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. Qrirsi ;t.xl!^tx1. rrrod!nrnti\'s.rt tr. rr)lli'''l

. No rolhrr) ol lh. i _ilifg !orli.jt] drcd b! liliiIg

. On ! ont d.grc. ol l(.donr or rlotion (roll)

.t I t;trr tl Rt utk\ t), tht t1.r)tlttlnrtt\ t)l Roll

l igur. I .tfhLns th(.oorclinrlr \ytLrnr rrrd nrosl

ol thc s!nrt)ol\ trs!Ll in Ih. fr.jtnt t nrlr'sis I hc dl
ing nrorncnt in!1 ,!i$ins rrronltnt.o.llitlrnts (CMr.

l5

Corr-rbir.ration of Ailcrorl and Fllp Deflection
for Mirtitnnrn Lrduced Drag Roll Control
Ilt h'inliitl V !.tl.l lltlilu tittittt S'r'1rr,f lr,/\/,rr
l't(!.!rt.t! ttt !ht Xlltltt)Sltl(t)tlrttr.(lltttd tt)rt.l'tttlttt..ltttj lt)ji'

/.ll'r/,1/:1nl
hrdLr..d lrx! r!\ r sirnilicrrrl .rfN.l o. thc 1),ii

litrrirrrl.. ol lli!lrt !.hi.l.j lj r co si(l.rrbl. r.ro!r)r
oi 1h. rirl)omi lLrn. i\ sP.rL in rrrrrrrL'('rirg lliql't,
optiIr /N1ion oi \rhi.l. Irr1o,r)rr r.! r.qtir.s th.
llrl,rlmLzrliou ot dtr! r$orirlrtl $ lh irrxrrcrr\er rg I.
this stuLly orL) t[. inrR'nr.rt i]r iddrL..d.lrrsl!.ro
rir. il Il.rrl .ortrol rnl hl.rri rorrtrol indu..d
,.1. ) '\. ' 

l' rt rl
irrdtr.cd lrus frinim rLng ih,rc rtim.n\iorr!l pot.nLixl

llow co|11)Il.rpros(,L lb..llcrti ol vrDins\inglr
srgn.rt rrl(rorr st!n rrrd r.rfloym(rrl ol (l(nrblr

s!gnr(nt rrLl.t)ns rvitI rf ollinr r! .o.rbinrtio ot
irl.r,d ruiL orrlhorrcl corrlroi $rrlrrc d.U..lion
rnglfs rn{l t[. nrfriti ol lillircntirlLn]r t|c ulwrnl
r.d Jor.wrrl rilrrorr d.llccliorr rrigl.\ irc jn!.sti
grrrl Thr r)rhrr.. o1 {,in! itLlr(!l sid.wxsl' onlo
I . r', rl ."' J,.. I I rIl,\''\ i,

sidcll,..s is r.ro(LIlt.d ti'r lIcoPt frunr sir( ot rof
!rnlionrl ril.n)Ds i\ lbrrnd 1o tt ir\ thr orlcr ol l0',/
jenri\!,un. l)oubl( scgrr1cnt rLl.roI i!' sr.nrj c.\hihjl tL

drghliy lo\!.r rnd!Lrd (ltuc in.r\'.r.rL Thc! rln)
r.q!jre nfNllrr (onlr!l {l.l1c(iion ingl.s xnd thci.
,r {. l j l. .,.1,r,'r " r" , i

: lNl Rt)l)Lt(TlO\'
lh. slfuig|t lln! !lidc |(tii)r.rrn.r ol !rilthDrs

hrs bcct impro\r(l Llrrmrllrullr- o\.r Ihr u't l5

trrrs rnl sr..1\ .oN Io.onr. rlose to rhc lh.or.ti.!l
lirnits. !1 l.xsl iI th. .rs. or sLrnJrRl clus\ glLd.rj

Ilor.\cr. drnng r 1)pi{1 cross.outlrv lligrr. I
:rj r'r 'l ' rr"rr"
rim. jn rfrr.rvrrilsor.ircling lllghL l1!.rflbi'. high
(iross-ro!rrhy Lrrv.liIg spccd is ihc IRXltct ol bolh
Lh( gl d! p.rli!LII r.r rrrd thr th.rnrrllirrg c!frhLlili(\
.ttrrt'lrtrL
lhcnirlls inlohr! r gooll drrL ol mxnc!!.r ng llLsht

ln thc qrL.st lar nrrxlfrnnr glidr prftirrnrarr!..n(l r
loN mt. oL silrk (Luiins.iL.l rs lligl)r. .1r rv J.si!rrrN
lrrve nc!l(rt!'(l to.on5i(l.r l[. rirl)lrtr hrtllitg.l'Ni
r.irri\11.s rLr(l lhr Jrig !hrr 1o.o.trol d.ll.rlrorl\
l!ring lirn.irnt llL!hl .oddillors Thts lrLnh.r |.r
li)!Irrrri! !mIro!rnr.nts .rr) hr .\lj.!t!al lr!rr rrr

oflirri/iLr o. oL \Jilr)Lf. rnlrfrLv.rit! iIlrr, r.ri\l ( \
N'lJn! glL(lrr\ .qui1,pr(l trilh jirl)s dtr!)p Lh iil'nrn\
i. .orjrrrrtion $ith thr l]rl.s Iordow jlLslil lnrrMli

rr.l! 1l)c qucslLof rriscs (hcth.r llid. rrf nr ts

ulllirirq clillcrenrirl dcl.cliorrs ol 1h. Llrfs to liLl
I rr Lterrl .onirol ol lh. xLrrrli

TIis prt,cr th.orcli.lll,! !nxl!r.s 1or r..ljjlli.
'., i 0 ,,, I I

.t

rnrrts in fok'rrlxl jlo\ !lri. to lrl.rxl cont(n lh.
li)Llo$,ng toltls $'ill b,r rddrrs(d:

a l l1r.r ol t[. (lio o] ril.rot 5t)tlri rowingsl)rrr io.
.on!rnliorirl \if glcril.ron i)st.rn!

. l,lti.l ol rsirg lil.r)rr xnJ jn ,ornl llI Jrllc.lil).s

. litr..l ol Jilli'l!'rrtLrtion ol tlrr lfiofnt ol r'1)wrftl
r.,l do$nNiill lhf trl(lo. rnlt.c(ld ginLl thr
ndu.!d x.l!cr sc yr\ins rnor|.. r

.lrr.'t . I ' r'l ..'Jl ) ' '.

vi\rm\ cllirls s.r. noI in.iu\lrd Ln tIis rnJl,\\tr.
rll|ou:.h th! ftul I drr! itrfuNr.r\ llr lo.onlr)l
lcll.cllon rrgles frry bt xs hrgc or rvcn h,g.r Lhrt
1h. j ([r.rd drrg iu.]1.r.tl Thc rrottnLirL iloN rr.rl]
i.\ \'ct. Irrlr)nl(d $Llh r lhrc( !linr.rsionrl !on.x
hlti.. forfIu1.i frclrrnr lhis frogtrlnr is.xl)rblcot
mi.jmi/irg rh. Lnclurc(l dr!! ol rr' rdriLfurv rfro
dlnlmi. cofllguritior $hLlc srlisl\ing r soi ol co

sr,,r nl !onJiiiorrs nr.h tN fr.n rib.l lili. \idctare. or
norl(nl\. r\t lhr srur. lin.. ihc ftogrrm lL.tcnlr n.s

rh. wjns rrrgl. ol rtir'k lrd rontiol dill.cliorrs
rfrluirrd to rchll!r llr.'( iiItlmrnr iorr'llti'n(
l).1rils ori ih s tl.lhol rrc {l.s.ritr.J irr r.iir.nc. I

lor rhc f.t.nLLrl flow rrrrl)si\. tlrr tbllowLx!
r\surn|1 ons Ncrc nrNdr
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(l[12) rs rcll as the roil and y,w d|mp;rs coeffi-
cients id l[i\ .eport havc b!:cn nondimcnsioDalized
witlr thc ri rrlil spar) (b).xlher thau the hallsprn (s)
uscd in mosr ofthc literature.

the shapc of thc wing pirnlo.n. Thc vetocitj.s
induccd by thc rolling noti()n lrc sc.n to havc rwo
dllfcrcnt sourccs: the rigid body molior duc ro.c,x
?nd lhc velocitics induccd by the roltgenemtcd span
wis( lord dlstiburlon.

hiq. L C.anlitlatc Slst.n ukrl N.tLntlatur.

The forccs rnd nronrrnts rcling on ln aircratr arc
most crsily eaplaircd by considering the two lirniting

At thc besinnirg ol thc rnaneuver, thcrc is only thc
stalic rollins nro cnt (CMxo) actinc on the wjnc, bur
the rare of roll (@x) is zcro Tlris condilion ls
depictcd in figure 2. Thc trailingvorticcs shed by rhe
wing,rntisyn)mctric lord distdbution nre sccn Lo

lndu('c upwlsh (U) at rhe left sidc of rhe wirs and
downwash at tlre righL sidc. ltr additio|. sldcwrsh (V)
is induce.l. wlrich poi.ts ,rviy fro ihc directjon of

t.p ,. R, tt ltoh uL U ,1,. tU"t1u-t.w-t
A, Rntt dr

A steady siarc mLe of rcll is obrahcd when the
static rolling roment (CN{ro) of figure 2 js c{nceled
by the roll d,rnping nrorncnl in fjgui{' 3. In both lig-
ures 2 and 3. rlre lclt side of thc wiDs is seer) to pre
dorniDrntly expcricDce irduccd upwasl vclocities
while lhe rlght sid. experien(s dorvnwrsh This co|
dilion ls skctchcd in tigurc 4. The change in the direc
rion ol the relative wind causes thc liit vector on ihe
lett wins to be tilted tbrward and backward on thc
ishl wing lhe rcsulting thnrst dr:rg couple caLrscs l|e
induced (advcAe) ylwlng rnomenl due ro roll. For a
glven rcl1 ruLe. thlr advcrse yrwiigrnornent is direcrly
proportionxl to rl. wine lift coclficienr.

rl.fl:

Fis. 4. Roll lrdutr,l Ya'|ing l,lohtent

1.2 Minimum hrdu.ed DtuE Antiflmnetic Lad(l

Tbe sprnwisc lord distribLrtion th!t ylelds ihc mini
murn a'nount of iD.luced dras for r given wiDg static
rolling mornent (CMxo) is shown in fisure 5 For an
elliplic wing. this jmplies i line.tl varjaijon ol the sec
rion u.r ll .i,p rhr',,1 ll t' b, r$c n rl" lro {,,,g
tirs. Such i load dislributbn is achieved by r linear

t;

.",ii -

Fs.' R +.re Ua a,nt t V.^oa,l l"h,, t |,,,,t.,.. DL, l
An.r.n D,11,\ tL ',

O,*." , Oro*, Or" U.U distribution tor the othcr
linjtins casc, where the ailcrons ue nor deflccted but
the wine is rotating 11 the rate.rx. The lond djstribu.
tion gcnerated by thc rotalion of ihc wiDe creates a
rolling moment tCMx). which countcracts the rolline
nrotion. This roilins rnonrcnt is reie.red to as ro
danpnrs momert (iCrrx/aox) and dcpcnds onty orr

()



9 oz

"l:.

a2
30

t6

TI]CIINICA], SOARING, VOL. V, NO, 4

iorrrl.ruclrrts rollirrg nrorl\'rl is oI th! rxgrriludc
(N,l\-1.94o\

$h,l, lir.rr \!,r)!'rrrr,irs rs r()l r prr(tirJl r!tiDs
ol nrll .(!rrro! !i)r Ir.\.r11 rlr.rrll .0r)\1r'Lrrlion lr.h
rl(trL.\. llr ! ortifrLrr (orr(llIur L i rr b. s.d rs r yrrcl
\ri.li lo rrrDpnr( ll)f rn(Dt\ ol ,)lhrr nr(trr prx.lrcJl
sohrron\ lor rir(ririt roll uonLr()1. 1i' llr! {rl)\(qLr.nl
rnrl!'(\. ir \! L l,r r*tl,irrl rhrt lh..r!rlrol sllrc.\
.rf ri:$l rr(l llrrl lh..orrrnt {,rlr.r (hor,l l.r'sll' is l
,r)f!t!fr lrrrlLof r)L lh. l({rL wirr!rhord L.rcllr

/ 1! :. llilu trt lrr!ttt,l l)tu! /,1^l lr\!tllrt!rrt,4ttr I Iit.
tk tti,tL la'rtI;tt.n R,'llnq tl,n r|'!Li . t hn,! ln;rt

l\\jst (linnl\rli,rr Ir{)rlr th. rirr!rool l(, th. $rrgtrI
llr. 1o.,J ,l :lribrr ,)f dLr. lri roll (l rrri r! i\ shosri

i. lilrrr a llr. .nN,\ ol ligr r.\ 5 rfd 6 rLr( sim t r-

r\.Lt,l l(n r \LJl. lr.lor. lhn \irltl\ lh( .h!i(\N
r.\lll llirl rlif n.\'rir!.lrl Iirlrr.d Llrx!ol rr.lliIrl!
\i.! ir \trrrL!-\rrlr rill (( \'T\ 0) \ r , i 

' 
i r r r 

' 

r 

' 
r r r r I I r 

'lril i)r $h.r il hr\ .r liDrr, l!vr\l (lr\lribIl!rr lhf|r
lhr l)rl Ljrsrj {rr,j r\ Jlr l. rlrr \lrli! jolli|!
nrolrnl i( NI\rj) r,i(l rlur 1o trill d,rirt)Lns.rr(cl .r.lL
()tIfr. r d o|ll\' rI. lr:Ni. .lliIli.: lo!rl di\lrihuliolr ol
\Lrr(lr. -\rrL.l.v(l llirlr r r.nrL r\

eNqsEnA'd lt

I i!< a. l,\ki l)i ih trrt l)t, r' R,,I,rt d I lttth lr'rt{

li!\rn r nL(^\\ rh( rndr(,1 ,lrr! in.,. ,.r)r,lur l(,
n,ll r. r lrif!lr)r ol llr.$Lril1tjirr:"riron].rl l)!rir$
r ... 1 .r ".'r ', '\r, r' .i . i r -

rr.llt r\ \In l,) l.t,,rro rn(l r[(lrf.n(ltnt ol lllr nrll
rJ1. 11r. lrrr ir.(riirnl li) lh. .li|r ' wire ol

t.,..,..t

(l)r( ,. (^, r +().-15(^,

lr i. rrr1.r.'liir! Io n(i1. rhrl llirrr i\ rr) ofl rr)Llrf trr!
rr) r(r[ .. 1]r. rilr ol r1i I t nrL Llrrl. Ii 1i.1. so rr( L()r'

\!!rJ rlru\l Lrn ht dlrrrrf(1. l)rllrLrllr.rtrn!.lluJlrrl
ll) Nilh i.\t,.(l lo ( U\ i.(i ..1.\ lhi t l|. I)|lrtrrrr)l
rolL (l.r.l(r I orr s rL rr\rl $h. r !l \'\rr! r\lrIt llr.

I it. ;' lu.turr'l Dkx lrrnt t t l)tt( L' R"l Rdtr at dn,t

R.lltt4rLur.tt(Mtlt,ar t lli)1n h t , ! lll t lt t h, t i r t,1

!1 rkdt ) 1\1\1 Ditrih ti,,t

t I lit)ll l\,rtl)l lt'ith l),tl).,tnl ltl(t/)t1\

!1o\r rrr.hrl !rr r,t,ulir).rl (irh ril.,orr\.\l rding
lrfri r stlrrr\!is. slllior lst) i() llrr win!1i|. 1 igr r.3
\hr\rr. lor r given 'rillri nilLi S rrroml]ll i( \1\i)). th.
rrl!\!trr r.lrii jrlrrrNi;. l,r(l (lisltihr'lion\ r(n {rch
rilfrorr rri fg0llr r1' I;or .onri'rLfi\orr I r i(lcrl lord
nNIrit,uli,)r lor r tsisl,rLl .lliIr,r *inr hr' bN
r!l!l.rl l:i!ui. !) \!ro$r llr. j|x.$i\r !itr nrion ol tI.
\.!Lror ll1 rorll'i!irnt r{)r lIr srrn..orl1Lilio.s. lhc
nrr\ir"urr irNrfl').nr l \i.lx)n lill .orllicicnr
tr\trr.J liri r ![.. \lrl t rol]rlg rronlfrrt (( N{xo)
(L\,rrrrs rxrnll,v $ilh ir.r(r!n!r \tir. ol llrr r l. on.

P,m".,.",..-,

'rcM1

= 
a,

c't

.t
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l k. l- .ltxin tutit L,a,l l)i\hn tr\t.1|', tt d l.Iil\r'
lttn! llitlt llrt :vrtt 1iL,1t,).1 {',lttdnt Or)t1l Rati, ln
r lr., I ih4l tttr\ ll,llit c ilh,r.It
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i.-*"- I
l^to..urmia. An rno sl

gNil$ 
''DN ?lis ll. ili i, tnt htut.ul lrar l r tL"t. tl:;atnn Lili

(.ali.tu1!li)tu lli n hnu Withtatnstant(ljtrrt Rt!h)
,.1ih1,^ at t Jr.utibd lltu! R.llnry lto tL t

.r t I L4) Lr4ld tr))t 1,yL'! R.t!!tit1d

Rrllirr ibrn fr(s(ntillg thr Lrelurl lhp d.llcclioll
rnglcs fuquir!\t lo r(hicv. lh. loa.l disllibution!
d.\rrl\rl 'r lh t'n!r{rs t,Jrrr'rrpl,. lh( Ll, 'r!.L Ir
lvins sc(lion r.Slr of zcro lir'r *ill lr siy( n. Wilh lhu
rid ol lieur. ll, tlr( rfglr oL /rro lift ehrng..an be
tmn\Lrilc!L ilrlo tlrc c!rirrlcfr ll!| d(llcrrio. !Dg1c.
dcp.rxling on lI( lhp .hotul lo n.tn)D ehord rnlio
{(-t:j( }. ( ortr.ry to ll. viscorrs rlrr*, I'r. indu..d dmg
a irdl't)end.nt ol llir lhp ehol1l rrtio s.lc(rcd.

It slrorld h. no((d th!t li)r rni irnIm lndir.cd dflrg
in rh! rLrk, ol rr clliItic $,ing. cq!rll! l)r8e posili!c
xnd r)ogxliv( ll t),lellLrlnrr rlele\ rrc r'r(lriied Vis
.ous r'lic(s. lx)w(!fr in {.r)r11rl I'mit the irllo\r'rble
dowllwtird rilrrcI trtrvel lhc illdured drrs t)enrlly
assorixlcd \ith ihpuf rnll l]ilf dowr ltLr!cl dilJcr-
enlirlion !$ill bc disrusscd hlLr in (his r,rDer Scctur
visdous drus nr.r(rs.s ruDidly rt hjglr lLp rtrgll's.
i!hi(lr lh.rcli)tu I)un he rroilcd. lilgllr'l.1l sho$,s.
lar d g:vcn strlic rolllfs nlo rr i (( Nt\o), rhc
rcquirud chrr)gt jn $irg n'( rion rngl( oi zcr) I'ft rs I
furcrion of sr)rnwis. lorx(iotr (st) of th+ inlloxrd
cud ol llre outborki !il.()ns. (bDrf!rrd to r lirll span
riltrol (sl = 0). I tyfirrl siusle rilel(nr strrijtrs ni

ri!. r. I .rlht hl t;Lttntrr t.iJt o,lli tutr lat u t:Ii)tit
l\tilr? lttth Purt-51)dn.1& h,t\ tl Q,1stu 1 ( hrrLl Rati) li)r
t Ptl sr'tilrhl lt'inr RtllnQ:l|r . I

lllrr(li)r(. |'rgr+trn rilrft)rrs slronkl t,ro!id. brllcr
(,nrlNl fo{(r iri lo$ sp.rls whc. Lhr win! ot)cml0s
clor( 1,) it.l! lr l),)th ligrrti lj rnd (). rilrtr)ns strni g

rl rPt1ftr\nnrl('lj .10'.; Ni S \cnrisprn s(.cnr lo r_icld
rondiliorrs rlr)s\rn lo lh! ll).orctirilly bLsl lin$r
t$isl dLilrib!iiorr. lhi\ wiLl b. discusSld lirlher in
th. nrrl trfulrLrtl)s.

t.l I!'ll(irttnl h:itl) Ail(hrt u l hth)uttt l:lut)

Arr r(ldil(Jnrl drsrr. ol Li(clor s irtroLlu.cd il
hdlh thc ilerl)rr\ xnd thc iDhortul lLps .rn lle
d\.ll(ct.i lo cr(rl. x f..s.rib(d sl.li. r()llins roI)'inl
'l[r (o.d]t or lhit ihc LrduLr(l drr! dllL () th( (tl-
irg rro rnl mus( bf r frifirnunr yiLl(ls lhr o|tirnllin
d!'ll.etiorr {l)(rlLrl. lbr lhc lnhor rrl{l o!lhoi
.rih,rurs. Th. l.sultitrs or,lirrrnnr rprn\rrse lord dislri-
rr r,\[s.,,r,r r,,LJl \\i.tio,t ti \{\.it-i, (rrr r. r. rii,. \,
shown in ligrrr('s l0 rDll Ll. (bnrtrrcd to th. rinAlc-
!il\'ron onl\ .onligutuL!ors. irc t\!o s(Anrc t !i!.ron
afpl1)rirrrn:s oru.h bcrl!'r lhc idcrl opliorunr (or)d;-
riors: thtrrl;r\'. lo$.r drlg aD.r,rnrcDrs c!n bc

crLo,
]b

.LAPcHORD FAIO. Cr/C
Iir t t tl-t 1,, 11 ., - 1tt.,. tt /,.,,. t\ t ..D.\tti-

t)ntun.1110 ta rtt1tutt,...trith(inbtort(lL).Jkt!t,, 1a l: ('ttd@,nt L. l 5 1.x l,al lzoolili6aFn'
.1it.r.ns , n n PR..nbal tri'tg R olhts ,vrrtrtt tiatttfth'FhoCht Rati' I I htu Ant)i! m'on)

l8
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\ ri! f \.!firrrl l l( on\., s llrf\ ,r. \()rjjrfo.l) r\tLl jrl

rrL\\ rirfi ll s frotr,\ !rri .r,rt
\t '1r.(l tr(1 r'r\ r.,il! ls..1lr.(l.i .rliof i|Si
l) 1i. frn' ()L ,L !'giflLf(l rLl.i,\. llrr ot,l irfr
l.ll,!1,oir' i)r lh. rtrh()Ll lL.p t,.,Irl rrr nl.,ti\rl\
!n.rll. l!r. i(r,t, in (l(l!.11i('!r .,r!l! l\'t$r.n Ih.

rh,,, rd r.(1 r)LrlhorrLl ,rlrtr) ) \ rrrr 11) irjlr|.rrrlrIt
,,1 llr! \r)r i\ \r li\, 1 ,)rl, l'. l,,frit,,jrLl.(onIrrr{l
to rh. \rn!i. riL!rL)n .(rr,rt)r rhrrr i\ I \r! Lli,irnt
,r(hr\rion il rIr ,,.1ll)r,ii ril,r,,l Jdl.1ri,)n\
r.(lrL .Ll. l|. r1,i f n\i.lirrjrl.fr o 1iI i.r]!r.rl rlIr!,
iilrr.t.r \l r\. rrolic.i rf r(lLL.l(,)s /i\is.oI\Lrr!
Llr. r,),,,rtrol {,rl.rr. LL. l.rLr)r.! h. r\ti..L.il
ln , rlrr tr.r,'r n!D'.Il!{l i,il..r{,rF

iD,. i' cM, -,. r?cM? . Kr-?

|No,D]

]i! 11. I '|tu,Jlr!!h rlh,tlt tnI i,tn ttitt!t,lnL
l\trit ltdtr' \,Itn. tt t ntr l( ttt"'l lrtt l\ tlillt <"
rrt ! t t,),1 ll(ti',.1n1 | rt

t . l)ralt 't\ ,,t thr li,)ll,jr ll,)ti,rt
lIe lnll(\'r,r! rrrrl\:is f,otiLlr: \(n . ir\i!ht irlo

L
r(trrrli.r 1-l) hf lLrr. (lrt,ffd.fl ollir,r i.()r or oi
rn rir.rtrll rr,.rl(!tin!.lli.l\ ol \irlLrrl nrr\\ itn hr

'l - l[ 'l l'\ r||, l,'ll"\Irr ,lrrl. '.Irr:rl ..t'r.'rx'
l ir ')

'^Ntrrcl"^*A[R.^, t4funl +
] i+ l.] (1u| \' t.1 tL I' at \t t l r n..t itllt t,t 1t t t, I ll t

R.,tti1,l l', 11,'ll(tntr,lt,ltrIIi)ti tli t

r t' l tltr ln I)n! lrlt it, I ttLirl t-,attt,l
l|. trin,r ri1lL,,.(l (lixil rrii,frLLrl ilL . lo lrt.,r

r.,.r,,1.\r
in(l.t.rr,Lrnt,'l lLr. $i,i! liil io.ll,\'rrrl \\1,(|l lh.
\t)rr)s r\. lotr(l (lr\l ! il\rrir, rfrn r !( rn! ll'\' \lrli. l 'lII!
rr()rrlfrrl 1( \t\()) hr\ rr('l r\'.f l|. rnrll or r lrr.I
L$isl rlrslr huLrj i. lhr {irr rlr\lr IrL lit)n {lLL( l{) r)ll
([r]rt, f! \,il \rill ., r.r lli. ,1i lLr! nti rLr.l r( \1\(,r
bul .n(, lhf \lrrJr \l.rlr rJlf ')l roll lr\ lrJ.
tr:rhr,. lIrr \ll trfrrr) ., r.(l,,iLl \ri iBr\r l(),,(l
(li\lnl,!1 or ,1,r. 1o LIr !{)frtrJ tlr'1.!l ()ri I r\ lor,
(l\1 {rl(irr \,(\r\ r(lLr'((LLLi:lr,rl oL: gi\rr.,ir
rr! rrior i\ |rrJf('!!iorrrl r(' !ir. \t!.rr. ,,i lln rrll

l. r!i..r llrr !rdLLr,(i rlrfr l,'.r.urn1 i!1,. ro ri,l
rljrrl11)] \ Llrir )!LL b\ llr( Lr(lrLr I 1)f

t\

o 5/,,,1,,hr

ir( ..

lr _.

\ 1.rl ( ni iLLlLLirjrLn!

'olli|!
r()l )

l!L .. .1 l)rr\.nl\ rh( \r r r. lrir I r I r r ) r r \ I .r r L \ K l

thr({r!h K-l ir\ r l!rrrl!'rr .l lhf \t.rn$r\r lorrli(nr r'1

lhL iil.!1i b,rrlr)oi.r (\!r lh i,',i,r l (hrg,ri(rt
rrr rl i\ \'.rr l! |r ri riirrr Lrlrrfr \ rLLr \t i\ (rrlr(l .rl

I t)lr ()\irrri 1.Lt .i() \l,r r i r 1lr( frL,. i) .i )gl. rr .rorr
ronl,t'1. shil( il' lh. \,Nf ,,1 (l,r,l'lf ..,x'rrnr lrr(!N
lh. iit,r.tunr,\ r.rih.(l l(,r .l .0 li. ll,.,r.r.n]. 1,,

rf )o \1ril r! dr! LL rl..rr i'. brL\., i lrr.|lrirLrir
sIi r \ rglf-fl.rrrr i1 ril( o11 r i, tirr rl()rLL.L. \rgur rLJ(l

(otln1.rDrrl llo$r\.r.llrf JLJ! rr..rlr\ l()r \horl-\|trtr

l\ = Lriirlli. .L rh( r r.r, rl r|(,1r1 rh. ri)l r r \
ls nr I

/r = J.nsir) {11 llr. .ri, I lg Dr I I

h = \inc 'r,i,r {ntl
\ - si,rg lLlcr I rl
r, - l!...J\rh = xrr.r,rrl rrtr ol ro I ..r II
u.- _ \1,..(l ol thr iir.rrll lrr \.. I 

I

ligLii( ti rJrr\'.1\ J rlri).rlr.il {)lr lirif ,)i eitrJ
,L,.1.'r il,r

I LrL r rrj. \itrrLIrr joirdir)L rr.i,)rrrl rL,ll rlr ol o\
ll.l)1. r !rhrr r'rIir\tnlrli\r liJr rnrr\ irririll .,rn hr
rllrrnfll lhf xrl( !o . \, ri !\nirn.ri lr! 1\' rlrll..l.(l
\) lr: I rllrr 0.r \.r I r. Lirr\ ifL rr \lrri. tr)ll ng
noii.rl 1(\1\t) 0011r$.tr r.lLf!fLL l,)\1(,t, lr.
hil. ll'. .nrlrol' \rr( r\nID. rl lo h( r( turn.(l l,) llrr
rrrl,rl Ii\rri(rr .rl\o \ilhio o.-j 'c. lIr \rJrir ,ollrng
rojrrrr \\.\ r\{rr.(L Ir, l,! !rfrrrlf(l b} or,lln |rl
lri,.r *i,i! ltri\r or l,! d lrr.rLrll! d.rl.rr(d
.riifrt!r\ 1\t (l r'.1). r.\t)r. tr\fl\ I)Jrr lronr th( t)flyi

l!)
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!u\ t),, srrph\ !!.rr !5(rl 1o r,l.Lrhrr rhr Lnrhr.la]
lrt! i.rr.fr.rrl l)rrLnr th. ,oll rr..l.rrl () rLrn. oi

.,t,rl
\.rf 1o.\l,.,lrri.. iLn n.ro fnl.rl ir(hr!.rl rlrrg
$hirh \ lirrll! r. rL.,l L) I|. $ork \t()!l i. llri n)il
Lr.jnr..lu.1 .l rr. rir.rrll r\llfr 1l)r .r....rrti()n
ti'r\.. I \lrrl! r. i or roll N .rr ftrL ri.t \rrrlj /fro
ir.lr(. ,lrrg ir1!rr rnl l)! Ig 1l)r Ll.tlrrrlior
'.,r1

rf.ut,.r.r1.{l n rLr( r(jII ol nrlrlj!t lrrrl!.rLl rlr,r!
'l I r .r L r r rr l r \ , l l l,rrl-\r,rn rLl ,,I\ \ho\\ hr\ ! i \

Lh. \rmr rir:Lrt.lrri\lir\. ILrr llr. rlr! .\r s rrf
hrgh.r. rri(1. rrr()st \ign lfrIll!. lh. r i\ ! !()rjst.rrL
rnroLL.l .l I.r.rirf rLr if([Lfrl L]r,r! (lLr ir)s rh. lirf.

rnl lir lr)r lh.n lir|irins \.s lhe.o stlltKt*r\
.ol (lrr.jlri I.,L br.rus. il is \igniLi.rnl onL) durinr:
ll'c hri(j ()L ,rtl.,iriorr rnrL ,1..rl.rrtio,r t).ri(xl.
l|.r. is r \igri l!xrl dr.rr |.rrll! li,r ilr. rno\!rll!
lri!. rilc,ori ,l lLrr.rrLrlro ) rriio ol trtolnrIut = 0

3 9 0(

i; "- I ........, i
ei / '. ro N.u.r'.N \!; '. --,,"

E ".' i\" --
:' ooor j

9: "i ,;,,, I 1 !.':
"*, -v. I i=;

l it. 1., R,)I(ltatut ttn\tit\ t).t tr l lltttt tti,: ll
Sntnlthl ( l,r l;lillt tl .\t, I t r.l

I

\\ tjr 16 tlLLtt)t liLnttt)ilJ. tLttitt1,t tttjtttt)rq t)j
t t:llittn ttirr:r!|(t,t\ta|1.\latnR nl! .,"t 1

^ 
**^ ***.*, ";

Irr r{l ol \1.id! hll. r\$rI)ir! thll t ir rlrrrll \
!oir! LL, ihrrgf its hl.rrL rrl t (1. b! ,)0 (lrg,.(\.
rlroLLl s0', oi th. rfi|l(!\.nng ti.r. i\ \|rIL I
:l.rrL!'s1r1. roLl. r,)(l i|r lrrg rxt)r.i( r.,l {lfrirs
\1rr(l!-st,i1. rol h..oL)l(s 1|. rro\l \igrrl,rnl irrlor

: \ llll.t t t'l 1tl(|)ti Dillittrtidtit))t
, rl r r\. 1I I.

\.rrllr l|.r. (|. uf{r,rl (lell..lions lhL\(lillcrcllir-
lio. ol lh. Ll.llf!tiorr r.!lrs i i.rc*riy i() r\oL,l \ r
io!\ ll,)s \rrr(rLo. rr rIr riIs lrrlltv th {lowI$xnl
l.ll.rl.Ll ril.ro,r\. Ail.ro. ,l i I I I i . I I L l r i ( i I I rl\o r lrf. r\
tl'. hl irrl!..,1 rd\.N. v,r$in! .n llir Nir! lhi\
roll rr$ rouflirg rr\ r t)ronoun.r{l i.llLr(|,( o. rlr.
lrrrlling .lrrrr.lrr sric\ lh( !r$Lr! nronrcnt! rr.
uun,l l,! 'lrrIsi\. \rrirtLof or l,nrril( l(! rnd
indrr.l lrr! O.lv lh. irdLr..(l ,l,r! r.lrlrd trobl..r\
s jll l,r.rlLlr.sn,l ii llr \ 1,,ri,(i.

l\ I l:lltt!t)t ltlrhrt l)tl.ttt.tt/it/it) t), l) 1N

ll 1l'r br\i. \ir)! LL r (l stribuLror) l\.llilili.. rLillir
.rrtiil!n ol lhr rLl.ron (Lcil(,rio|\ $ill tl'\,r\\
irr.r(r.r lhr ir.r.nrrflrl rn(h,r((l Jrx!,lur 1orr)lL.or
tioL. r\Lr rLl,t,ri lrnil ol rIr iri,l!..1 Llrrg ffnrLl) \
oblxrfrl rrxlt/rn! th. .,tr. \rh(rf onL! u|lvr,d
.i1rro. (l(ll..lLo.s rr. rllou.(l (6(t(j\rn.6ur 0) 1: -!:
urcs 1l) xnl Il shoN rh( ln!l!.rJ Llrr!.o r\t, It\ l(.

l:i! l1 l:ljtt 1 t)t liLntt !)i ttL iiutnt., t,tttut lrlqt)l
t l:Iit)ln ttirl{ at St.tJr llot. t)l kt,ll

I:igur. lf sho\\ th. irIrcrrl d,rg (oIsIxnls K. rid
li. ' ,l rr' lr
|'r" ll rr | .' ri irr.l
rrtio" 6,to\frtLrt) : 0.5. l ) i l l . r r . ( 

L r L i o n !i lllLsI r

b

(.-1

t)1.1iL,rt I)illLnntid! t l;.ninpRdnn t,t
I)tu:: l)11. nt I rt.ml (t,nn)l .t do j,llittn

-/-'."/ aN)'\)ta',^an:,-a t arm \

:"r.
".t

20
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-l

.t: : Ltlittt)l liht,)r l)illo\rtitlr, ttt 1]t1

l)tlut rn l tI i)t .\l' tltr ttt

Iir)r rr tllirri( $ing s;lI \yr)n).lri.rllti ilLllc!lr,l
.'l\'ron\. rl', 1,r.,.,1 "Irr,,l Ir,r'"1,r'\ r'r I'LlU..'l

( Uz - lL(, @. t K.- (-Itr)( t {-l J

I:or $ing ,n rsttrrr rrlio lO. llt.\r co stxnls lrc Ko
= -0 l15 rnd K -.- = U 0.11 Ilc nrnur slg in(licrt.s
thrl th 1 !iwir! rrlorrrcnt lr.\ to nrov. th. dow wr rt
ntlrn! \i![ ol rlr! $irg li)rwrId ,)nro\it. ro tlrr
(lir(rtior).1 rlrL ir)r rdrd lnrr.

l.'..r r .l:l .r 'l.,i,r'^'...^ / l,l
. .. . ,LlJ: : .' .l i, , ^. w! I |r.r\t la

i.I'odLrccd in f(turtnu {4). O,!lv lhe t.rtns rel tc(l to
-1 ,.'(:...... '\, ,,..r...'.,i,J rr< .'$,,,,,
Ii!ul\ l() lor 6do\vIi6up - 0 rs r lirtlction oi thr
stltl$i\r lo.r{nnr ol th. :iil(rotr hr.xk!a)inr (st).
Ail.rorr dili!'rc.lixtior is \r(n lo.r.!tc I trositl!( rtl
inrtucc(l !rwir! riornent rl I lt co.lliiJi.nts I I to

l, ,.r
t, l. ' rt,, r'^! =oN, " '

Ail(roD rlilli.rrnlirlnrr is rrroft'.lliflivc in ll. ds.
oi toll!cItid'ri xiirhr\ ! rr)r.I)rnls rlrrf iin \rg'
fr.rtcd rilllor J.srf\. Ih. fJu..{l yxyinsnro)i(nt
.l sin{.-\fgrn..r rullsfrr t il.ron! ii rol rl1i(lcd b!
.ilerc,r,iill.r.ntirli() . liisurr lOslk)w, th.!rri lion
. 1 1. , \t.r .l li_,.. i ir ' :.r rt
fiLlro lor lL 1] pi.r (oLrvrril ()rrrl ril(ior.

'\cM.-rx5c"l" ou3 cr cM..ro..o

l i!. :tt r.li\t.tl.1iltrrt l)ilft.atidtin (i utia( Ru!n) t,t
th. ltu|tL1\l ldrntrilltr . t t,l n lllliptn h'nt/!

.t.t) Lttttl linjtn ln.ltra{-t,/(\r l
Th. lrril llg !orlcx \)'-.nrrr shcd by 1h! r.lisyrrr-

rnclrl. Ioul lislribrlior on lhd wins inluees r sidc'
wNrh (V). whirh in run) inll rrls lh. lbN.\ xctir)B

!l lhe le(i(.ll txil ol lltc rjnrrtl. l'isorc I I shows llrc
siLlr$rsh ir(lrrccd 0.1 \l)Nrr (lo$.strcinl oi ! wng
wlrh r i(roIs delleerL'l ro !:.nrrrre r strti. ro!ling
)orrrcnr {C{\()t l. xddiLion. th('oDly *irrg tlxnlornr

;"" 11 x's*' lfii n+nq,'. 
lil

1

I

E,,' \
:\

E llr",, \\

E'" \',r rti i,r,
! \, \. ,.
: dr'l \ t. \a [, \ 1. \: tr \ i\\ \
soci \\\
P l1,l od \ \nd

90. **,"?"ifj"^." *r%ill"**"
Iir.al. rnk\*6h h h!alt)]Sl,a D,\\nnn\rut)l

I

I

N BBEAK(r Nr ?:l

i! lv- I ttt.l ,'! lildlrt 1)ittihttttttit t ' t tht lrhlt\\rl
Ia\Ir! ,rl,,nt.ni ,4 n tlhlit ltitt! r[ 1\t,11 Rttn) :t]

tn h'nttDtr h' l.o|rd C.rD1l

dcllenl(D1 sidewaslr rcsultins lionl the rcll lltc (dj{)
rn(l iis corr.st)onclir! dl Lhnl)iog lorL-l (lisiribrtiorr
ir( nrouD. r\n\. rntrnDedirt(' condilior .rn bc
ohirintd lrorn r Iin(.ilr sulertDslLion ol lh.se Rvo
llr)riLi.e crsrr. lhc sid(wrslr is $cn to l)( rstecirlly
\tr) rg ll thc rxs. ol lrLll sttrn rLlLcnr,rs or s.glncDrrd
rilrtr's. The iidr$rsh cr.rl!'\ r sidrlb'(( I lhercrri'
rrl Lril llri! \id.lbn,r l0nds Io .ourterrct l|. rd!crre
r{lr.rd yrwine morfcnl il thr v! i.rl tril is locrt(l
rhd!. th. lr!lliug !orl.\ shcLl. lh('s in)trovin! lhe
rir.nll hrrr(llitrs (hrr lrIcrislic{.

ll tbe rrrlr.rl rail s lo.rtr'd rbove lhr lnriling
!{\nr\ shcrl. thc sidrw,rsh !rLn rlso rcdu.c tlrc
in(hrr.d Jrre r.iins or rhr !c,1i! ltril rluc to the
\i(lclar.i r((luired lbr yrw kior. tr\ is e\phined in fi8-

2t

""t

cr.= t"scr,"",I

''f

r^",-"*,"i]*'.;v ' ll
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ur. ll. 1h( !crt .rl lni lili v..lor is rorutu\l linwrd
li! lh. \ill.\'r\| rnslc (€) r,crtils li)rw!r(l ijllUsl
lh " h.nelj.irl .it..r i! |ror( tn)fo .rcd in rhr .rni
ol s(sn'rnlrd rnd lirllstrn ril.,oIs.

livcllrss in 1h. .rsc ol thr douhlc iclrnrnt rileron

Th. ruld.r d!rl.rrion r.!i.\ fur !' lw ninr rr€ rh0
I'ichesL tof tl'. .o.\c.llonrl tlrl sr)rn !ileron. Thc
s.!nr..[!] rilcron rcquLres lcs.i ruddcr mo!enreIr irDd.
Lherclbrc, .r. h. .rl)*tf!i to pr)vidc irnl)rorc.l !iF
.rrlt hrnrlling clrrrr.t.ristics.

l. ( (/N( 7_ t,',t/ar.vs

T|cr. is x sigr r'iclui i rrcrs. in indu.ed dlrrgdrir
iie tlr. Lr\e.L'tior ol [1.fu1co.r()l n].feuvrr. Lr lcss
lrtcrrrl .o trol s ..hic!c.l by th.ouLir,,lly bcst linrar
wirg Nurtirg Thc r.ro!.1ol N{ldilio|ll i drceLl due
dclt ds or) rlc dcrrils ol lhc .]lcron d$ign rnd vrres
trcforlionrll! lo thc \.tulrc ol lhc .ondrm.nsionrl

Th. oflinrum size of .on!cntionll si.ele s.gnrent
rjlcjo.s is in lhr orirr ol 701l wins s.nrnrrn. nruch
Lrg$ thrrr prrscntly u\(d lir gliders lhe lilero
drtlccrior unglcs rcquir..l lo rchieve l gilen roll rrtr
lccusc fupidll wirh lhe spNn ol llrc rilcnnb. ft)tre
slrrdlfgl)', ih. it)crcnrcnts in locrls.cLion litl coclfi
cn' t lbr roll connrn rr. rcdu.ed. whi.h should rclrlt
in bcll.r lrrn.liife .hrrrrk'risti$ xt low strcd op.F
rllrg .onLiitions. Silrrlllir xilcor lcfl.ction x rgles .rn
ulso bc crfc.lccl to reduee lhc prollle d].l! incr(lrcnt
due to visroL's c lircrs.

Fullsprn. doublc selmc t rillroirs with thc opli
rurunr brcrkpoinl locrlcd rl rpt(r\imrLely 50i,1, senri
strf ottir r d ghi rcducrion ill irdr.cl dfus ov.r rn
o!tirnum si.glc-.lcm.nt ril.rcr s,!slenr 'lhe r)rri
rLl!rntrge ol th. double segrrcnt rilrron rrnnscnr.Dl
is thlt hrgc (lclirction rnslcs rrc rptlic.l only over
lhc frrction ol lhe wi.e where lhey rre nerolynrnr
lrallv nrosi cltcctiv.. ViscoUs dr,rg is !.r!cd by lirniliDs
lhc dci.clion\ ol Lh. rnborrd !ilehn- $arich rile.is
! hrge lfu.lLo. ol thr $'i|g rrrca.

r\iltro ditlcrcntirtion is r powcrlul mcrns lo
rcducr l|( rd\'!bc indu.ccl yrwins monrcnt olshorc
st).rD singl. sclrncnt rilcroD conligurrlion\. It hrs
liitl. cllcct on r1r( indu.cd trwins monrcnt of
loublc-scgrucnt rilcrcn rrrrngcnrcnts rnd no cil_ccl
on lirllsprn singl.-cl.nrcnt ril.brs ]'he iDdu.ed drag

1)enNll,v is \mrll lor.o.rmorly used !ileron dliferen
riu l dcll.ctlon l.Itios.

Thc jndu.cl Jrrs clur t() th. idclincc rcquircd on
Lhc !crlicri trrl lo.onrfcnsrLc lor the indrced wing
yrrvine monrc.t shoull not be ncelc.lcd lhererti.!l
tuil di's is k'd".cd by thc smNash ilduccd by thc
Lfuilirg !ofi cci. Thc doublc-scsnrcnl rilcrcn con&pt
requires Lhe lcrsl rnrount ol mdder deUection ro
con)tc.srlc li)r induc.d yrw !n.l is Lhereiire
exl)e.1ed 1o Sive besr rircr.ft hxrdllng charrcteristi.s.

r'i!:: llahrt, ,)l l't dlnill LlLtdlDta!Du.n)S']a
\tsh hnltll h\ th. l1ti,s

r lt) ,1|ult\i, t)l .1in tuli itL Sttudt Shltt l?tn oJ

A I!!,i.xl slr.drrLl .lrs Alid.r ronligurrLioi w]th
rhre. drln tr rl I lcron rfr'ngr|rc|ts l)xs bc.n
.r|rly/cd rt tlrc ncud! strtc rrtc ol ioll o\ = 0.07
T, irt ., r , '.J ll,. L r'',, j,,
sid.lbr.. r.lirg il the wftilrl tril. Ihc lil(l('l
ut !rd do\vn !lrllc.tior Nrs dillircntirlcd rl rhc nrc
Sdowrrr6(Lp 0 5 Figur. l.l shows lhr r.srlt ol rhis
slrLdy lh.r. is rn i.cr.rn' I ifd'rrcrl dlrg (lL'c to roll
tor rll LhR,c Nilrl1l , l.'rgrli.f ts r)\r,digrir\|. Thc
d.rg r).frlty \ t|c l.rrgcsr lbr t|..o.\cdlio.rl prrt'
'.'.'1.., l i.', .1 i. r, .t. .,,,.-

ruri/cd ngurcr)l(!l rilcro..onligurrtion is oDly siightly
lrs\ llrrn l;r x \j.gl. j.gnr.nL lirll-s|! r rilcR) r 'l hcrr
.rf b. r signirirrnl rddirionil srvlrgs in v s.o s dirg
'r' I '\',.'- r'l .l t. r'. r:

nili(r.Il! l(s\ (s.. lis. l4) lirr lh. sr.rc (o.lftt ellc.

r is :J. R u&l i Dr|ler!,t l.r t nr lin r r a r kl I nd1 t..l Dtd!
.l0 Q,ntita/ntunt wirh ar l llittn hnr! et t sntul) Rntt
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(lMxo = Mxo/qbA

C1y1, = M7/lbA

h

tx

K1, K2. K3

K+. K5

rviug.rrtr trrll

wi.e rfrn lnr

wine section chord lenglir lml

if durcd lng.oelficieli

tlrf chorcl lcngLh Inr]

wjns litt.oclficient

sectlo I ilt cocllicient

wing rolling moDrc.t
coeflicient rt roll rate ('x

Ning rolline Dromcnt
coclficient ?i zcro ..r1o of roll

yrwirg nromcnl coefficient

ve'Jlcal lril height llnl

Dromcrt olnrerlir rbout x axis
lkg ml I

cocfiicients in induced dras

constarts describing the yaw
ing momen! chingc due lC)

di ilerenurl ailcroD defl ections
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yrwing morlcnt I rNl

roll rrLe Jli scc I

dyrranic pressure I N/rrr2l
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