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Abstract
A laDlinar flo$' nirfoil r^'ith camber changirg flap,

named DU89-134/14, hasbeen ctcsigned and rvindtunncl
testcd for applica tion in the hi8h-performance sai lplan.'s
ASH-26E and ASW-27 produced by Alexantter
Schleicher Scgelflugzcugbau, G!'rmany. The ASH 2{rE

is an 18nr span s€lfl;runching sailplane wiih rctrnctablc
propellor ancl th€ ASW 27 is a 15m span FAI compeii,
tion sailplane.

Priniary objectives Nere: krw drag at a specificd
range of lift coefficicnts and R!'ynolds numbers, no
abruptlossof lif t beyoncl the upperboundaryof thelow
drag buckct at high lilt conditions - to avoid bad han-
.tlingand climbingqualities in thc'rmal fl iSht.onditions
-, gradual stalhrg cluracteristics, and a m.xirnum lift
coefficicnt insensitivc to leading cdge contiDination

These rcquiremcnts have been nret, as vcrifi€d cx-
perimentally, bv the design oflong lamirar fk)$'regb'rs
on the uppc'rand kx'!'r surface a nd, at incre.sirganglc
ofattack, I contmllcd gro$,th ofthe iurbulent separatccl
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area l\hilc transiti(nr rrlolcs forrr..rrcl k) th€ leading
edge. Fla['deflecti(nrs arrd artifici.rl transitiorr were ini('
grated fromthestnrlintothcdcsign.Flexibl!'slotseilings
savedragand,at thchighspeed flnpsettings, ihesenlil1g
on thc lotler sur{nc€' enables thc bour(tarv lav.'r (r
rcnr.rirr Lrnrrar uF t,, c.. (h',ni. nh,t.'pr,rinr.rrri
turbulators causc transitiolr.

h comparison !\ ith thc $cll-kno\vn Worhlann s,1il-

plnne airfoil FX62'K' 131/17, the ncr'.rirti)il sho\r!, sr'-

Perior lierformancc.
Introduction

At ihc Lor't'Spc'cd Wnrd(rln!'l Labor.rk)rv of Drlli
Uni\'€rsitv of Technokrgv, F,lculiY oi Aorospn.e Engi-
ieering, airlbil Dullg-l:lrll.l h.1s tr€€n dosignecj,rnd
windtunnel testcd for applic.iti(m in tirc ASll-26E ,rncl

ASW-27 high pcrf{)rmance s,rilplani.s, Figurcs 1 and 2,

produc('d bv Alcxnudcr fthleichcr SegclflngzeDgb.u,
Cernrany.

Th,r ASH 26E is an 18m spirn se'lnaLurching snilPlan('
with 50 hp Mid-West AE50R roiarv eneinc nnLl retract
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FI(]TJRF 1. Thr..{ nnd dr.rNifo,Jf thp ASH triF

FIGURE 2. Thfta. vid! dr.(.ins oi tho ASW-27
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FIGURE 3. Cilculiied pcrf(rrince of the AS!!-27.

25, C;;*.--j0. l,rrls=5.5 N/hr25.r20.\.rz 
I

ablc propellor, and ihe ASW-27 is a l5n sPan FAI
conlpctition sailPlanc.

A caDrbcr changing flap nlolg ihe entire span of the
wings isdcflcctcd atsuch an angle ihat the i{in I }rrofile
drag is mininln at thc sclccicd flight speed, as il[rs
traicLl in thc calcuiaied speed polars of ihe ASW 27,

Figure 3. Thc sailplanes chnb nr ihe rals at high lift
coefficjents, i.e. bw fli8ht speeds, wiih a nap setting of
20" or 25' and ny in between the thernals rvith higher
flight speeds and brver nap seitings, frequenily zero

hasoarirgcontesttheobjectistorealizethehighest
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Pssible cross coulltry spcc.1. Instruments, Lrased on

soarint flighi optnniza iiolr ih corv, cnablc thc pilo t to fly
with opiinlu1n intcr-thcr al flighi spcods, provided
that the rnte of clhb in iho nexi ihermal, \,hich has k)bo
estimaied in ad!,ancc, is realizccl. In gcncrnl, thc bettlrr
the raie of clinlb, the higher is ihc opiinrum nlter
thermal flight spccd aDd conscquontly thL'cross coon
try speed.

Modern sailplancs arc cnpnbl(.io cnrry n relativclv
large nnlouni of \\,nier ballast iu thL'ir \!irlgs. For in-
stance, thc wnrg loaclingoi thL'ASW 2TcnnbeincrcnscLl
by abo t 55'1, Figlrre 3. This rrrablcs the Pil(rt to rc.rlizc
higher cross-country spoi'ds nt strorrg thcrnul conL{i-

iions sincc ihc inrprovcnrr.rt of the sprcd polar nt

inierthermal flighi sp€.ecls morc thnrl ouhlcighs thc
lo\^'er clinlb raies cluc k) highcr sirlk rntc - in ihc
thcmals. At lveak thermal conclitnnls thc opPosiie is
truc, and {,aier rvill be clumpcd $41cn thenn;rl colrdi-

AIl in all, airfoils for high pcrfonnnncc s.ilplanc
applicati(D have k) bo optilrized li)r low rlrag ai all
praciical fliilht sp(.e.ls (mlrltipoht rlcsign). 1n Practicc,
thc lift coefficient irt l(x{ (lrrg !aics fronr aboui 0.2: to
1.5 and the Revnol.ts rlrnnbcr from nbout (l.7xl(16 to
3X106.

Fiture 4 sho{,s thc calNlatod roniribLrtion of thc
\^,h9, fuselatjcancl injlplancs b the totaldrngnn.l hencc

ihe ratc of sink of thc ASW 27. Tvpic.rlly, thc wnig
contribu tiorl !,a rics betrvr.(.r rlil'l 

a i k)w llig h t speecl nnd

6s7 at high flight spi'ocl. Thc'proiilc,dr.r$, t^,hich is

relevant for ihc present papor, coniribuies tron 2511 at

1o\^, flight specLl up b 55'l at high flight speed. Hencc,
a reduction tu Profileclr.lg Dlost cffrctivlrlv rL'cluccs thc
rate of sink ai high flitht speeds.

Ar rh, J',tr Sucerl Wln.i rrn, l l.'1.,,r rr,' v (.pL,i-
ence has Lrcen gained in designing.rnrl rviridtunnel
testhg of ai.foiis for sailplnne appilcation{1,2,3). rle
next chapic.s describe ihe objectiYes, dcsign and
windtunncl iests of airfoil DU89 134/14 (Dclft Unn'er-
sity, 1989, ihickness 13.47, camber ch,rnghg flap l4?

I/IN6 PRONLI DRA6

TAITPI^NE ORA6I
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AS!/-2?

;1

FIGURE 4. Annlvsis of AS\'! 17 pr.i,n,nncc F)i.rr
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Design
The prnnaD, objectives of ihe airfoil clesigll with

canlber cllangint flap were:
. loh'profile drat at lifi coefficients beh{ccn
0.2q "n.i .c, "nJ Rpl r,old- r,urnber, bpls, ( I
rr7\ llrb:n,l l\ 106

. no abrupt decrease of lift (and incre.se of
dmg) bcyond the upper bounc:tary of ihe lo$'
drag bucket nt high lift conditions,
. graLlual siallhg charncteristics,
. maxinunl lift coefficient insensitive to lead

ing cdgc contamillatioll.
Civcn thcsc requircnents, the ne$' airfoil rv.rs de

signccl rvith ihe airfoil analysis and ciesign cocte (tevel

oPccl at the i-ow Spccd Wi;diunncl Lab;ratori/(4).

necessitates a pressure recovery to ihc irailinS ed8e, as

shown in Fig re 5. Calculatiors show ihai a hrrbuleni

boundary laycr starting nt thlr leading cdge is .ble to
reach thc trailingcdglr \^,itho t separn tbn ii the a(lverse

pressu rc gn.l icnt starts n t cl5t1 chor.l u hrost. A Lamirla r

boundary laycr, hoi,rclcr, !till scParntc rt tllis positiorl

and a dctrimcnial lamirlar scp.rriti(nl bubblc, pssibly
reaching bcvond thc trniling edgc, l\'ill nppear. Hcnce,

artificial transitior control has k) Lr( applicd. For th.t
purpose several transiiion dcviccs arc ippliecl in Prac-
tice, such as tape ('iih LrLrlgos, zig-z,rg iapeorpneuDniic
tlrrbulators). The lattcrclcvicc, Lrlos ingn snlall anorint
of .rrrtlrrousl,,',ifi., - t.,i,\ii,.'ll\'trr,.l L.p.'r\r.,
clirection, is particrilarly suitnlrlc for ihe prcseni PLrr-
pose because of iis negligiblc dovico drag (in ihe orcler

of 5Xl 0b) at clownward fla p cl ofl.'ctions, r!hcn th€. boLr nd

ary layer on the flap lo\^,iy sLrriacc is trrrbuleni. The

hollo$' flap serves as ihe duci tor tho nir suppl)' k) the

blowirlg orifices, an.:t ih(. air cntcrs thL' ihfr \ ir n snl.rLl

At posi tive fhp deflectnms, t hL' prcsstl rc's ind u.ed bv

thecorner at thehhge positn)n.nrsc n l.rnr innr scpn rn-

iiorl bubblc. Extcnsivc tcsts t() climnr.ric this bubblc on

.' pruri,rr,.rirl'l .r.ir'; r r, rrrri.,'l .,r'rl, t Iuu,,,. ri,

ru,L,ul.,l,",.(li.lr,'l )iL[] ,rrlr ;,11. .',.{r. tr.l'.,( \
theadditio]ral pressurcs dLre k) thc bubHc, actirg on the

coner, have noconponent in fkn! diri'ciion and h€nri'
no ad.tiiional pressure clr.1g cxists.

Whilethe lowersurf.ce issque(.Z€d out ior loN drag
at high flight speeds ancl zero flap sctiing, thi' uppq
surface is tailore.t for lo\^, llight spccts rt 20'flrp
cleflectionaswell. lna(lclitn)n tlr trnnsitn .Lrrhnrnnrl
tlrrbu lcni scpa ra iion havc tu bcconh()llcd orl thcuppcr
slrrfacc in ordcr to rcnlizc thc objcctivcs mcntioicd
before- Lorv drag rvas achicveri by a ltng laminar flol
e\ierL. r'Nf,,ll,'$(.ll).r--..,1+lir.l.,,'lr'\ r,q'r' .

beinga regionrviiha slightlyadrerst'prcssriregradient
to destabilize the laDrinar boLurdary layor, thus avonl
ing the fonnation of a detrimerrtnl lamiunr separatiorl

b bble.

The seconcl requiremeni, to n!,oid an abrLrpt(lccrease

of lift and accompanying increase of drng bevon(t the

low drag bucket, was set to o!ercome the Lmfavorable

handhgand climbing qualities experlerlce(l n ith sonle

high perfonnance sailplancs; in ihcrnal flight condi-
tions the angle of atiack varics an.1 cxculsiors bcyolLl

the low drag bucket arc casily madc. This goal u,as

aihnred by a controlled growth of thc iurblrlent scpa-

rated area while transition nNvcs graliually forward ai
increasing angle ofattack; thc loss oflift cluc b separa-

tioniscompensaiedby thenrcreaseof lif ton the forward
part of the airfoil.

This requirement, ho$'ever, sets a linit to ihe exteni
of ihe laminar flow du€ to the pressure gradient in ihe
turbuleri pressure r€covery region and the heighi of ihe
pr€ssure peak at the flap hnrte positiorr. A lower pres

sure peak is obtained by a reduction of the kink in the

Lorv c:trag at the intencled lift coeffirienis and Reynolds

nnmbers n'as achieved by the c:tesign of lont laminar
flo\^, regions on the upper and lower surface in conbi
nation with a snall flap, as indicated by the potential
flolv Presslrre ltistribuiiotrs iri Figurc 5. The press re
Llistributions at 0' and 20" flap dcflcction are represen-

tntivc for high and lolv flighi spccd rcspectively.

To save drag it is common practicc b scal the pper

anel lcxver surface flap gaps wiih flcxiblc mylar strips
glued flush $'ith ihe forwarcl part of the airfoil and

slidirrS on the flap. Such a sealing, h combination with
thepressure distribution shown nr Figure5 for the lower
srirface at zero flap d€flection, enable the boundary
layer to remanl hminar beyond the flap hinte ai high
flight speeds.

Shce the Revnolds number for iransition on a flat
plate is about 6xrO6 at tree flight conditions(s) and

iailplane chord Reynolds numbirs are 3X106 at most,

there isample rcservc for the borndary layer to remain
laminar p io the trailing edge if the pressure distribr-
tion has a zcro or favorable gradient. However, at low
lift coeffjcients the pressure level on the lower surface
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airfoil coniour \^'hich in turn leads to a thinner flap.
On the otherhand, ai zero flap deflection, the chanSe in
pressure dist bution due to the corner at ihe hinge
position (depression) mav cause earlier transition nnd
turbulent separation in the corner, ancl consequentlv
higher drag at high speeds. Figure 5 sholvs ihe fhil
result oftheoptimizaiion: n smooth uppcr surface prcs,
sure distribution and shnpc is present.i 12.5 degrccs
flap deflection and laminar flo$, is expccicd up kr nborr
65% chord at all flap deflecti(nrs.

The third and fourth reciuiremcnts are scr bv sat(,rv
considerations relating to stallirrg bchaviour ld l,rr(l
nrt speed. Cradual stalling charn.tcrisrics nrc obtnil](d
by a steadt increaseof the trirbulentscparaicd.trcn ( ilh
anSle of attack (again) inct the avoiclancc of tulrble
bursting ai the leadnrg edge (lc.ding edgc st,rll) Thc
fourth requir€ment, statingthat ihe maximunr lifr coct-
ficientand hence thesiall sPccd sholrlcl not be sr.nsitirc
to leading edge contaminati{rr (insect rcn1nins, etc.),
implies that the maximum lifi coefficieni of ihc nirfoil
does not depend on th€ a.hic! cment oflanlinar fld\,(t).
Windtunnel tests
Windtunnel. model. instrulnentntior. data rerlucrion

Theairfoil was testeLl in the Low Speed, Lor{ TurbLr
lence Windtunnel of Delft Univcrsit], of Technology,
Faculty of Aerospncc Engineerhg. The tunnel is ot thc
closed return t_vpc arcl iras a cortraction ratio of 17.9.

The interchan8cable octaeonal tesi section is 1.80 n
wide and 1.25 nl hith. lhc rurbulence le\€l in the tcst

s€ction varies froDr 0.018% at l0 ln/s to.07 7 at 75 nl/s

r.t. r.k! .9r6sur.

\
I

l3

iJ

l'.. I
I

il
r50

FIGURE 5. Windtunnel modelin testsp.ri.n

The windtunnel mod€l had a chord of 0.60 m ancl a

span of 1.25 m. It was instailed v€rtically, FiSure 6,
between mechanicatiy actuated turntables which arc
nush with the test section top and bottom wall. A toral
of 91 orifices, 0.4 mm in diameter, were installed in 8
oblique rows io measure the airfoil pressure distribu-
tion.

Pneumatic iurbulato$ wereapplied at theflap lower
surface. The blowing air was su pplied by pressuring the
flap,and the toial airvolume flow aswell as theinternal
pressure in the flap were measured.

Both on the upper and lower sudace, a flexibte flap
sealing was tlued flush with the forward part of the
airfoil, slidint over the flap su ace.

A wake rake, mounted on a cross beam, and posi-
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iion€d 577. chor(t lengih behind rhc trailing cdge, rlns
setin themiddle of thc\vnklrnt c..h Drcnsurcnent. Thc
wake iake eDrplov{rd 50 h)ri1l-pr(.sslrrc rubcs rnd t2
siatic-pressurc'tubcs, all Li nrn in dh lctrr.

All p.i'ssrrrrs $'orc rccrrdtd br nn nuri)ln.rti..r1lv
rrr'lirqnrlllI' lr.t , r,,r ,.r,.'.' r' L' ... ' ..

resolntion oi I I,a. Thc (l.rt.r I rrl, onlin( rrLlIctd. ;rrd
sur facc a nd r\'akc pnssur e dislrib!tn'rs.s \vrttn, irro
L{ynanlic ch.rr;rctrristi.s s efr pfcscnrcd on s.rc.n.

Thc mitl-^l Nas trlkrl .rl ltcvrl(nds nLrurbers n1,n
0.7X106 t(r 3X1(16, nngl(s oj ilr.r(:k lronr t3 n, t0 ir)(l
tlnp cleflcctions iroul ,2(l lo 5(l .

Thc sLrtic prosslrrc DrensLrrcnrrrrts.{ the nr( rl sur
facr' \\'erc rcclLrco(l n) sl.n.l.rl1l pr ( ssLllr l]oeiii. jrf ts.rnrl
nunrlrri..lllv intrgrrtr\l t!r obt.rin srcliolr r1{nDr.rl t(n..
iln(t pitching Drln(nt .oeiii.ients l)roiil! df.r!.o!|i
cicnts (cro conplrt(\l fr1!n thr rfrk. r.rk(' tor.)l rnd
strtic prossLrrc's bv th(.rncth( ot J(!rc\(s)

Sccii(nr liit.ociiiciorrts \\ $ r c.r I.u 1.r rral i'r)nr ttrt nol
m.rl forl:e and prolih d.ng roriii.rc'nt\.

<1.,,.J,.r.1 l, ' 1',.J ir ' 'rr.r., J

ti',r .r ',..^nrl,."rl ,,t ....,J...,ts.., ,.,1,;.. t

interfereucc and l'.rke brrovancv \rrr.rpplied Lo thr
seciion characteristics.nd prrssurc distribuii('rs
Test results

The ncasur€d prcssrrrc distritruir(nrs ri,.o = I \\ irh
flap ctefleciion 0', 12.5'nnd 2(l' .t lti'vrro[]s DuInbc,r 2 i
X 1{)6,1.5 X 106 nnLl ] 0 X I06 rcspecli\(.1r.rrc sho\ n nr
Figrrc 7. Tesis .tt Tcro ilnp .icllccriou Nirh FnrUnrrri(
turbulators.rt 95, .nd t)3.,1 .hor(l or1 ihc towrr fl.rP
slrrface revealcLi ihat 0.6 nn1 holos drill.Ll .r 93,i ch(,.1
hillr \ rrrnr |, (-.r' L, . h.,, l
(r,- \P. pir f rcL n.rli. ..rrl,rl.'l r \ .'.1,\{ rlrnir ,'I
drag. Theblo$'ing r.rtc rlccLlrd lootrt;in nrininrLrm Llr.S
is noi critical, the cLrr\,c's shor\' . fl.rt opriDrunr.

1.5*10'/oo

EIGURE 7 Mea{,reri trussur! Ll,,tnl.!fir,f\

In case of no blowmg, thcrc is a I.rmniar scparntiorl
bubble exiending bevorrd the iraitnrg c.lge and a clcar
whistlinS sound is hearcl lvhich, ac.orLlnrg to stcrho-
scope measurenents, origha ies a t the tra iling cd ge and
persists in a thin layer in the wake dorlrstream. The
sound disappears b'hen blo{,nrt is activated. Drag
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increaseduc to blowingin thc turbuleniboundarylayer
atpositive flapdcflcctionscould noibedetected. Hence,

th€re is no need to sh t{ff blowing.
As shown ir1 Figurc 7 thc prcsslrre clisiribuijons on

thcuppersurfaceildicatc laminar flow followed by free
transitiol at about 65'.U, chorcl ni 0' flap cleflection, a

smooth turbulent boundary layer pressure recoverv at
12.5'fiap defleciion, and a lnnrinar separation bLrbble

typc iransiiiol at 70% chord at 20" flap deflection. It is
noted thai the deprcssion kink in the upper and lor{er
surfaccpressriredist bution.t thehinteposition could
not be measurecl in more detail because the pressure

orificeson theflap $,ere covered by theflexible sealhg.
Figur€ I shows the pressu r€ d istribLrtions for varbus

anglesof attarkwith a flapdeflectionof 20"ata Reynolcls

number of 1 X 100. Ai cr = 3", $4rich is near the lower
boundaryof ihe low clraS bucket, transition on the lower
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surface is on the vcrgeof movilg forward at clecreasmg

anglc of attack. At increasing angle ol aiiack there is a

laminar separation bubtrle on the k)(,er surf.rce $trlclr
increasesin length, eventLrnllycovering thi'comerntthe
hinge position.

On the upper surface ihere is a lanrin.rr separitnnl
bubble rvhich disappears .t o = 3', boing the uppc'r

bouneiary of the lorv drag bucket. As the angie oi:rtt.rck
is increased further, ir.lnsition lnovi's gradU.rlly lor-
rvard as the suciion pi'ak ai the nose cievelops, nnd

turbulent bouldary layer scparatbn, stnrting at ihc
trail ing ed ge, moves forwa rc:l slorll\,. Thc l(rssofliftdLrc
to separation is more or 1('ss corrp(.nsnted bv thc Sairl in
lift of the attached flo\^,slrriace.

At c = 12', which corresPords to the mrrnnuln litt
coefficient, transition is on th(.lea(ling cl{gc.1r1d turlru-
leni separation occrrs at nborlt 60ti chord. As the angl('
of attack is nrcreasecl lrven turthcr, thc lcadiDg-€clg('

suction petrk does not collapse, it1clicninlg ihat lc.ding
edge siall does not occur, an(t t rblrlcnt sePar.tion
rno\p- ton'.rrJ lo lLl . .l','r.l ,r u l\. lq ,{ r'. 'r
mlrm lift does not clepend on thc achicvcrrctli oF lami
narflon' (contaminatcd lcading cdgc) and stallis oi tho
ftaihrg edge typc.

Generally, at cach flap dcflcctirn, spanwisr'\'.rkc

traverse measurenen ts n crc pcrformcri ;r t sc\ era I anglcs

of attack, sually !r,ithin thc lo!r' drag blrckct and .rt its
boundaries, in ordcr to chcck thc h!o-dnncnsionalitv oi
rh( il,,* 'rd t,,.(lL.t.r n.rlr .rl -1'.rr t",.rtr.,r \h, r
thc drag rcprcscnis a mcan laluc, to tro Lrs(.cl ibr thL'

dctennination of the aerodynanric characteristics. Fig

ure 9 shows some iypical rcslrlts. At l0'and 20" flap
deflectior, thc drag Llistribution shoils a wa\,y rhar

10

t0x10t

5

10

C0xt0'
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FIGURE 9. {'isc d r.ril lnn.rsc nrci{lrcorrnt\.
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FIGURE 10. Two dimensional aerodynanric clur-
a.terhti.s of anfoil DU 89 134/14.

.'rrq (lLrelor'repre-cr., .,1.r L,r),ln.rr-. p.,r,,U^nhl|l-h"
, "r rl-c upper,'r.i nrl.\\.r{rrlr',{/U, \" l'r,l'hl.. r'

preseni at zero flap deflectn)n, nrlcl tlle clrag is constant

along ihe span.

A selection of the iwo (limensi(rlnl icroLlvnntnicchar-
acteristics Dreasrrrecl at prncticnl llcvnolcls nlrmbcrs is

presented nr Figure I0. Attcnti( r"'.rs pnid io dctcci a nv

hysteresis an.l to check reproLtLrction bv mcasuring ai
increasnrt anc:t decreasincnnclc of .it.ck;no hvstcrcsis

coulcl be detected nrlcl rcproduciiol $;rs splcnLliLl.

The characteristics sho{' that thc }rrimaD/ objoctiles
otloh.ir.rq.,ll.llc^,' ri,rl,l1lhLLr'1.):. rl Lq. r'
,orrc-por)JinqRtstnol'l-rrrrl\r.'f : \ lfh.,r, r'- \
10b, no sud(l en decrersc of lift bcvond thc uPpcr bou Dd -

arvof thelowdragbLrckctat high IiftcollLliiions (2t)' and

25" flap deflection) and gr.Llual sialliDg characieristics,
have been achicvcLl.

The slightdcni in thc !lrag curveat 2il' ila p d rflcctiolr
and Reynolds nunbcr 0.7 X lob is due h the laminar
septrraiion b bblc otl ihc Ltppe. slrrface. An atienpt to
elimhate thebubblcby aPplving. 0.3 nnn thick zig zag

tape turbulnbr at 637 chord and 65X chord )'iclclcd
clrag increasc duc h earlier separation of the turbulent
boundary layer rear the trailint edge. Calculatiorl
showed the same reslrlt, llrdicating thai bLrtrble typc
transition is preferalrle in this casi'.

Figure 11 shows res lts oF icsts wiih and withoui
pneumatic turbula tors at -3' fln p d cflcctior. Due b ihis
flap deflection there is a slight advcrsc prcssure gradi-
entbehind the hinge position on ihe flap lollersurface,
which promotes transitiol. Whilc climinatiorr of ihe
l"min.r.Fn,rrir..'n hubblL i. { ll l,LrL{iL r.,l..r Re = I 

q \
id6. blos int h r.lill1, ,.ii rr .,r R( r \ rn6. rdrL.rr'.rE

that free and forcecl transiti(rl ncarly coincidc. This

result illustraies the stability of ihe lamiriar boundary,
mentioned before, and thc rescrve rviih respeci to ihe
zero flap settinS.

ConcludinS remarks
A flappecl lamhar flow airfoil, DU89-131/14, for the

highperformancesailplanes ASH-26E ancl ASW 27, has

bFFr Je-itn.d rl.e,,,cr,(jllJ .,nd !enlreJ e\penllrell
tally in the Low-Specd, Low-Turbulence Windtunnel of

&

lt
AI

ct

I

(L

t

05t005
+10t0 + l0t0

FIGURE 11. Drag polus rlith nnd s'ithout bktr{nrg.

+toto + l0t0
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Delfi Univcrsity of Technolot)', Facult), of AerosPace

Engineering.

The primary objectivcs of lo1{' Profile draS ata sPcci-

fied range of lift coefficicnts and Reynolds numbers,no

abrupt decrcase of ljfi beyond the uPPer boundary of

the low drag bucket ai high lift conditions, gradual

stallint characteristics and a maximum lift .oefficient

irNensitive to leadint edge coniaminaiion, have been

Figure 1 2 shows sone tyPical characieristics of DU89-

14. I I llr cornp.Ii.orr h ill, rhF h ell.hx'wn Wortm.,rn
.rilpldne.rin,'il F\b2 K-lll l/rlur whi(h w"saPPhed

in thewing of the predecessor of the ASw-27, being ihe

ASW-20. Note the differen t definition of the flaP an8le

Thc new airfoil has a wider ov€rall low drag bucket, a

20% lower minimum drag coefficient, and similar

gradual stallirg characteristics.
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