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In 1910, the German aircraft bLtildcr Hugo Junlers fited
Parent *253 788, which pr€dicled rhat &e flying wing would
be the fmal sotuajon to aircraft devclopnent. This doc,jment
tnown as the -Volumc-paEnt" suggested thar ttle wjngs
should provide space for no! only $e engines and fieir fu;,
bu! also for paytoad and crew!

Aircraft of ftat timc werc exlemally br&ed mono o{ b!
plancswith eirfuellanls suslended fre6h lbcairflow- This
enablcd tlle pilot to dolcct lcaks quickly, and lhe escaping fuel

Volune XlV, Na. I

would be c8lried away with lhe wind, thus minimizing fire
hazards. The pioneliing developrnon$ by Junkers in de
p€riod from l9l5 to ly, Fodrced atr aircxafi wilh r candle-
ver wing whcre the engines, irel lanls aDd oven some of lbe
passengcrs werg acaommodated wilhin the wing struclrffe.
(G-38), This aircraft siill incorporarcd a fuselage and tail
surf&cs, rioce tie !€cessary saability and cooaollabilit of
the wing by i6elf was not yet obtainabie. A loo{otr pUIe
flying wing, the ru 1m0, designei in 1930, was lnfotumately
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never buill
When a body is enl&ged, wilhout changiog its basic shape,

dle surfacc grows in ttr secod po\rer of $e incre3se iD size,

and lhe volume in lhe third power. Ailcmfl size is commo{ y
dg@rmined by l.beir rnaximum ake-off weight. By conslant
iring loading, { 5 wiil also determine the wing arca. The
relarionship bctwegr wing volume and wing arcs grows in
proportiotr to thc wing size, so lhat a large sicraft cafl e6ily
accommoda& nonlifting components and payload within ths
wing. In the casc ofsmallq airclaft, ooe ftust Ey !o find a winS
slupo d|al pmvid€s d€quat€ room wilhin its shrctura while
drc sizc ofdle {€chineis kets wilhin resson. Oncr the desired
airfoil and wing 6re3 has boen determined, the volune can
only be changed by varying thc wing tapor towards the tip.

In a rectanguhr lnlfi*'ing, 0E rolumg is cqual b lhc rib
sllrt&€ truddpliedby tbe hrlfsp€D.In s Eia|rgufa. shrped $,ing
with the same ar€, the tip chod is zelo, and coraspondingly,
dlo rcot chord is doubled. Thic quadruplag drc basc surfacr of
an lmaginary cooc, which hrs a specific voluno of 133. -
he{cedrc Eianguld halivinScontains 33% m6o volumcfian
a rcc6ngula! wing of the same airfoil, span and aftal

A lapered wh8's volume will lie somewhere belween thes€
cxtremes, and catt be calculdad 6s a cul-ofr cotre.
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If now the wing is swept back to eliminatg tail surfacos, il
is imponant that the cenlrr ofgmvily remains very close to thc
ceoler of pressurc 0ii), This is not os critical with convcn-
tional ailcraft, where any pitch-momeft can be cont olled
with the glevalor. A swept wing should have its center of
pressure al y = l/3 on th€ halfspan, to obtain lhe desired bell
sha@ lift disriburion cuflc (Soaring, JurE, 1981, page 40)
ard at 25% ofdE chord.

The uscable space wilhin the wing must b€ planned so lhat
its conrcr initially coEesponds with tle centcr of prcssue.
Only theo will fhe cen@r of gravily rcmain in its Fop€{ deo
r9gardlcss oftho arnouni of fuel, cargo, erc. du! is pur aboard.

The usoful space within a rcahngulal wing would bo
liniEd (o ttr€ inboard 70% or less, ss indicsted by Fig. I, curve
A. The useful space w hin a tapond wing 'rouH be much
highe., as indicated by curve B. In fact, it would be even
higher, sinco it is usually possible to load lhe firll span volume,
radt€( th8n just tfte inboad 70%.

Thc diffel€rEe *ould be stil larger if d|e rectltlgular wing
udlized a ,rminarairfoil where the marimum lhickftss iies at
about 40% of chord. To keop de oeoter of gravity at the
desird 25% locatioo, lhe available space could only be
ponialy uliliz€d-
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Fisurr l.
One may ask ifthese considcradons have any valuo fbr lhe

dcsigncr of smdll aircrail and sailplancs, where available
space inside ihe wing is oi lilllc or no importance-!

Consider Kclley's brmula for calculation of wing wcighl,
which shows tlral lhe sparweight diminishcs wilh incrc;sed
wing rool thickness. The bending lbrccs on lhe spd-r is also
reduccd by incrcasing the wingslaper,lhusboth spdr caps nnd
skin can be madc lighor. The relalionship belwccn volume
and lorsion silfncss is also obvioDs, a large circum fcrcnce at
lhe rool providcs be(er resishnce 10 thc lwisring molnent,
tlus improvcd sriffness. Fff these rcasons, a slceply Lapered

wing bccomes an inportitnl dcsign consideration cven lor
small aircr.ft.

How farcanonc go wilh thelapering of aiying wing glider?
In considcralion ofthe pronc posilionedpilor (Soaring, Au-
gusl, 1980, page 22) lhc lapu shouid be irs steep as possible !o
provide maximun room for the pilol iosidc thc wing rml The
theorclically ideal triangL ar wing with poinred tip can not be
used for &rcc pracdcal reasons.

1 Conslrucdon;it is impossiblg lo accommodate elevolls
and drag ruddcrs al lheir ideal location from Y=0.95 outward,
due 10 insufficicnt wing chord.

2. Sadc load$ the tip must be ablo to withstand ccrLain
minimum grouod handling loads, gencrally 50 kg in any
direation. The Ho IV had a naffow 30 cm chmd al the rip, and
hardling loads wcre limiled !o 30 kg, since the slim med dp
containing bol.h elcvon and diag rudders would no! susrain
higher s! ess. Infligh{ loads were well below this valuc. On lbe
Ho VI wi$ a 20 cm tip chord. only 20 kg handling loads were
allowcd. These slim 2.8 m long metal tips wer€ maslerpieces
of craJLsi nanih ip. During flighl. the l-lexrng ol lhc wmg wa5
considerable, and fie bending of the lip as ir rouched the
ground was of gcat comem. Despitc ihe fac! rhat no failu-re
occured, 20 kg handling resistance at thc lip should be consid-
crcd insufficient. With the normal 1007, Mfety faclor, 30/60
kg is the minimum rccommended tip handling load rcsisrmce.
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3. Aerodynemic considcraton; Oe lift distribution fsoar_
inB Junc. Ia8 l, tagc 4n, A rol ttre conrem hcre, bur rat;r he
Reynolds numbcr ol thc airlbil which must cxceed a minimum

This may a! Iirsl appcar 1o bea parador! Arallre numben,
whethcr laminarorlurbulcnt, oracombinarion 01 both, as long
as fic boundary laycrchanges at the samepointon the chord,
ths Lapcrcd wing will have less friction drag lhan the reclan'
gular. The taper mte limit as govcarcd by drc rc numbcr.
appcars b bc around 2,000,000 lvilh a rrrbuleot boundan
Ialcr rd r 20 cm lip rhord. anij 5,00iJ,000 wrrh e hmrnar
airfoil and around 50 cm chord.

Thus a sailplane wirha lip chord as smalt as 20 cm mus!use
a convenlional airfoil like (hc NACA four digit group, to avoid
flow sep:uation with iti associated large drag increase.

The hehavior of a laminarairforlon a \wept $ing prernls
further problems. Thc spanwise bending of the flow inaluced
by the swccp back changes the pressure gradien! of airfoils
designed for staighr wings, howcver lhe total mea of taminar
llow is nol changed, and performance is nol afferted.

The swccp back dellccls rhe boundary layer towards the tip.
aod waffanls further rescarch, sincc it affe.rs slability. If drc
aircnfi skids. one wing atlains more swccp back th:m the other
in rclation to thc ajrflow, and different boundary laycr defle.-
lion occurs on thc rwo wings. lhis dcilccLion should no! be
confused with lho separation thar occurs when approaching a
slall. The asymnciric spanwise flow that occurs in a skid !ends
to increase drag on thc lagging wing, crearing ioslability
around ftc yaw axis.

DireLtional slxbility on a wing wilhou! verrical s@bilizer is
gcncrrlly low. With 100q, laminnrflow. rhe center of fricrion
drag is located al 2070 of chord, thus 5E ahend of the ccnrer
o{ prc.surc dlld lhc C.C. Thc narurat conscquen(e i\ }ew
instabiliry.

With a turbulent boundary layer, the certer of drag moves
aft to abou! 40,/o of chord. Now with &e center of drag l5E
behind lhe CC, dircclional srability is anained. Surprisingly,
if a combined laminar/turbulen! airllow is ptovided, with the
changeove. al 5070, the ccnler ofdrag moves itll the way back
to 609o^ of chord. Since rhis i! the typical flow pattem oI rhe
lan inir aj r lur I, a n' rngwingsoequippedwoutd ha!csuperior
diccdonal stabilily. This stability rcmains posirive during
large skids, bul al smaller skid angles ir may become negativc,
duc to the asymmcadcal deflecrion discussed previously. This
may cause "swimming," a conlinuous light oscillation around
the yaw axis,

Windtuoncl tests in Cordoba rcvealed that by notching the
lraiiing edgc in a sawtooth fashion to a depfi of l0E, ofchord,
one was ablc to eliminate the deflection and obbin a chord-
wise flow. Also increasing the amount of washou! ftom a
given point on the wing trailing edgc had the same effec!
During up elevon deflecdon a charmel was formed, thiough
which the boundary layer was bled off. ,4 fence near lhe
leading edgc had greater effect than channels or norches ar drc
lrailing edge, and i! appearcd flom rhe wind tunnel tests thar
the leadirg cdgc should be slcpped forwad wirh a chord
incrcase ofaboLrL l0% at Y=0.80. This would loave the [ailing



Photo 2. Wool tufts on top of a Ho VX wing shows how lhe

boundary layeris deflected towards the tip bul is bled offat dle

notch crstcd by the "up" elevon. Normal chordwise flow
exisls outboard of the notch.

odgc undisturbed, as rhe washout is oblained by lowering the
leading edge. Shaping and onrnding of the step area wilh
modelling clay rcsulted in a smoother prcssure culve, as well
as improved yaw-stability. The local intcrruption of the Iaterdl
pressure gmdient caused thc boundary layer t() flow lowards
the rcar without disturbiuce ar the wing tip.

It appears thcn lhat onc can obtain fult directional srability,
even duJing smdl sldds. by providing he \*cpr wing with a
hminarairloil betwoen lhe roor and dc l€ading edgr slcp al

Y=0.7 - Y=0.8, and the remainder ofrhewing wih aconven-
tional airfoil wilh a low re number, and atso prop€r fairing ar
ihe leading edgc step.

l1 is regretiable that this lhcory has nor yer been proven,
since no sui@ble machinehasbeen built or flown for lhe last
20 yea$. As ncw areas of knowledge opcns up, it is very im-
porlant thar each new discovery be coniirmed by pmclical
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