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INTRODUC'TION
Tho human powcrcd night is one of lhe oldcsl &e3ms of

humanity, and as a glider pilol and former bicycle raccr, thc

auftor had to fulfill his own drcam and started thc Fojccr
Velair as soon as he finishe.d his sludics and eamed eflough

Theorctical design and optimization (wing, airfoils, prop

and structure) havc takcn piace since I 986 and lho consl-ruc-

lion \ras sorlcd ;n the summer of I 987 \vilh the help of two
fricnds. Velair hrs flown sincc lIrc summer of 1988 and it is a

grcal plcasure for all.
Thc goal of the projccl is O€sides fun) to build up experi'

enic in lhc opumi/alion oi tcr) lighl .lructurct. qin!
aidoil - and propeller aerodynamics, aeroelaslicily and

composite-lcchnology for the evalualion of low-power/long
range aircrall.

ln spile of a low budgcl and chronic lack of dmc (ilis only
a teisure dmc projcct) il wa! possiblc !o develop a praciical

aircrafl widr acceptable pcrformance (Figures I and 2).



!'igure 1. Flighr Tesring Velajr

DESI(;N
Thc "cruising powol' of a pilor is about 3.35 wa1!&g

(comparcd 10 an aeromodcllcr cngine: 6000 WatlrKg). This
givcs a 60 kgpilot powcrolabour200 watls. just cnough ro
illuminate2lightbulbs. bulwirh rhis low powcr lcvcl the 60 kg
payload must be carricd in lhe air.

This can bc done with dre€ stralcgics: 1ow spccd, bw
wcighr and low dlag. But, rhese goals cannoi be rcacherl
independcnlly becausc ftcy influcncc oach odrcr in a complex
malner and olher coDstrainls are impo{anl, s[ch as wortshop
dimensions, fansport faciljlics, cosrs and available man,
power for the dcvclopner . Low weigh[rcquircs small span
and low aspecl raiio; low spccd requires big wing area and
high lift coefficicnr. This lcads io high induccd drag thal can
be reduccd wirh high aspcct rdtio and so on.

Thc qcessive lighlweight conslJrction leads !o flexiblc
strucNrcs where thc variation ol acrodynamic loads, due !o
the dcformaiion of thc sructurc. has ro be considcred. Ot
course,lhc cxact airloil shape musl bc proserved.

For an oplnnum design i!isnecessary ro know aftl bcabte
lo evalualc all rbcse effecls !o dccide where sLiffncss h.Ls !o bc
incresscd or weighl canbcs ved. Nearly cvcry gftm has 10 bc
savcri and it is impoirnt to havc ao accuraF calculaljon,
model thal sin ulalss aerodynam ic and clllstic bohavior, weighl
dislriburion and bads of lhc aircrafr.

WlN(; DESICN
Vclair has a doublc lrpered canlilcvcr 2 t .T ln wi g dividcd

into threepanclsand a lJailer which hasa length ol-7.3 n_ The

VELF ] R

spon: 21.1 m

uing o.eo: 16.4 m2
ospect notlo: 2l
emptv ueight: 35 kg
design speedi 32 km,/h
design poue.: 225 V1LL {Pilot:59 kg) = 852 of pllol's oe.oblc pouer-
spor: cfrp pnepceg I -Beom
Lring seclion: 2 cell gfrp sondLJich
uing oi.foil: FXA3131 ,/ PF21.
elsvoLo. oicfoi l: Epple. 182
rudd€n oi.foil: FX 11 L 150
pr.op dlollleter: 2.80 m

prop speedl 190 r-pm
prop oi.foi l: FX 60-1OO
elgctricoI oi le.on contiol
3-functlon sldestick contnol r.! trto!' s.i.E rses

Figure 2, Velair Human Powered Aircmft
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I spa. is madc of high-rcns ilc carbon libor prcprcgs (Fiborilc
l{X8) with T300 fibcr) and glass,[{ohaccll srndw ich weband
aglass sandwich ccll. W irh a lifiing wirc rhc spar wcighl could
ha\. bc.nrcJu.cdbynr:u-j. .)\ErnJ Ll,c tLr.ihg..ornca.lon
could havc been si plified, but Lhe rctativcly small wing
rcquircs a spced rhalisalready lohighand Lhc wire drag woutd
rcquire morcpower lhan would bcsavedby t_he weight. So wc
cnjoy quick asscnbly and ftcre is no danger of hanging
oursclves in thc nearlv invisiblc wire. tn spjle of slillness
rcquiremenB, fie 120 dcgree C prcprcg wiLh lhe high Lcnsile
iiber has bcen choscn beraosc otrhe vcry smalt layup radius
h theconncclion pdrrs $,hcrc rhc useofhigh rodulus libers
is impossible.

lor $c Lrst dosign lhc oplimu belwccn ric ligh! bul
flexiblc and hcavier but sLiff wing nusr bc formd. Torsion
diverganco bas lo bo avoidcd. An ircrarion algori$m lbaLpuis
bending and lonion srillncss in cquilibriu ro fie acrodv-
n:dnr! l,,aJ\hi5blrni,nplJn.cr,r(d. tn...ihuJ:rri,{..t,ruc{j
lhet convcrgance was hardly rqrched. IL can bc shown rhal a
carbon tubc spJJ gives nluch nore rorsion.rl srilTocss rhar Lhe
lighl glass,s$dwich doublc-cclt shctl, in spilc of drc grerit
cncloscd iuea. Tho djiNdvanhgc of coursc, is rhe \yorse
spccitic bcnding srifincss thar has ro bc compcnsared wjth a
Llhg wiie and/or high modutus fibrc !.cpregs tha! llle 3
timesas crpensivc as rhosowithhigh lensitcfibcrs. Bu!on lhc
oth€r hand, the maxim m dcsign bc ding monrcnts can be
lcpt much lowcr lhin on calrilelcr wings (Dacdalu s/]4. I m
spm aboul 1000, Vclai/21.7 rr abour 3500 Nnt so rtut thc
buckling problcns of Lhe rhiD walled sLructurc ctcmenls clln
bc solved nore easily.

lhc acrodynnnric coeiiicionts ollhcwrng lro calouhlcd by
a ruodilicd Mullhopp nrcdjod. lhar hkes i ro irccount Lhe
whoicairfoil cha ctcrislicsovcrdrcroquircdRoynoldl nunbcr
.:rnge tud $e pos L,sht I bchav ior. Togethcrwidr rhe wcighrs,
aerodynamic and mcchanical clTcc ti! iljcs drc requ;cdporvcr
clul bccalculatcd end conpared easily and qujckly widr oLher
configuradons (Figure 3).

AIR}'OIL DI]SI';N
In spite ol lhc naffow speed nnge lhc Rornolds numbcrs

varios from 180000 lo 700000 be]Jauscoffic srongly lapcrcd
wing. This rangc comes ro licexaclly bcrwccn dre Rcynolds
numbers of aeromdlelicr rrtd gtidcr airloits so vcry few
,irfoils arc apprcpriare. for rcasons olcosts end imc fu[her
dcvelopncnts car only bc done wilh the compurcr. Airfoil
drag accounrs fo.4(17, ofroLrl aircrnji drug mcaning airlbils
wift bigh L,D at relarivoly high lili cocificien! Nusl bc
doveiopc.d- Thc air foil can bo designod for a nrfl ow Ct r ngc
irom 0.9 1() 1.5 and drag nrust bc reduccd witi p.cssurc
distribulions tlut dlow ma\irDum lcngth ot tamioal tlow.
Cr.il sth nrior, rnll.1 l! ocrfd on rh( lJninrr .cl,rrlltun
bubblcs that incrcNeairlbiLdrig considerabty. hseems o o
bc a good soLution 1o avoid bubbles wiLh an earticr forccd
fansilion because lhc lransiliol posilion moves tcx) much
with the anglc of attack. Figurc 5 shows lhe pressurc disrrjbu-
lion for ihe airfoil (Figurc4) designed wilh lhc very quick code
ofProf. R. Eppler (Srutrgart) andrecalcutatedwiri fiecode df

Volune XlV, No. 2

Mark Drcla (Mi]) &arailows drag calcda!ion over rhe bubble
and easy inreracrive design ol lhc pression distriburion. rhe
bubble on the sucrion sidc can bc seen distinctivcly.

The characrerislics oflhe airlbils havc lo beachieved with
low momcnt,coellicienls. be.ause rhey dctcnninc the weighr
of Ae ilrsion,strLrclue and fie votune ol rhe stahilizer

Irigure.l. Cdculilcd powerrequircd for 60kg pilo1,0.792
!ropulsron cf iiciency.urd wirhout my ground-eftlert.

Figure 4. Wing section Vclair
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Figure 5. Cdcularcd pressurc disrriburion ai wing:irtbil.
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I.'USELAGE
The pilot is silting in a semi-rccumbenr posidon in a carbon-

kevlar mould. Thc sandwich tubcs are made of carbon fabric
handlryup. The carbon main undcrcariage has a 200 mm rire
wilhoutsuspension. Thc fronr whecl hasasmall solid rirc that
can bc casi ly lifted al a spccd grearer than I 0 km/h. rhe fairing
is made of glass sandwich and has been dcsignei as smatl as
possiblc and torally clear of fie wing to rcduce fricrion and
inlcrlcrcnce drag. An intakc provides enough fresh air for the
pilot who produces four limes as much hcat as mechanical
F)wer. Figure 6 shows ihe pdlrel modcl that har been uscd 10

cdlculate somc prcssure distribulions dnd boundary layer
developmenls to evaluate and optimize lhe fuselagc shape.

PROPELLER
It is difficul! to say if rhe propcllcr has ro be in lron! or ar rhe

tail. Both configuraiions haveposidve and negalivc aspccrs.
ln fact, tho rcar prop configuralion is only aboul 100 grams
heavier than thc front be.ause thc shafr to rhe rail weighs only
95 g,/m. In fronl, drc big fus€lage main rube woutd necd to bc
long enough to allow lhe grearest prop diemeler befbre thc
fairing. On the othcr hand, a naxinum diamerer (ibr high
effectivity) is possible here. At lhc uil it would nccd lo be
reduccd to allow rotating lbr leke off dnd lalding. Aerody-
namically, thc fronrprop has undislurbed fl ow condilions, bur
disturbs wing and fuselage llow. Ar the tail it gcrs some
turbulence from wingdownwash,lusclageand srabilizers bu!
incr*ses sligh y thc dynamic pressure a! $e slabilizers so
that ftcir effectivily can bc increased.

For the prop design a minimun induced loss program has
been implemenFd rhal also lllcs the wholc airfoil characrrer-
istics into accounr. For lhe available diamcrcr of2.80 m rhe
optimum shaft spe€d is 190 rpm. To iltusra@ fte circum-
slances: aI 8.33 m/s wirh 300 watl |he design thrust is 32
Newton, the wcight of &c prop including free wheeling hub is
713 grams. The prop blades arc bujh in moutds with carbon
fabric and cpoxy. S onc re.alculalion resulls are prescntc.d in
Figurc 7.

Every par! of the drive line hds to bc designed ior ma{iun
cffectivity. A light.l mn chain transmirs rhe torquc ftoln ftc
pcdals to thc shafi wilhou! any diversion. The cubon shah has
Iow bending and high tension stiffness ro fiLdefoflnadons of
the fuselage (ubc. Tolal wcight fron ltrc pcdals ro ltrc prop is
l812 $ams.

l'iguro 7. Calculated prop cocllicicnts.

Figure 6,
ophmisaiion.
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STARILIZFJRS
Here too, the drag and weighl minimun has to bc found with

maxim un salcry. The limits of conuol arc outsidc of lhc spccd
range. and in comparison wilh gliders a smaller slabilizer
volune oanbechosen will) similarsulic stabili!y because no
scarcr in pilor weight and no winched lalcoff has to bc
coosidcrcd. Ruddor and horizonldl stabilizer are all moving
surfaccs. lbc horizonhl surbilizer has spring fim,lherudder
a strong spar and a soli kovlar dp 10 prevent the prop from
louching lhe ground.

coN'r'RoL
In human powcrcd aircrefr, Lhc fcll are nallrra]ly not avail-

able lor conlrol. Wilh good condilions, rhere is no problem
lly;ng wilhout ailcrons (likc Dacdalus, Pelrrgos), but for
Europcancondidons wjth n<rrowrunwrysand sidewind, lrte
olland landing can bc madc uch simplerand safer with the

usc ol ailcrons. Thc Vclair wing has 20E chord ailerons
movcd by acronrodcllerservos. On lherighl sideof t]le seallhe
piloL has a lide "cdrddn-ioyslick" thal allows him !o conlrol
all three funclions rudder. slabilizcrand ailcrons.

Parcl modcl for iiNclagc dJ8g analysis and

TFCHN]CAL SAAAING



INSTRUMIIN'I'A'I'ION
I'rescntly, thcre is only an ai.spcod indicatorxs uscd by for

prra'gliders with a lildc w indor ili flrcunled on thccanopy thal
scnds a lrcqucncy to a stnrll solff txJ"ercd rcccivcr wi!fi a

digitil spccd LCD (iispl.ry. (ll is nollme thal thc airsafi is
po\lcrod by this irsrunrcnl.) Solrrc suair gagcs arc fixcd L

sovcrlll positions on d)c wingand fte prop-shai1,a0d wbcr thc

lhgr( drH a(q|ivdon .).rrn is r(JJy, Jorne intcrc\ting
mcNurcnrcnls cnn bc do,rc.

nllGorlrE'r'ER TLsTS
To dcLcrnlinc drc pilofs powcr sonrc c.gonrclcr tesls have

hccn run at drc Spon Mc.dicinc loslitLrtc of rhc Univelrity of
Tubingcn (Figurc 8). lho power h&s bccn augrnented by 50

walts evcry I mirulcs unLil lhc pilo! [$cd cxfiar$tion, whilc
hca( ratc, clectocardiogrum, brclth ralc,oxygcn and uphke
and bloql lacrose levcl wcrc conlinuously nronilorcd to dctcr-
minc thc anaer{ibic limil. Thc lcst was run wifi u good trim
slalc (12000 km bicyclc lJainins/yeaj).

COMPARISON OF }VIlI(;IITS WITH'I'II}.] MIf
DAI]DALUS

k would be inlcrcsling Lo comp.iie thc mcasurcd required
power and r.tngc of Vcl Lr wifi lhosc ol Daedalus. Thcsc

resuhs havc alrcady bc4ll demonsuaEd impressiveLy by llrc
Dacilalus lslm and thc thcrxctical prcdiclions coukl bc provcd.

lor Vchir, r:ingc and Dle surcmcnt - nighls rJc schcdulcd

The dillbrcnce betwocn dosign and actual woi8hl ol dre

Vclair wiog is due to a load lcsl wherc thc slructurc has
bu.kled. Du( ru firnncrulcon5i(l.Illri'nh rnJ rime rcsLJirrnLs,

the wing wes only rcpaire.d arld the .csu lting addi rional weighr
had lo bc acceplcd.

Considcring lhcajrcr.rlidirncnsionstogcther wih thcweighrs
as conplued in Figure 9, wc see thc grca! advanuge for $c
Dacdalus. But ir musr bc kept in mind tlut a professioaal
prnjccr iseomparcd with tllc rerull ol il hul,by. Anyway. rr is
ihe grcal oxpericncc md knowledgc of the wholo leam thar
Iead 1o lhe wonderful succoss ofDacdalus.

Iigure9. SpocificweighLs.

l'igure 8. Sonle rcsul(s ltorn ergor[cliir tcsl.

Bccausc ol lhe imponrncc oi woighls lor the requircd
power ir is oevcrdrclcss intcrelsting to comrarc llrcsc:
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Compononl velair

wiog t8900
Fuselagc 12000

Stabilizers 1400
Propcllcr 1000

(Dcsign-as is) Daed.tlus

2179r)
11620

1616
'7 t3

18985

10r30
1162
800

Totals 33300 35139 3 ! 0?7 G.ams
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