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AbstrAct
A variable Geomctry Sailrhnc uses a hrge lull span .e-

lrsclablc flrp !o exlcnd the opcraling llight spced rangc lro
slow flishr needed for clinrb to high spccd flighl lor c.uise.

Thc slolled l'lap wing seclion has adventrges over thc ctrlier
chord exlending 1)pe ltap in lhtl i! is siNpler mechrnicallv
and is betler ahle lo acconrmoddle sltong aileron conlrol A
rew slolled fl^p wing section designcd a1 lbe University of
Alberla has bccn tesred in thc lo{spccd vindlunncl llshows
liit charactcrislics ihat *ill be suitable for a v!tiable geonrc

trr sailplane, silh pnrticulrrly docile slall characlerislics lor

The cxlenl ollamin.r llowon this Bingscclion w^s sldbi
liTed bv the use of l.minar separNlion bubbl€s as a mcchd-

nism f;. transition. Il Bas fo;nd exl)crimenlrlly thar addi-
lional drag causcd by thesc laminar sePtratio'c 'lnrld 

be

ed-.1,1 r'i rl,. .n rodJc iJ. J. b.--Jdr) l \'r 'rrr' J r

rnc,rl.r rhclamin,r h-l'b(. lle'c\< (el\ri\< n 'dL,
ins lhe drag cven whcn lhc! werc not big cnough !o trif th€

boundrry hler to cause lransition Olerall peribrmance 01

lhiswingseclion w^s compamblc lothc l'X67-VC 170/1 36

desiancd by Prolcssor worhrann lirr thc Sigma prcjec1

hrtroductio!
Mecha,risnrs lo rlier !ing geotrctrl' in llighl rre co rmon

n ll riroafl in lhe lofln ol conttul dellces such as xilemns
xnd llat srdcn1s. As applied to Srilplrnes. vxriable Gcomc

rr) ilnflics ldrge flaps which produce an increasejn thc clfoc-
Uve wins area. or mcchanically vrrisble sptn, or me'h'nicrl-
lv !xrirble winsthickness. Thcobjectivc is much thc sane rs
o ort, r ".rcr, u.:ng I '. rJ oro\ dc ' o(rrPr. 'TPr"rF.

betrccn r€quircmenls ol bw dr.tg for cruising flight, and

h,r ii brlou,p((dIalr. lnr1'c (or Ir.,rlPlr erhcr(

'..',' ido,Lrorrl r(-ur.r ,rrr ,l Jr lish I lr 'r rr 'du.Pd u:rn

the mininrum possiblc drtg lor clnnbins flish1 in thcrmals
{here it is irroorianl lo maintain I low sink rale

Tro types'of flxp systems have bcen used fo. vrriahlc

Scomctry srilplanes. The lirst is lhe chord extendiig non
slolled Fowler llap used on rhe B.ilish Signrar and morc
rccenlly the SB-l12 rnd Mu 25 aircralt produccd by Wcsl
Germ.tr Akaflies grcups. The sdvantase claimcd ior lhis
llpeoljlap syslcm is los wing proliledrag in thcflap cxlend-
ed conliguralion. Disadv.t lages. shich showcd up on rhe
Sigma Protcct, arc dillicullies with accommodtling d Iarge
chord extcnding fiap within the wing. rnd ilith inlcgrNlion ol'
suitably clTcctive cont.ol mechanisms inlo such.lllp sys-

l'hc second type ol l'lap s!stcm is lhe slolled Fowler llap or
slotrcd flap. Fowler flaps !c.c used on lhe BJ series ol ait
c.rft in Soulh Africar and a more limiled motio. slottcd fiap
sl,stem on rhe Geminil in C{nddr. The sigma prototypc has
also been relitted wilh r slollod flap system olthe lypc uscd
on Geni.i and this ras flisht lesled in Caiada Thc nrain
advrnhAes of lhc slollcd fl.p slslenr as used on a;.mini !rc
thltl flaf exlcnsion nechanisms are relxlirely simplc rnd eNs

ilyittcd into lhe wing, a.d that ailelon rnd ldndinglpprorch
conlrol iunclions cNn be ,norc crsily inlcgrrled inlo !he llif
s$lem. Aileron contml at bw spccd is prrlicuhrly elledn'c
$ilh prn olthe sloltcd fldp acling rs ailcron.

A dudt' olsailplanc {crodynanrics in circli.g flighl5 shows

thal the inducted drdg is lhe rnalor co lponent ol overall
sailpldne d.a8 and lhrl oderxtcl) high !alues ol sing f.o
filc drag would hrve relalively litllc cllec! on pcrlorm!ice In
prrclice sknled lldp wing scclions can b. dcsigncd to havc

pronle drag coelilcient vcry nearly thc stme rs unslolled

Fowlcr flap wing scctions.
The variablc geometry wing section is really .r pair olwing

'(J run. ll,.l.pre JfrEJs(,rron f"rd\r'(rh. n:ninu
e.'s,hl.JrrsJrcrli':nsl.llLUeliri'rol0 ( 0E lh"
rl.'rc\rc dd los'pecd" ng\c.riun.noulol uLlur(un.F'
. rlr lifi .' la. rclr or 3D{,, I I I urrh $ mrnrr rr N"ihle
profile drsg at that Ult cocfllcient. An addilional rcquire_

m€.lis lhat there should besome rescrve abovethc operati.S
lifl coemcienl lo avoid loss ol control vhen flving jn rough

tir |\ aAt \OAt NG
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'",,,",,..n*'ii. r.r lr '.: rrr^l rrr arhl'vl rl(rJ

rnd l!nding dpproreh contnt llnf
Arlick{ingscction* s!\ddrr in ly i)r stn,cl Lt rrl consid

.futions in thrr r hiSh r$foct dio (rbour l0:l) will h0 rc

.ruircJ lnr rhc r:,ri,,hl. !( ',r'rtl \','lPlxnr rpPli( rr'u Th(
rhrl si_r {(crr^r .l o h{'|" pr \'d t'(rr(r (, rr l 'r'rr '

b<.{c(nl;s_Ilr:'-J.,r''.t'((,1 r(q rtLnrJ r. I" nrn '
rrr. r." "irrr {.Llrn '\ sl'o\rn i Fisurc I Win! 'c(lit'n."".ain,r- ir..rr:n r Lrl' T\i -rnc..cri.r h'.h..
qivcn the dcsiglirlion LlA79 SI _187 mellDins: tlniversit) ol
i\lbcrh. 1979-sknlcd flrp, 18.?li thicknLsschord rltnr'

witd Tunnel lcsis
TfictwodiDteitionxlo c rnctcr elo nodcls \n!(nrn(ed

.r:'rnnAr|r. '1drr(n.i.a llrLl1'r' /d4 rrl (r'
tirr .,t rlt'.nu L,^r sFc.l $ind lu,,nel M(J'ur.d rtrtl'u'
l.;,., ifr,,nnr\ lr\el ( lr I ' rn rhr\ $ind rLr.ncl

Bouniltri ialer conrlol suct,o {.s !ppli.d throush holcs

drill.il in rli. cnd plt'res tolkNing tlc rcrr 5o-q ol th. nrodcl

..nt,rur 1o cli iflle lhc ellccL ol weak *ing lil vo.liccs
lornrine in lhc tunncl $ll1 l)oundxry h)crs For rr givcn rtrgle
olrll!;k. ncasu.cd lift ct*lli.ienl incrcnscd \\ith incrc sing

suclion and lhcD s(rbiliTcd lll u conslrnl vrluc iirr co linued

increrse in ruclion loluNc ilos O l) quilc rlllnrounlsol
sucrio| *e.e req ircd to rcxch tfiis slrblc condit'ofl flo$
visulliTrlio indicaled lh l thc Jlo$ wrrs t\ro dimcnsionrl
Such l.dlurcs $stlnration xnd rorttichorenr lincscxlcnd'd
in sLrrighl spxni{isc Ii cs over lhe enlirc sprn rnrrsnlc Lhc

ru dcl$rll tuunJnl\ J\ur'
srrrd d I'ncxi/(,lLurr((rruni l?l tor NJll ("nsrrJ'nt rnd

blockrge wcrc rtplicd 10 irreasunjd resullt
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Figure 2. Flos Visuahtion Ftap Retract.d

Model
The 1.0 motcr chord model had d 0.5 mm thick aircraft

alloy aluninun skin formed over a wood and stvrofoam
"arne. lhq surracc urs "onrourtrl ro,\apc :'ing auioru Ir
body lill, and painted flai black 1() aid in flow visualization
The conlour was dccurate !o within approximately 1.0 mm
(0.1ol. chord). Fifty three static pressure taps wc.e provided
on the surface 1o m€asu rc pressure distribulions. Specialcare
was taken ro provide lNps ve.y close 1() the trailing cdge ofthe
fl"P.

Testing T..hnique
Pressure distributions rverc measurcd using a Scanivalvc

and a single prcssu.e transducer. A data acqujsirion systenr
incorpor:iling a small compule. was uscd to make prcssurc
measu.emenls. rcduce the dala 1lr co€licicnl form and in1€
grarethepressurcoverthemodelsurtaceroprovidevaluesof
lifl and pitching nomcnt coel'licienls.

Drag was nreasured by mea.s of a pito! travcrsc through
lhe wrke at a poin! lpproxinrately one chord length dow.-
slream from the model. Again tfie data acquisilion system
w.ts used lo nrake measurenents ard integrate 1o providc a
direcr evaluation ol d.ag coeflicienr.

Flow visualization was crr.icd out using a lype ofoilfilm
lechnique. A mixture or vrrsol and china clay was paintcd
onto the black su.fa.e ofthe tnodcl. This mixtu.e is transpar
eot when we! dnd turns w|ite when the vaNol evaporal€s
leavi.g behind the china clay residue. Areas witfi high sur-
facc shear stress, as lor example in the lurbulcnt boundary
layer, d.y quickly :rnd turn white. Separalion lincs show up
dark as liquid isdeposiled there, and rearhchm€ntofa lami-
nar scpa.ation bubbl€ shoss up clearly because thc flow
spLils inlo a highly turbulent downsr.eam component and a
much mu'c.lo{l\ moring -p.rre.m re. rrculaling compo
nent. The prcscnce ol rhe fLlm does nol appear to allecl the
position oilransil;or or separation which is bcins determined

Ilo* Visualizatior Results
Rcsults of flow visualization tests are summarizcd in Fig-

urcs2 and 3 with ltaprelr.ctcd lnd llapextended rcspcctive-
ly (rf:20" ). These resuits show cxtensive regions ol ldm ina.
bounda.y layen. as inlend€d by thc choice ofvelocity distri-
bulions in the design. Transilion is hy me3ns of mid chord
laminar scparation bubbles ovc. most of the operaling range
ot Il L sirf .- r"n I hr. brr.\iJr r\')nrcal oi lJn.i1"r $rna
seclions opcrating in th is Reynolds number regime ol 0. 5 X
106 lo 3 X 106.

Nolc in Figu.c l, that boLrndary laycr flow on the llap is
fully rllached (cxcept for a snall laminar bubble ar r.ansi
rion) over thc cntirc range oflrngl€s ofauack u.till.trgc scrlc
flow seprrutions occur on the main wing scction Thisensurcs
ailel.on conrrol vcll into the stall. and a srall warnin! in rh.
ror n o. oulldi"r rnr.e"nr., run\ un rrrc rJrr wng i.ri"n.

xlc

Figtrrc L Flo$ Vi.ulizalion Results FlNp Errendtd
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ligur€ 4.l,ifl lnd Pitching MomeDt

lbrco rnd Monent Coefrciclts
M€rsurcd v.luer ollifi and monrcnt cocmcients as x func-

tion ol angl€ of dttnck arc shown in Figure 4 fo. the Rrl
retracted and lbr th€ Ilapextended.'Ihe llapcxtendcd dcsign
position wrs !1 a dellection ol q' 20', wilh a g.p ol 3%
chord belsccn thc rrain scclion upprr surliicc lrdilin8 cdgc
and thc ttap upper surfacc. and thc llapnose 2% chord ahend
(olerlay) ol lhc mrin uppcr lriiling edgc. The drAg chail}c-
lc.islics xs I lunclion oflill coellicicnt arc shown in Figurc5.

Mid-cho.d laminrr bubblcs occurrins over nn)st oftlrc op-
ertling rango olthi$ wing sculion wc.c thoughl (o be contrib-
uring sisnilicrnr amounrs ol drae. The pronounccd d€crcase
in drrg at high Iill bolh flNp relrlcled and llap oxlendcll is

due1ocliminrtionollhc lx rinlrr buhble on lhc uppc. surlNce
whcn tlc advcrs€ pr,issurc gridienl ovc.lhc torw.rd po ion
of rhc wing scclion cr uses n turallr.rnsitio looccurahcrdo1'
th€ position oithe bubble This ira silion then quiekly nrovcs
lorwnrdsalh.tfur(hcr;ncrcrJein. gleotJunck rcsulti$gin
r large inffe{sc in dr.is cocllicienl.

Somc l€slri wc.e t)erlorntcd !o dctcrnrinc the optimDor llap
cxtcndcd posilion. Crps ranged frcn t 7?' lo 5.7'j{, Nnd over
lap runged from 0lo 47',. Rcsulls showed lhal the scotion
perfornrnncc *as nol d.astilnlly rlltctcd hy movjna thc *!p
lron lhc design posilion noted dbove: lhorc is nol a slron8ly
dctined optimum poinl cithcr lbr lilt or dr{8.

cD

listrrc 5. Mersur.d Dr.q Cocllici€nts
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p, Aileron Deflection (degree)

Figlre 6. P€rfomanc€ of tbe FItp as an r\ilcrotr

Thc pcrformancc ofthe flap as an ailcrcn is shown in Fig-
urc 6. Thc rangc of condilions rcslcd corrcspondcd 1o low
specd flight, such as landing o. circUng in fhcrmals. In lhesc
cases, effcctive ailcron cont.ol is csscnlial. The flNp was
hinged at approxinalcly l5% of flap chord for these lesls.
Figure 6 shows thal the scclion cxhibils a mild slall as the
Nileron deflection incr€rses beyond 5 degrees. Th€ ail€ron
remN ins elleclive to high ansle of akck (d - 8' corresponds
1l) slall ol the main seclion). As r nre.rsure of the aileron

erecriven€ss, dcl/dd has a value 0.0:15 per degree lor nor
mai operalions near CL : I -8.

Lamirar Bubble TransiiioD
Laminar separation bubbler provide a mechanism for

lransilion liom laminar to turbulent boundxr) layer flo$ on
mosl lirmina. *ing s€clions at Reynolds nun1be6 below
about 3 X 106. This wing sccrion was intentionltll) designcd
to have a lrninar bubble sepa.alion which slabiLizes lransi
tion a1 6570 chord over the opc.ating.ange 0.3<Cs.:1.1.
resuliing in neirrly conslant CD over this range ol lill coefli

Figure 7 shows N compa.ison of mcasured drag coemcicnt
with thai calculaled rssuming natu.altransition al lhc posi
tion ol predicled lnminirr separation. Thc p.esenceol laninar
.ep!rar,on bubble' predi(l<d bi rhc rnnru p Dogrlnr is
also indicated in Figure 7. The range ofliit cocflic;ent where
Iaminar sepa.ation bubbLes are present and the chordwise
posilions predicted are in good agrecment with the flow visu-

Tfie subsrantial increase in merisured drag compa.ed to
calculated dras is due to the dist urbsnce causcd by thc Iami,
nar scp{ration bubble to the slarting turbulenl boundary hy
er. A boundary laycr lrip made up from layers of vinyl l{pc
running spanwisc on both top and bottonr surlnces r1 55l'.
chord producod rhc dras rcducrion shown in Figure 8. The
lxpe lbrnred a f.ip I mn widc by 0.22 mm high This was nol
high enough to causc transition. eliminating lhe separrlion
bubble enlirel), but ir did r€ducc the measured d.ig.

D.ag meNsuremcnts wilh th€ flap extended, sho*n in Fig
ure 8, .lso sho* r subslanlial rcduction in drag. as Inuch rs
207", wilh boundrry laycr trips on thc top su.face oflhe nlain

Bug Tests
Prdctical wins scclions will lend lo rcquire lerding cdge

roughncss due 1o rn accumuhlion ol insecl remains evcn il
thc sinss ..e crrelull) mrinlrined and cleaned belorc nighl.
The slandard N.ACA srnd gr.rin roughness is nuch loo se'
vere ro bc representa!iveoi sailplane sings. Richard H. John-
son8 has inlroduced a mo.e reasonable simulation ol insec!
roughness 11] use in Right tests of sailplanes. Sinrulated
"bugs" nade from 5 mm squares olduct tape approxinrately
0.,1nrm llrick are attached at the leading edge of intervah of
150 mm and in behveen each ofthese on both top and bottonr
surface 25 

'nm 
hack lronr the Ieading edge 1o fonn a pattern

uI 'rr bugs rcr mcr.r I I .,c , J) rot h. ,Lflic cn t^ c,ur
i'nmediaic t.a.sition ofthc hminar boundary layer. but tfiey
cc.lainly will cause somc incrcasc in dras. Thc amounr of
drag incrers€ is a nreasure ol lhe sensilivily ol lhe wing scc
tnra ro leading edgc roughness.

The resull ol lhe bugpatlern on drag oflhiswing section is
shown in Figure 9. The dccrease in drag ovd pa.t of the
operaling ra.ge Bill again be due lo rhc cffcct oflfiese.ough-
ncss cl€m€nts on the laminar sep3ralion bubblc. Al higher
anglcs ol attack where the latninsr bounda.) laycr is nol
qui{e so slablc thcrc is r large inc.ease in drag duc to lransi
lion moling forwdrd lo givc larger coverage of lurbulcnl
boundary latc., jusl the rcsult the "busJ'would be expecled

Compa.ison With Other Wing Sections
A conrp..ison wilh wind runnel test results lor the FX67-

VC-170/l.36 wing seclione is sbown in Fisure l{1. Tbis wing
section {as desigied by Prolessor wortnrann specifically for
use on the Sigma p.oject. Wing chord can bc cxtcnded bt
:16% ard al lhc samc timc thcrc is a lrrgo increase in canb€.
Thc comparison shows thc FX67 VC'170 is beller than theFiglr€ ?. Conpsri$'n of Metsured and C.l.trhted Drtg Coeflicient

TtalrNla,A s{lAlilLlG
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Figure8. E €.t of Boundlry Lrrcr I rips on Drlg

Conclu3ioD
Wind lunnel resLllls for a new slotted llapped *in8 scction

arc prcsented. lbr Reynolds numbcr I X 106 rnd 2 X 106
flap rctracted, and 0.5 X 106and lX l06wirh llap extend
ed. Lift chlracteristics 3re suilable for use on a Variable
Gcomct.y Sailplane Mild stall chNractcristics in both finp
retraclcd and flap extended conliguralions *ill provide doc-
il< hrnJlrng rl, 

'J..ns.,.. 
de!ribl( tor \. t(r) rn Jn) JrG

A hminar scpardtidr bubble type lransilion is uscd tosla
bilize lhe extcnt ol laminar flow This provides lov drds ovc.
a wide rxnge oi lilt cocmcicnts. Tests sho* drag can be rc
duced b) inlroducins a boundary layer t.ipjusl aherd ofrhc
liminarseFfution bubblc, cvcn iflhet.ip isn ! big enough to

€FDRj6dfu-,!jo.

prcscnt desigi. rllhough perlbrmancc is vcry close when the
boundary later trip is used.

Thc FX6T vC-ll0/l 36 seclion rppca.slofiavean advan-
lage in lhrl ils knv drag regime exl€nds lo highc. lilt coefli-
cienl wilh rhc fl.f cxtcndcd. This sdvanlage is morc appaF
ent th.rn r€.r1, howcvc.. sincc bolh wing sections h.vc rhc
sane q_,r.r .tnd bolh would havc to operare xl I CL<.2 in
circlilgfiight 1o be rble lo mrinlrin adcquate aileron conlrol.
]'hc outstanding aileron controlpovcr olrhc slotred ltapped
wing scclion $iil help conpensrle for ils sligfitllr higher drag
in. pract ical ! pplicxt ior since a more manc uvc.ablc a i.cralt
will bc bcttc. rblc to center on lhc 1i11.

Figure 10. Conpr.ison *ith FX67-VC-170/1,16

€Uminatc the Ianrinrr seprralion.
This airloil should halc boundart layer lrips for bcsr peF

lbr rance. Thcsc could be in the lbrn ofpin shipe tape simi
lar 1rJ that used lo dcco.ate an aulomobilc.

Perrormance is compd.able to the FX76 vC 170/1 36
wing scction developed for thc SiSnra va rilble gcomctry rajl-
pl.nc prcjcct The slolled fllp Lypc ofvariable geomctry sail,
plane h.s prlctical advanllges ovcr the original Sigma con
cept, and rhc added thjckness. 18.79. conrpared to l?% will
provide sl.ucrurxladvantiges Ihrt may b. inrporlanl lor thc
high aspecl ralio winSs needed lbr variablc Seonetr) sril
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