avjr-
.^nrt {.i d(or ,olp 11:r,J,e .,1.,1d.;,LlJ.rre,rl

'. o.r . r h e\r'r.rl irp lh. .p.rr ," rhe r rn-.1 ".r ' 
rhe r .r.

tip srs kept exacily thc samc k)allow direcrcomtarisons. Thc
ncN tip shxfe also rcquircd ! nx)ditication ro lhc aiteron
Ail.r'i..lL. r'ere kJ .,\,t.,.11 t.r.l,. r$,.r't.

Tesls wcrc run in the velocitr rrnge of 5r:) 100 knots, lhLrs

tm!rdmg llll scrlc Re"-nolds nunrbcr dara fbr glidcr o|eft
iions Thc drla pre\ented her. scrc obuined rr r dynanric
prcssurc oi 16I PSF. corrcsponJin! rc a lclocirr- ofabour ]{)
knols. Thc modelsas mourrcd ro rn cxrernalbrhncc caFbte
ofpro!iding six component rncasurcnrents through r range of
angles ol attllck. l-ift, dms. sidc li)rcc. fitchlng nnmcnr. yaw
ing nromenl. rnd rolling rnomenl $crc nrea\ured. Sincc rhe
drta $ercobhnrcd for bodr tips undcr the slrne co diti(nL us
ing the s?nrc brsic nxxlel. ir \ras possiblc r) nrake dirccL.onl
prrisors of thc dillarcnces in perfbrrnancc ft)r rlre r$o rip\.

In addition to li)rcc rnd Droment d:Lra. a later resr \!rs con
ducled Lrsing a thrcc conrponent hor\yirc anennrmeler prub.
lo su\ey rhe flow liclds hehindthe tiprcsi N. Nteasurerncnrs
were nude in plancs onc inch behind thc rrriling edge ind onc
chord downstrcrm thattnrduced inlb.mrri(mon the vor ter llo\y
' . ,rlc. e.l br rp J rF Br. rr.c o. rhc l. n'rh. L , L r< r(
quirernents tbr hor wirc nrcaluremenrs, darr wcrcobuined ar
urlr 0 l(. r.c.dn. .nJ,!,c .,..e. or dtr.,.,. r. tr".e , 'rcruise and clnnb oodrtions.

Modcl Description

As lndicatcd in Fi!urc l. thc nrdel was connrucrcd u\in8
theouter llve tircl ola srilplanc $,in8. T\!o steelI beanr spar\
werefirtedinlothc\iDgandhondcdIothesparandi nerskin\.
Foam \r1rs thcn uscd n) fill the loids nuking i rigid sccrn)n.
An adaptcr phLc, .lcsigned n) allow !ariarions in lcading cdgc
s\!€ep, was rtLachcd Lo thc stcel !par! The,rdapter plale s.ts
nrounted on lhc cxtcmal bdlancc beanr heneath the wrnd lLrn

A steelspar wasilso addcd to Lhcailc()n with rn adjultnrent
plate atthe root which allowcd discrctc sctlirgsol!ilerD angle.
A circular plale was orountcd bcl('w thc wing rxrt to frevent
interaction otthe wing pressu.c llows with tbc wind tunnel
boundary laler. This platc was positioncd with thc.cDterline
leadinS edge t$o inches above rhe wind tunncl lloor.

Dinrensions for the basic rnodeland the l\o lips arc sbown
in I-ilure I Becaule the w ing span N?s constanl. smillcha ges
in wing rrca rcsulted. In addition- the aileron portions ofthe
two rips dillcr slightl) as shown l'he removable sectiors of
.tilero wcrc llucd $,ith bard*ood spar nrsefts lhatfimnyjoined
the ailcrm scctions ink) a singlc surface

Two c) liod.ical spars cmbcddcd in the tip seclions matched
$rrhmachincdcylindc.sbondcdinLorhcwinglccli(D. Asthere
structur.tl nrcmbcb carricd all tbc shcar and hending loads.
it $,as poss ible lo rigldly hoklthelips llt placc and scal Lhcjoint

Witb thc winS secli(nr mounted on the balance abolelhe iloo.

plarc. \imilrrcondxiors erisrcd i)r ench trrns Lit secrron dur
ing lcsti.g. lllre eftccls scr..rllessed silh rhc plaie onl\. r()
dctcmine etlects *ithoul rhc *ing rn ph... l h.\e 

"er€ 
suh

trnctcd furn each nreasu rcnrc nt !a lue as rh. nrcrhod of obr! nr
ing brsic $ing dltr Whilc this is !o inrpcrticr method or
.1i ,.i ,.,|[-r.r. <rrc... h. .r,L,,rle(r,!
bcing conrp!rcd on a rehti\c bxsis r ith rlre sanre or. eile.ts
1;r bothwin!lipspro\idcdrrrrion.rletdf Lrsnurhi\!em rare
corrcction Dretlmd.

'lcst Condilions
Ih. lcading.dt.sscepof tlre$irgrsde\ignctlsrrI I l

dcgrccs.Ihis-built in !.r1ue *as used ldr aildrra prcs.nrr.d
in this papcr. For.rch .onilgurrtion. rhe angle dl athcl' sJs
\rriccllionr 6degrccsto+lSdcgr.csinldegreelncrer enrs
This rangc ol.inglcs co\crcd rhc nonn!loperaring ranle olu
$ing. Thc data prcscnlcd h.rc scr. !llobuined,I,r aclLral
dy mnr ic p.cssure of 16.l PSF. thc .qu i\ il.nr ofubour 70 knols

Data Rednrtion
\r,.'r.Let \....k,'..\..r...,.r Jr. {,t..1 r. . rr,1. "eretr.rJ. t.r..rctr r'r.,.,J.'J.r1J |,( . (.-r,rt.'

ccdurcs. k)rce\and nrornenrs$.r. r.du.cd lo coelllcicnr linn
1i)r crch ol the confilLrmliarrs {) ihar d ire.r corrpirrs(trs cou l{l
bc md. in cocfilcient linr). Allqurntibtiye daG wereobhincd
Lrs i g lhc \ind tunnclbrlance. wbi.h prorided digiralinpua
dirccll) t() r drr! xcqui\ition conrrntt.r which.lpplied $all
correcrions. blo.l .,r. clf..rs rnd red!c.J rhc rcsulrs ro coelll
.ient idln. A le* lld\ \ iturliTrri(!r runs \.re madc $ ilh ea.h
rip using simple \lolt Iarn tulis to e\llnrine the nrcamline 1low

frtlems al variota rncl.s of rttr.k

Test Results
A significnnr differenc. in tili roetlicjcni N shown wirh

inrprorcnrenls p.o!ided h) rhe nc$.rip (Fjgure 2) Maximum' ...t1. r,rrn r,,.e.lb..! t J,,Jrmfro\(m".,r.q.rc
rr r,iri-J.r'h,,L \,, Irbrl:,p.,t.r :" 

^ 
rdrr,e Ihf nesrip

'\l il.Ien.lr'l r) r"lrr drrt.,rne,.ti.err.st, ..raru,r.on.
dirionst ho$c\cr rhrooghout lhccruise rangedrag !alucs were
\err- linr ilrr (Figure 3)

In lrigure 4. a comparis'r is providcd ft)r lifi/drag ratn !s
a iunction ol lift coellicient. As indrc.ucd. the new tip offers
gains in L/D it climbii. lifi cocfficienls. At a Cr of 1.0, the
improvcment is on rhe ordcr of 5%.

ripurr 5 ..r rf. r, , rle r$,.q ng,rp\,,a rh. hJ....'L.rmb
tJ lirk h r. '(-, ( l hr' tJ'arncr.' r, mo.. i r u,.r. eJ o)
inrpoven)cnts in liti coet]lcicnt thao changes in dmg coefi
cicnt beciusc ofthe exponent e ccronljti(Ref.6, ?). As sbown.
improvencnrs of aboul 5 6% rrc e!idcnr ar ljfi coetlicicnts'b,i. r' - 1.4 $ ,<r( .1 |,t, $..Jld rorn . \ o.rul

ll-. ,pJn$ r.. .r .r,:. r,, . e arr.r Lt rrure oi. ,ho$ thal rhJ
drcopcd tip lends ro frovidc an our\Mrd forcc as anglc ofat
,rck incrca$s. and rhc new tip trcnd js thcoppositc. This rctates
r','h. Jrhr rJ e.rcr r. .1,.$ n in Rer. r ilJ.c, ng Inedro.,|ed
r t {a. u\\tuhrtr/,rn8 rn \Ju qhite L( n. u rpo :r. de (. ii.e
ilrheJftl, dim,nrshrn! Jr I'rsh Jnctes,,l JrLr!i

Itisinlercstingronotcin Figur;7, i rp.oveDrents inaileron
cllcctiveness .esult ldr rhc new tjp. Atrhough rhe ncw aileron
h.r. JrJ, ! lc. Jr"",ror,,Ju.e.i,mr'','..n{,.m.nl.n.rfi ..,e|
lrcrcr r 'r('er1r t, Jr rr , hJr , 'r .. ,rirun. .nr c h..r lhe Lp,.l
down dcflectjo , thlt would lranslarc to g.eat.r roling mo
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Fi !ure I

lModel lMade from Glider Wing Section
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Fi 9ure 6

aoriarirrr !l !l(e For.e ao€afi.ierr

j:rrr! l
lI r: ilrn 1i 'l lcrii fai.-ri r.i.r:!

Flow Sur!€t Resulls

IJigtrrc I sho\s lhc hol \ irc probe srr!ey :ippafttu s inslilled
downstrcanr ol lhe model. Il was posilioned accuralely by a

.nri. .lr\(.).re,n''\r'r''he:]d \clu.,',( Jl.Jrr'-.

Flow su.vcy rcsults show lhc rctaliondl lckrcitics in plancs
. re ir I "n,lrhrr. il IscJ:c. n,l 16 rn \c,ordptr',. IL c
lr onc chord downstream (Fisures9 and l0). Dala allow direct
comtarisonsof ilreoldandnewtipiloss fbrclinrbconditions.
At r l0dcgrccrngleol altack which corresponds 10 a lift coeil
llcicnt ofaboLrt CL = Ll5. the prinrar! voftex tilr the old tlp
rpperrstolule its core in the regl(nr about 1.6 inches inboard
ol the tit posilioD rnd imnrcdiatcly rft ol thc Lniling cdgc
'Ihc nc\! tip hrs rcorc that appcaA ri appuimrtcly thc sa c

sprn\is. locatx)n rDd rbovc thc tip rbout 3 5 inchcs
Ar !pp()xirnrlcll oDc chorddina cc rli ol lhc trailing cdgc.

thc vorr.x i(r thc okl rip rcnuins dirc.tll .loNDstrern ol lhc
ttuiling cdgc rnd ll!^cs inboard liorn th.lip.tboLulhree inches.
\rhcrca\ lhc \o(cr lar thc c$ tip reruins !l rboul dre srme
1.5 irchcs rbo\c lhe lr.|lirg edle a.d nro!es iDboard spans ise

10 rboul lhrcc r.ches tionr the rif thnc

Sunrnarr

S)\rcf,rlir r.si\.1 si\ wing tit .onligurrtion\ .ho\cn li)r
r !c ..rl r\ irtion rlrpli.rtion ha.l sho$n a shxr p.dgcd tip to
hc b.\1ja, I rrnlc ol.ondirioD\. A llll \izcdnr)d.l\r\!mlc
lr.nr rhc.ut.r ji\c lcct ol r l5 nrclcr Nlider wirg haviru rr

Liroop.d rip. lh. nndcl sr\ nracic t() dll(^L tips to bc i cr
ehrng.d. xnd ! sha.I) cdgccl t:p likc thal dc\eloped tor dre

..rL.:ri.r 'r J.i.1.r..'' Jri 
'br:i! \!ith rhc origirrrl slidcr Lif.

At lirll \crl. R.tn()lds nuirb.rA. rhc xrdellcsls sho$cd rhe

n.$ shrrt .dgcd Lip l() bc \upcrtr,.1or all \'rhL.\ ot liit coellr
ricnt rbo\c 0I In rddrrion lo g[ns i L] D ol up lo 6 '/i . lh.
cLiuL) prrlrlclcr. (Cr ) 'rCr) $r\ si!nrticrdill impr)\'ed hy x\
II(bis6r; r.rlrhclr.r.r\. in nrx\in nr lilicociiicicnt.l'
+'r: c,iuld o ir r r.du..rl srrlL !p.cd l,nnn cNrlicr tcst\ ol r
!cr.nl r!rlron rpplicrrion. rr incrcrsc in cllcctivc dihcdful
rl high rngles olrrrlck.Nn rlso b. c\p.clcd (Rcl. l. ll).

Flo$ lield suN.ys $.rc mrdc oj th. Ndk. do\nstrca.r ol'
(lc Irp\. n, dctennin.lhc ruturc !nd krcrlion ol rhc vonic.s.
Thc\c nu!.d r distin.t cllicton thc locatidr rnLl(rcngth 01

rh. ronic.s. rnd appcrr to conoborrtc Lhc highcr lil( ol llrc

Volune XlV, I'ia. i
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Discussi{rr aDd Conclustuns

kleal r\\cd !ncns n,ul w irg fernrmrxnccclln he appi) chcd
\ ith !cry high aspcct ratio wing!, bul $ ing Lip.ltlcts rl\!.rys
conrpromise lili and incrclse dirr as higher prc\sures under
nclth rhe $ing lcak aR)trnd the tip Thrs llo$ rcsulis in the
i'.';1., \,rc. $l-rh,"i ,1\\, rc.,r ,. .\r \ {r'! ,1

(Rel. 10. Il, 12)
'Ib dare, tlrcrc lralc bccn no dependable rcans oialoiding

a loss in enersy 1lr lbc rnixing strclms ofrLr trut thc cllcct oi
11(N rRrnd lhe lip thrt Lcnds to cqualize tressures on uppcr
rnd lo$cr surtaces c.tn bc rcduccd hy.r sharp edgc which
prc\cnls Lh. houndrry laycr ol ycry l($ lelocity ajr tro r re
n rain ing r&r.hed kr Ihe surlicc. From thc coDrpa nson ol a sh!rp
tipivith r conventional r(r n.lcd wing tip hllvinq a dsrlJpcd Lrril
ing cdgc, 1i has been shown thar Lhc utper surlicc lkNs rrc
lcss.ohf rmised ior the sharp tip. I his appears to allow rhc
conk)urcd upfer sudace to sustain nr)rc ncarly r$o di cn
sional 1k)rs to lhe tif extremily

Allowing thctip shrl)e Io be deter rin.d by r flane palsage
rl 15 dclrcc! thrcugh the Lrppe. conlour rcsulN in a nicely tiircd

tLpverysir iilirlo bird lip lcathers. This shape has lc\s\cttcd
arer than ? recltngul.tr tip or rnr" fonn ofdrooped tip. Sincc
iri.Inrn dftg is d1rccrl} rclrt.d to $clted area. alr! additional
\!mg!rcd should be pm!r(lins lili 11) ollsct the add itional d rag.
'I hcsc t.st result! indicate thrr lhc R)undcd cdge, drcoped tip
cru\os rdtug penalt! idr thc iddc.l arcr !v ithout altendant gains
in lilr. 'l hc simple sharp edged tip docs rcsuh in a lmall in
crcasc ir aspcct rxlio, and adds cllcctivc dihcdral.

B.,...1,{,1.. .r fi ',,rrr!.. 1.,.,.p,. out. th. li., \ in! if . Jr

be madc by passing. phne pamllel to rhe chord Iinc fi)m th.
kN\errhroughlhcuppcr suIlaccof the$ingataborr.r 15dcgrcc
an!le This plane passing thRtrrgh the upper surtace defincs
dr. \hrpe oflhe lip Nithout rnodiliing upper surface airtoil
coo inntes. The edge ol this lip should he lhart to derer rhe
no$ of high pressure .ii. lrorn tbc lorvcr $riace to the low
prcssure utper suftirce Full scalc llight tcsts.re needed to
cnahl. detltiled tftrdeotlii tor high aspcci rrrio wing!. buttheoN
slxNs drat rip eliiets modif! lhc lift disn ibulnrn oflhe entire
wing. Whilc rclatile nrogiirudes miy lary, lhc rlpc olrip cl
lccts sho$o hcrc shoukl, therefore. apply lo.rll chsscs oi
gl crs

VolLtnte XlV,
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