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Abour lilen1), c!.dborrd modcls were ma c ro ch.ck the
lhcor!, wilh !!r\ine !rll.s ol AR (xslEcl ralio), srvccp a.d
lrper rNtio Thesc N)d.h ,Frrroxinrxrcty confinncd thc the-
orr. That is. a.yrhing lcss th.n D,t:2 .ould lunrblc il rd€-
qurle pilch hte {!\ rpplicd aL low sp.cd

Nerr, lhc cfli.l .l vcrticxl otlrel ol lhc CG lor CGs ot, t,,
rve.age chords .bolc or bcLtN lhe chord, ph.e !umbling if
indu.ed $ould ror .onriru. ttnhcr srudics ot rte cfccl ot
rerlical C(i oJlier rnr! bc in o cr.

PITCTI AND YA\I DA\IPIN(;
The sccond brd lrclor is lh. hck ol piLch xid vaw damping

l.(nr lhe fil(n s lhi 1 ol ricw Somc tihts hrye.o rdversc
conrnents to nrrke rboul (hc hr.dling qurlitics oi lailless
designs This is cs|)ecirll) rmc ol helicoprer pilots. since thcr
rre used lo nuchifes \rilh 0 or .egrlive dNnr0inq Howc!
er, nrn! pilo(s !r. f.one 10 Pl() {hcn undcr ldv.ne condi
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Iailless tlying Wings
By lnv Dulver

Drring the prsl 50 to 60 yerN rhe.ruthor has obscrle{l
sever.l iirplanes, glidc.s ard sailphnes o1 r!jltcssdesisn. The
inrprersion rcccned is lhar litlle is conrmonh knoyn rbour
thc aerodyn.mics. flighl dyn!mics o. 

^crota;lics 
or t!r|ess

Everything has good aid bad cl.me.ls AII iirc.atl dcsig.r
naturalll cxhibil good and bail design .harrctcristics. Wirhif
lhis papcr rvc will discuss only thc brd eleDrcnrs ol iri|cs
designsand ho! to m.kc ihem belrer.

TUMI}I,ING
'l'hc first c.ilicalco.carn is rhc rcs\ibiliry ol r!nrblilg Thc

.u(hor nrade a theo.cti.al sludy ol ru bling (i c , !u(o rot,
lion in pitch) The tcchnical erpl.nrtion ol lhis fhedomenon
is thal pirch dampirg bccomes ncgrtive tbr unc dcsigns rL
high vrlues of O/v Rhcrc O:pilch argutar vcto.ili rnd
V:lbrwrrd speed. A lav exphnrrion ot rhis is: lbr sonrc
designs pitch tunbling will occur il rrti.l nosc ut pilch is
applied rl Io$ sfeed, or il rh€ dcsign hrs I nosc uf hook in
thc fitching mornent curvc rr high rnglcs 01 r1hck. {t'igure l)

Cua v€

Figurc I

The reesoi luinbline is ! tmblem is thal !hc machinc gcts
trlppcd in lls o]i iij1 circulalion o. vorl€x. The tumbling
slud\ suegcstcd thxt ! simplc critcrir lor the border line
belween lumbliD8 rid not tu blil)g.lorlhccascoflhcCGill
the wrng cho.d pl.nc vcrlicrlly xnd tr1 2-<3, ol the MAC, las
t%:2 trhere C is lhc dreldae chord and D is rhe l.ailing cdgc
kink dimcrsiod (Figurc 2)
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lions. likc .ough air in a m.chinc {ith low tit.h o. }ai!
dampins. Hish ssccp anslcs alle!ir1e I his proble'r

SPAN,LOADINC
The third problcm is thc poor sprn lodding rchieled by

twjsting the wing using slraight lcadinS rnd lrail, g edges
Fbr a lape.cd wing this givcs a 1{isl dislnburion thrt looks
like l'igurc 3 ilyou hold thc tip.l0 angle
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The reason lor the upward bov is that ior nraight leading

and l.ailing cdgcs thcrcnicaloFsct dilTcrcncc ofthcsc cdgcs
duc to t*isl is p.oportional lo lhe sprn, bul to lird lhe t$isl
angle you must divide this loc.rl olliet by lhe locll cho.d.
No* the oplimum twisl distribulion lbr. ssept-b,rck wiig
looks like Figure 4. ll you supernpose thes€ 1\!o c!rres lou
get a piclure like Figur€ 5,

Il you re(ore the lill nerr the CL )ou *ill n01 h!!e !o push
do{n !1 the tips. So wh} nol t$jsl lhc wiig rpprop.ialely 10

ichiere this opridum span lo0ding.r d reduce rhe induced
dra8l The quesnon is: why put span on a machine and then
dmstically rcdrce ils elTcc!? The answer appcars Lo bc thal it
is no1 simplc to build a wins *ilh thc optimuft lwist distibu
tion. A compromisc using lhrcc contrcl lrinls, likc root xnd
lip plus one rL l0'i' out lrom []L ind tNining around lhc mrin
sp!r. Thjs \lould t.oduca a *ing with llmon perlcct luisl
disfibutio. wilhout nruch rddiln rrl{ork.

ligurcs 8 atrd 9 show ottimunr I{sl fo. t}o $ ings oiside'
ly differcrl xspc.t .atios. both for r $vccp !nglc at the 509i1

cho.d ol l0' and dcsigncd tooplimumatliltcocmcicntsol I

Il is dpprrenl rhrt L*isling *ilh l conlrol poinrs conrcs !cry
close to optinum rw,tr dislribrtion, Bhe.eas 2'control poinls
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The slraighi leading and trailing cdgc twist results in a

spxn loading for a srvepl-back *ing lhal looks likc l'igur€ 6
*hen lrimmed in pitch. You musl push dosn xt the tips to
brdncerhelo*or jrl :rrhrt I urrmrrpll.1, QPTtmuu rw ltf

1
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Now the nrinimum CDi (induced drae) co csponds to r
span loading tha{ looks like [igure7. o

a

Srnv/GHr;{F>- 
--==-

srSA!GHl L*r
EDGE TIU|9 T

Figur€ s



..t|,..,"n""'....,,,, .-,!,-,.,,1,.,rr,,u...,11,,.r..,
,rrol,tr.wr\ rJ. I ntrc,,t*..f..".,,.".,,,,,
''11,,',)r...,.,r".i ",;il";,";:: ;l..illll,iill ll.lii"1,'.i,,inr.r4rr^rrjbu', n) fh, .rr ntrriu.te,l-.,rrrr,,r,n.,, r, r,,, r-r , (.'-Fi( ", '( ( t tr.(rhct,.,\Lrhr,,,, w,:...j,.",{ rlrr , n Inhnrrc.rnalc Ioot\ trt,.,

,.Th. 
rrrtl,rel t!o r,n Jr( hr.tctr rnt., r\i, pjrrr\ Lit.,lq !r F - r.- Ln Lir,fc rhJ..r Jf:raI i I rr j.,l,',,r, d. ri-u,,.ntr,hJ ., . i;;.'t;". lir";,""1,,,J;:.,1,,"

,,rii,ii:ri:i,'lj,li;ri,ri,ti't;i ;:t;iit ;l ;:l ;it; lirix.f.lr.LftrrlsllL\ iI igtrrc l0 ),

(l-slrlior) : I - (dhr nce urL lrunr ( r l

I
o ,t .z .3

-:- 
,-

+

.\J
t--t..-.
I

.(

I4P
I

-l
-.-J

I

aL

Io

O -> +a< vr(

di,x

H/: t .f/- ,.=

tx pt1ryn r rc (t _ smn_D

AEROI,AS,II(S

._ 
rrcreir riuu\rrr!ht.ur(cr1rn\ntvcrf,e,,J.,\l|Jr. A)\ou

:l:,i'::.,lll ",i,",.*.!p ru inrpu\( ,.,ndr,,f .1',,r''"- i.JFru-e I nr t!..,h t ) ul rur rbtinr. ruu rn.rc!,r rIc !crolrni.(ounxnr' hct\un B; F flxp hcnditrt and p,rch rherchv rcsulr.lrr^rr rc'ruJ..r n,t. h jr: iJ.rrbrtir\ Jr tr.ah .ne-l
\r ' \pr:l ., ..r In ri., h1.i.rt 1rr.,.,. Irl.c s,1c lif r. b.nr'rf ' rnrcJnSJcHrnlt.rtro ltrc$.rhcs$€p"n8jc;,mdr.,

r1':.,1,r'(nt ln,,tc,,,,j rr,( rrr.hin8er: (e(n b) rh( rrj l rRl!i,r(r rq rrfinn t: trnstc\inr,r(tIrf,J
AL'rr.rA.,

]:,i :.rl]^ .",nFrcvr deflL,.ri,,nor rtrc.,urcr qfuf rn hentl-
'.:.: -.'l',1:*:.ll"lk ", 

rh(,r, hord .,nd r,, i, r rhrnq( ir
:#.., 1,,..,- J.rcrrr,,n rr:.c _r,r ihs,.i, .,"' ,,.". unr(.. \.,u r.nr rulnr.r 

",11, ,,r.\$ /f .',rr hieh.,sn<.r r:,rru ttln ".*"..uA 1".tt" *,it,
8r.a\ str' (.rJr\

. l. { ) r. .t\\,,rcrr,\rr.,r,t<r,.\,unrr..,d\ rn.r...ul
::.1:t 1..,ir,".l, , .,",.unr\.,r .nc,,f 

r,.r

:l::,::l jl:,l.l , 
r h,.. ,,,.,ru\ rr,r (rcvon{ r,jrrrrnn e,ret hcrvv rur,,,c ', r n,,\r d.r'crn\/ n d( .u.h hrr n",,i,"" 

", ;. 
.

I;: ", " 
.il y "" .,,r,cd,(J^!nrnu,luu rf,.,. .n8

' ,c ,,u r rr r,,, rn. . L,cJr(J rh ^r \ h,.h 
"",gt,,,,n rn,:

trar&4::5

d;= cL,4 9;i *)rG)

V
ai=

Iigure lll

- ]l.l'^,.,,,",_"!.nd,r,,. \ui.r...,L,nr.,,,Iu,,q,Ih.,
lr.r:n 

( 
l-u, 

t hc ."' lurl .rr lpfrorinrJrch rrr., ,r rr,. ,r,",, o,rrrom tnc ( | /i4rl./ ti!c ..:t.sht tJr*..-d :.,mt,., r.-r ,,.r

., 
I hc dr.,rn Itr !rhri,.nr I I D \,rv,.tJ ...\,,..r, ru Dr.rt nrh( rnrcnd(d usc hrt*..n lJ nd I4.Ur.s,f t,rsh \Frd rlrh

'. hce,!, Ihcr!rhu,\ rrr.rr r,.t.,r.u rrsri'pcr.,.rnrrn.
, '., ns , ,,.r rt. p( .,trc\ J,\. .n,.rt, ,r , .pi.j .t",.,. ,,,.uscd lo tflm jor hirh \p((d (trisur. I I L

l
(lLD : I)csigr( r forlsasl

AR: asfc.l lllti,)ot1hc eonrflelc winS

jt-'c'. s*ccp iostc ofrhc': cho.d tinc in dcsrccs

ROOT AIRFOTL

TICHNICAL S()ARING



slick will also heb (i e.. up acceleralion rcsults in nose-down
slick lorccs). Addilionalll designing the control .uns in lhe
wingsoul to lhe clcvon s so th a! up bending ciuses thetraili.g
c l8..I,Lrc rl.\on,. ".do' 1,r's rh( \,rd1r,or

Aiother expldation in physical lems might be, obviously.
iI you bend the wing up, the top surface of the wing sho.tens
dd the boltom lenBlhens. Thercfore ifyoD run wires out to
the wins 10 thc clevons (with the upper wire as close ro the top
ol the wing as practical dd the bottom wi.e close to the
bollom.nd sith lhc top ei.e Soing to ihc lop ionr on ihe
clevon and lhc bottirn lo lhc botlom horn) thcn if yoD bend
the wing r/ lhe trdiling cdgc ol the clevon will 80 dor",
oll\etting lhe ell€cls ol lhe sleep.

Now, lt le* ra.door nol€s. Slepl-back {ings havc cxccs
sive roll due to r-alv +CU so I suggest using benl'down lips
lor lins and rudders Thesecould be cranked as much as 45".

Benl lits at,l5' r.c so powcrlul in producing Cl/J lhal rhe
wils crn havc sontc dihcdrrl to sivc eround clcarrnce rs
indicatcd both by lheor) rnd pNpcr modcl tcsls. Going up
with th. wing rnd down rl lhe lip with 45' gave mo.c ground
clcarancc !L (he lip ior lhe sane.oll due lo yar thln vicc
yc6r. Morc swcep. nrore CG rrnge. betler hrndlingqu.liLies
ohviously should tield beltc. perlbrnxnce lb. a nying wing
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