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INTRODUATION

"Improvemonts in paraglider aerodyramic performance characteristics irdicatied

bty recent wind-tunuel tests have prompted the langley Research Center to imvesti-

gaile paraglider loads as a function of the aerodynsmic pasrameters involvea in
ins performance increases. Ar effort is also u G.rway to at'cempﬁ to calculate
hoth the aerodynamic loads and performsnce assc-iated vith these coufiguration
changes; to allow the evalustior of parametric changeé without the nced for
extensive ftunnel testing.

étructurs;l anglyses have been continuing which ooint up some interesting
results as reyards the problers of wuight and materials.

It is the purpos> of the preseant paper to present some ~i the hignlights
of recent research con.erning loads, structures and matzrials, and to indieat:
by mydcaﬁcion, the type of data which are available for use in the éacign of

paragiiders,
DISC'SSION

Uncertaintiss in the ex.ct snape of the ~loth zembrane of the rareglicer
heve becen the bizgest obstacle in calculatirg the air-load dis..ibution over
a representative canopy. Some early pressure dats obtained on rigid conical

rodels has suffered in application beceuse of the eforementioned shape uncer~

tainties. Recent force test measurements hive bees mudé on a semispan glider model

with a cloth wing, which is s*mm in th» ficst slide.
SLIDE I

. The mod+1. showwL here was mounted on two bal=nces, one semispen balance
which allowed the measurement of totali icsd and another six~-component balance

which m._ sured the load .1 the leading edge.
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the vrztables covered were aspect ratio 2.5, 4.0, €¢.0 and twist distri-
huticn indicated below by tie values of was™aut at the «80 span ststion.
ioadr car—ied i_'x tze ﬁraglider strecture can be div-ided into tw classes:
(1) ids ncrwsl to the plane forxed by ihe wing iy and tesl. aad (2) loacs
p,_-mei 40 the piane of the k_ng tip snd keel. T-ese losds may be tres :d

scparately ani odded wsctorially to arrive st a insl loading, on which the

| desizn oI -tae strach)ré ni: be hﬁ.sed.

SLIDS 11

The next sliée shows a_comrarizea of the acasured spanwise 1iit distri- )

'mtion. obtained fre: ;~essure survers cn a rigid cruicsl model, und calculsted

walues usinz the twist d:stribution of the wodels. As might bz eapected tes
e leted valuer ogree w2ll with the measurewcnts vhen the twist is known.

© Spanwise lift can‘ers are also showve on the slade. Yere we heve the 1ith
conter gaver oy 1"333‘..:9 tests, the caicnlst.ed 1ift cerisr, and.opotted on fer

campa~ison :c the 1ift certzr obterine’ from the semispsn force test model.

Wrile sniy one porat is shu.r kere, geod agreement with bo'n thaeory and

pressure ilesis “fas obirines lhroughout it: "linecar< angle-:f-atta:k range and

agreex:nt is shown with the pressu’e MEaSUI™T...-. paSt *he stall.
- The lover part of the figui'e shows the exireme loadir  due iz wu.st a*
& lift coefficien= of gerc.

Rot mich >»ore ¢or be said about *he noraal or 1ift wistribution of laud

ir tue paraglider wembars withou! knowine lhe placement ard mmber of t. shrovd .

lires, 8o le: uz look at the moments ebcut itne apex, in the plane of the lesding
edge and ksel.
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SLIDE III

Here we have nlotied upex hingg n)ment as 2 function of =ngle of attack
fur ar asyp_ . v $ic-2.5 glider wit": caropiee h.av:mg different vulues cf washout.
“he sketches 'ahow' the ccletive degree of flstnese of the canopies under load.
The Zarkened sysbols ird.inte the ungles of attuck st vbleh (Sp) uecarred.

Trese data serve 0 illustrate » mmber of points:s (1) increases in washout
are assaciated with decreasing in-plans apex moment, and dec. .zsfang 1ifi-dry
~atio i. the lesding-edge sweep or wing span is )eld fixed. (2) *ne design
¢t the glider frame for ,ivength is fixsd by the waximm lifi-:oefficient point.
The Caiw vere taien through an angle of attack of 30°, end vhil2 not. shdvn here
the level of epex mrment at CL . or stall is not exceeded.

Below tue siall you wiil 'nz?;ifce that ths slere of € with a is negative
for the f:xil czaopy and posit:';e for ike fley cancpy. In the case where the
wing is flexible {e.g. csr change sweep or spar with changes in sngie of attack)
the slope of tkis iime msy effect the gust resvonse of \na glider. Ncte trat
with this full canocpy a positive chang2 in a reducec the temacncy to close
wnich might incre .se the cpan somewhut making the glider more sensitive to gusts
while with the flet canopy pesitive angle-cf-attack changes reduce spen possibly
allevieting 'ghe guet Tesponse. .

Paraglider wings with {lexible frames have been tested at Langley in
ccpnention with goverrme~’ spoasored programs fo- (1) the réccvery of thke Saturn
booster 1nv vhich tue Marstall Spac» Flight Center is irterested ani {2) in
comction with the recovery and Jaunching of the Gemini speceémft, which is

of interest to ihe Kanned Sgacecraft Center.
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Generally speaking the in.roduction of flexibility into the astructure
reaults in sare saving in welight. The next slide (s]lide IY) shows srme curves
which indit;ate paraglider st'.ructnral efficiency. Here is plotted the retio of
-paragiider weight to gross weight for rigid and flexihle =7 _ten l'he scale
on the right represents the volume requ.;:‘ed to stow the parsglider syatem, end
18 obtair~d by asauming a stowed density of 23 pourds per cubic foot.

Decreases in weigh' ~em Y achieved if structural flexlbil:lty is allowed
in tuhe paraglider fraxwe ss shown here. it snoutd be noted, 'rowever chat
ﬂetihle glidez< are amch more difficult to a,mlyze bot asrodynarically aod
strn-..tumlly because of the interdepeudence of aprodynanic load and conf* guration.

Elasticaily and dynsxically-scaled inflgtable nodels of toth relatively
i-_qa ax? flexible paragliders are being fstricated under contrar . “ith G. A. GC.
These mode.* will be vced to study the paraglidér deployment chmcts.m-lé‘ics along
with the uffects of seruelasticity. In adiition these -models reproduce “he
buckling in the inflated structural tubes which s imporant in defining
> aeradynamics. )

These dﬁta shovld be available tc evalua;.e th2 trade-offs betweeu weight
and periormance prericusly mentioned.

The last curve cn tl;e slide shc;vs further improvement in the weight picture
through the use of different gos tight materials, in thkis case & film-fabric
constriction of dscron and mylar similar to the sarple I have here. Should
such a waterial prove feasibie end allow the omission of the elastewer uhichr ;
weighs as much as the fabric, siénificant veight navings would resu.t.

We will discuss more about materials later,
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T addition *o beinz more difficv’. 0 analyze, -lexible paragliders
usually su_{‘Ai‘er some degradation in pesfurmercs., The nmext 31ido show;s_ aplot
et u/D ageinct CI. for the terini-paraglider configuration. The three
surves repre.ant the »..-::xlf,mamic_:s of gliders having three stiffnesszs. The
degrzdatior in {i-/D);m( is obvious but note thet at higher GL_ the t.;ux'ves
tend to merge, ‘so that 1{ touchdcwn coraiticns are :wre important in 3 partizular
ar plics ticn than range corsiderziions the roquirement for suiffness in the glider
frave may be relaxed i« ,Jeld 2 soxesbat iighter weizht and mcre readily stiowable
recovery cystem.

Hig:h temperature mrter“als sare also under investipa®i.n by Langley Recearch
Ceuter in comuecticn witn the mirnrometecrcid paraglider <xperiment which will
have to survive ree.iry iemperatures ( 1000° %), For the irflated memb:rs of .
tre paraglider, Langley ‘isearch Center is jnvestigatiug he feasibility of a .
fibergiss- silicone comb.naticn. Si-ce siliczee is d3 z‘r;'{cu't to ™work", seams
ard ,juncﬁres represent a consicerable problem wiich is being studied. Firings
from White Sards lirs:ile Range a"e schcivled “or next summer.

Tr conjunction with the rercignarlc ond materials <tudi-s, langi. Ressarch
Ceunter contimues investigations in structural anal_y:-sis. While structural desimm
anzlysis procedures have been developed for peimgliders with o-planar leading
edges and keel (these procedures hLizze becn used for free-fiight models. wird--
turnel moiels and the mlcrometeorsta pamgiider) » tae recent jucvation of the -
utilization of helical leadiug odges, discussed ry Mr. Slegman, represeuts =
r:w structural problew. lLengiey Resee-~h Certer har a progran underway to

define its strvcoursl problex aressy it is hcped that the material and gcometric
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coefiizients heing deve.oped by tes*ing by Goodyeér end North Ameri.csu um.e:
& MSOC contract will suffice %o allow an efalugtion of the problem. Stould a
eaverable solution to this jroblem be indicated, it is anticipated latu scaled
moCels will be rsed for test yurposes since it kas been found that designs can

be scaled without use of ‘exotic“ miterials.
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