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Abstract
lnafeasibilit}study'anlirfoilw'sd€velop€dthatsatisfiesthecomplexrequiremcntsofhigh-D€rformanccsailpl:rneswith
a lariable upper-surrac" "ootu".. 

r't" 0""''ni'g' "ii"r'1""r"4" 
ir'" '9'1d"r9j''"!1" 

r'rwer {rrracc' an internrl torsion

box. as well !s a spar, is designed to carrv tne r"fi" nna tn-"nt' qpi"ul or t ls-meter span Racing-Class snilplrne The

flexible skin of thc upper_surface i,, ,tt"crrJ l" dr., i""aing eage or fte brse_zirfoil and to four lirkNge points of a

.?.r"*"ria.l"" ir,Jihordwis€ stiffness di;ibution of the cornposite skin is tailoreil so rhat the two desired contours rre

accomplished in conjunction $ith thc meclan'i; a''i"" rr'" tmll **i"" has I maximum fhickness of ll 8% chord' while

rhe rhick rirfoil 14.4'o chord. n .-n",'"p 'i'*l " fuirher adiusrmenr.ot rhe 'irfoil 
pertormanLe ro differcnt flighl

il;,1- i;;;*,rn,^cc e\rirn.rion Jor a'Racine_cra.s raitplane uirh rh( n€$ airtoil \ho$\ \iqnificsnr increase\ in

,veruse cro\s-counrrt \peco' rrr"r arc' oepcnain! 'r"ir" "*it'"i -'a*r' 'p to s" t'\rer Ihrn usins convenrional airfoih'

tntroduction
One of the najor aspecis ofconpetition soaring is to flv

1 oiven cour.e $irh rhc lasre'r po"rble r\eragc cro*-country

..?"a. S*"a. oro'.' loolmft lur a cou$e ol r00 kn dnd

-ore are.ommonrv flo$n wirh modcm h rgh-p"r lbrra nce

,i,lrlane5. ll'c a\erage 'pced 
i' rhe rc'u'r ol rl ' s'ilplane

porne rL'",rsh a (rurse-climb (vcle. in qhicl' ir 'rui'e' ar

ir.'i.a +.ia. -a.,n." 'egJrn' 
lhc losr alrrruJc bi crrclins

'n 
Lhcrmrt'. t on.eq,,enrt). lhe a\erugc cro''counrD 'peed is

marimized ol reou' rng rhe Irme \penr climbrng ind hv

'""**i"* 'r,i 
crui.e pan oi rhc cro''counrD llrghr' fhc

.",i-r.-'*.a a-i"e.ruse dJpends on rhc r\crdse 'rrensrh

.'r,r'" .f""U ld'* rh"r can be rcalizec whrlc lhcnnJll'ng fll
in eeneral, rhe hrehe'rhe climb rare ol Ihe tlrder Ihe 'rrtrer Ihc

"pi-rr ..i'. .pecd I and 
'on'cquenrl) 

rh' fi'rLr i' rhe

d\eraee cr"snc"untr) speed
"rt,t nush rLc cii.u oe' form'nce 'lcpendt 

on Ihe 
'rrengrh

rd stc oi;he rl,cnn.l'. ir rl'o dcpendt on rhe rh'l;D ot rhc

"r'i.. '.' .rl. *'rl e\ploir lhe nnng J'r ol :r rhenndl lhi'
i["".,"'". ,'"r,i .i,it"rs in order ro 'rdv rrr Ihe 'rre nr rhe

,r,"'."i i., 
""i'.1 "n,eain'r 

mrrnrairing r lo$ 'ink r:rrr oi

$e glidcr in ord€r lo achieve the best net climb Avcrv

sim.lificd conclusion is that, in order to maximize clinb

ncrionrunce, . eliJcr ne. ds a u rng $ rrh eirher J la-se rrcd or

;ne thrt produces hrgh lift coefficient\''
rrre cruise rcrfonnance is oftcn measured with the lift

'n-o,un 
.u"o ot .t'4. ',,'o, 

trhich indrcilc' lhe drnance lhrr a

*.lolaine . an elidc irorn a Erven Jlrrrudc rn calm Jir \4odJm

Facrnc t la--.arlplane' have ma<imum lin lo-drug rari"' up

i..,Uo-r' .,-'. q 
'.a"."on 'r) 

rhe drrcrun drzE r'lcrea'e' rhc lrF-

'.4." 'ario. 
Durila LrLi'e, anprorimdle') hJ'l of lhe rolrl

a'ae ri A',e ro rtre p'or'le Ardg !,1 rhe $ing IlI uhich dcpend'

on ihe totat w;ne a.ea and lhe section drag Thus. the cruise

""'rormance 
s lmnrore,l eirhcr bv reductng r\' rol0l "inE

"r.a 
or rhe .e. rion ,lrag ol rhe $ rng Ihe lirrer atprodch h'\

leJ ro rhe e\rcncitc ,r.agc ol lamtna' dirfo l' in 'oarilg o\et

'lhr.onnrcrrns requrrcmertr' on rhe urrrg lor cruit' dn'i

cLimb make the disign of a sailplane wing an cxtremelv

I lndecd, the ratio ci-slco needs to be nlaximized in

ord€r to minimizc th€ sink m1e of (he glider' CD is rhe ovcrall

dmg coefiicient and CL the lift coefiicient-
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.haLlereirs d.k rhar rcquirc' rlt c"riJ'rurron ^r ' n'rlrrrJJc

;-i-""'r""'"..,r.i.,"4 1' ,o,,n! 'ici''r r A\ rL"p:rllcJ
;, ;';; ,r*. ; ne. c"vnrf pror rae rhe h g\ rir prornic"

'i^-... "**a ,'r rl" nnallilts Jn'] trc \'r.J I rfll"rr Jre

" '"* 
-,r,i 

-,. Jc.:rned or los crui'r dra's otten 5'rve

:..j:.,,;;; h;.Jr;"; quJ,:,,e\ a, ,rc rus Defo" or

'' - i"",'",r ","'"0'' hr\c bc(n rnalc r" lc on 'noJ"re rl'e

.-n"l'"t n'ei';'l!1.* u'rh J'r'bl''$rr'g5"on rri- lhe

;;l ;.;k;' u.eJ $rurion ^ 
rhc rrJ'|rirrs eJpe ndp u i'rrn

i,-li. 
', 

ar.'*, d' JJlu-rnrcrr o' rr" di rJil pe-Iormarrcc r

"""'..r",ir,"r".-"'"*',si'rr''Jrh""i\'l,'Jlui 
ncrr lhr

ii;;': ;";';.r''i.;' ;"''''."'''" dnJ nd' ruu a' r rr' on

,"1]. - o'r,.' ,J".,.r.'" dnabc$ilsEJomr're rr' to
'""- 1 ,f .ilpi"".' l\ )n JrJ \B l Jlo$n rr'l:Es

;;:i:lh;ii.:li,"n'r' r"", i il ro-\'hJ arec\"^iig

",r='. .",.'"' "'"rtr"'pan 
ln fl''Lr' rncpil'r c:'r' \tr' r\c

;;;;.;;;;;"." r(d,{1 rom(rP' rr'esB rr'""i n I
ii""i rL"isii. l'"i " ', '.bh 

$i'r ' rrorJ r.I J 
" 

s' r\e rlor ro

i*"t" 
-,rt"'*i"* 

area bv ll pcrcent Dcspite thc clcar

".'r,*""." ,a',ii"*" 
"fthc 

teicscoping *ing and vrriable-

l;;,i ."".""''. rr,e adJr'or'rr nre'r'Jn' 'n *d JrJclure

'*r.J. '"i 'r"" 
ro br le'\ 'J rJbl ro r'r tencru' oarin!

".L.r"'^J* ",^ i*'car rl wei6h :'no'ontrc\ir\''- ; ;'" 4;"..p' sJ'e\pror"rin r td':brr'r) srur\ ordn

";,r".i *rr, I ..l'"tr" '"p'"*'r*" on "rr rh I can b'

,i,'i.a ," ,r'. d,lLlerrr relLircnenr' or rl( high d1d lo$

,""l,t:i 
'--r,r' "-1..' rpt,.l i'rw:ri'g|< -l lheoor'r'i\c:'

'i;".-i;;;;" ;". -, 
I rr drag c'ru"rio. r\rous\ rr'rea'cd

i'.1',rn"" ;."*'rr' 
"" '"e 'pp *'trc' $irhotrr hr\rn; ro

",. " ..',r'" 
,i ro" p".'l' \4oJcnr lo$ drJ" ldmindr

l.'i"'r.l'itnitr,-p.,'n'""ce'arrplarte'h'!c hrn nJI r"wo\(r
-"" "r 'r,"i r.l"er 'urace 'omr Lr ro o)oa c\urd l\'h'
.i" rlr'. :, " '" 

a-"e ''du'rro 
r 'rpt nr' ro b po'rbl rh re

;;'';","""' 'un"ce, 
horc'' rlc rndrinJr len'\ or

i-,"". ti.].i " '".r, m^re lrmir' d r" ab'r rr r'0" ' ho'J rhe

."i"ii'" 
"",r" 

i.*;,r"' t. necded i order io provide suificieot

.i.". i.*'r, '.' .,r, 'v '..o"' rhe rre"ure rrorn r' l(Jding

i.i"" ',. i,."" 
"."r 

ar r'rqh angl s oianacr n'h'Ni\e rr rh

;i::,;; 
"...1,,. 

grrJr.nr is r"o r'ep rhe rroq si'r 'erdr'1'

*"i " .,u'."i""ia"'*l'ra'r'n ol the llishr nropeflre'n r\e

'''" i;;':.;."", e^Dlnred rr rhr' stud\ u"' r$o Jisrincr

',"'.,-,"'ir." ."1"'""': lhe one JcsiEned 'br ' rui'c ar lo$ I fr

:::.;";;;;"' ro$ ,r'd; due ro \tcrJed rdmrnlr floq drong

'* ,"".","4 lowe' 'r,'l,cet l\c 'ccol'l contoulcuplolt l
;::-:i" ;..;';; w,,hou, rro$ irJ-arron dc'prrr h'Is\

i"",1,"" ""* 
.,.' "" 

pedkt ir mr\imum lrl' lh' lei 'bilirv
.''i''.'"i"'.a rhe prnr;cdl'D ol 'J'h ar drrr"rr and I're

- 'tr. 
i.,'"r.-* g"i'' lor d v lpldre lo'rheri'e'rud)

l;,;';ir",i. "e 
ripre "n'r''e ro 

'rc 
orrcc rr'Iar 1re')ricar

.r:,il! ""'u".*i.. 
*"i". ofa modem Racing-class saiiplan€'

ilcluJc- r\c n"n-drlormab c rower sudace an irremdl rotuion

i"""1. r..r' r' a'prr' i' de{sn'J r" crnl he o'd' ald

i."*."" ,"o1., tur d l) rner spJn Rdcilg ( rr$ sa lolxne

i". ,ii''ir!',on"i-',',".e 'k,n r' rnrdc nom comoo'rre

-,i".,'l"a " 
ijir,.a . 'ht 

oa'e u tnt dr rhe rcadrng erge 'rnd
l'"r-,,. 

'-1,'"" -i"'' 
o rnc dn\e mcclbnr'm lhe IrJi ins

.."" 
"t 

ir,. 'i.'-:u. krr r' r- t rucliJc'n rhJJF pa'tof rl'e

;":";;,:;'";;.; ,o L o,npen\i,e ,b. he hditsc:n arc rersrh

;;' il;;"b"'". " 't'i r"o uppe' 'Lrfdce 'o'rotrr' rle
;,;;;i:"t ", variations is li'nited to t\\'o differcnt

'rr,""'. , r,'" dn,l a lhick '<r ' on \ddirrol rll) r

".",..'-rf ""'f"t eJge lap allout lurr\r' 'Jlu'rnenr 
ol

i^."rl''n."*,"* irl"di lcrenr {lrg\r r(giTc'

Atrod\ ntrmic requircments^' ' " 

^'"'.^"."r.;i" 
a"!j po Jr o al"minrr 'r'roil ' lro rcd

"'tir.,f i" "'.;.,r 
'or i"pto"e' rn"'r'torr "perare\drrins

.,'.i.1 " tl. r"".- 
lrlr Loclf"(r'' irr'i I'he low drrr rur''e

;;1. l';;'. ^. 
rr'e,,nJ r,1g i u'Ldr'r donc J-oJnd r\c JfDer

."'"* .l tU"' B lr" m"'rn um 'c'rior' I'rr ""elfcrer'' 
I

;;,;; i''',i,;"*' rr. rn'rrrm'' "r r'rr'd'rrg recr or !h

;,;',;"J ;;;.q"." .. rr'c $rnl'r/c rurnr 
^ 

dJr:Lr rr'

ii"," "i". ", 'r" r""-a'"g rrg;or' qltcre a' Pornr B mrrr' rh'

;;;-;""; t.'h'; rn" ,i" ,l'," '"s;o" 
rhr rrJn'i''rn N n'

,l'l- r,.i,"' r,' turhulcrr r"s rcm'rn rcldri\Jl) 'rrrionrry on

i;: ";;;; ;;"'""'''"'t..' 
Bei"nd rhe bouiJari - o' rhc

i;""l;; ';";'. rJ'er '. pre"ure grrJren 'au'c I'rc

,;"'';oii""i";. 'o." " o^' ,l rrno rrog 'rcrcr'c duc'u

;,;;,"';"il; i"" rr'c,J,n'onNirro rhe'^qcr't'r''rcc

.i."i".. ."rr,lv"in n*a ,ntil it mo;cs forward raPidlv ar lift

.."it.,"^;. 5"r"" ro:nr A. wh.,cr. r,,. utpe''L-irce

;,;;.;-;';,no\r' ru s,rd rr 
"rr 

coe"rcic'r\abo\' B In

.ii,' 
"" 

iJr,,^r,"i ,r'"-r"cri"n drds rhe rrrcn J'in; rrlounr or

il;];;;;,,; reads to gr€aier lendencv or htrbure.r flow

..*,i'". 'r,' "rn Jr rh; r':rilrrtg cJge no 'preJd' Jp' rum

ilii 
'"1. 

,"f ""rr* ''r 
,r'Jc{ r\c rrrioir) o' rhe rbruard

;,;;";:;i;h.'".0; .Lrra(' rran\'riorr rro'n P'ilr B 
'o 

c Jar'

l. '.'i.,",r ,"i i',' nelin',nr rnfluen e "n h' r!r*rced
;.,n.ll,ns oulLihes t'L rhr srilplrnt It]'-" i;"i;. .*a'. - *''"';"t t'ouiremcn' on Ihe rhicL

*.r"" "iti" "r.i" with a variable upper surlace is that i1

;;i;;;, , ;"'., " rin cocrrr'renr srnirar ro rr'ose rr rrre

"'i" ii-^"a ioi ',ro,s r\dr $err u'ed d' row 'pecd

i."."i."'i" ^t"'" 
rht 

"'w-drds 
tesron Jnd up Io Ihe

-".-i.r--ilt **fn"i"*, thc lift curve is desired to behave

r.ii",rr i" *'. ** "tm b€nchmark aifoils Generallv' the

"....",i"" "i.r"* are associated wilh vcry agreeablc low-

soecd hdndlins qualiiies f5l''.-'r. 
io |.,'i"i' **ig'r;tion, thc thin version desirablv has

, r.."-,r'"*' ,.1" or imtlrr ridrh and ovet ' 'im;lJr lifr

;." r,.i.;i ,nee d' Ihe drrrorr' HQ I and cA2 rhc

.rn-,. al*i*,,.""r' ho*cver' is ro hc compd'dblc ro

;:,"' ;;.iio",. rh,'p,rtru',,,ai foirhd,"nenrrhclose'r

;:"-.";lr" ';"'. or an) qing rrrroil u'eJ on 'lilnlarrc' ir'
.i.*-,r".,] 

"'"ari"*q"""r:"'. 
f r$evcr'r'c lc s tu\ordble

AirfoiFDesign Objcctivcs rnd Co$straints

rr'" t*i" *"'""pt o1 tt'" oitfoit with a vadable uppcr-

."rirce ;;;' t; sho$'n in Fig 3 rhe base wing' which

voLUME 29, NO 2 -AP l2005
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Besides the two ditTerent uPper-surface shapes, ihe

airfoilis equippedwith a tmiling edge flap. To linil ihe pilot-

work load, th; numbcr of t'lap settings is reslricted !o two for

the thick airfoil version and to threc for the thin one Thc two

nan iclrlnss ol rhe rhick vcrsron Jre mcinr lor rhermrlling

,'iLh 'le mlo.r po.:ri\e dl'o u.ed lor landing The rh- c flJp

,crLin!, ot rho rhin !er'ion are 'uppo'ed ro rlloq hrnrred

,r,.*-"tt'np,nrl 'lou crur'c. as $cll as inrcrmedure laJ and

fast cruise: The diffcrent flap seitings ovcrlap sufiicien v in

ainpeed in or{:l€r to reduc€ the perfonnance loss due to anv

oossible oiLotins enor.' A tunhcr;quIemenr rs rh r rhe rrrloil pcrlolmrnce i'
relativclv insensiiive to surface inpcrfections This

rrquircmenl rs lo lrmil Ine innuencc ol manula'ruring

rmDerrccrior. or 'e.onddry delormarron' "l rhe flcxibre upper

.,itacc due ro rhe load. ofrhe prc*Jre di'rrrburion SrJll dnd

los-,Deed behJvior Jrc de\:r:rbl) rr\depenJenr "l anv

lonramrnarion ol 'hc win;, ibr e\dmole Jue ro bug' or udrer

Srructurul requiremcnts
Thc 'rn'lrurcl dc'ign rcquiremenr. "l rhe lodd-c rry'ng

ba.e $ins d-e d'r\en by rhe load' rhar 3-c repre'cnrari\c lor

rlc uinr roor 'ccrion ol a Rdcing 
'las' 

vrlplanc qir\ I5-

.",.' 'iun. " indicareo by rhe 'hdded Jred in rrs < ln

lenerJl. Ihe 'hedr lorcc' anJ bendrrg mornenr duc ro lrn are

L'o"+ rtrere fhe laher \alue dcterm nes hc m:n mum

,"i.rire.t tre'Llrr ol rlc .par, \rhich (on5eqrenrlv defirc' rhe

mimmum arLwable rhrckne+ ol rhc Ihin confislrririon ol rhe

variable anfoil.
The nexible upper-surface shrn has io be sufficienllv

flexible in chordwise direction so that it can be shaped to the

desired contour. In spanwise dirccrion, however' the flexible

skin Ms to be adequat€ly stiff betwecn the locations of the

drive rnechanism ir ordcr to limit its defomation under the

inluence ui lhe arrloads Bcvond rhar. anv $avrne* in

chordwise direction has to be kept snall in ordff nol to ciruse

premarure t.ansition to turbulent flow.

Drive mechanism requirements
Thc drive mechlnisnl has to b€ able to change the

flexible skin and suppon the deformed upper {rf'ce so that

the desired contous are maintained dcspite large airloads- ln
order to siav within the rules for racing sailplanes' ihe change

of contour; has b be possible lnanually' without anv

additional boost power. Figurc 6 shows tbc different loads

that act on a rleionnable upper surface Thc upper su{ace

nro.tuces rouehlr rwo-lhrrd' of lhe lrfr req rred $hich r'
l"-n.moretv- ril aurins 'terdv. le\cl nighr' lhc load' are

elin hiuher u,rh ehvared load ldcrors due ro glrsr' or banked

ansle. ifthe rclared uppe' 'urlare 'kin is rne Ihrn conrou' Ihe

toa-ds due ro rhc eldcrrc Jcfomalion \drll rcr dgarnsr rhe

anloads. Th€ remaining work thar the pilot has lo exert in

order ro change berwee; the surface contours du ng flight is

ii.it"a Uu t'ilnon strength and the space available in th€

c,rckDir. 
- 

l\.4o'r p'cferable i' a 'imnle hdnd levcr urth a

-^i-',- L'.veL "l aoour 50 cm and teasonabl acri\drion

forces. Systems that require pumpiDg have been less feasible

in soa ns [7].
rrre snacc available for lhe drive m€chanism is li'nited

ana naintv .estictea letween the load caqring base wing 3nd

the flexibie upper-surface skin ln rhe thin configuntion, the

aerodvnamic and structural requircments lcave roughlv l5 mm

of.Ddce to rhe m(chdnirm Bcrween rlte loc rron' o" r1e

arirl mechanrm, rhar arr 'pJced 
c)0 cm in rhc 'pdnurse

dircction, the desircd shapes arc ensured vrirh spanwise

stjffcners. These also have to fit in the space between lhe base

r\irednd'hc tle\)blc Jpper ,urlacc oflhe rh In \ers on.

c tunhcr requtremenr ;s rhar rhe m", hani'n be rclrrrvelv

\irnDle Jnd hd\e a lrm:r(,1 nJmber o' Lnkage Nrn'' lhir

'i.otirre' rtre deien froce$ and reJuce' rhc pan 'o'rnr'
*t,'. n me,f. a.malLer manulacrLlrnq rnd mairrrcnancc cflon

as weli as less addirional weighl An uncomplicated drive

system.lso reduccs the clrances of failure

The ALDI-9 D€sign
The Aldi-g .iirfoil in its thin and thick configuration is

shown in Fig. 7. Also depicted in this tigure Are ihe internrl

structure and the drive rnechanism with which th€ upper

suface contour is deformed. The nane is the German

abbreviation of adaptives Laminalrrofil variihler Dicke'

which ranslates 1() adapiive laminar aifoil with variablc

thickness. lr is th€ ninlh serodynamic design The lnaximurn

thi.kness of the thin version is I1 8% wilh respect to rhe chord

lensth anJ '4.40" 
lor rhe rhiLk.unlrg!,rarion lhe locarron ol

Lne-maximum rhi. Lnes\ move\ for$arJ from 4 r'50' chord Io

40.8% chord when changing from lhin to d ck. The lrailing

edge flap is ll.5% ofihe total chord

The base wing structure and upper_srrface skin

Thc load-carrying base wing of lbe adaptable airfoil,

Aldi-g, has a r€latjvcly convartional compositc structure

nDical lor modem .arlplanc' fhc srrucrurdl de'rgns of Ihe

da.e uire and rrarline edge flap drc rn Jccordance wrrn L8l A
carbon fiber composite skin of thc base wing provides the

needed rorsional sriffness The constraint in sp3r height of 70

mm or 7.8% of the chord necessiiates a double box spar for

sufficient srrength for the bending momeni that tesults from

rhc 'oansrse IiR di'rriburion Be.r,ler reacring to the 'hear
lo,ce dJc ro liF. fie lour r|ar webs rncrcase Ihc buckling

stiffness of the relativelv thin spar caps th3t are made from

lnitially, the deformation of ih€ fle{ihle skin was

nnum,zed u'inc a 2 D fF\4-beam modcl in which lhe

Lr'ictuess of rl'c beam elernenrs rs \aricd in chorJwise

direction in order to get lhe dcsired stiffness distribution As

'hown in Fre.8. rhe desrred bending lrne olrhe uppcc"urfdce

skin rs achi;-\ed $irh a fibcrglas*.olrposrle lav-up Ihal hdq a

varying ihickness in chordwise direction Thc predominant

frbe' oiienradon is 0/90' Onc€ the appropriate lay-up had

been lound, a 3-D FEM model of the flexible skin with a span

of 0.9 m w;s used 1() determine the deformations between the

m€chanical actuators due to thc supetimposed aerodvnamic

IECHN/CAL SOAR/NG
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loads. The grid of the modcl is shown in Fig 9 Four

sprnwis€ stjffeDcrs serve as sttachm€nt points for the

mcchanical-drivc sysiem ind increase thc stiftuess bctween

thcm. As shown h Fjg. 10, the deviatiurs liom th€ desired

conlour incr€asc wilh dislance ti.om thc actuator locxtions

Nevertheless, lhey rcmain *idin thc d€sign limils The

dclormed coDlours wetc rcanalyzed for their acrodvnamic
quality. Th€ l-D FEM nodel also provided the loads for
dctermining ihc acnrator loads. A morc thorough dcscription

of the structural design of the base wing and of thc lrailing'
cdge tlap, as wcll as the dcsign and the snalysis ofthc flexible
skin is in 16l.

Drive mechanism design
A sketch oI the drive mcchanisn thit deforms thc upper

surface skin is shown in Fig. 11. The mcchanism is discussed

more detailed in l7l. ln principal, it consisls offive links that

connect ihroush four slidcrs. The d€fornable skin is attached

lo the drivc at four poinls. As can bc seen ;n Fig. 7, a bell
crank localed betw€cn the two sp s is lhe main drive that

moves the linkages. The bell crlnk is aciivatcd by a system of
pushrods. ofwbich the main driac is located along the leading

edge of the wing and connects to the controls in the tuselagc.

Also shown in lig. 11 is a sysi€m ofcomb likc ribs thal hclp

shape thc different lcading-edgc radii of thc lwo thickncss

versions otthe aifoil.
Thc eslinrated loads to aciivale the mcchanisin in flighi

are suilable for easy handling by the pilot [7]. The ioads are

the result ofthe pressure distdbution, the elastic defomarion
of the flcxible skin, rnd a spring that pulls thc nexible skin

tight at its trailing edgc.

Airfoil characteristics and pcrformnnce
The predictcd aerodynamic characterislics of the thin

A1dL9 with its cruise-flap sctting are plotlcd in Fig. l2 Also
shown in this figure are the values for thc HQ-35 and the CA2
in their cruisc settings. In order ro accounl for the depend€ncv

berween sFed and lift coeticienr during steady flight and for
a given wit1g area and gross weight, fie chord Revnolds

number is adjusted so that Refi=10s100 Thc Aldi-9 has

a similarly wide low-drag rcgion as thc b€nchmark duise
airfoils, HQ 15 and CA2. The theorctical drag valucs ofthe
Aldi-9 are slightly lower than the oDcs of rhe HQ 35 and

significantly lower than thc ones of the CA2
The pcrlbnnance of the thick Aldi-g version wilh irs

highlift flap seliing is shown in Fig. lS lts drag and lift
curves arc very similar in valucs and shapcs lo the ores offie
conparisor airlbils of thc highlift resnnc. HQ-17 and CA2
The relativcly smau diffcrcnces in drag are of liltle
significance in this flight rcgime, wherc ihc induced drrg of

thc wing dominales. Agai.. Re\[=l0sl00 was kcpt

A sample trcssxre distribulion ofthe thin Aldi-g veNion
is shown h Fig. 14. Laminar now is maintained past 85%

choil on the lowcr surface. Transition is fbrced with a

turbulalor at ?6% chord on thc upper surface ln thc

fcasibility siudy discusscd here, such pressur€ distributions

wcre impos€d onto the IEM model nr order to dclermine rlrc

secondary clasiic defonnations of thc flexible suface duc 1()

rhe airloads t6l. Thcy were also used to cstimate the

activaiion loads requircd to change bclween thc iwo thickness

versions t6.71. Thc contours that were gcDcrated witlr the

FEM modcl with superimposed cxternal loads werc re-

analyzed with XFOIL for iheir aerodynanic pcrformance lt
was found lhat the dcgradation in perfoflnance due to the

secondary clastic d€formations is li ited lsl A more

completc discussion ofthe aerodynanic design is listed in l5l
Thc perfomances of a Racing-Class sailplane with ihe

differcnt wing airfoils, Aldi-9, HQ-35, HQ 17. and CA2. were

computed in ordcr to assess thc gains duc to the Aldi-9 [5]
The configuration ol the theorclical Racnrg-Class snilplane

employcd is the onc lhat fomcd the basis of the stucturaL

design. Wiih rhc exception ola l0% higlrcr wing wcight du€

to the additional structure and mechanism required in the casc

of the adaptivc airfoil, no turther configuration changes werc

made. A' example ol the rcsulting glide Iatio and sl'ccd

polars is plolted in Fig. 15 for thc sailplane using the Aldi-g
airfoil. Thcse perfomanc€ estimatcs w€re uscd to predict tbe

average cross-country spceds based on a theorctical weathcr

'nodell,5l. 
The resulh 3re summarized inTablc l Although

the Aldi-g has only a slight advantage over thc HQ-35 nr

ma\imum glide p€rformance, its superior thermalling
performaDcc resulls in a nearly 5% higher average cruss'

country spccd. This is significantly fast€r, whcD considering

r\nr duriig " JIng coirr"rs one or l$o nercenrrgc pornG on n

scparate the winner from the middle field The advantages

ovcr the other aifoils are similarly larg€ lsl

Conclusions
Tbc study discussed herc d€monsr.atcs the gcneral

feasibility of an rirfoii with a variable uppcr-surface contour

in order to incrcase the peformance of a nodern sailplane

SigDilicantly fasrcr average cross-country speeds are prcdicted

fo' a iheoretical Racing-Class sailplane that uses such an

adaptable aifoil. The chang€ between thc two uppcr'surface
contours is accomplishcd with a manually activated

mechanical drive and a flexible conposite skin that has a

tailored clrordwise stiffncss distribution
The technical rcalization of such adaptive airfoil is

possible, how€ver, fu.lher refinencnls are nccdcd for tbe

acrodynamic design and the performance estimatc in order to

betterjudge its tull pot€nti3l. The aerod)'namic dcsign neither

rcaches thc polential limits of laminar flow on the upper

surface ofthc thin version, nor tully explores ihe possibilities

ol modifying the highlift range of thc airfoil in conbination
with the wing geometry. Clearly, the dcsign of the airfoil 3nd

thc wing are interdependent. The accuracy ofthe perfornmnce

prediclion can bc turther inproved, for exanple with a bctter
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Airfoil L,D,""- lkrl]rtll
Average Cross-Counfiy
Soeed tknthl

HO-35 48.4 107.6 t00 6
HO-17 455 105.3 99.5

CA2 46.1 105.9 t0t 0

49 106.4 104.9

Tabl€ l
Predicted performances of thc given Racing-Class

Figurc 1 The FS 29 with its telescoping wing (Akaflicg
Stultgart,1975).

Figure 2 Thc SB- I 1 with its fowls flap (Akaflieg
Braunschweig, 1977).

Figure 3 Thc concept of an airfoil with a variablc upper-
surface contour.

Figure 4

Figure 5 The shaded wing section ofthe theoretical Racing-
Class sailplane is the bases for ihe structual

dcsign-

Tlpical drag polar of a laminar airfoil. The letten
are defined in the text.
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I

rigFigure 6 The loads acting on a deformable upper surfacc. ure l0 The deformations ofthe skin ar differenr spanwise
locations ofthe 3'D FEM model due to the

aerodynamic loads.

Figure 7 The AIdi 9 airfoil with its two distinct upper-
suface conroun and internal structurc.

Figure 8 Thc fiberglass-composite lay up ofthe upper'
surface skin

Figure ll Schematics ofthc drive mechanism for the
variablc uppcr'surface contour.

!.5

0,2

Figure l2 Drag polars ofHQ-35, CA2,3nd Aldi-g Tbin.

Reu[ = 1n51s6 '

AIdi I Thin

25 30 35 rr0 rl5 50 t5 60 65 ?6 ?5

10q;c0

Figur€ 9 The !'EM grid ofthe upper surhcc skm.
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Aldi 9'rhickl

Figure 14 A typical pressure distribution ofthe thin Aldi-g at a cruise angle ofattack.

figure 15 Predicted glide-ratio and speed polar ofthe given Racing-Class sailplane using the Atdi-9.

Fig re 13 DIag polars and lift cuves of HQ-17, CA2, and Aldi-9 Thick. Re \[ = r0sr00 .
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