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l. Introduction
TheASW24 is a new high perfornance glidcr lbr the FAI

Slandard C lass, built by AleMnder Schleiche. Segelflugzcug-

bau, Germany. It is the successor of the ASW-19, which was

buili by schleicher for more thaD 10 years with the exccption

ofsome fittinss,lhe ASw24 is acomplete ncw design of a1l

.on DuncnG. Ih:' appl.e' lu rhe derod) nrnrrc 'hJpc d. $ell
a. r,' rhc materul' ured. Wrng. tusela:c Jnd railpllnc are all

connrucred olLrrbon, JramiJ dno g.a*irber' lhi'pJperI'
focu!cd on theaerodynam jc dcsign of the ASw 24 which took
pJ.{ rn clo.e,ooperaLr!,n berueen Alcvnoef s.hler(her
secclfluq/eupbdu dnd .he Dclrr Ini\Pr'i^ ol ler'rnolof)
(DUT) Low Specd l,abomrot) (LSL).

A three view drawing and some telhnical data rrc pre

scnted in Figurc I and Tablc 1.
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2. Ceneral d€sign consid€rations
Thoughahigh priorily wasgivcn to the flightpcrformance.

gr(dr !dlJc sr, !l,o \1 ,'n Eo,,J flUhr chJruclerisrics. acl\e
as well as passivc safcty mcasurcs and easy maintenance. Ii
is undispuied that such bxlanceproduces thc utnDst efficiency
of the iean pilot plus glidcr

Adequate horizontal and vcrticxl tail area, elevator and
rudder arca and ailcron arca are provided for good stability
and control. Examplcs ofrctile safety devices are the auto
nlaiic connections of all controls at their asse'nbly points. The
rubber suspended landing gear with big 5.00 5 wheel and
hydraulic disk brake. and thc double panelled airbrakes.
Passive safet) is provided by progrcssivc strength of the cock
pii. a new design ofthe cockpit sidcealls which provide ihe
view of a big canopy, logclhcr with a small cutout of fie
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Tablc l: lcchnical dal! Itnd cstidated charlctcridics ol ihc
Standard Cl.ss Slilplanc /tsl,+24

AiNonhinessstrbsllnlialir!n aceordaD(e*irhJAR22,CaleSory
U. rnd $nh thc prcljnrinary LB^-Substanriatn&Rcquircnenis li)r
rliders our ol liber co p.und Dlrerill\

-€@{w'zet

c-'---===='.=

cr. .120 k8
501) Iig

(J 57 lig

c!. l0 kgr',ri

ua\ 115 kg

l\Iodcl ASw 2,r
trse Taining and pcni)rmancc flights.

comperition flights in thc fAI
Standa.d Class- cloud lltirg- rnd
scni-.crrbaii.s

Sp!tr 15,00 m
WnrS arca 10.00 m:
Aspect mlio 22.5
fu\cl.Ce lcngth 6.55 m

C.ckpit senring hciSht 0.80 n
Cdctpn q.idrh 0.6'l m
lleieht at fin l,:10 m

Ben L/D 43 !r 105 knrlh
Min. sitrk 1).i8 nlh lbr uis=
N4in. speed ?0 kN/h 31.5 \gim:

Mix \pecd ca 270 k'nrh
Maneuvcrins $ccd nra\. 2(15 km/h

lor srrons rurbulcncc 205 krih
lor acio Low 205 km/h
tur *inch laoicl 110 kD;l'
l(r lirding gclr exichded 205 km/h
lnr.irbBk.s crr.n,l.\l lto kn/h

liselrgc sructure. The innrument bor folds ups0rd fo. easy
gcLling in and oul by the pilol.

3. wing

Airfoil
Lr ! pre!iou\ rcselrch progmm. s(nnc oirfoils $crc dc

signed such rhrt.jusl be addilg ma(erial lo thc )turfacc. rhr
\ing ol ao ASW-I9B could be modified rDd tcsted in llight
rRr' lr. Tlre dr\i8n,,rrhi,\'r" li,iJ\ sas hJsed i'n c\p.' r(n.r

gaiDcd jn scvcral inlcsligarxDs. which willbebriclly revicwed.
Windrunncl erperimcnts r)n an inncr singand an outer qine
scgrrert ol the origi al wing yiclded information abour rhe
qurliLy ofthc rirfoils achiplcd in rerial producrion. rs wcll ds
thc quilil! ol-tlre t-SL aarloil anal!sis and design (onrputcr
prc!ru ) l'hc chanclcristics of rirlbils corr olrly used in
Shndard Ulas\ sajlplancs $crcrnrllscd and cd sequcrcesol
x rough leading edgc wcre clrrilied: sc\'eral ridoils lihowcd
\erru\ \epxrullon pn'blern\ rn rhe lrficr crsr. lnsc.( ri p.rd

tr _._

I
Ej

FIGUITE 1. Thre-vicw d rawi ng of thc Standard Class Sailplane Asv/-24.
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FICURE 2. Measued airfoil and wake prcssure distribuiion s

patlerns. gathercd in iliSht with sevon difilrcnr sailplanes.
\howcd ditftrenccs which are relalcd to air{oil shflpe aDd

ppliciuion (e.9. flapderlcclion). wind lunnel mcns!remcnLs
on lhc ori8inal ASB9A inner $ing airfoil with real ins.{r
rcnrains and wirhJohnson l a.lificialbug pattcrn showed rhe
irnpofancc ol the criticrl roughncss heighti insccls do not
.rlwa)s disturb the flou Extensilc $ind runncl tests sln)wed
thrt pneumatic rurbulat(nr bl(N:ng air $r)ugh snullorifict\
pcriodic.llu spac€d in span$.;sc dircclion cn bc trscd
ritJ.ll\el) r,, el,, rr,r Jra! ti.iJ,r. inr l,n'ilJr .en-r.,ri,.n
hLrbbles. linully. !ailplanc perfirnrancc nrearrcrrcnt! bclbrt
lnd aflcr lhe wing noditication showed thc succcss ol the
ne\v rirfoils: an inprovenrcnt in glidc rdrio o!'er thc cntire
praciical flighr \pced range. !"ryrrrg liont I to 97. rnd no
changc in nriniDum fliShr spced in casc of a wct wing werc

Sincelhis rcscrrch pr('8ruft se\€ralairloils ba!c b(cn wind
lunnel lesedrt LSL. somcoflhem in closec@pcrarion wilh
DFVLR BrAunschweig. rnd attentnrn has been givcn to effi
cicnt mean$ to provokc nnnsition ard clminaic thc detrimen
lnleftcts oi lam inar scpararjon bubblcs (Ref.2). The search
li)ran eas).() appl], and chcap tripping device rcsulted in thc
$ called rig zrs urpc (Ref. 3)

Theairloildcsigned lor ihe ASw 24 is a turlherdcvclopment
of lhe airnril dcisnged for thc modifi calim of the ASw'I9B inncr
rurg- as prcviouslr mcnlioned Whilc lhe thiclncss of thc
laner airfoil was limitcd lo 17.6q ( as iI had !) fil around lhc
cxi!tin! wing. rhe n.w riribil has a ihickness ol 15.8(l c.

As showo in thc mcasurcd pressurc distributions ofFigurc
2. lbc destabrlizing regror conccpL wa$ rpplicd o,r the uppcr
surlice lo avoid laminar separation bubbler. Also, rhe upp.r

$lacc wrs dcsigncd lor a long l{nrin{r llox rcgion in casc
ol a clc.rn airloil. whilc kccping thc pcrtbrrra cc loss rnh
conhnrinulcd lcading cdsc (in\cctr r{in) wirhin rcasonabtc
limir,s. lhc l(&rr surli(c $.:rs.lcsigncd lo halc taminar flo\t
up ro 80% ci lhc dclrirncntal laminrr scparatbn bubbtes arc
eliIDinlcd by zig zng rlpc. Mcnsurcd surhcc,rnd wakc rrkc
prcssures indic c I l.lmifl.tr seprralion bubblc on rhc k^fcr
surlicc bcl*.cn 80% f nnd 90% r, :rs $c xs ont\ s iatl dis
l rbanir ,{ thr !mirtlh Fr{\\u'. ,l:l,rhuri,,n du( r, rh.. / !,.
zrg rrpc (posirioncd bcrvvccn 757 c and 77% c). and lhc
correspondrng wakcdrrg rtducrrcn ol27%. Fig I sho$.s rhc
need and clllclilenc\\ ol lhc rig-zag rapc.

ln co rparison to lhc irlbil dcsigncd lbr rh. nlodificnrn)n
oflhe ASW-l9B inoer wiog. the c$ tlirtoil h.rs k)scr drag al
lilicoelllcicntsbelow cr, = l. i e. ut inrcrrhcrmal pcnctralion
speeds. Considerrng lhc penelrrtior) specds in rclalion lo
pracrical climb speeds r d lhe possibitiry lo urc $,ntcr ba[ast
(ut io 170 liter), rhe bwer end of lhc toir drng buclcr wis
dcsigned at ci = o.-.tl lbr Re = 3 + 106 (cd = .00,17).

'lhc maxinrum lift coeiUcjent is pradicalt), uoofibcted bl
roughne$ and dre shll characterislics are seeo to be soti.-lhc 

monrcnt co€fficient is abour 25% tess lhan tbr earln\
!irfoils uscd in Srandard Clals saitptanes (Ref. 4) The wind
urln l nr\lcl sJ. t-.\.dcd $ l- ! 15,; . rnrd nip lo,rmut.,(
rlr J l. r,"r. h\ler r.r(nt\ \',o$ed rh.,t the or.rj: proJu...J b\
rh, :h,r\ $J, cl nr rrd o) fle\rh'e \edlnAr lrt'cd rL.t sirir
rh. rving nd sl;d;n8 on rhe aileron Lrpper and k)wcr surlaccl
th€ measured drag wns cqual ro lhc drag ofr s ooth airijil

l-i8ure 4 shous some rcsults oflcsls wirh dilicrcnt position
r d thickness ofrhe zig-zag mpe. indicaring lhar lhc irippin!

#

E

"/
\

TECHNlCAL SOANIN6



;//

li

FIGURE 3. Measucd aerodynamic.haracteristics

delicc is inellcctive belo$,a cerlain Reynolds number,
dcpcnding on thickness xnd psoriion oi rhe de!jce. Exten-
sirc tesrs, inchrding flap deflecrions. showed thrt a zig zag
ll]pc ol0 5 nnn thjcloess. running lionr the wing xxrl to thc
.rp . I rhe i( r'Jl { r'r! drJ rnplre.l .,, ,he tropcr-. luro tor.,
tion, may be cxpecled lo lunction vcry well ar !l praclicll
llight conditions.

Recefilt, Dan Somcrs ofNASA l-angley Rcsearch Ccnter
drcw ouraucntion to thc $ork ol Hanu (Rcf. 5), wherc a row
.l rhir rndnFUlJr pdr. h.. \ prup,aec .r\ b.rn! J .rmplf \er
b.1, sd!. 1Iipo.nf larn.narb^Lnorrr..^r.. hdndnl.rhel
kno$,n slinrulation dcvice. Ir is a€ued (Ref. 6) rhlt rhis
dcvice incorporates thc favorabte propcrrie! of boLh the
t\vo dinrensi(nul elemcnt (which produccs a targerpcrlurba
lion in velocity than ! threc-dimensionat elenrcnt of rhe

Ddrt Uii!.6ty.r r.chndog, d€,
?*:'dsp*dl@"6b?

srmc size) and dre three-dimcnsional elemenl (which pro,
du.cs vortices ihat will go tLtrbulen! sooner than will rwo-
dinrensioral disturbanccs).

According to Ref. 7 thc minimunr size of a trip rcquired to
result io lransition at thc trip uithout incurring unduc cxtrt
drag to it, is charactcrized bl a critical roughncsr Reynolds
number Rk (bascd on the roughness heighr k and dre velocir)
Uk in thc undisturbed bourdary laycr at thc height k) of
ibout 300 for lwo dimensional ar 600 forthree dimensional
roughncss. Analvsis of lhe mcrsurements on DU 8:1158
showed a mean critical roughncss Reynolds oumbcr ol zig
zdg tape of 175, which indicatcs the effecti\€ness oflh;s lypc
ol tliangular ir ipping devicc.

The traces ofthe vortices p.oduced b]- the zig z.ig rapc rre
clearly visible in fluorcsccnt oil flow patterns, Figurc 5.

Planform
To flnd thc planfonn for doLrblc and lriple taper wings

which produ.ethe least induceddrag, Dr. J.L. de Jong oflhc
Eindhovcn University of Technology. Department of Math
enatics, developed a computcr program where this lincarly
conslrained minjn zation problenr was soh€d bl a prolccted
gradient type nrethod lhat used the Davidson Fletcher
Pausel (DFP) algorithm in the lincrr space tangenr to the
interseciion oflhc !.iive sei ofconstraints. The calculations
are based on lihing line theory assuning linear section lili
data. the spanwise distribution ol circulatioo is expressed in
terms of Fouricr series.

Figrrc 6 shows resuils fbr an dspecl ratio of 20 ,tnd la|'er
ralio.ttthe tipof0.3 and 0.4. St:llting wilh.rn arbirrary plan

VjLLtllE Xlll, No. 3
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FICURE 5. Flourescent oil {1ow Pattern ttiih zit'za8 tape

form (with prcscribed tip raper mtio) rhe calcularion for the
double taper wing converges to a single-combination ofinner
wing taper and spanwise posilion of laper ratio changc, which
produces the leasl inducei drag. In cas€ ofa liple tsper wing,
howevct lhe rerult\ shovved that many planforms havc an
irduccd drag devirting l€ss than 0.1% from the least possible
valuc. At equll tip taper thc diffbrencc in induced drag
betwccn these double and triple laper wings is negligible.
For consrruction easc, il wns dcided to stick 1() the double
raper wing.

To take profile drag into accounland to estinatc rollcontrol
al slall condilions. the characteristics of several wings $,ith
A = 22-5 wcrc calculatcd by the methdl ofsivells and Ne€ly
(Rcf. 8). using rhe measured airfoil ijara. Sianing whh rhc
double taper wing with lip taper ruiio 0.3 ofFigure 6, systc
matic \ariations with respccl to l]pcr ratio and washout in
Ihe inner and outer wing wcre studicd. The fina1 result.
being the double laper win8 previously menlioncd wnh a

washoutof -0.85 degrees in theouter wing, show€d the least
lolaldraga( all lift coefficients in comb inalion with adcquate
(cxpect€d) rollcontroiat stall conditions i additionaltwisl due
lo aenlynamic load has been iaken inlo account.

The Iift curve of the ASW-24 wing is sho$,n in Figure 7i
cxcept fora slightly lower maxium lift coeftlcient, thc curve
ii similar to that of the ASW-I9B wing, which has a lery
gcntle stall.

Aspect ratio
A! previously described, the search for a thin airioil with

low drag in cle3n condition and accephble performance in
$e cooramioaled cas€, rcsrlled in impfoved performance ar
interthermal penetralion specds. The mosl effective way tr)
improve wing perforrnance a1 higher litt coefficienb i.e.
climbing conditions, is 10 inc.ease the a.\pecl ratio. Figure 8
shows the effed for the ASW-24 @niguration with a wing
aspect raaio of20 which is represeniative for Slandard Class
sailplanes- and with the finally chosen aspect ratio of22.5.

The speed-polars are calculared with the computcr p.ogram
lior panrnetric sailplane performance optimizarion described
in Ref. 9. In recent years, this program has been extended
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FIGURE 8. Speedpolars of the ASW-24 confiSuntion with asp.d ntio 20and 22.5.

with lhc previously 
'ncnlioned 

method ofsivclls ad Ne€ly for normal ccnml Eurcpean e€arhcr conditions. Essend.rl
lor nonlinear section liltdxLa, and with rhewc{ther rodelof fealureofthis modcl isthat $c sirength ofwide andnarrcw
Kuppcr (Ref- l0). Morcovcr. lhe prq.am has been imple rhcrnrals- in which a tlpical Siandard Class sailplane with
mentcd on the interactivc CAD sysrem ofDUT. Faculq'of W/S : 32 kg/m, and A =20 climbs wirh 30 resp.rclilcly
Aercstacc Engineering. 45 degrces lngle of brnk-.rre :issumed ro be dislribuicd

Thc PnEran) $"s uscd 1o sludy the effccts ol winS loading oler rhe fli8ht trojccrory according ro fr stalisticul norrnal
.rnd asPcct rltio on cr(as country perfornrance in various distriholion. Thc clinrb vekrcity ofthis rypical sailplane in
$ealhcr condilions, KLrppcr composcd a wcather nrcdcl, nrrrow lrnd widc themals is the snme rt equal rclativc lra-
brscd on mensu.eDcnts of thermais (Rcf- ll), flighr expc.i- icctor) dislllnce. tbr instance in the mcan wide and narro,w
e nce and $me assumpti(rns, which is supposcd lo be rc lc\ J nr ihe rma I srrcnsrh wh ich a rc most liequently prescnt, i .e. ovcr

l6

V/S ( N/lnz t
FICURE 9. Crossountry specds for the ASW-24 onfiguntion in Kuppq,s wqthe. model.
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FICLTRE 10. Closs-coutry speed, aspe.t ratio and wing loading for the ASW,24 configunrion at various normat w@thcr

)'5 al u ng lobJrng' b(,\een 25 :nd l0 k! nrt \4.tn mi,r
i1'in prJctrJd. qing lorJrngs L,ken rnr,, accu,rnl. lhc jon
. lu..nn $a. th$ame a. hetore Slrcng(r uerrh{r .onJilun:
J.k l,rr louer !\|e. I rdrr a and higher $ rng todJinp\. Ag]ln.
I crn he \hos I rhJr dn ,pecrrati.ot2: )rro.nh.ned $ ln lne
proper wing loading (waterba asi) givecross counrry speeds\hi.h arrl.' neglrgibl) trom rheopllrnJt \dt.res.

Idking I Jll rn d.l. ar J\pcr' - ;o ,,J 22.5 pro\ rde, r,,r an
e\c.llenr r^mprcm,.r in rdriru. wcJrher (onriuon\.

rhe largest relatile trajectory distancc. this sailplane climbs
with 1.6 m/s. Finally, the proportions ofthe trajeclory with
wide and narrow thernals arc assumed to be 85% respec-
rively 15%. In rhcsc wcathcr conditrons. an ASM9B (A =
20.5) with W/S = kg/nt has a cross country spced ol
70.2 km/hr.

Figure 9 shows the results for the ASW24 configuratbn
where the wing loading and aspect ratio are variedt thc tlil-
planes a.e adjusted to the wing aspeci ralio as describcd i.
Ref q A,.ho$n. rhe oprimalJ,pecr rdrro h 27.5 dr J urnB
loading of 32.5 kg/m?, and the cross-counrry speed is 81.6
hn/hr. Wilh the wing loading and aspecr rattu of the ASwlgB
previously meniioned, the cross'country spced is only 2%
louer. S0km hr. $hrh indirdre,rhe fldrnr* "fr\eoprirnJm

Earlier studies, basedon simpler wcather models, resulted
in an optimal aspect ralio between 15 and 20 (Ref. n l5).
Analysis showed thal thc widc thcrmals. which are present
over a relalively largc proportion ol the trajectory in Kupper's
rnodel. a:t for high d,pcc' rJ'i,^. DJe ro rhe rs.Jmption
ol equal climb velocity in Darrow and wide thernals as
dcscribcd before. variation of the trajec!ory proportjons wiih
wideand narrow thernals has no effect on thecross country
speed ofthc typicalStlndard Class sailplane. which was used
k) implement flight experience in lhe weather model. How
cvcr. such alternatives of the nornal weather model ask for
othe. optinral combinations of aspect ratio and wing loading.
As shown in Figure 10, a decrease of lhe proporiion wilh wide
thermals. denoted by MU (and increaseofthe proportion wifi
narrowthermals, I MU) resuits in loweroptimal aspeclralios
andcorresponding wingloadings. However, the wing loadings
beconre unpmclically low: in these cases the (eslimated)
minimum possible wing loading, Figure 9, determines the
nuximum attainablecross country speed and corresponding
aspect ratio. The flahess of the oplimunl, as previously
noied , declares the good performance of a wing with aspecl
raiio 22.5 alcorrespondjng opiimal or minimal wing loading.

A tunher study with eighldifferent weathermodels, com-
posed by \€rying the strengthofthenarrow andwideihermals
and their proportior of the trajectory such that ihe cross
.ounrry .pe€doirheryprcJl Srindrrd Cla,,sarlplJne remJrn.
constanl. resulted in optimal aspect ratios beiween 2,1 and

7B

FICUI.IE 11. Wing-tuFlagc combinations testcd at LSL

A = 22.5

A= 22.5
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4. Fuselage

ln a previous research proiect, eight sailplane wing
fuselage conbinations were wind tunnel tested at LSL. Ref.
16 The combinations were obtained by combining three dif
e.efl tu,elares u.rh rhe cenrml \ecr.on or J wrn! Jr \alou\

positions. Figure 11. The basic fuselage, no. i, was a l:3
scale modeloftheASW19 and ASW 20 fuselage. which s"ds

chosen because analysis ofmeasured saiLplane speed polars
indicated a relatively low fuselage drag. Fuselage2 and 3 had
rLre.Jrne torebod) J. tuselare I. bJr drlfered rn c.nrrl.rrol
mtio behind the location of maximum thickness and had a

1/3 thinner tailboom. The wing segment had the wortmann
airfoil Fx62 K l3l/l7.

Comparison of the drag results sho$€d a significant and
essentially equal drag reduction for the waisted fuselages 2

and 3 with respect to fuselage l. prinrarily due to the reduc
tion in wetted suface. Considering fiiction and pressurc
drag. the optimum contraction raiio is obviously closcly mct.
Therefbrc, these contractions served rs a guidclinc lo the
design ofthe ASW 24 fuselage contraction.

Tbe wind tunnel resulls also showed the importancc of
strean ine shaping, i.e. fitting the f('ebody bthc strcamlincs
of ihe wing to minimize crossflow effec!!. This crossnow
etleclively increases the angle of altack at the wing r(xn arcr
(up ro approximately one fuselage dianreter from thcj unclion
for a nid wins configuration). thus causing dras incrcascand
eventually early separation at higher angles olattack. Also,
at a rearward position of the wing. thc accunulaiion of
boundary layer air colning f.om thc iorcbody and flowing
ovc. the upper surface of the fuselage. running up against the
successive adverse pressure gradienls ol rhe fuselage, con
traclion and induced by the wing, lcads to thick boundary
laycrs and consequently higher drrg. Therefbre, the very
snall drag reduction measured lor a rearward wjng location
Jl lo{ lrh . oe rcienl. d,'e, n, ^u'qeiphrhedrJSin,'.a.car
higher lift coefficients (let ahnc the structurai consequcnces
ol ncgaiive wing swe€p f{)r ccnter of gravjty reasons).

'l hc forcbody cenlerli ne of thc ASW-24 tuselage isparallel
to rhe strermlines ofthewing ataUftcoeficieniof0.85. The

upper and krwer fbrebody contour rrederived from thc Wort
rrrrnrr F\71-l -.50 JU,oq d- ! rIrorl. u.ng rLre c\prc\\ion
siven by Galvao (Ref. 17):

r = y3/2

by which a two-dlnensional airfoil shape (y) crn be trans
r. rreJ rnr'r n rhree dlnen.i"ral oo,l) rr'. hr\inf rppro\r
maiely th€ s,tmc super velocily ar maximum thickness (and

not the sanc vclocity gradient xlong the contourrs stated by

Galvao). Thc resulting smoolh thickness disrribuiions arc

laid offperpcndicular to the body cenerline. A sinilar pro-
cedure is folbwcd for the width at the forebody cenlerlinc
The cross scctions ofthefuschgearedefincd by a nuthenrali
LJ, e\t e.':"n 'HJgel\h,nltr cune\r hr\inP .onrrnLou\
curvature (ior smooih \€locily distributn)ns) along drc con

1our. The fusclage centerlinc behind th€ wing is parallcl ro

the streamlincs of the wing at a lift cocfficient of 06. the

dimensn)ns ofthe tailcoDc xrc limited b) (ructural stiffness

Olcrall. the \ettcd surface of rhc iuselage is about 20%

lcss than fbr olhcr nodern producllon type Skndard Chss
srilplanes.
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FICURE 12. Parl ofpanel schemeofASW-24 wing-tuselage

Wing-ftrselage combination
ln oldertocheckthepressure dislribulionson thc w;ng and

fulelage and to study wing tuselage interfbrence efiecls, a
fi rst order panel method developed at NLR (Ref. 18) has been
apflied. I he surface ofthe wing and tusetage is represented
lt J lJrre ru nhe- ol quadnldreml prne... each cdrq ilg d

sour.edistribution ofconstant strength, thus taking the thick
r,.*. cifilr. rnr, J,\,.unr A,)nernol\orse.hoe\unicesol
thc tkeleton surfrce and prolonged into the wake takes the I ift
cffects into account. The shape ofthe wake is fixed in order
t{) mrintain thc problcm lineari in nDst practical cases. thc
errcrs so introduccdarc ncgligible. Considering that viscous
cffecls rrc not lakcn inlo accounl, thc qualitalivc rgreemcnl
between measured and calcutaLed pressure dislributions fbr
allached flow condilions are excellent (Ref. 18, 19).

A total number of about 3000 panels was used to model the
ASW'2.I wing tuselage combinaiion. Figure 12 shows the
inrcre,rrng pdrr. rhe denslly of rhe pane.. rn rneluncuon areJ
was increased to obtairr detailed pressure distributions. Thc
panel schene was produced try means o{ thc CAD s)slenr
using aD intcraclivc computcr progran developed for this
purposei hence! it is rclativcl] casy to model and modifi

Figure l3a shows prcssrrrc distributions along the iop and
bouonr oi rhc fusclagc xt a lift cocfficienl of about Ll. The
pressure gradients due ti) fuselage contraction and induced by
the wing on rhe iop of the tuselage are properly combined n)
poslpone transition. The flat prcssure distribution on rhc
boitom of the fuselage. below the pikn's scrt. may causc
earlier transition. To aslure an aft position oitransition, the
bottom line and cross sections were slightly modificd (noi
shown here). Figurc l3b shows thc prcssure distribuiion on
the fuselagc along a row of panels running jusi above and
hel..{ rh. sinp. I'rcpre*urcri\einducedb} rhesrng Jpper
surfacc deserves special attention, although oil flow studics
on thccight combinations indicate no separation problcms on
thc f[selages. On the conrrary, the pressure rise induccd b]
the wing root stagnation pressure causes thc laminar fbrebody
Ilow lo become turbulent first. and then to scprraie. A sep
rralion line arcund the junction is obscrvcd in the oil flow
parterns, its position dcpcnds on lhe angle of attack. The
scparated surface rolls up into a syslen ofvortices wrapped
around the wing roo1. The experiments also indicatc thrt
.ef,,rJr:^r r.n be (\pecred. due r^ rhe lrcrp pre\\ure n.(
nrduccd by the airfbil 1o$€r surface (bchind 80% c).
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FIC URE 13a. and 13 b. Pressure distribulions atong the iop

and bottom of the tuselaSe and along a .ow of panels

runningjust above and below the wing.

Figure l4a and l4b show pressure distribuiions of wing
slrips localed within one fuselage diamerer lion the junc

tion. indicating the interference effect. Thc consequence of
frtting thetuselage forebody lo the sueamlincs ar ahigher lift
co.fficient - thus avoiding additional suclion peaks at the

leadingedge, Figure l4a - is an increased crossflow effect at

a bw liit coefficient, indicated by the lowcr surface prcssure

disiriburions in Figurc 14b. Hence, ar high speed conditrcns
when the wing airfoil! approach the bwcr cnd of fie low drag

buckel. a snall part of thc wing next to fusclage operates

below the low drag bucket. This effect was also noticed in the

drag measurcments for all the combinations.
To improve the flow conditions at thejunction, the wing is

modified in the wing rooiarea. A small fairing with 7 % chord
cxtension is applied where thc wing is lofted lowards a wing
root airfoildesigned !o be suilable for turbulent flow condi
Ilon. LJr ler:r rn rhe rw!' drmcns.onal .a'e). ln comparr\on
ro the wing airfoil, turbulent separation oD thc root airfoil
upper surface is predlcted to start al a higber lilt coefncient,
and a steep prcssure rise on the lower surfacc has been

aloided. Flight tests wjll have io show ifthis fairing is ade

quale Mernshrle. re\eJrch ,'n rhe desrgn uI p'oper $inS
luselage junctions continues a1 LSLi the imperlcciions traced

by fie experimenal and thcorelical methods
less, present on all existing sailplanes.

BA

5. Tail surfac€s
'Ihe horizontal and vertical trils operate a1 condirions

(ReyDolds numbcrs. rudderdeflectioDs) where special meas
Lre. hJre ro bc u LeI lo arord dell imenl1l lJmrnar ,cpzralion
tubb.e'. wolln'rnn rpplred e\rcn.i\e nndbrlrrr r(Biun. on
his well known airfoils FX7lLl50/20, /25and/30, designed
lor lailplanc application (Ref. 20). The success oi arrificial
tipplng dcvices io avoid lhesc bubbles, thus makiDg longer
lan nar flow regions possiblc on sailplane wings. is tbe ob
\.oI. 

'c,,,!'I 
ro appl] rhr, r..hnrque al.o rn Jc\idnirr nes

airfoils for the ASW24 tarl surfaces (Ref. 2]).
The des ired width of the low drag bucket fbr thc horizontal

r,,iltlJne airiorl $d\ o.'i!rJ lrur.l cal.uldllng rhr uperJr.ng
rangc ofangles of altack and ele\alor deflecdons in srraight
rnJ.i.linc flighr Jr ro^\irJ rnJ reJrqdrd (.g. p',,:rion.
.rccording to the merhod of Ref. 22. For safety rcasons. for
inltance to counteracl undcrsired motjons of rhc airplane
during cable towing or cable break, cr,nn values $,ere
required to be conparuble to the Hlues of rhc Wo.tmann
tailplane airlbils nentioncd bcfore. The desired width of rhe
low drag bucket for fie verrical tnilplane airfoil was derivcd
ironr slip and rudder dcflcction measurements wilh an
ASW 20 in ihermal flight conditions.

All modern sailplanes hxve a t rail configurarion in which
the leading edge of thc horizontal tailplane centrelinc section

FIGURE 14a. and 14b. Prossure distributions of
wing striPs in the wing root area.

strlP

srrlP 2
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FICTJRE 15.

uorrrontal ratlplan. drrf orI

Horizontal and vertical tailplane airfoil and potential flow velocity disbibutions

vertical !alIPrane arrfoll

zonial lailplane ajrfoil (thickness 13.7% c. elcvalor deplh
25% c) and the ve(ical tailplane ajrfoil (thickness 11.1% c,

ruddcr depIh 30% c) and sone potenlial flow velocity dis
tributions. Figure 16 shows a comparison ofcalculated drag
J' (ilh rcnb d$uri:Id dn ificrrl rrarnlrun dr rhe proper po\r

rions fbr the DU airfoils and no drag incrcase dueto laminar
scparation bubblcs for the FX airfoils.

The horizontal tailplane airfoil will bc wind lunnel tcsrcd

at LSL early 1987 for verification arld to find out ifthc func

tions of zig zag tape and flerible scalings can be intcgraled

by cutting zig zxgs in the leading cdge of ihe sealings.

6. Conchding r€mark
At thc Lime of wriling this paper, the nouldi4s of thc

FX71-L-150/10
DU86-1t1/10
6=0.

Re-1 5'106

projects inliontofthe veticaltailplrnc. Similar to lhe wing
luselage iunction flow. the laminlr boundary layer on lhe
lower surfilce ofthe horizontal tailplanc iurns lurbulenl and
\'p.rrdre\ a: rr rpproaLhe, rhc \r_ricdl Ilrlpldne 5ragndlon.
and the separated flow rolls up in r syslen ofvorticeswrapped
rrcund the junction. Separatcd flow is observed ai the rear
parr of the corner (Ref. 23).

To improle ihe flow conditx)ns ar thciunction, ihe leadjng
cdgcs of the ASW 24 horizontal and vcriical ailplane coin
cidc and sleep airfojl pressure gradicnts ire avoided. The
uppcr surhce ofthe horiz-ontal tailplane airfbil, however. szs
designcd 1t) avoid steep pressurc gradients on ihe elevat(r at

downward deflections (for cL-,, rcasons), hence, the hodzon-
1al tailplane is not synrmetricNl. Flgure 15 shows lhc hori-

0.8

(t
I
I

0.4

0.8

(1

t---- FX11-L-1:0/?5

- 
DU86_11',1/25

6=0"

12
lorcd

\--
-08-08

FIGLTRE 16. ConParison of calalated horizontal and verti'al tailPlane airfoil charactcisti's

,i
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160, r90r 200. :20.

NCURE

ASW 2,1 master model ar€ takcn. First llighr is expecrcd in
,Lrln er la8-. Tr hd, been \1ns1 nJr rhr\ uitptrne r\.r rcu
dcsirnofallcomponents. Thccal.ularedspccdpolars. Figure
17, indicate thal r iurther improlcmenr of performance in rhc
Shrdard Class may be expcctcd.
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