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The flexible-wing conespt, which may be asz old
ug Ahe pterodectyl end was glven seriocus consldera-
tioh by Lecaardo Da Vinel, weas apparently ignored
by the Wright Brothers, Glen (urtiss, and others
wanse rigide-wing stractured Tollowed establighed
bridegs snd ropf-truss design. Today's airplanes
have evoived Iive theése early rigld-wing designs.
ihe this cantilever wings of modern high- spesd air-
planes are not completely rigid, but they are elas-
tic rather then flexible. They cen not he Folded
up kike ® balloon oF parschute.

T 195 it decurred to the weiter that if we
eould disecver how to.meke Flexi®hle wings that
could ke packaced and deployed simewhat like a

wachute, such wings would have many new applica~
weions es well as replacing some psrachutes and
rlgld wings. Frevious uses of flexible materisls
i merodyoendc surfaces - porschubes, Xites, boat
581ls, snd wind mills - were peviewed, and some
e experiments wers perforasd with glidevs snd
kites. ‘Fefore the epd of L‘}Lla_. the: device mow
generaliy oalled a paraglider wee evolised dpd
developad sufficlently to merit a patent applice-

bionl., e etiEly was continued privatsly as time
permithed, and in 1550 & short paper on fhe sub-
Jen L e presented to anoaudience of elhout

50 Becerve JiT Force Offlcers, This papsr was
glaen rather wide distribution, Blthough 1t guffers
from Lack of the many kite and glider demcpstro-
tione of the ariginal presentation. Tittle serious
Interest was soown by the ‘seromautical community,
however, uwntll mbout s year after Sputnik T. In
Decembier 1958 the flexible-wing concept was pre-
semted to the Lengley Committee on Oeperal
Aevodynamics with the aid of the hurriedly pre-
pared charts shown in figore 1, faithfully repro—
duced tiers for histerdoal purposes.

0f the many sonfigureficons and applications
woshOwncin flonrel, 4t wag declded that the o
Tobe, singlescurvature, sospended-load design that
naid alresdy shown guok promiset: S ghauld be
Investlghled a4 a4 poseinle reenlry giider. Watle
vrelimfnary-work ©f this peturs; which is reported
[ weferences 3 to 7, was in orogress, Informatio
pervalnlng o other spplications was Teduested.
The parewing wes shown to be a very effestive high-
= Friy,

At device for slrorafts, It wae demonpotreted as
a wing for g powered alroraf™ and an alr-dren
giidex,
Tor the recovery of rocket .‘J'.qustere.*'-o, and far Ehe

terminel plide and landing of danned cplice cap-

autes—t.  And to surport Buch Bpplicatisss, basic

InTermation on pressure distribution wasa
chiatned =12, g acrospace Industry, partle-
werly Ryan, Noetn imericsn; and Goodyear, bLes
alad conteibuted parsgllider informstion and ‘Has
made Pemsibility siudies of the Fecovery of
bgoaters and spRce vehiolies by peraglider,
slhiklies Indlested fhat such Peadsveries Were
Feaglbic.

Ligth radic contreliaa?. It wes considered

These

Bevauee NASA work on flexlble wings vrior fo
1861, including Longley Film L-59%, was well

reécelived at the January 1961 Wew York IAS Meeting,
Lt wes thousat that 8 bried mention of WASA work
dons “aines tnen gnd continuing, ie sddition 2o that
Iigted 1n the references. might be &F intevest.
Lavgley Film L-588 shows some of this work,

A-wlde range of wing geometric varisblses dis
being investlgated with stutic wind-tunnel setups
sueh 85 those sndwn in figure 2.  Iibe Joeds and
complete glider statis forces and momsnts Bre
determined by the setup of figure 3.  Steldlity
and contrel characteristics of gliders in flight
are-determined by tests of remote-conirol models,
such 45 gre shown in Tigures 4 and 5. Spate cap-
sule (fig: L) end beoster {fig. 5) models wers
flown in the full-zesle tusnel and slsc by radio
contrel after belng dropped from & hellcopter.
Deployment of the folded wings after dropping was
an important pert of the investigztion by the
Outdosr Test Unit of the Fecovery Systeme Branch
at - Dangley,

In figure & {a shown a propellsr-powered model
being Tlown in the Tull-geale tusnel, and in f1g
yre 7 Ls:m roughly simiisr gas-powered radics
contrellsd model with which some lmpressive Flight
deémonstrations were made. Figure B is R gtalic
wind=turmel model for foree test in the 7= by
LG-foot wind tunnel, snd flgure ©§ 1s the Hyan
Alrereft belng staticaily tested in the Lengley
fall-zcale tunnel.

The glider shown im figure 10 Just &fter 11ft-
off by s twlicopter is 50 feet long and hes 22sinoh-
ddemeter inflated fabric tubes et the léading edges
and keel. Tt has been towed o sp slifitude of sev
eral hundred Teet. and relessed for free glide with
welghtn off sbout TOO, 1,700, auxd 1,900 pounds wiih
the Bmall cepsule shown. A stendard sized Marcury
Capsule w1l beused nekt, snd welght progressively
incrensed .

In figure 11 45 shown o glider built snd ficwn
by the NASA FYIghi Cedter at Edwards air Foree
Beee, Celifornin. . This glider hus been towed to
altitude snd then relessed for glide and landing.
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WHY A MEMBRANE WING ?

VERY LIGHT WING WEIGHT PER UNIT AREA
MAKES POSSIBLE VERY LOW WING LOADING

ABILITY TO BE ROLLED UP CR FQOLDED LIKE

&4 PARACHUTE

RADIATION FROM BOTH SURFACES REDUCES

AERODYNAMIC HEATING AND FLEXIBILITY
REDUCES THERMAL STRESS

VERY THIN WINGS REDUCE WAVE DRAG AT

HIGH SPEED
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REENTRY
SPACE SHIP LANDING
SOLAR SAILING

HIGH ALTITUDE CRUISE (POSSIBLY
DISSOCIATED OXYGEN PROPULSION)

PERSONNEL AND/OR CARGC GLIDING
PARACHUTE AS SUBSTITUTE FOR
CONVENTIONAL PARACHUTE

WINGS FOR STOL (COULD BE ROADABLE)

LANDING AID FOR CONVENTIONAL
AIRPLANE (LIFT ADVANTAGE OVER CRAG)
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Figure 2. - Typical wind-tunnel setup for systemstic investigation of th
gffect of wing geometry on the stetic asrodynemic cheracteristi
flexible wings.

i
=
ol
i
I~
e
™
b}
L






























