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The desi$ reql,i.ements for an airfoil fo. hang glider
applicatiors ar. reviewed. Ar airfoit desi8n computer pro
grad ('as Ged b d.vclop m ailfoil provjdinga high maxi
mumlif tcoef ficient,.rlighiif t-tcdragratio,dd addilestall
behavior, aiaRelnoldsnumberof 1 million. Compariemto
othcr low ltqDolds n(mbcr hiEh-Lift airfoils are made.
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-airfoil chord

CL lift c@ffi.ient per unit span=L/qc
CD {lrag coeffi.ient per uit sptu=D/q.
D - drag pcr uit span
L Mt per untspan
q - frecsrreu dllann pressurt = I /2/] v.l
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-Reynolds numbcr = V_c/u
- lu J' t.lo. ,r) +ornp.t"nrirtfl.w,dt.J.rI^n.

irecsiream vel(lty

-ircewi*.ooilinate
-transverse coordhate

.@fficieni ol kinematic viscusitv

-airdcnsity

Ilior to the a[cnt .]ecade, me choice of airfoils for gen
eral-aviation u$ was sonewhat Limiied. Conurerciaiair,
oali compdi€s developed their own atrfoils for op6mu1
IarorL..ru,*. rnd I'r,e sr.l,rr e rppti.ii,un;t rt,p.€
Ji,fJil\ Ior gererrl l^N .p+d u-e. An e..ppbon wJ, rhe
CArW) I dirloil roh de.rBr\Led rJ]F Ls( r r 0,i t7. lr wi, 

^orur.ommon{ornsfr all aircraft halufachrerordperinental
hohebuilder io sele.i an airtoil wirh the text of Abbott md
von D@nhoff as thc only ayaiLble source. Of cour*, sil
plane competition had l;ng before driven sding en;h6i-
J-r"lo.ons:dermor.F dl v-optihi/cd. on..Lr,,;"!nrirE,n
the dr\ clopre.l of mry e.ceu.nr J,rfoijj by Wodn;l
d'J l:pplc R,\cnlly. rer'.tu1 ed e\perhenrdt Jvirriun
hdvp rude Fedr gru - irl derodlmamic impr.vement\ b,l},
.n in.,pr..d nlL,e,r ir, redJ,ed vtcoJ. dr;r'sd rhe dp-isn
ol d lmilyotJirfol. s jrn nrturat talftrflow, wrLh ie
grchdi,e' led bv NAcA.Ld,Bley Ad\ s.e5hdvert\obcen
mad' ir, the low Re) nold. .Drocr tLst-t rFsime, s irt, rhe
wo,I uJ S.he rnd h irl, the pubLicJrio; uf rpphr protih.
Both ol th. laher rpl-t. ro air fo - desiFed ror mod.t ,"i1.
plsp". operi inB in tl," Relnold,-nuhber rpg,me ofb0 000
to 500.000.

A1 d, J ol iir fuil d. vpropmelr w,rh le* pro8re{. i. uJl
ped liMero ronr .Ju.dred weidrrslLin iondotntirB B rB:
or rung gliders.'lhe ltelnolds numbers for hans ;[d;rs, due
to \Fi, -plJriv-ly,rS( mprn.hord,. runAe fro; 750 000 1o2
n i I or. Tl'c rec"nl A,r'e-rl d\ iJrion r,rfu;t lLve bcrn dc-
sigrlcdfo.a ralseof 3to9mi ion. Also,thereouirenentsfor
harg giiders differ greaily from those for se;erat avirtion
aircnft. A rerierv of the dcsign requnemendrelaring to hang
glicler airfoils is given iI the nexr e.iions.
General D.sign Requiretuents

A Bfuw oflow-sp.ed ai.foil design is givenbyMjley.stn
ordcrforan airfoilto generate lif t,iheremusiexistatleasione
.l\rr+ p-e-,ur. g-. d,., I on .,the, rn. upper or tow,.-
surr.rF lhi. D qurrprFrt i. dcr.ols J,.J m iFL rtre.rrr,orr
b?es shown h Figu!. 1, taken from Reference 6.

Irlottsl is ihe ve locity ratio (lo.a I to frcsrream) for rhe rwo
su.faces versus.linensiollcsscho.d disrance. Anfoil ivDe 1

1F. r,.{Jtl. p,.-., " ErJJ,.n.r,er rhe,ndre to;"r
-, 

r'... l \pJr.:F'. ^, Ll,.,on.hnx r. l,I i.g.n.rr'pd hyrh.
l. i I,\ !ur. c1 li, Lpp, - -u,'J. ( hl'i l- requir.",r \ron;
'.r.,rr f rHr Jr g,.'. 1, .'l l,. ". uv.r to r\" 1,r -ir.,1m vdlu.

A nfoil type 2 L,ks s ir ong pressurc chinses on borh su.f.ces,
Lr ut with m ore modernte a.l vcrse gradianis. t h;s i)?e is the
mo.t conmon fd aircnft applic.tn'r, .tu. ro its rang. of
aita.hed tlow an.l its gentle sllll behavior. Airfoit rvpe 3
rchieves lifi from high prcssure on tlt lorversurfa... Ai rhe
sanr lilias tlre oih.rs, tlre.e.ovcryG ihe Drosimocle.ate, an.t
l\e c'Jrc rl bt".s o.crrtp e\h.rn, t\ tow R, r'n.J-
,, rb,"b.r",, 1-nu J,."f.,.rr.onr.,i,Fi.,\F rl.L.'ry".i-
l 1r.,l J.,i.i^i|,..t,',, r.rn,lnr.bri. 1irht..,,-

',..l lra r,ii r' n," t,uol.r,,.th..ln't,,,.i l^h.r
surf..es, thouSh, is the fomiatjon of Llninar sparaiion

r'/c

FIGURE 1. ThJee alrfoil iypes nnd then vclocity distrilru-
tiolrs. (Refercnce 6).

bubbles at low mgles of attack, lraking for an nrefficiefi
high-speed condition.

Tvpe I :rfoil. har" been fru, J to Dnd,., I ish I tr p|l
.ieiriyar rcl:rir ely luw Rry"ol.l. au,L.r tn,r . \J,00!1 t, I

mrllion.A;-fcil-ol rlu.ru?.hJ\iLi-"n.1,.,\-r J l) d, "irrr\tby Ueb(... LF..mD",,nd \':rlev., 
",.J Jr.s;[.r.rt-v,,.

rencd to i5 "Liel,c.k [ \"e] iirfoilc.
Ihe gener.l .pproach of t}?e I airfoil design is: (1) io

lc(cleral.rlF,luwqui.Il\ ve,) rrJ,.1,.rcla,;, Jq..,,.
LPPe, -url.r " (7rl.hd\, J r.u..'1,..'-r.u.t- .r,' +, l.,r \1)lohr\.r.l,.1n,irl JJ\,r I,," ur, /r,J,r'r;i^r, I

whi.htheflowbarsiiionstoa h!bulenrstat.;.! (.1)iotrnvc
a severe advcr* pressure-gra.li€nt resion ove, rltri.h ltr.-
flow reium to nearly liccsireatu pressurc. Itris e\ircn.
p.esu.-recoverymc rod was fisi proposed bv Srrailordrrl
.'.as '\ ror,1ur lu 6.i .lr,d' o p*Lr' .,.. I ll .5horLu\r
ol'tr,.i.nd wirn $. mrrimun i.--.,."a",F\ I np,fl t.. -
tion ofthis aPproa.h to airfoil design is discus--d belilv.
H.ng cliderAirfo;l Design

The pcrformrnce ofhang glide.s, mosi com,nonty m..l
.Jr"d in r.r..,.f ilroa,.;,'iJ J Lr ,.,4.,,..,t,

. ir.. pr{. i ! $ L| t. r,t. I 11 .r.
arourdb.n,troo lranies a:rl Leapctt off oIsrn.l.1unc,. Crr:
rentL/D'scdrb{:o. theord.roillJto l2 loril,n,,g gtid!.oi
aspet ratio from 6 to 8. Itigidrvhg hrng giiclcrs, ir ith ti trr
Hgher aspect ratios, niy reach ralues ol lE. I l.irlv s]fgt!
surfac.han8glidershadrlppersurfrcessililrr b il)nr for.
Licb€rk ai.foil, bui the h.k of r lowcr surfa.e k'\er with.i
double sufacc lead ing ed ge) meant tha i ihp Blide I woul.l be
a pmr perlonre. at cross-country specds. Fior the (,rson
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nicf tjoncd for thlr l,igh ly .. nibe.ed airfoils, .lrag rvoul.t be
high.lh.adv.nt of l00.louble surlnced 

'jliders 
mcdri that

the.i, loiltc.hnologvfo.lyp. ldirioilscouldbetullyutiliz..l.
\'-, f lL , bil,r.l J\.,.,J,,J ",.r.1.',rul-,.J,1'.s th. l..rrorV byl.rls Ki.eniukh 197.1,whi.h !se.t the l K

7:ll5 a irf.,il .lc\rlciped bl Licbcck md Lissaman.n Probably
theinostrvclL knoivnolthelow speed high lifiai.f.rilsisthc
l-l 003tryLi..b.ck, r('hi.h.drieved 

a pheroncDaLmxhull
I-./D of 220 it i R.vnolds ,rLtn,be. of I milli.xr. IlI lift.uft:
.n(l dragpolar for th Li.bcck I-1003 are showr u Figurcs2
nrd 3. llut the I-1003 rvas dcsiBn .l lor d lanin.. "ro.rft.rp";
thJl is, fo. i lnn,in.r constant'prcssurc rcSion b{:fore the
nd\ e, r p.cssrne gradjcnt Aid lhouSh ihe ii.foillvas de
siFred nrr. Itclarolds numb.r of2 !illi.!r, it was tesiecl ata
ld\rnnLls numb.r of I nillion, b..ausc freestream hnbu
l.n.ehtlNr{nrdtunncl.iuscdpr.Duiur.trnrsiiiono the
.o.fiop ai hjgh.r lt.)1\nds numbe.s. The sLrggcsiior is ihal
n lh this ci rly ir.!$itio r, ni.foil pe.folDrnncc wis dc8r.ldc.t.
! irsitiviq to f rccstr.amconditior8Grs$rll ioconiah;ution
fron bl,gs, eic ) masi b. considered nr rhe adoption of aD
aifoil for .urrcni usc.

FICIJRF2 Liftfl,na forI i.h..k Llm3.irfoil lR.f 14)

- 0da'- -Itr4
Drag Coelficicnt

FIGURT 3. Drag polir fcr tiebeck l.l003.irfoit (Ret I1).
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Anoihcr consi.l.ration ii tfu us. ofa hi8h lilt ai,Ioil is its
stallbehavio.. Licb.ck, in ihc dcsiBn of th. L1(X)1,.tplir.l a
.e!eieStratford t)?e prcssu.e disidbuiionovcr th.r.colery
rc8ion ofthe uppcr su.face. This distribuiion is dcsigNd to
mainiajn atta.h.d flow over that.ecove.y regi.n by a con-
sidltmrgnrfio sep.ratio.. lhis)!eansthat$hcnthcaft
pciion does s{,parate, it should (by dcsiSn) scpiine nll .rt
once. The test data for tlt L1003 airfoil iftli.itp ih.ri il,is
ertrenrebeha\ iorisattcast partiallyrcallze.l,istlk Iiitcu, ve
shows a \,ery abrupt loss in lllt it tlrc siaLl. r\ Scnild stall
bchavior is prolr.L,ly desned lcn an aciurlhing Slidd c{rn
finrniion. :lh. porpose of l-i.Lr..k s'.s to ddermine thc
Duxinur lifi co.fficie t fo. i snrgle elenrent airfoil at lorv
Rcymldsnumbers, ottodesitrlahigh liftairfoilforpracti-
cil appli.alion. More r..ent .lesi8ns bv Liebcck, such.s thc
LNVIC/].\,'t arc more prr.iicnl air foils. The I-NVl09A, it a

iteynolds nurbcrof 650,000 and rvi lh a r.stri.ied pii.hnrE
hodeDt.rf 0.05, has a C, -,, of1.775 and a maxino.r l-lll
of 120.

HC(1ll715Airfoil
An ai.foil Llesigr was rcq 11.sic.l by a hang tliLl.r n Ltrr,fJ(

hrcr wilh the fdlown,E .ha.ncteristics. li sllrL ld hiv. vcry
hi8h L/D at high lift, but also at lorer angles ol.tbck.lhc
stallbchaviorshould be progressive. It { nsdesire.l, for.asr
of manufactu.e (re(luirnrg straight ribs), thit thc rc.ovcry
region ofthe uppcr kction be as strnighi as possibl. ({'ith
little o. no cuNa turc). It was also notell ihai, L{cruse ol the
ap ofa nylar sheet lead ing ed ge and fabric pockci, a zit-zaB
stitch line e\ists slightlv ahead of the poiDi of n nmum
prrsure on the uppersurfa.e (at about 1(,% chod), rnd nt
about 7% chord on the lorver strrface.

The resulting airfoil, d.sigDtcd th. I IG (1)- 17 15, Ls shorfi,
inl'igure 4,and the velocii-v disiributionatS' drgl.of ilh.k
- .hou n Lr Frgr r- ' a^, {J,, i..',, 5".'.,. L,. ; \,i :

.9 r,l

9,.0

FIGURE 4. HG(1)-1715 airfoil.
11003 lirioil

/r&€

FICURI 5. Vc]o.ity distributidr at s'anglc of ittack
rIG(L)'171sajrfoil

LI00:l Inloil
lie = 1,000,000

Alt)ha, rlegrccs

x/c



TABLEl. I IC(I) 17l5anfril,,r,r.1L, .,',-

1.00000 0 000n0
a.9964? 0 00 t.2 7

0 9)308 0 010t0
4 .9541n 0.01752
0.9]056 0 024 51
0.90170 0 0l?16
0.86817 0 04051
0 81041 0 04951
0.78895 0.059t9
a.144J6 0.06940
t).69121 0 0800 6

0 64814 0 .09101
0.59828 0. 10208
a.54183 0.1t 306
4 .49 1- 71 0.12J69
0.4487J 0.11164
0 40161 014252
0.35721 0.1i956
a Jr519 1l.1540:l
A t16tt 0 15195
0.21022 c tt 2/,2
0.20528 0.lrr68l
r.\722) 0.1.1r176
0.14118 0.12t69
0 1110 8 0.11692
0 08757 010176
0.0650i 0. 089n !
0 04511 0.07r'46
0.02969 0.05900
0 0t 70u 0 04148

0. i)0;'t2 f Lr-:r j.l
0 00221 0 l)l irr r

r:r c0c!2 0 (rr i.rl
0.0a111 -0 0c(ll
0 0075:1 0 cia l
0 0L'l2L 0 0las0
0.016:a 0.02276
0 05898 0 02r 8?
0 08791' 0 01816
a.12127 '0 0112 8

0.r6441 0 00729
0.21081 0 .00Ll tr 6

a.261i2 0lJ056ll
0.3t642 0.0LLt6
0:lt4l0 0.01711
011190 o .021r-r8
0 49/,87 0 025i1
0.55,02 o 02731
0.61636 0 .0 21111 5

a a ltttt' 0.02t6r
0 710!t c 02/22
0.78115 0 024 34
0.8lL l6 0 c2li s

0 874t8 0 1ll80il
0 9t1!9 0 oli!2
D.942t2 0 0t a._r2

0 9677:l !.00(,ta
0.96i6i 0 0{)3N4
0 tt641 0 .040! r
I 0n00(l ! l0'JLro

l ablc 1. Thc anfoil was designed using the Eppler dethod
sN.h is docmcntcd in Reference 16. The metho.i takes
presribedvcldity-distribuiionchdacterisiic ioconf omally
nup the d esign airfoil sL, rface. I he potential flow aboui thc
airfoil is solvedbyapdelmethod, and is.onbined with an
nricSral-boundarylayermalysistoproduceliftcu e,draB
p.'1.., and transitioi and $paraiion predictio$. Based on
them€uchord for a !,?ical hmg glider, the stallReyrolds
nunrber is nbout 1 illionand the crui$ Relnol.ts nan$cr
1.75 nillion ]tesults were rnn for these tlvo.nsesr grnphs
a.e siro* n forthe first.aseand somcdiffcrcn.es arenoted

From d1e airfoil contour, one cdn oie that the uppcr
surface is essntially straighi froh 40'X, to 9091, chor.i, as
desir-".]h thc d.sigr. Thc last ferv percentoichord is cdd
bered for a consistrjripressu. iccovcry onboih surfacs.lt
iscrpc.tc.:l that this crniber would notbebuili into thc nctual
.onfigurtrtiur; in fa.t, it is expc.ied ihat soNc r.flex of the
triilirrs e.1He sould bc ncccssary for proper t.im con.li
tic'rs;f the hanB Blidcr. Ofcoursc, the fufLcx wol,ld rlso
ser\e io r€L1u.c ih. Cr 

",, 
of thc ajrf.ril, as it effecti!.lv

L,nloalls ih-" nfl s..inm.
'lhe velo.ity .listribuiiorl in lign.e 5 is nt i C .eir thr:

clesiSn viluc of 1.7. lhr florv can be seen lo...eldnl. io .
\tlociiy raiio of.Lrc,u t trvice the ieestr.nn lal uc. ,^flcr i run
ol.oNtant pressure, the o'! goes ilyouglL .r "iransilion
ranp" and transiliolN to iarbul.nt flo!! ii.rlx[t tar,],.rr.rd
Tlre llow thotroErcsscs throrrghr conc.r|cprcssurc rccor
.r-v$ithannbruf trc.o!.rvnearthehniliflledge. lh.hrvcr
srri.rc. is sccn to s ldlll ....I.ra tc all thc rv.\'to thu ttriliiE

rr{9.. Ai this high Cl rnd i,,Fl( ('r.Lr.tr- lh.ileinvelo.ity
it the leadnrA eLlAc is still wcll-bfILrr.] rn.l n{)t'i)!ak,v."

Fi$re 6 shoss lhr innslli,D..(l :.t.tutnnr thirJ.te.is-
ti.s id th.lNo slrficcs ns ft,n.ti,nF oi {hc.r.l.ntlh alofg
ci.hsuta.cn,r.lieynoldsnumlrcroiI nrilLion Tlk.nSleof

j

E

:B: ! o + o - o

i \,,r".

f':---*L':'::"Ti.

AIPlIa, dcgr ccs

FIGURE 6. Prcllic ic.:l transjrion nf(l scprtuln!,.hif.r.tcris
ti.s for I IC( r)-1715 airfoil

Fnstco.sid.rthe ufpersurf.... lfansition i,o,n l,,n,inr.
to turbulent ilor! nu esfotrar.lsor)oilrly fio,n 32')i t()21'11,

arclength as angle of attack in.rcascs fro nr 6'to 11".SdFr.
tion on thc uppcr surf. ce stnys witl, nr 5'li of ihc triiliit cd g.
uliilanangleolitt!.kof 10", lnccon.litionof nn\imun liil,
and 2.7" beyond the.lesitn pojnian(l tbc co,rlitnn ()fn,.i\i
muh L/D. Looknrg ai th.lo$,crsurf.ct, n.irsili,', ir c.,r, td
take place n.ar ll[ l.a.t!rg .dgc urtil 2' .,,glt ol rllJ.k ,s
reached, at rlhi.h poili thc Uos,o!e. tlE l,nr.r srrL.t
becom.s conr plL-iely lnnr n1... The fl.^v ..nrt;$ l.r m in. r ovr r
the lower surlace for all ltrc.rsing angl.s ol ntt.ck. lh(
Epplcr code pre.licts the e\isten.{: of.r scpir.tnn Lnrbblt.t

"',,rEl.olJ'l'l^,|n,,\,,,,f..',.11,,11r-t,.
rJiiuhJl lLr''. l. 'l I ', 1. tf. 

".,1 
. . .1 I l { I

a hiSh-spccd con.iirion at a speed 2.7 ii es thc siill spc
(ba*-donthcanfoilvalues),nndpro\ .sih.loiv.rlinritof
tlt rdrge over whi.h the dcsi8n is optimizc.l Atiirvl,ighrr
nngles ofaili.k, tlt floiv rc,niifs .tt.che.l u.til ll,e lriiLjnir
e.tge on th. loNcr s urf.cc.

Allrlrri, tlcgrccs

FICURE 7 I itl.rrr\'!()rllli(l) l7li ai, n,:l

Ir(l(!) 17ra AirloiL
Iic - 1,1101),1)(10
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lhr lifr .utu, is lhown n, figL,rc 7 rc nuximun C
f.,\l,.id is l.95at lt.=l nrillnnrnnd 2 03ilRc =l.75Dilliorl
(i(,t:,1\)w.). To b. irotc.l is thc gradu.ll rcductitu irl lif t afi.r
rlF s1.,llr ni, strinrg stnllbre.k is p rc.l i.i.d. 't\c actual desitn
point (lrc,. th. nr.ximarr L/D is r.r.he.1is ai i CLof 1 Z a
5,,1.,rnrrghbekrv C,,,,., In ihe fpplcr rnelhod dc$ritrcd ji
It.fer.nc. 16, th. boundarylarcr chiri.i.risiics aic .trl.a
l.,t.Ll f,omth.potcntini nolvprssurc.listfibutio[noit.i.l
tilnr iretween thf bdDrdnr) l.ycr displn.cncnt thi.kl.ss
,,,,d the I)rcssu k, Liisri ihutidr ispe.Iornred Itoundary taycr
' 1 . u.', ^'r1.,.,.,.1 .',F-J.rr", r,r L'rr i\.iJ\

.o r!.tirs nre . ppl icd to t^kc th. boun(la ry-liycr scp.rr.rfirn
.. .i.r.trir..l.rto,'.i1.-r,.,.1\...,..,J".,.1,.

t.rlrcsults thnrghst.rll using ilis Drclhod hav.b.cn ENd,!t ld:f(r.n.. l7 i.r in e\in\rle.
l:igu.eSsltrnvstlred,.gpola.tortheai{ojl Thedoti.dlnrc

rrih(: kNd ofihe lilt range iii to in.licnte rlutseparaiion is
p, e.l icted. with n highe, 11,?g e\pected ihan c.n be accunr i.ly
dcicrnined in ihecodc Thc dragis fairlyconstdrt ovcr ihc
.argcfroD i C, of0 5 to 1.35 llc rcdu.tion nr valuc ai C, =
I 35isduetoihebwersu.fa.ebeconlirgcompl.ielvlaD rar

't l .',-1.,i'r I &'w, 1 ' Jl\',drl.n'J.,',,,"
. '...f. a".. ,.fr"p,J,i.i',',.i1. ',,'l,v:ll' ,r

5l(,p. of r lnr Jri\! fr. th. kuc .riBin to ihe polar,
ur.li.aurg r ncirly-.onstut valuc of (l-lD)-", ov.r ttris C,
rrg.. lhe d.sirnr condition fnlls nearlyjn drc middle of this
ringc, provding a co,rstanivaluc of(L/D)"",.veniim off-
dcsignCL Thistrro.d ringe f.rr ihe maintenm.eof(L/D)-",
..n be sc.n nl ,e plol ofL/D nr lrigure 9. The value arihe
. ,c, a )l .., d ' .,1- ..oLr r.l{.,\rh, 

'\.!.'1,.pI l',,"', .1u -l,)L,tu,"a,b-l*",n1.Jad o.

TheHC(l) lTl5isobviouslyoptimi?edforhithlift with
a CI--", of 1.95 a,rd an L/D of l2l at CL = 1.7 at the desiCn
Iteynoldsnumbcr of I nillion. Al half the Lift.{pffi.ient, ihe
vr!ueof I-lll is still 77. l)lcourse,these aretwo dimersional
lahrcs, an(i tllc ajrfoil mrst bc htcgratc.l into a hang glidcr
dcsi8n for tlt configu-ratjol lifi-to-draE raiios. Thc airfoil
designaiion loilorLs.urr.ntN-[SA pra.ii.e: "IIG" for h.mg
gk1.r, "(t) 'for th. f! si ul th. srics, "17" for thedcsignC, of
t. 7 (rvhe.e I-lrl is a nri\inrun), ud "1s" for 14.8% maxi

'Iripped Boundary Lnyer Results

\\ihii happens;fboll L the uppeF and lorver sudncebou -
a.v ldyers nretripped lo be.one iurbuleni atthclftatioG of

ihc siii.lint? Il fixcd tra,rsiiidr ls issunrld, .t 6' .ngl. of
atLrck ll\c .lQg o1'.r th. uppcr surtr.c nr.rcnsrs bt' 40'r,,
while over the lorle..uLf&a: it in.r.is.s bv a h.lor of 2.1
(L\ouBh nritirlLy stilL al a low vilue), with.r i.srlir]g s0'l;
increase in anfoil CD. lt is not klorrn whtlhe. th. stitchus
rvould in f.r.l trip ih. bourdary laycr. Iio. a rouglucss lcss
than n .Jiti.al lteynol.ls runber bn.eJ o. ihr ftn,glur,ss
heighi, no..fle.i will L,e du.]e on th. lo.iinu oi,rlui,l
tnNllion. lh.v.lue fo. ih..riti.al R..ynokls nunlbrr LriscJ
on the loc.l fl.N conditions.t th. top of thr roL ghncss is
app.oximately60tl ri Wo.lhis.lso L,een (ioire lookingntthe
cfie.ts of inse.i .lebris coni[,nu I nr, on tr.,rs, tim k ri tn 

'].1Itwasfo6.lthri only25l,of thc ils..ts.ollc.tc.{ Lluri,rE thc
cxperjment a.turll) iripped th bou,r.larv hv$. l.r urd:.i
excres.ence below a ceftanr heighl, thc bolndnrl 1.1)rr rc'
nanE hnimr. If it hLflrs oui ilut th. stit.h.s nighi bc
tripphgtheboundarylayer,iiwouldbc hebful b kJc.tc ih.
uppcr stitch ai or rcar thc naturally occur.ifg barEition
point, ed eiihcr move th. lowcr stitch io lhc slrgn.iidr
point, or g.L rid ofii nliog.thcr.

l,ift CocIIicienL

FIGURE 9. Uft to drag ratios for HC(l) 17l5.nloil.

Deeelopheni of high liftairfoils for h.rn8 glider appli.a-
tions hasnot keptpace with that for compeiition sailpLmes.
 r airfoil, dcsiEnaicd the HG(l)-1715, has been d$igned at
a Reyrolds nrmber of 1 milhrn with a marnrun Cr of 1.95,
avalueofL/Dof124 ai n C, of1.7, nvalucofL/Dol120ovcr
,.r.nB.nf, i.ml.(lo.^.. ,o" ,.11, '..r,. l rhJ,

rorr -iJfoil{irl , .\" "\I 'rf' rdt r. ,,,r- .l ,r '.r.,.11
isexFected thrt contnre.l .onpeiition i. thc spo.t ofljghi
foot Ldm.h gliders will spd thc do'clopDlcnt of mor.
aiifoil .tcsiBrs turd othcr acrodFad. in\rrovements as
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