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PARAWINGS FOR ASTRONAUTICS

Francis M. Ragall@*

In previous talks I have found that people are interested
in tHe history of this conmgept. I will thersfore begin
with s review of the history under two headings - Fre-
Sputnik I and Post-Sputnik I. I will Then very briefly
digeuss parswing applications, advaniages, conTiguraticns,
structures, and materials, and then show you a £ilm of
tre flignt of seversl parawing vehicles that we thought

kad some interest relative to astronautics.

PARAWING HISTORY BEFCRE SPUTNIK I

Although parawing bistery on earth may have begun with the phercdac-
tyl 150 million yesrs ago; and Leonardo DaVined is credited with
soms proposals for using such wings in manned flight about D00 years
ago, I would like to skip te 1545 when I began a serious apd con-
tinucus study of the subject,

In 1945, at the close of World War II; we started thinking about
uneonventicnal vebicle concepts including hydrofoil bosts, grourid -
effect machinss, V/STOL aireraft, and flexible wings. We did not
find any organization willing to support research and development
in these arsas at that time; so we declded to do what we could
privately as time permitted. Graduslly our efforts seemed 10 foeus
on flexible wings, first on econfigurations roughly resembling bost
sails, then on those more like parachutes, and then on configura-
bions somewhere in between boat sails and parachutes.

Before the end of 1948 we had developed a flexible kite which we
eglled Flexi-Kite and n gliding parachute which was later named
paraglider. The flexible wing appeared sufficiently promlsing o

us to merit a patent application at our oWil €XPense; the application
was: Filed in 1948 snd allowed in 1951.

From the outset, the parswing was proposed as a wing for gliders,
and powered aircraft for military and eivil uge, but the proposals
were not taken sericusly. When meeting friends and acguaintances,
the inventors were generally greeved with the guery, "How's the
Kite business? . Iabeling of the entire project as "kite business"
stenmed from our use of kites as one of our experimental methods
and from our early attempts to have the Flexi-Kite plaged on thc
market in order to illustrate the parswlng principle and hopefully

*perospace Engineer, Head of 7- by 10-Foot Tunnels Branch, Fuli-
Sazle Regearch Division, Langley Research Center, Hampion, Virginia.



L0 help finance our work. I will not dwell Turther on the long and
intetesting hiztory of the Flexi-Kite, sxcept to may that it hin-

dered &nd delayed serious sacceptance of the wconcept. Toys should
copy the real thing and not the other way arsund.

From 1945 until ‘about 1952 the motivation had been purely aerovags
tical, but around 1952 Colliers Mapazine ran an =x ing series of
stories about space flight, with beautiful illustrations depicting
rigid-winged gliders mounted con top of huge rocket®. T thoupht
that the rigid-winged gliders might better Ye replaced by vehicles
with flexible wings that could be Folded into Emall packages Guring
the launching. In August of 1952, I was Tortungte enough Lo be
included in & luncheon group that slso ineluded Dr. Willy ley, ¢ne
of Colliers congsultents, to whom I mentioned my thoughts about
Flexible wings for astronautics. But the time was not yet ripe,

T

In March of 1053 T was intevviewed by Assooigted-Prezs F

Writer, Saul Pett, whose resulting storyv of April 25, 1955, inecluded
2 » h i #a I ¥

the following paragraph;

"The same Principle might prove very useful in ih
when rocket ships commute regularly between planets, Rogalls
gays. A roecket ship returning from Mars could pop aut
ble wings ss it enters the earth's atmosphere and glide the
last 100 or 200 miles home, saving the stockHeldsrs fhat much
fuel,"

That fuel saving bit at the end was Pelt's contribution; possibly
the only reason he could ses for usin wings, Remember, in 1053
E’ - -

the man In the streef waz not the expert on gpace Ilight that he is
today. 1953 was several years before Sputnik T,

We had continued steadily ocur private research on the paraving,

both outdocrs and in our home built wind winels, and dn 1954 felt

that & greater effort ghould be medeé 4o gain acceptance of the con-
cept for aerospace spplications. In April a presentation including

"
medel glider demonstrations was given to the loeal reserve unit of
Alr Force ARDC. In June, = proposal to inelude parawing research
in the NACA budgel was mede. A paper was proposed for the asnnusl
meeting of' the IAS, the first that actually reached the program com-
mittee after several tries, but rejection arrived which included this
statement, "Although the paper is out of the griinary and looks like
it might be fine to hear, it just does not fit into our program.”

We continued our private resesrch and our efforss <o spread the word.
Many were amused, but none was willing to support the concept in
the asrospace field during the Pre-Sputnik T sra.



PARAWING HISTOEY AFTER SPUTNIK I
The laynching of Bputnik I s=emed 10 shock the asronsusies]l resesrch
commuanl. ty To such an exbtent thaet it began to consider seriously many
uneorvenblonal idess, The parawing was one. Shortly after NASA was
formed in lO)b, we began to make a Tew crude wind-tunnel and model-
flight investigations of parawings in the 7- by lO-Feot Tunnels
Brapch. In December @ presentaticon was made to the Langley Conmittee
on Qerneral Asrodynamiecs, and graduslly people in other divisions
became interssted and volunteered to investigate parawings in their
fagd litigs.
During 1959 cloth parawings were tested in the Y_fopt supersonie "n&
mnel at Mach 2 and others were deployed at high altitude (150 ©
500 thousand Teet) st Mach numbers nsar three, rocket-launched froﬁ
Wallops Island. In August, Dr. VonBraun invitéed me to give & pres-
entation to some of his pecple at Huntsville, Dusiness was picking
up

Tn April 1960, a paper entitled "Flexible Reentry Gliders " wag given
at the BAE Naticnal AE*cnahtich Mesting. ths paper was an gbridged
nd e ‘ﬂEGTEi version of one entitled, "Lifeboats for Astronsuts,”
which was consi “EP”Q too visionary for presentation st thatb u¢me.
Also in the spring of 1960 parawing briefings were given at Ryarn

and Norih Ar:r:caﬁ at thelir request. Both companies began company-
Punded studies. Tn the fa3ll T received & reguest to present a para-
wing vaper at the January Annual Meeling of The IAS. Eefeore the end
of 1960 Ryan had begun building the powered man-carrying "Plex-Wing'
st their cwn expense., The parawing business was lmproving,

n Jenuary of 1
*&b Meseting in

mestings in Lahc

presented the requested parawing talk at the

ork and in March repeated it at locsel chapter

er; Californisz, and San Diego. While in San Diego

T witnessed th £1ights of the "Ryan Flex-Wing," with Lou

Everett im s seat. T wes nervous. Also early in 1961 the

Marsghall SFJCE Tlight Center, the group I had briefed in 1959, gave

Ryan and North American contracts to study he feasibility of

recovering Seturn boosters by means of paravings. UNASBA in-house

investigations at Marshall and Langley were also mede. These studies
L

indicated that recovery of the (-2 was feaslble, and ithe racovery
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project would have been continued had the (-2 not veen cancelled.
The Tirst parawing contract let by the Department of Defense was Lo
Ryan Tor flight tesils of the "Flex-Wing," which tests were completed
in 1961, and the sireraft then sent to Langley for investigation in
the full-gcale tunnel. It looked like parawings were here to stay.

Thersafter the numbers of projects snd contracts lncreased 100
rapidly for specific mention in this briefl summary, but ma
£light articles are shown in Hﬁsﬂ Film Serial Ho. L-B05 entitl
"Pareglider Recovery Bystems.”



By the summer ol 1963 it appeared that the concepl had schieved
world-wide acceptance and that the time had come for us to give the
Geveranent royaliy-free licenss to Ugs pur patenteg, which we did 4n
4 eerewony in Weshington on July 18, 1965, We feel confident that
the oivil and militery ggencies of the governmment will QETTY Bh

todls work, and we hope LT'V; e industry will promote use of the cone
wept Zor business and pleasure as ctively ag they hHeve for Ssito-
nautics and militory sercnautics. 8o Mikirh

chicut what it is for ang whst i
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ASTRONAUTICAL APPLICATIONS

The most obvious application of the parawing is for recovery of spacs
vehieles and beosters in the atmosphere of other glansls,
The wing msy be deployed in ugace to provide controlled reentry and
glide to the chosen landing s ite, or it may be daployeﬂ after reentry,
as nov contemplated for Gemini, io provide controlled glide and hori-
Zzontal lending. Even on s Lifting reentry body, a garawing might
improve the pest-entry flight or landing characteristics.
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Ariother potentisl use is for the transportation of men, T _
and equipment in spascs uperations on Mars and other planets Jncl:ding
carth. We were reérently zsked to consider The specilfic prol T
flying machkine for surface-to-surface Lranspbit on Mars: Th*s is @
challenging problem that cmuld hgsre some fallout

on eartn where potential pa 1BEENZers sre more plentiful

It bas been suggested that rarawilngs be used to transport empty
boosters between recovery point, factory or reconditioning point,
and lasunch site. BSuch syatems could be elther self-propelled or

ved by anolher airecraft. Mid-air hockup trenzfer from one +ow
vehicle o another is also possible. Mid-as r recowv ry of parsgliders
nas been demongtratad,

Thﬂrﬁ have bzen several papers written ca the theory of soler ssiling.

f lightly loaded parawings may be & means of putting such thesery
inco practice. And if we comsider Lhe fringe cof the stmosphere we
might ind some method of ﬁrﬁuelling an extremely light wing losding

alreraft by solar energy, dissociated DXYEgen, or more cohventicnsl

ADVANTAGES

Parawings offer good asrodynamic performance in terms of 1371 ”De;;j-
clent and lift-to-drag ratio b, g8 with rigid wings, high perform
anee has 14z price which should be palid only when high perfeormsnce is
necessary, The ability to wvary the vehicle speed by varving the 1if:
ccelficient in flight may slao be important. Although we have devel -
oped parawings with 1ift-ta- -arag ratic near twenty {sce attached fig. ),



these wings have had rigid fremes vhieh would be objectiong
wary applications. We are also investigating parawings wit
mum of stiffening, and feel that maximum 1ift-to-drag ratios as 1OW
as two might be useful in some applications.

Compact storage is generally desireble and often necessary in space
operations, end weight reduction is evern more important than in air-
araft. Parawings have low weight and packed volume relative teo rigid
wings, shbout the Same &s the pure idrag parachute.

CONFIGURATIONS

Aergdynamic investigations have been made of parawings with 4 variewy
of geometric wvaristions, including sweep, sspect ratio, and fabric

i
shape. BSome of the resulls are published in the attached list o3
reports by HASA authors.

Tn nearly all of the parswing vehicles T1oWn SO far, the payleoad has
been suspended below the wing, but other configurations are belng
considered. In my 1954 presentatics to the Air Force Reserve Unit,
the fivat paper of the attached 1ist, parawing vehicle configurations
ware divided into three types according to location of the load car=
ricd, as follows:

Suspended ldad
Timad at keel
Load at keel and leading edges
Cecmetrically, parachuteés sre similsr to the first type and convens

tionel aireraft to the second, approaching the third when fitted with
heavy tip Tanks or other stores.

The 1ifting surfaces of parawings are flexible membranes of rela-
tively largs curvature so that the 1ift may be sustained with a mini-
mum of bending or compression lead 1n any part of the slructure.

Kites and gliders have been made of nothing but string and rabbery
fiim, pure tension structures. Performance and other functiocnal
charscteristics can generelly be improved, however; BY the jadicious
addition of loeal stiffering, as ic well kvown in the garment Indus-
tiy. Parawing stiffening can be loeated in the menbrane, either
conoantrated as in sail battens or spreoad more evenly through the
membrune, but stiffening is generally found only in the frame ta
Which the membrane is attached. Most of the parawing vehicles davel-
pped so far may be glzssified as rigld Irame, springy freme, oOTr
inflated frame, bub the low performance type popularly ealled gliding
parachutes can be made with no stiffening whatever.
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MATERIATS

Parawings have been made of a great variety of flexible msterials,
For low-tempercture applications, oresnic fibers and £ilis are Zen-
erally used. Tor temperatures above the range of organic materials,
ceramic snd metallic materials can be used, esither szeparately or in
combinatien. Materials used so far generally have been developed
for - other purposes. Parawings could be improved and their r nge of
application broadened 1f greater effort were made to develon mate-
rials and fabricatlon methods especially suited to parswings,. Spe-
cific parawing applications, moresver, reguire particalar gtrangih,
stiffness, leakape, heat resistance; and other charscteristics. No
one-material will be suitable for sall applications.
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PARAGLIDER PUBLICATIONS
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Aogallo, Franeis M.: Introduction to Aeroflexivility. Pre-
sented April 21, 1954 to ARDC Reserve Unit at Dangley Field, Va.

Rogallo, Francis M.: Paraglider Recovery Systems. Presented at
IAS Meeting on Man's Progress in the Eunquqst of Space.
St. Louie, Missouri, April 30, Msy 1-2, 1962.

Rogallo, Franeis M.: Flexible Wing Research and Development.
Pregented at the Symposium on Retardation and Recovery. Dayton,
Ohlo, November 13-14, 1962,

Rogallo, Francis M., Lewry, Joan G., Croom, Delwin R., and
Taylor, Robert T.; FPreliminary Investigation of & Paragl)der.
HASA TH D-443, 156G.

Naeseth, Rodger L.: An Exploratory Study of & Parawing as a High-
Lift Device for Aircraft. HASA TN D-629, 13960.

Hewes, Dopald E.: Free-Flight Investigation of Redio-Controlled
Models With Parawings. NASA TN D-927, 1961,

Folhamis, Edward €., and Naeseth; Rodger L.: Experimental and
Thoapretiecal Studies of the Effects of Camber and Twist on the
Aerodynamic Characteristics of Parswings Heving Nominal Aspect
Ratics of 5 and 6. NABA TW D-G72, 1963.

Fournier, Paul ¢., and Bell, B. Ann: Low Subsonie Pressure Dis-
tritutions on Three Rigid Wings Simulating Paragliders With
Varied Cancpy Curvature and Leading-Edge Sweep. NASA TN D-983,

1961,
Taylor, Robert T.: Wind-Tunnel Investigation of Paraglider

Models at Supersonic Speeds. WASA TH D-985, 1961.

Hateh, Howard G., Jr., snd MeGowan, William A.: An Analytical
Investigation of the Loads, Temperatures, and Renges Obtained
During the Recovery of Rocket Boosters by Means of a Parawing.
WASA TN D-100%, 196E.

Feurnier; Paul G.; and Bell, B. Ann: Transonic Pressure Distri-
butions on Three Rigid Wings Simulating Paragliders With Varied
Cancpy Curvature and Leading-Edge Sweep., NASA TN D-1009, 1962.

Penland, Jim A.: A Btudy of the Aerodynamic Characteristics of &
Fixed Geometry Paraglider: Configuration and Three Canoples With
Simulated Variable Canopy Inflation at a Mach Number of 6.6.
WASA TN D-1022, 1962,
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L3. Jobnson; Joseph L., Jr.: Low-Bpesd Wind-Tunnel Invres
Determine the Flight Characteristics of a Model of g Parawing
Utility Vehiple, NASA TN D-1255, 1962,
Experimental Investigation of the Inmamie
el. NASA TN D-181k,
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14. 8hanks, Robers
a Towed Farawing Glider Mod

Stability of

1963,
Pressure Distributions on Three Bigld Wings
urvature and Lesding-

12 Fowrnier, Pail G,
clmilating Parawings With a Varies Gancpy €
Idge Bweep at Mach Mumbers From 2,89 to L.65. NASA TN D=1618,
19635,
v Aerddynemic Charuicter-

Wernom, Dewsy E., and Taylor, Rebert T, -
o B FlexibLe«Ganopy Faraglider Model at a Ma
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for Angles of Attac
MASA TN b-1776, 1963,

17+« Laytony Garrisoh .oy Jr., and Thompson, Milton O.:

Flight Eveluation of Two Unpowered Manned Paraglider

TH D-1826, 1963,

Prelimibury
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Free-Flight Investigation of the Deploy-

stics of

18, Burk, Sanger M., Jr.:
ment, Dynamiec Stability, and Control Charscterd
amic Radio-Controlled Model of a Largs Bo

1/12-Scale Dyn
NASA TN D-1932, 1953,

and Parawing,
19, Bleemsn, William Cuy Jr.: Low-Speed Investigation of Oeble Tern-
sion and Aerodynamic Characteristics of a Parawine and Spate-
NASA TN D-1237, 1965,

and Hassell, James L.,
Flexible-Wing Manne
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eralt Cempinstion,
20. Johnson, Joseph L., Jr. d.i Twll-Beale
] £ a 3
Wind-Tumel Investigation of = d Tesd
Vehicle. NASA TN D-1946, 1963.
Naeseth, Rodger L., and Gainer, Thomas G, Low-gBpeed Thnvestiga-
tien of the Effects of Wing Sweep on the Agrodynamic Character-
istics of Parawings Having FEqual-Length Leading Edges and Keel,
NABA TN D-1957, 1963,
Jr., and Johnson; Jogeph L., Jp.!
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gz. Sleeman, William ¢,
Asrodynamies, Astronautics and Aerospace Engineering,
June 19673,



PARAGLIDER: RECCVERY SYSTEMS
NASA Film L-805
Deployment of rocket-lasunched parveglider with aluminum tube [rame.
Radio control of paraglider with slumimim fube Irame.
Deployment end control of paraglider with inflated frame (Army=-Ryan}.

Microneteornld paraglider.,

Frecsgip model flighus.
Tagts in vacuum sphere (NASA-Spdce Gerieral) .

Boostar recovery.

fentrolled flight in full-scale tunnel,
Frec-air flight.
Towing of Booster-1ike body (Armyv-Ryan).

Apollo-type space capsules,

Controlled Flight of rigid freme models in full~scale turmel.
Controlled outdoor flight of rigid frame mbdel.
19-foot keel inflated-frame model,

- .

Mi-foot keel inflated-frame model, 3000 pounds.

gemini-type space capsules.

19-foot keel Infleted-freme model.

1/2-gcale Gemini wmodel (NASA-NAA)
Controlled flight of lifting-body space capsule in full-seale tunnel.
Qertrolled flight of winged vehiels in full-gddale tunnel.

Flight traipers:

Taw elider,

Bian fiex-wing.
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