
llltR0t-ruc rI0li

In rcccnt iears a Epec:ial 1n-.- o i p a,-
]i:rlrlnei,:ht li it,irI !rurfaccs ior
:ilor','-f ft'in8 :liders, sholt-llauI all-
cario aircral't (,qei. l), recovery
irtstens of neieorolor:ica1 roc!(ois or

;:
ai.craft N:i.Lots (nef. 2 and l). The
lir"lrlast ar. the sirrjl,.-n,"rbranc ayr-
thetic ia'iric sai.lv/lnfs ol canbere,l
airioil, ha.rir; a Lrecific lr.iijri of
about L i.,j/rjf .n. (c.2 r'r/sq. fi.)

ll'ire ,jrcat.rrL irL3r..ri so Ia. ira!
iiocr rorLri.il bl'tile lc,lalLo irir,'j rrct'rrr
in lr]aclLcal a',rllicaii orl in::Lij. I,
!'.ri ,ri.rr rraF c):tcnsil-efi, i:.rslori aL
lltr-54 (R.1. ri tr. t ct r1) anli er1tailcd
aboft IOO rrolosali for l!lierLSiiL.r ir iiL. U,5.4., iLest llern.rrt,
Ci.al lritain and lranco. As ll lrl:-
tr'atctl, ir tiris sinpfe strrcturc tlr.r
fabric is:LooreIy fasr;en€d to tltrcc
i:iruln meeii-n,. at onc loidl cr tlle
rio.ie an.l;ioin.d b)'a cro:E ipar.

.r: .-, - '--- o : ,
. o . a:

.luaiities oi i\c delta rvin:t (,leI. LO
a:lLl 1r). n qa.jc featurc of thc fo-
tal.Lo rinr is a ouitc appreclable
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iieor:1et,rica1 and aerodynarxj,c l]'rist ol
the cano:py lillei out inlo t,',o haff
cone$, one on each side of connon
f;eneratorst lue to loe l',,rist and a
farge f1ank, 'the Ro!a:Llo 1'rin8 has
dircc tional an.i lonsiluCinal seli-
s|,ebi].itJ tha.L is vcrJ advanta$eous
for sonre app-Lications, aecause it
Ginpfifies the consiruclion of the
ILying ,.'ehicle. on iho olher hanc)
Lhe coI]Ei.iexaLle t.'l,'ist .iccraascs i:he
lilt/.irag ratiot, alrcady linited b:r
the l.o,,v aslect ratio ifhich usualfy
doe5 noir exceed J: l.

'lhe RogaLlo l'rine is characteri-
zed by a di{ficufty at sinafl an8Les
of a .1..( .o,np.t-. r. t tlr --: Joi lhe sfacl( trallint edfe of the
canoly. In thc case of lhe grcater
ring toadinSjs or of insufficiently
ri.qi.l lxanc, thc saif is defornad
\rith unfavorablc aeroCJnanic cflecls r
Thc defornaLion Laiec the forn 01
!/aves and irriDliles. one of lhe rca-
sons for this is that the struts to
lvlLich lhe saif iabric is fasliened are
sub ject to ben.iing.

our In€titute, in connection uith
iLE research vork on equipmcnt io
agricuftural aircraft, devefoled an

^p6r: 16 . al si r^rc' o-_, t. r3. r;,
of lernanentfJ ti6ht sail fabrlc ca-
pable of conEiderabfe elasLic defor-
matrlon but {ithout the unlavorable
aerodynanlc effecls.

coticurT oF a
STRETCJ:EI-MN}BRANE SAILlYIIIG

d -.-- ..r, .-1e. o- 1- . a h:
can be considered a€ a kind of sinill+.
rnerbranc 1ving, deril,eC iroe thc Ro-
Jalfo,ring by shlftins lhe spar at-
lachment poinls ivith the tri/o leadins
aa -,l-Ll lo h- -.d. o. -a\'. rt
r',ith !j:Lnultaneous re!lacement ol lhe
struts by tie rods. In this vay, \'/e
o)tain a lving ('iih a leading edile
. i is ro .r-:r. l.i r. al-:-
sib-Le becausc the feading edge has no
lendency to flutiror. Al lhe samc
line, we Set a siretching of ihe
lrailinA edge, vrhich reduccs it€ na-
iulaf teni:)ency to flulter. Thi€ en_
ables us to decreaso the s]'reepback
r.-l ol ... 1 a r. . a' o in-
crea:re the aspect ratio,

llhe jcneral concept oi a Eall-
\'rint i: sur]rri::iirjly sin!fe. Il is
an uflra-LiEhtrei!ht rl[i,l iraine to
ririci a termanentlJ' tiithl profilcd
elastic sail cloLh 1s ailacbcd at
onli io'rr jroinls. The caroly vhich
forns iile irirg area i,: shaped and Jc-
sicrca accorCin; io dcsitlrl rufes lor
Iodcrn \ith-pcrlorr4ance Gails. Eoy!'-
v ,.1. ,::" -- :ro:. I

ccr::riir vaj's becau.rc it is dcsi-f,ned
for Lrn-L.lireclional loadinj rv\ilc i,he

" 
l, : - , ,o .6^n:l

loil loadinC CurirJ chanfe in ireadir;l
and air rj'Lrcar direc'lion. Thc canolry
of lhe ,:a:ilvinc L:rE a contour of ir,ro
.. or -r:J roo. r:o . i

axis oI synnotrj.
fhc concept ol tile .railldu8 con-

struction 1rr shoL',rr in iiJ, 2. Cencr-
aliJ, it con5l:ils in locatinl four
!o i ,.r Jo i .J6. for r::
to a. .. n .r'L "1brl. -
loints, ihal js, Lhe nose and lail
]roinri and the tvo ])cinLs at thc slar
.no ,f ,i t: .t-, o'1-
sliitAlly change thoix Dositions to-

i -..t ,r -(rocJ -)r-'
foadini.G. llalurally, to ob l.ain
i:hese altachncit loinie, Lve can usc
ary construciion consisting oi only
l.i/o crossed Biruts. Yet, froin the
poinL of vielr of lvoifht and etrength,
a nore ad,/antageous colution is the
irrrneiyorh Ehol,r'n in Ii[. 2. This con-
' ur'.to - r' ea po o..:c.
The fra,'reliorh is formed by a ver).
riAid sDindfe*shaped ])olyhcdron, thc
Lrro upper fineC triangrlar !.'a1fs of
vhich form lhe aercfoils, and edse6
of in.xtonsible vires. The Dofy-
-:-or i. ^:o. co.. a 1s 1 t,-a. i_

ncnsional cross of 6truts bracinA thc
eniire structure. I'i!i. j iflustrates
olie of the sinDlert and fossible'oc:. o[ r -: ]r :tl i- . an a,
used, ior instancc, in a sinple 1i8ht.
vciSht il]1l:ier lyith thc lifot slspen-
deC in a paxachube-tJpe harncss.

'..I 1a:...5 r'Lo'
taf stretchcd-nembrane sailwins de-
vcloted at our fnstitute, Iig. ,
shor,rs a 1/in8 canopy not loaded vith
aerodynarnic forces,

onc can easily notice in the 1al-
^. t-.1 ,urL : uf rr e sa it tabrj c ,

quite unifornly stretched along its
entire surface in a val very irucL! re-
semblin8 a nerabrane. Il is taut elJ-
pecialfy on the leriphery, tension on
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TECHN]CAL SOARING, VOL. II, NO sure) sidc of tbc canopy. .'Jhen tau-
. j , .{:b: a -

. 'i ro.
. ^ 6r '6 L O

'' I . -l:o .o
-- o-. .-., J' Ao 1r "

. 1.. p o . r'l :n
I . r'c

beil,recn tie fcaliini'; and traifinl edile.
Thcse beans are lxotect-'d :riairlnl
bucLLir: or just overturnin,:j bJ the

'.oa o_i :

nistri hr)ii on i. t\c ifoxiritl' of rit
ar]rl seil fa'oric allairncnt i.r s\o,'rn in

llue to such construclion of ihe
canoly, the I'rin[ !eonetry in lorgitu-
dina.L seclion, that is the iving IJro-

: , o- -o ' ."'. r:
aas been loaded by aerodynaaic forces.,a ....Or.
deiom..i under lhcsc forces. Ihe de-
ffectioir increases trith tre incr€asc

.i.l
effcci on sire3seE in lhe supl orr;in:l

o- ' ''s:6 l06. o no -- '_ l

sr' -
foil Loacinit. This non-linearitl', as
rrefl:rs elastic defornabiLity of ihe
carolJ, can bc lurlher increascd bJ
efasiic n-.rxbcrs use.l to help in fix-
ini Lhe sail fabric ends to ihe s!ar'.
-qL increasc in t.. cano)J clactic cle-
-lorflabifity has not onlJ a Gooi of_
fecl on tho ]iinij slalic slrenata, but
afsc or its beh:ryiollr in iurbrilen+,
air, reducins vcr LicaI accelcraliolrs
and dyn.r,ric loaJs. Tris 6realfy in_
.o\:--l:r

i.," -oi , :n rn . ,) -
rnitJJ oi the dro'rn.i cotrla!'ed to ri:lid-
f ra,ne vilnJs.

iuite a Larfe tJenilin: deiieciicrl
oi ;he canolJ, \,ri'Lhout defcrnaiion
v/orsening the ing aerodyra-aic qrLali-
ties, is possible {}uc to i:he u€c of a
'' "ti '.. 'n rat !_ofi or 'i-Ln a
'or o' o ::" 'r
a lrcedorx ol novernent for both ioils,
at the sa,ne time nol deforinin.j their
I _o-r I .. [o. r' .-on ih' 'r' oo
.r, e rec -:j'er - f,c ':'" :r r
axis of c).jlrnetr] on,rhich is forrrcd
a V-shaped fonsitudinal keel. The
keel tc3ether v/ilh the ribs is res-
lonsible for a considcr:abIe seff-sla_
bifily of lhe,,ving.

FIG.5. CANOPY OF THE EXPERIMENTAL
S-M SAILWING

ihe leadinr eCae beinG cliieffy trans-
'''- o. a cl _ ^J1o1 co'' r'
-no :1 ai ro_ ,11 1'' io
al ihe iraifind edje is tahen b)' llle
',,r: _' " . ri afo
-,.j , rs rr .'', Lb ^ odr o^"64 ' i

lhc rjarD. This ollers a ])ossilriljty
of ot,lailini an aerodvns"'ricalfy ad-
l/anla.eous nrolife of the canop)' ]'liLh
curveii lea.ling ]rarl and flat traifins
lrart. Thls lrofilc resulls iron Lhe
carop-. rnale 1,'l1ich, a. .lrol'rn i:r Iiil.

rr 6 6 oo
.a. o -r.:1 o"- .1 OJ ' -

the iorm ol concf. :il. 6 sholrs that
thc nrofile (eor!ir"' sLiiiness as ]'iefl
as tire initiil streic\inll ol lhe sai]
lebric i6 rnairr:aineC by tautenin3 iL
rri'] o.. - r' oJ - i. . r_.'o
rio_ o ri o!' oLl
suilcd. flie r:bs are in lho ior)r of
- Ila o Le.
lnin p1i'r'rood, clural sheet or ljfass-
iibre- reiniorc€d plaElic. one of the
.ios,, _..'s'al'
'i ' ' ''I '_L'1_d
1.-Iaor'c o n6 6I o 6

cd[e uiih tho l]otton (posltive !ros-
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FI(]. ?. EXPERIMENTAI- S-M SAILWING
DURING AERODYNAMIC TESTS

FIG. 6. PI1INCIPLE OF INTER-ACTION BE-
TWEEN CANOPY AND RIBS OI' THE S-M
SAILIAIING

II, NO.

Ti..e cano!)r duc to ini!ial cir-
"l r.. o., ,o

rxLrcr tenden.J to vibreLions or thc
tirai.Lins cdqa rro fluiicr, r\nJ sLtcll
t cnd 

"nc1eE 
a1e lurtaor' re.lrraed b:/

!,riiorl balL.en5 bracinj tl-e fabric at
thc traili)1it edt_:e. 'lhe batler;s can
be nobiceC in 7i6, t.

The r,7ina caropJ is nade fron
niGh-6tr'.^nijlr sJn t.hetic rJ::rilc]oih of
hi:11 air ti.t\trcss, inoivn under t.e
tratl,a-nark Dacron or Terylcn.., ,r.l]
conpared .i!'ith iabricc rxade fro:n na-
lural f:Lbres, :ho sJnlhet-Lc maicrial.i
oI iL!c sarle ,'reajht ar. Lhree tinc.j as
si,ron,l anLi arc n,e-Ll:her aliint,i nor
rottiraj. iluc to hj.ljh clasticii,t/, t,re.r'
lieep Lhelr ii:itial :hapc exce.dinqtJ
Lr!l L, conirarJ lo iairics fro:n natural
l1bre"- ,'/hich cr.rep :rnd carrci: be used
!r1 a sailxj-x.ti. lioi'revc., syriheL"ic
maie.aaas, rnen urjed iof carople!l
nced to '!e ver] car.trllJ torned.l']articufar alLention uust be naio tojrro|er Lil.ection ol trar! anC veiitirr.a.ls bccauie dia|c|a1 .ijrecticn ot
,',ra1:1 .l-rr:ssor jn r.laLLon Lo rlcadi,lrcciion res li: a| rrrrntrie:. Thed :.

''''o
quali LJ_ 5ail.i, ,,ih:tch are Lr: Lraiiy

TECI]NICAI SOARING, VOt .
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nade Jy lelr s])ecia:Lizcd cor.p.rries ol
SrGat expcflence.

lespito ihe presence ol the ribs,
lhe sall fabric is casily xemovabfe
and can be roffed u! torvard lhe cenire
aiter relea.jing its fasleninijs al thc
lrind enCs. fhe supporting struclure
can be quickly disassenblcd, too,

l.'ree selectlon of the rnutual
posilj.on of the spar axis and lhe
axes ol ecrodynamic centers of lhe
fol.l sections pernil$ thc uso ol hiilh
fsp r 'ros ar'l ,{"4 ol r'' 1r' '

.nd . o.-, ,. d .of ra o
perinxenlal sail,,,ring devcfoled at our
Institute. II nakes j.l a].so nossible
Lo obtain the dcsired loil h'ist, Tlre
frontal position oi ihe slra!', as seen
fron the tot gives positive tlvjsiing,
the neutrai position jives zero L!'riirt-
in6 ard the rear posilion of thc spar
leaCs to ne8ative tr',,i6linit of the

Ihe experin€ntal stre i.che.l-ne!n-
brane sailrvina] shorved Curirg tesls
verJ good 6tructuraf an.] slrenglh
lloper ties and nelativofy interesting
.6-0,) arni. lLa rL- oi -,..-d i.
de Lal1 beloiv,

STRUCTURAI, PI]OIIRT]]I: OF A
STRXTCH]II-i!IN}.{SRAIIE SAILlVIIJC

T\- o o .6..1r1 to-r '1.
structrure of lhe extrierirnental. sail-
lvinlt, sholtn in Ii8 /- , vas based on a
value analysir:j. Tho chiel a:i-rn of the'l.L rr- i o -t, -( lr '' oo/ ir
per)iatlenl lonsion. Therelore, afl
lts lension nerdtrar.i are made fron
. . = * , 1. it or - I O s loo
) t.. . -i rd':o a ^,^/, t:-
. 1 .- . i J). . | ., 1.". a-- .o_
ject lo bucklins tLave treen nade from
tliin-i{aLled dural tubcs of hich
silength and high rigjditJ E,/; (n -
rxodul.us ol ela€ticily). The 6par
Etruts haye been desi8ne.l rvith larti-cufar care. ;y usina; very thin stay
u/ires, tdey hav-- been divi.led into
.\ r' - or^ o.-nr'
strenAth. Il is worth nentionlnA
that such division of a rectilinear
epar: into lhree or lour seclions re-..11. 1, .A 

', 
i-Ds .t'--..-..

strensth arj cornpared yrith a spar not
Eulporled bJ wires (Rel. L2). fn case
ol a curvec s,nar rvith an alticipated
direciio]1 ol buchlinC r,'rhich lras ox-

per:-lllrentall) us--d ir our saifriing,
liis strenelh increa€c is siilI hiCh€r
ln conrfarison ruito an unoivided cul'v.d
Elar. Ti-a spar bean nas el-Liptica1ly
ilatlened so asr Lo nak. iLs coi|r-"s-
s:1.,.e stren,_tt]] uniIofl iir afl buckflrll
' i6,. A,. ' o..I , . .. ! o
reduce the aeroJr./ranic drarl of the
rirrtt b./ Cccreasinf iLe iro;tal area,a

Tiic sirergth prolertics oi th.
Ir'. .. -

durin. Etatic Lests ilLcludins ;r tosL
to d.sii'uction, Tl:o v,ilj 6Lr!!cr.tinl

rJ -.4 .,.- o :,
. r ' r "-irertial njfon roIrc sJsLem or olasti-
city sinilar ro lhe eLasLici.ti ct i:he
ca4o]r}, ])urir8 the iesl, scveral
:tructural nenbers \rerc rellacc.l arCtre strentth of ihe .Jup!orIinS !:rtruc-

ro" 0O - loP=
5+O kj at Lheoretical siien;ri: o: n

9LrO kA. Ior exarnlrlc, t;e c€ntrafjoirt shoLrn in Fid. 9 ,r/a!r r.llaccd bJ
Lrhat ljhorvn 1n Fij. l0 of 'norc co.Iect
leonctr:y. It thlr sano tj.ne, ii r,ras
foun.l that mcnents in thc jcin+,s ara
the chief causc of Lrivereenco iretv/eer
lhe theorcticaf strensth and that ob-
tained bJ ex])erincnt.

The ex])erine4taf $ind of 7.1S- n 1. r j, j,.o.
rJ..ado.-Lr,;Lo
r" ,:.- o .1;.
P, .._=,., /' - -. t. t'- /s

In order to comlare this recuft
vith strcnillh ]rrolcrties oI conven-tional tl_pc6 ol lving€, a ELali!:tical
graph of dependencies n_ = f(O_/s)
has been pfoLied and is_shown ln |it.
lf. The lo.,ye! curve in the graph re-
]rresenls linit !alues ol r'ring slrenijth
thai have been cbtained ilitherto.-n- cLr/e C,-c oses o d cr'a, c n
.trength pfo})ertios of wings witlr a
Cecrease in specilic ve:Lght. The non-
iinear1i.y of its shape results fron
the lect that a€ the rveiBhl decreases,
strenAlh i6 affecteci by buckling and
lcss of stabilitJ ol the finer and
finer construction of the wing. It
can be proved theoreticafly that, ii
the rr'in3 \reight Lends lo zero) the
coeflicient ns also tends to zero.



FIG. 8. EXPERIMENTAL S-M SAILWINC
DURTNC STRUCTURAL TESTS WITH CANO-
PY SIMUI-ATING ROPE ARNAN(]EMENT

FIG. 9. CENTRAL JOINT OF THE FRAME
EEFin lrontrtcalrtor't

TECIINICAL SOARING, VOL. II, NO.4

FIG. IO. CENTRAL JOINT OF THE FRAME
AFTER MODIFICATION

The cross on lig. ff 6hov,'s lhat
the Etrength performance of our ex-
perilrental saifl','ing i6 consicierably
hisher than the perfornance curve of
other lrinits, which i'esults fron its
very extenCed conslruction, Tho bro-
. -r I ^ p rn - va t!r6s _or saj ty : nE-. .
o l o n . r . !p i i . w a i f sttad. a/n
to be estinaled.

Thc graph in lig. lf, a6 rr'elf as
( 6 rfo.6"61 rO. Fo o6 1rl^ -O-C .c.1,4
the ccnstrucl:j-on and geonetry, sho,,v
that our experimental sailrving, des-
])ite its out'.yard appearance, ha6 no-
'h:.- ir corrmon r/:' lho pdrLJ \lir '
constructions'rdensely quifledrr and,
thcrefore, aerodynanicalfy unsatisfac-
tory. 0n ihe contrary, it represenls
ano r-- o-v-too--, rc1d o, :n,nf
G"/s = 4 trq/n2 (0.08 lb.,/sa. rt.) and
t8ndin{ to .i./S = A 'nhen Llre firsi

r o -p io.) j. I

of hiirl al-/s (irealer lhan 4) anC a
{irJ siruSture encfoeeLl in a ])rofife.
So la]. as ilLc othe. trend noi devclo-
Ircd bi avialioh is ccncerned, itl]
chiei re]rre€criativcs arc do.Lcrn ller-
nruda 6ai]5 of aeroilnarnicafli clea]l
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X- Ixperinental s-)r sailwins

FIC. I1. COMPARATIVE DIAGRAM OF THE
wrrld drnpNcrrr pERFoRMANCE DIAGRAM
n vs C /S, where n - I LTTMATE LOAD
EtrcroRn qrrarrbl 1o \4rNC wLrc,Hl
c6 AND WING AREA S

11. Letov KB-6

€.SAAB _918

14.PZL -1O/t

15. MS -880

16- Focke-NutF BL5CD

'17. ptEL cP-30

18. Drulne D-3

B.JodeL D -112

20. Sailplale ABC

AII]ODYIIAI,JTC QUAL]TIIS OI
sTRETqllEt-lfiUl3RAi\iE S,{IL(lllc

Aerodynamic quafities ol a sail-
lring greatly delend on the cano y
geoneiry. Therefor:e, accordinE to the
.rafuc analysis, a canopJ, r"hich i.s to
produce aerodynanic lilt, can be nade
only fron alr t:L$ht anisotropic labric
of h:Lsh modufus of elasLlcitJ anLl fo|r
hy6teresiE of defornalion.

The Seorxetry of the exlerinental
1,,.ing canopy nade fron dacron of 22o
t/.t t-..t o..1 -aoL.11r :^.-oro-
ved curing aerocyna,flic testins of the
\rin8, ihe optinun canber being fO ]rer
cent and the linaf 6hape of the foif
being as in I,'ig. ,. The tests lYere
conducled on the 6]10cial test vehicle
sholln 1n FiE. 7 and lrovided uith a
trj/o coniponenl aerodynamic balance to
determine the rr'ing polar, The pofars
obtained are presenled in lig. 12.
The diagran contains also polar cur-
ve€ obtalned at fiASA for an ordlnary
Roaalfo ,rint \,/ith conical canopy and
for a :nodilied Rogaflo vlng rvith cur-
ved beans at the feading adge and a
cylindricaL untlvlEicd canopy (Ref ,fl).
TlLe conlarison clearfy shoffs that our

ailri. ,a- 1L.r b^, ^c.--o J'a"1iquafities ior a very vride rarge of
ansfes of allack than tne Rogaffo
liinlj. our er<lcrirncnta-L saifvr-Lng has
very good naiinum L/D ration rvhich is
lo : f for C- = 0.5 as conpared ,ribh
the 5:1 for fhe Rolallo v/in8, This
resufL is quite promisinc conqi.lering
ihe enall aspeci ralio \ = I2 /S =
'+.JJ and sinpfe co4struction oi the
r'/ing.

An inte.estinA aerodynanic qLra-
lity of a saifiying rvith a feJ after-
native canoties of various aspect
ral-os Jn. o a-Lr 'v/or ( i .re .ri. -
tence of an optinun canoly as?cct
ral1o for ,,rhich a lrdninun toial drag
and rnaxir,rurx L/D ra,U.La is cbtained.
:l:_ p. oa o i. (.pic l loc./.6-
oI proiile crag indepcndcnt of the
'Jin8 area and ir, thc ca€e of a saif-
',/in:! is caused bJ lhe lresence of a
Irai.nervor'h of conslanL fronl-al area.
This quafit) resuftc frorx the fact
that the coclficieni oi induced dra6
for a . ' o'1. ('rnL C- din s s--.6
hyperbolicaffy lvith th3 increase of
I a. o cr \ o. .l.L ca opJ sc- r'o_o. iLv... i o-!-.r'nce c cz
, . r. . L r .6 'e.g, .^ c,,- orx$ro-

:i,Jrfaces as il Pressed out of one
I -..-. of sinoo oa_ _o r 'o a / i' ) = o. (:/- {0.1 './ q. r..\,
ii.lr)dins lh; 1';ei.qht of the rig struc-

I SpLL[ire 1940

2.Focke-NuLf 190 12 Zok 3

3.Me-1@F

4.THR-2
5. Nord N -3202

6.:lok 18P

7. pzL-1028

e.AlsA J-118
9. Junok

lol'leleor FL-53
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Il!=__!?. POI-A.R COMPARISONT Theo-
rcu.cal /l/ and experimental /z/ polat tor
the q-m szil$hg "l^o\n Ln Fip. a having "s-pect ratio 4.33. E{perimentar pobr /3/ for
the conical Rogallo wias havins aspect ratio
4. Experimental polar /a/ tut the cyrindri-
cal Rogallo ring having aspect latio 4/ ac-
coiding to Re{. 13.

-.- i.l r

raLlo. lh. rcrlulL i:: a mi lioiLn of tirc
coci-liciori of Lotli ilxai al ih. poinl
o: inti.r.cc';iorL oI Lhc curve C", and
ir" 1i"" i- -,iti"." iii" o."rir"'*."r
lccor,:,: cqillL tc i\: inluced drart.
I-,;, fl illuirt|ate: r|ic qira]1l:i of
our: c:rpr:r'irncntal :jaiL,riril (Ref. 12)
iof C . O. ,9. Tlie fia,ir' 1 afsc cor-
t.i N.,zDesiCE Li. trrc cilr"/crj ol cocfri-
ci.ent C an.1 C a strairht l.ir:e oi
i.hc conita:rt r,aIfie oi coe:ficient of' o .r"

ficicnt irac C r/ith n Ilirir)ur fir l.rrt
-ro

ihc caroli.s of tlr1] cxnc.iocnLal
:.-

l]!.ar: rhal t|o orL.:rd-!d frarlerorh of
l-he exlrerincntat .:rilirinu ,las linit-
irit 11. r !|i. U:1:icrirlecjl.i, a
careiul !r.Iilirrt oi 1ls s'..rctrrai
rc:n'rer].] r,roult]i uenxi: .rbtairi]]j a nor{]

:.'o l i p
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0,1
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0,09
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O | 2 J 4" 5 o 7OB
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FIG, T3. DRAG COEFFICIENTS IN FITN(]-
I'ION OF ASPECT RATIO FOR EXPEITIMENT-
AL 6-M SAILWING: Cx{ - COEIIFICIENT OF
FRICTION DRAG FOR THE CANOPY, C:i -
COEI'FICIENT OT' INDUCED DRAG, C
coEI -ir tEN I oF oao|-tLE D"Ac. .xP-
COET'FICIENT O]i TOTAL DRAG

( 
^,.. 

., .o 1 o.oa;{- o . :'o.
tirc aeroill'n:ricl] ot a sail,.rj n::,

'J o o ' : ol r ,: ., o
''.o -.-,. . d -. o, q::

:tooN .orioririLt: tret$.cn ule tcsi r.e-.jults.ni cafcrf:riicns for :rn ell_ip-
t:Lcal contour. It ooers to ne tirai,ir alliiliior1 to tlle eli.ca oI re .re-
'o.. 1..
r': . o :- o ._a

Iird..r lihe r.-a;;u11s or sea srattorvs.li :is v.rJi l:Ll',c1i Ltrat :e a.chir]t1 oa
Lllc \,/in.r courtrerac:IJ lrhe LoEs of .ta-

1-
'rerL:i:i rt fron ilchfirii, trtrat is, Iron

cz

>/
I

"y

?
Crr



TECI]NTC"qL SOARING, VO!. ]I, NO. 4
rollir]t up lnto a horseshoe vorter{.
hobablJ, lhe sarxe effcct is achiol.ed
by sr'/ifts duo to tbei.r srvordfik-e or

:-,-, (r.o. .L vr. ..
It mal LreU bc Lhat t}ris type of con-

rr. f' o.r---. olri r' n-
crease oI the arching ol the vortex
sieet for ihe increasine incidcnce
analc, llvi.ienilJ, thc effect Ciscus-
sed above is cssential only fof noder-
ate as.ect ratios not exceedinit 20.
TlLc .,/ortex sheel, as €rhovin in Fi:. lr,
accordinij to the l'rin5 vorter LheorJ,
behares l-ike a lLcxibfe pfate or one
6iCc loaded I'ri'.h cor!|rcs6ive stresFcD
and on rho other -ith tcnElle s'Jresses.
I ]rroperfy cliosan j.nii:ial archinJl of

|.: . oL .o

to lhc eriIecLed deforratlor, ar(l in
ca6o of a rinG tLc vorLcx shecl cl

.- i

rtcfeascs ihc s[ai]iLity of ilris sneei,
hi.LierinA Lhe for:maLjion cf a horseshoe
vor+,er. and thus dccrcasixd ihc roxter
ellirity bell:Lng 'rhe YinJ anC hence, il.o
tirc lICuce.i d.aJ. :liir: Irherorencn
ccrrrcc Led rr:Lth ihe thrcc-dilrcnriollaf
airilo{ around thc vinat i: r,rorth in-

; .. ... -: .-
qultc possi-rle LhaL j.f xe ,jet io lxro.,1:- I b'
hil]th-periormarc e saillfancs oI .rrchcd
vr'iits and fcduced induccd rlJ'alt. the
\",i.le alplicaiion o: lfasLicr in the
c onstruct]Lon oirjaif}r]ancs rro LlcrLi)i
hcl..rs to fe;Lliza rucir nanii itco$etrJ.

/LITILICr\T]OiiS

,'Lptfications oi a siretcicd-nen-
braie saifLyiiu are dc+,ernincC bJr its
oLl. ,:6rpl r-
tio]]s nal onfJ a]rlfy lo:

a. ffiGht at fov spccda,
b, fli;hi at lositirc :rrrd iLci

toc s]llafL Lnc:tdence :u3Les.

lire fi.st f:irxitalion is a resull
oi lhc -orotilc carnbc" and the use of

: r.." i : , :L o_oo c
consi.ierabfe dra; ani vibration at
hijircr' s!acdo.

?he othor liJiiiatior, rcsullini,_
fron Lile exisience oi flutter o-f thl]
iraiflnil edSc a-'1d e!en lhe flull.erjnil
ol ihe eniire canop)' ai snafl incidcnc
angfcs, cxcludcs the FossibilitJ oi
allofiin: euch a ving go into a div€.

FJG. I.1. QU.A.LITATIVE COMPARISON OF
THE VORTEX SHEET STABILITY: a . FoR
POSITIVE CAMBER oF THE TR1AILING
EDCE, b - FOR ZERO CAMBER, C-FOR
THE NEGATIVE CAMBEII

Th eco limi ta,iions rc;tricr rihc'' o '.o^f . v.--..1.C:l
.,r .o: t.

-"1' ll' .ll' r: . -''a nl:lr ra.1o of i.iEposabfq 1oa.i to-
L - ,1 . . :: ,-- ..

l -. r'L-oo. ' ptr L.. jo ,rcr tnose of gfidinii arrd aftied inter_csb a irrie: discussJon folfo,,vs,

11, - .i o,-L_! t,'l . .: .. r:.. 1pilot :L! suelenCed i\ a larachute
. ' O" i-j - ..r,O^, 

,'loi , I;' ,.n L Lo p-.c . 'co
on-snoly or Yrater and offers coiside._Jo - l .;r ... ,r.. .n r , i c-v-,oI_o 1 , o .! Lr 6r. - r.,- .,o-'"(, . J r_,i ., o..t o':. r J ., , o o 1-.

1oo L,-. .,

10



othar lroLuiiors :rrc Gonctin.s an ini-
taiilcn of tire early uin{.r ani r':rilicr
far iror ar] o.tinul:. r:ii-o of useiu].'1 " l r"
pecir cnr EaiLrint atlears to be vcr.,.
i.rLereri::LnG as 1tE cost!r afe --x.tLion-
alllr tox allro:ri na i.in.:: ,rU U,S. coLl.:1rF
for unit iinlnc.i. as co.l]narerl 1y.i lh
t!rc cosl of a convcnlionaL ii:iiCer
arnountinil to l';O U.:1, ColLar. ior urit

A sclc|laLic dl a.rar ol :1 \ar:i-
i" t1.]er has alroariJ boen sho,r/n i4 lil]"
J.alooo-
tain se I f-|]tabiLi'-:t ,riLhcu{: tiloirrji.l-.rvention is rlr. u.r!r of a canard-
lJte si,ah:jl-izcr rcuiricd al Llle exten-
slon ol ]]r.] obliqu: io:rc icall 01 +,[e
lrarLer,ror'li. T.1s ccln L l on sl:Lflitl.J
,)orDlicaiice ihe coa.trnciion. i"lore-

- r i- . -. o ,.

i5 clraraci.erized bi' an ii:rLiifilJ' to
l]ia.I .rceftr,i ,r.r:J suilai)fe for lLere

oi Ealul-j b.rcarLre a n:1 ha. rath.n
Focr' Irerceplio]l oI ilii"ht ;)ccd. 'lhi.
hanliicar na. aLr.raj:, ireen the ceu.je
of ranJ ithder accirl.nt., and naj
also Le th. caus. ol acci.t.'nLs !n

ar -. oaCc riirhcLri 1ri.tmnent,:.

Varia:)f e-l^r.ca Sail.lsnes ia1.e
been i.ri:Ll tIil-ir.f lo I'i iil- i\c usc o1
loxL'-.r vin" llal)s ririch ircrease t\c

ilri trirh 5I.iii.lA .\!.r:i.:ienl-a1 riA:r-p.r-
fornarc.5aiLrlarle (RcI. i,r) r,riL:h a
J:, pcrc.rt cliori l]af cxten:rior. ilhe
alfl i.catioL .l u1'.r lOC rerce]li-c:.:-
tcrii.rJt flal oI a1 urtr.cll{ji sajl
iabric i: alljo bcinl ccn:r10.rell (lea.

't.r'ciis! i.: ic ri1cr.ai._c ';lr. uLilizaLriorr
o

r,rn': loa| all.o'rrrn:t ti,"|t clfcfr,ri; :.i
1.o:/ 'iUcci. i.Y€r'!r, ihe.e s.luti o.3

':.:.
t,r.Eo solutior. a!.c r_ crJ,. arifi.iculi

o
lh.reiori, :r 1..,1:rrir'r:t .rcluirio]1 rai-r. a 5Lr€lchei-r.rilr.lr. :rai lxin. un-

i.rr() l r.l.a_... f.i ti:. r'fi.:tn!- ;reL:r..c.l
'ilr c.jjnl: " n i;.11i'r.,l .or.c!t .I :rucl,
r.Lr iuiior ilr .rlro.Jr :ir r.ii. lt,,

TECI-IN] CAL SOARING, VOL. 1I, NO.4
;ail:jn:r lilr l:rxer.r are crrrrortl.,,

1nf,/iloa''irl/i v.n ic l.s o1l
Lhe linc of :/ac|Lira ari :.L1rlillii, -{
saillnt skimmer js: r.n l,he on.r hanr,
1.C.
over the l,rater ax a salli-"inil. :l.l
thi"j say, thc ',rrr..c ora! oi tie hriL.t,
b.ir,: a uair conlrorent oi ihe irol:al

han(, i" xral b,- co.,sr(iered as a liir(l
ol iallit-i'Lia3r ir, rlirccl conteol ,j/it.
r'raie. throuril a drof kee] arlC ru.der

foi i arr:rrjcrert.

I sail:int: rliin e:, unLlire a tl:i-
rlerJ is.lr:lren r..) l,h -. elerSti cl lre
rcLtrtivc nciicn o1' dir ariii ralcr anC
' o .. .

necbanics iF lir. notio]] I'silucezrn:."
th-- crafL fron b--tv--en l.l1e t.rl'o ,-.lia
(.lef. 17). It.r tri.rfoliiancc acter{ir-r.d

rll - -^ r I \

) -nd:l d- oIl cra-l L.
in bo[h rrecia, ;ondilioncd i]J t|. Fo-
call.d horixo:lt:tl. t.,/) IalLa K. of the
above-the-\Tater hall of lrhe ciafir 3nd

.. ./. : or -
nef-qcd htrlf. Periornanct ior ihe op-
Linlun heaclrt 1 is filvc. on a l.ralh
in lii:i. la. Ii il.licatc5 tllal llLco-
ae ticaL poicrlaa.Lities of c:ifiac
Ekilrrer Irerilornanc-. are rr€tl:, .;{cit-
ini and ir'.rv cx.ccC thc perfornance
Dl caianarani and even htrcroloil
.iiafi aird cone r.rcrJ near io lhe per-
lcrnarce ol iceiroaLs ','rhose Epc.d ra-
cord iF 2JO kn/l!.

A tr,hoto in lii:. L7 sltoL'rs an cx-
!.rri(ontal sailini, skinner Lvitn clrr
e-.rtr)erinenlaf sil.relched-nembrane EaiL-
l.'rrft adaptL.o to sailinij ap]Jlication
ulri"-ii.t b)' the addiLi.on ol a !efLLcaf
s tabiLizur',

Th: rle1..1o!r.ent of Eaili.n8 s.r.j.m-
irlerr stilf beloniri -o lrhe lLrtur-.. fhe
:.1a:in proaLens er,ccLrrterorr ..; tr.rs.rl
ar. s*,a!ilil-,' .rirl conl:ro l..Labi Lit,r cI
lirc :r:riL\]rinrj arlC t]1e,vhole craiL ar
'./e:L.i as obtaj nj-nri sullici.r,tL'r' loi;

I

il:rn-Poir.r'el Xircrart nre the Co-
ra;n iT-iiiTiiiiii-Ji T ov,:r --i':
.,o

rlrr'.i ,,rro arc |rorliint on tner and

ll
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I'IG. 15. HIGI,I-PERFORMANCE S,AILPI-ANE
HA\ INC POLLLD P \.V SAIL I\U

FIG. 16. DIAGP.AM FOR MAXIMUM (]RAFT
SPEED v"/vT vs. IIORIZONTAL AERO-
DYNAMIC K'AND HORIZONTAL HYDRO-
DYNAMIC ASPECT R,ATIO FOR A WIND PRO
PELLED CRAI.T IN OPTIMIIM COIIRSE,
ACCORDING TO REl.. 17

I2

FIC. I7. SAILING AERO-SKIMMER Z-?O



Lhey havc cl.,of.reC .evoraL nerr solu-
tions of u ltira-]ightrcigh L aircrait
constmclion6 (ilef. 18). ?rre stati.j-
tical diaaran in li.r. 13 helps to for!
an i..ea of tne desi8x acirievenents in
ihis a.ea (lr--I. 19). Tlle diaqrajj alEo
slrovrs lhe possinililies of a saill,rind
',,rhici1 offers prorilisini !roEfecirs lo!.
a catcior)r oi ultf,ali;hi ard verJ
sf oiy-f lJirrt mar]-ro ered aircralt
(ebout 20 krlh). It s.cns irhal t4is
Ly|e of a man-loi,cred aircr.lft iras
.rverj chance lo r!et the terlortrarcerc!Lrirere.tIl of the Iranor r,rjze.lj,ilioxt ani ileen stuJics ini.o tl!.
analJsiE oi tac o!Lilru1 arranltcr-lent
of a r.ar-po{ered :rircraft rith ar;ailrlna, t\c only :Lnsir.r is tirat it
shouf.i be a ca]laid arranJelL.nt lrjtL a
!u3her rro!eller.

Gr/s

Vsl'rl

2

T

('* 
**",,"
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rc!re..in'-rj a develolreni trrrC of ,r..irL.l
desjL1 corlp]..tclJ diif--reri tror thc

l: _'
,'jl'- :o o r-. o
oo,

loriuns:eli., .r'ri-aLioir !ectjnoirf,. .]a:r
o

for 1o'.r iliJhl steedE L'hrn thi: j.t:..

l0

FIG. ]8. T'RFND OI'
cs/s \rs. lvtNc SPAN
AIRCRAFT (REF. T9)
PERFORMANCE FOR

cot, aLltSr0i{s

2A :o L [''] 4a

SPECIFIC WING WEIGHT
1 OF IVIAN-FOWE RF]D
,lND POSSIBLE WEIGHT
S.M S;{ILIVING

ilc f€renc e c

f. La|tia:j s 1,, La troilu1'c sou,ole -
I:,fo]]ril lies telcraks ei at 3fi.c:-

:). P i Ite llio.i' ll. J ,:-ntlyi olrlunai:i(--rirei
t{-',r,"., eixcr rLickfurL.arr:r lio|cnl
ilir.c\uni:.rallct. r-.ri t Prrrtlel tcr,

,, l.irj,\, - :eir,rinitsst,,riDn irrr l'l.')hoF
iLDijz.u3e, Ier lllciber, rIofa 9,
1..)70.

F.i;. lciallo, I.0. Lo,i/f Y, D. R.
' : .1

Inv.ciiiai.Lo. of a Paraijl:i dcr,
:irilA rJT lt-r rij_:, .t_ta{j.

;1. l-. llaescirl.: An nxlrlcraLorJ
S'ruCJ ()1 a Pars\tlrl a:r a :I;Ijh
LiiL Dc,rice ior .r-ircraf t, l;A:iA
,-l; D-i:! r r!)aa.

l.iitatlon c+l lad:i o-!or:tro lluc
i.iolcls /i ll.. lara,r'inr'js, l:.1S1 TIT

u-.tttr l'l/ I.

,'

?. I. L. Joh.!,.o1, "rr.: i,cL;-slcctt
:iiII.1-'\1nr.:1. l1.i uFii;t li on to
let ernlle ihc l-li;iri. lh:Lr:rct.r-

l,
tiL.]1 r/LL.t, Util.il;;: -iclri.l.e.
li:.ia,ll l- l:5ir, l ta2.

Ti.r at,o','e !re.i.ILci basic i.:1ior.-
!iai.irr, or ihe stroLche.1-n{rnirrar. l]a:iL-
''j r,
fer:1iir us tc strL-- t1::Lt Lhe ter.l!nc:,.l:r reaucc Lh--.rfc.i of a 11-,1Ia.r.,.t-:i-
ca. .f f:i1:ed vira: :lr.a IJji\out_ rialr-iifa,i.1.ic|]: l.ad.i at nr|.reili i. Ltresi!.t ch ed-irri;.,ir:ar:L-- rat 1"-rir,1 coir(j.tr.t a.,
t11e ij!:ri aril DniqLi.i ri. L! t i or . ric,r/-

t3
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FIG. 4. VARIATIONS WITH BANX ANGLE
OF AERODYNAMIC ROLI-ING -MOMENT
COEFFICIENT DUE TO YAWINC VELOCITY
AND GYROSCOPIC ROLLING-MOMENT CO.
EFI'ICIENT DUE TO TURNINCT CL = 1.6.
(MOMENTS HAVE OPPOSITE SIGN)
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