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Wisitors to the recent 0th anniversary celebration
of the Langley Rescurch Cenler saw a display
titleed. **Flexible Wings,” and sabtitled “Applica-
tions of the NASA Flexible-Wing Concept.” The
display included drawings, flight photographs, and
units_of the flight hardware used in demonstra-
tions of gceurate all-weather air drop of personnel
and cargo by means of Hexible wings that arc
packed and deployed miuch like parachutes, The

‘wings displayed and the applications described

form part of an arce of rescarch thal has been
going on at Langley and elsewhere for many years,
and may be emerging to major imporlance in agro-
nautics.

Flexible wings represent an adaptalion of para-
chute and boatsail structures to the design of air-
craft, Airflow past loosely supporied cloth deter-
mings the shape of any particular design. Bug, ul-
though the materials used in flexible wings are
similar to some parzchute matcrials, the aerody-
namic characteristics sought are enlirely different,
A parachute should achieve maximum drag and
no lift, whereas a flexible wing should achicve
maxinium lift and minimum drag. The stability
and control characteristics of lleaible wings and
parachutes are also different. The wings give fly-
ing gualitics more like those of rigid airplinc
wings, These characteristics should be understood
by the designers and operators of lMexible wings
to insure safe and effective use.

The move toward flexible wings cameg from two
directions—conventional parachres and conyven-
ticnal wings.

Attempts to achicve gliding ability by modify-
ing conventional, circular parachute design with-
out adding any stitfening produced a mullitude of
devices with lift-drag ratios generally below unity.
Often called steerable parachutes or glide chules,
singe they primarily produce drag or deceleralion
rather than ift, such devices are not generally
thought of as Hexible wings,

Waorking: from the opposite direction are de-
signers, generally with a rigid-sirplane background,
who try to reduce or eliminate the stiftness from
unswept or delia wings so that they can be crected
like boatsails or packaged and deployed like para-
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Flexible wings along the lines shown here can be packed

built gingle-keel flexible wing (2500-2q-f1 area) has flat pland

and depioyed much as conveniional parachutes. Top, Langley-

and has carried 1500-1b payload in flight (below loft), Below

right, twin-kesl flexible wing (174-sq-1t area) In Langley full-scale tunnel, Opposile page, slotted single-kesl flexible wing {400-
sg-It area) being flown by C. F. Bradshaw.

chutes. These wings range from double-membrane
structures with straight, rigid leading edges, such
as those developed at Princeton (see-page 52, to
the completely flexible single-membrane structures
under development by NASA, such as the one
shown at the top of this page.

Completely flexible, single-membrane wings
give lift-drag (L/D) ratios up to about 3, and
much higher L/D may be obtained by addition
of stiffening and proper shaping. In general, the
more L/D desired, the more stiffening required,
with its attendant greater weight, volume, and
complexity in packaging and deployment,

There is no single design of flexible wing that
will be best for all applications, just as there is
no single rigid wing for all applications. It is
hoped that fiexible-wing technology will advance
sufficiently to allow designers to select wing
shapes and structures that will have the char-
acteristics required for any particular application.

The variety of flexible-wing structures and the
maximum lift-drag ratios that they have achieved
m NASA wind-tunnel tests are indicated in the
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chart on page 52, which covers the spectrum be-
tween slightly gliding parachutes (L/D up to
unity) and conventional rigid wings (L/D above
.

Nearest to rigid wings in design and perform-
ance are the double-membrane structures with
straight, rigid leading edges, previously men-
tioned, on which wing L/D up to 28 was meas-
ured.* The next lower category, designated
“rigid-frame, single-membrane,” includes low-
aspect-ratio conical wings like the one shown in
the bottom photo on page 52, which gave L/D of
7,* and high-aspect-ratio cylindrical wings like
the one shown in the second photo at left on page
53, which gave L/D up to 17.34

The next lower category comprises inflated-
frame wings (see page 53). These are similar to
the rigid-frame wings just mentioned, except that
the small-diameter metal frames are replaced by
large-diameter inflated fabric frames, reducing
the L/D to about half the values obtained with
the metal-frame wings. The wind-tunnel model
shown in the third photo at the right on page 53
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Gne end of the design range—giider ulilizing double-membrane
wing wetho stralght, rigid leading edge, developed at Princeton,
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Low-aspech-ratio conlcal wing on Ryan flex-wing ainerall in Langiey
full-zgale tunneal.

had a rigid structure to simulate the fabric tube,

The lowest category of flexible wings in the
spectrum, designated “all-flexible wings,” involves
no rigid or inflated materials. The top and bottom
left photos on page 51 — single- and twin-keel
wings of roughly triangular shape—shows cxam-
ples of this category. These configurations gave
maximum L/D of 2.6 and 3.4, respectively, in the
Langley full-scale tunnel, and about the same in
other MASA wind tunnels,

These two confipurations will be developed and
tested in a 5000-Ib-payload size, and then ong
confizuration will be advanced to a 15,000-1b size,
Ground landing of spacecraft is the application of
primary interest in this large-wing development.

In a parallel study, both single- and twin-keel
wings are being Aown by radio conirol carrying
nonlifting- and lifting-body shapes, (This month's
A/ A cover shows a single-keel wing carrying a lift-
ing-body madel. ) The flexible wing is assumed to
be the primary landing system. Its over-all relia-
bility and [ving gualities are being studied,

A slotted version of the single-keel wing ap-
pears. on page 50, Although wind-lunnel tests
showed this wing to have slightly lower L/ than
the unsiotted version, deployment tests showed
that the peak deceleration at vpening was greatly
reduced by the slots, as indicated in the graph on
page 33. The investigation is continuing with the
primary aim of improving aircrafl escape systems.

Wings like those shown on page 51 cén be pack-
aged and deployed much like a conventional para-
chute, and for the same vertical rate of descent
need only one-tenth as much cloth area (see
graph on page 53), The parachute with a wing
foading (W/5) of 0.1 has about the same vertical
velocity as the wings with a wing loading of 1.

Single-membrans wings of rectangular shape
{zee page 54) have been tested in the full-scale
tunnels at both Ameés and Langley research cen-
ters. It was hoped that the higher aspect ratio
would give higher L/D than was obtained from the
triangular wings shown on page 51, but the theo-
retical increase of L/D with aspect ratio derived
for rigid rectangular wings does not seem to apply.
A more applicable theory is being sought.

There is also some interest in ram-pressure-in-
flated wings,” which hold promise of slightly bet-
ter performance than single-membrane wings, but
these designs are in an early stage ol development.
The photo on page 54 shows 2 ram-inflated design.

Sportsmen as well as government and industry
groups show interest in flexible wings. Manned
fexible-wing gliders have been buile and flown by
many private individeals. They have been towed
into the air behind cars and boats, as shown on
page 54, launched from hills or high dunes, fown
in the sea breeze as kiles, and deploysd after









