
Gliilen lowlanes
ly Pieno Morolli

Politicnico di Torino. ltol!

Prse.red r( the Xt\ ()StI\: (bryrcss.
Ricti. llrlr tl9lt5l

SU]\TMARY
On llc basas ol drlr coll€ctcd lhrouah an enqui.y pRnno(

c(l h) IAI ( lV\, (he pioblcn$ concc.ninS Nerc toq rnd
t,Nplrtr$ i. (iirliRnt cou lrie\ arc c.iticdlly revic$ed.

l\'lxny ol lhc c\isting 1o$phncs. three ol rhenr spcciliftlll
dcsisncd Ior lo$ing slidcrs, arc ther brieny describcd

-I 
hc c,imb pcrlonn!ncc of dn ite.o-tow is anallzed. v..i.

tionrl crlculatioos. trkirg a currenl towplanc as rclercnce.
slo$ rhc rclrriv€ inl'ludnccs ol changcs ofcnginc powcr. pro-
pcller cllicierc)-. towtlanc rrd glidcr wcight xnd dcrodyn.m-

'c 
drag {nd. ir parlicuhr, ol to*plrnc s.ing rspect rat'o.
'Ihe rcsults rndicrtc rhrLt r v)rt ol olerpowercd nrc(org-

li(kf would orcr lhc bcsl possible.limb pcrlbrm{ncc.
Ar'1r.. 1''dcs,r .o i(l-'ru1..'nd'li,ro'rc.tuirerrrrr'

rnd rr..rnn rn,r-d r'r,turc..r..r' ,l\ f^-en ni.

I.INTROD(JCTION
'lhc lxunchinq dl n elide. hls hc€n achi€vdl in lour brsic

q.L)s:br. clxsti. cofth, ruto towing. winch, dnd icro-lowing.
Laumhins bJ clnrric(o.ds ( hungt" Iau'rching)rThis *as

hisloricrlly llie hrsr 1o rppcrr. A nrdinrentrry c.u.fnll $!s
opcrdtc(l b! lh. Dtrn lorcc providcd by lwo seP.lralc crews

rulling lhc ends ol two cl.slic co(k dilcrging qith !r rigle
ol l0" 10 60' ir r loNvrrd direclion. I he rrclhod was rpfn!
fri!1.i)rlrtrncfiinSonl\ liomlhcsuormilotahill,duclolhe
linrit.d !llitu(1. rltrinablc

ll is ool kno$n lo rhc rulhor shcthcr lhis lJunehing oreth.
{,d is srill uscd rnywhere. In lhc ncdr lirture, ho*.vc.. it coukl
rcecirc x rc\.i!rlol utcrest for lrunching tclf sustri.'ng (nol
s0ll-hLrr.hing) sNilpl.ncs lrori flal ground I lhis cxsc Lr

sinrplc nrr.h!njcllc!l.pult could be dcriscd h which clisric
eo(h could srjllb. lscd lor r $urce ofcncrg). It is nol kno" n
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lo thc.uthor whethcr such a cxtapult h.s evcr becn rerlizcd

Auto-to{nrg. by uhich with glide. is pullcd by a nolorcar
!f 1o thc relcrse altitudc, has .cver bccn Nidelt Ndopted, but
is srill rn usc whc.c suilablc condilions cxis! (clos€ proximity
oi a ridgc or sullioienl sprce to uccon oddlc lhe cdble
length nd thc cJr run.)

wilch launchins is widcly uscd in sonrecountics and com-
0lcrelr igno.cd in others. Equipmenl nnd operation @sl less
thrn Iix aero-low Ilowcver, ground handlins is morc dc-
nrr.dint and thc possibilities ofstarlina a soaring diaht arc

Aeronor is the rrosl $idcly uscd launching method no*!'
duys !llhough v€r) c\pensiv€ in bolh cauipmcnl and opcra-
iion. Moreovcr. pollurion trom fuel and noise can become
:rnd i.0 alrcrdv craricxl problcms an severalcas(s.

Asiswellknosn.thecostof glidingisslcrdilyrising.Somc
dl thc iactors allcclinS this tendcncy are oln gcneral nrtu.c
rnd drc, thcr€Jorc, beyon(l our conld Some other frcrors,
bci.g inhcrcnt in thc iechnoiogy olthe air andaround cquip'
nrcit chrloycd. erc capable ofbeing nodilied.

In thc rulhols opinion, thc IdunchinB method is one of thc
hctors ot co'rsidenblc influcnce oo cosls: c{Iorts ainrcd a(
rcduci g the cosl ol laurching a slder m y be wo.thwhile

Allhough it is quite l)osible thNr economic rc.sons will
detcrnrinc x rcs;!,rl of kunchina mclhods of th€ past. as lhe
crlrpult or NUto low. it is !nlik.ly lhat thc rcro-to* willbe
dbrnd.ncd. Thc ldltcr. in frct, olTe.s so,nc unique idvan-
r.,!(. -,1 s rr( lr.cJJlr r,.l,o.\cwlcrrrn,r.rnJccrlJin
exlcnl, whef 1o rcl€rse rnd thc possihilitt 1o tr! spon a glid-
cr fro r pl.c,j b pl.cc quickly (sccTtble l).
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.r.br. r - cHnRicTERTSTrcs o!' Lr'.UllCllrNC llliTll(iDs

Thc rosl ollhis papcr is connned ro the consideration ol the
lowphne. as any improlenrent ol lhe aero'to* is nainl) rnd
closely related 10 improvemcnts ol its basic tool: thc lowing

Ihc cxisling silualion in r leB counl.ies. lor *hich !n,re
darr rrc ,!dilable is e\amined ll6t Tle sonre .o.sider
ations are p.esented aiming at thc dcinjtion ol xn acmflarc
.pec,r. rll) dc\ sr.d f^' rou ins cl 'l-r .

2. THtr trXISTING SITUATION
Any aeroplane having a suflicientll low nrininrunr spced ji

steady flighl and adcqualc powcr can bc used for towirg
sliders. Thc choicc in each particular coun!r) depcnds on
what is available in the markel. Somelines surplus airc.alt
are avdilable fron1 mililary avjation.

Aeroplanes used forlowingglide6 arenot nornally st..ii
icatly designed for this task. Thcy arc dcsigned lor othc.
purposes and only altcrwards suilablc or ac.cptrblc ior xcrc
lowins loo. lt willbcshown, horcve.,lhal thcir pcrloflnNncc
is usually poor, ifrclaled lo lhe engine po$er rlrilablc. Fur
thcflnore, lhey are usually unsatisinctory from olher poinls

11 is unlikely thal ?n aeroplane specilically designcd lor
towinggl'ders *ou1d cul down oferaling costs, considcrablc
exlent. a.d olTer a numbcr oldesirablc ch!ractcristics shich
are never iound all togelhcr on the lowplancs prcscntl) us.d.

On thcbasis ol lhese conside.alions, an inquirysas slrrLcd
by CIVV A short paper (see Ainex) askng lbr ddlr Nnd
opinions, was circulated among delcgltcs xt the CM .recl-
ingolMarch 1984.

Some inlornation, opinions !nd $rggcstions eere recei,ed
irom the iollovinS counlrics Dcnmark. I.inland. SNede .

Japan, Svrtze.land. tiSA. aicrmrny and South AJrica. They
are biefly r€vic*ed herc.

Denmarkr A protolypc dcsigncd spcciically lor lowi g
gliders the POI-YT 5 was constructcd in thc late 60 s b!
the 'Polyleknisk I_lrvegruppc. This aircrrlt is des.rb.d i.
Seclion.l.

According to Mr. P. Weishaup!, although ib perlormancc
{as satisfacbrv and its opcratioDal supcdority over othcr

Volune XI

ri.cr!11 curenll] usecl Ns lugs (KZ VII, MF_l-9B, Pipcr
(lhetukee 1]i0, npe.Pr{nccl w. s clerrly dcmonslrated, Lh;
r' ,.'r ,l ' t ', r 'i/\ , v (n in . pru'1. .l|".

rinlatrd: Acco.ding to inJbnnation received koDr Ptul Ll.
lUri, Ilelsinki tlnivcsitv ol Tcchnology, the PIK 2l lou
ilslci, r developmcnl ol lhc PIK 16, wds used in recenr

vcd( xs l two-sea! glider toling.ircraft and lrdincr This
rcropladc is also desdibed in Seclion l.

'l hc PIK 2l frotdytc wrs lint llown in lvarch 1982, and
a sccond example !r Mrrch l9El. Allhough their perform-
u.ce $as satisirclorl lltcy havc nol $ lar.lised suflicient
inler.st 1o e.courage \edes produclion

Swcdctr: Thc Royal S*edish Aero Cllub, through Mr. J.L
Olson, rcponcd thlt the) believe they hiye lound l] satislac
tor) solulion b) rcducing 1he noisc (throuSh the use 01 r
special p.opclle.) ot the 260 hp Pipcr "Pa*ncc PA 25 asri
.ulluralarrcrall. which wrs.vaihblc as a uscd rirc.alt at lo{
price in the Slved,sh Inarket.

.lapan: Prol A Azunrx on behall ol lhe Technic.l Com
mittcc. l hc .1!prn Souirg Associalion. expressed interest in
r lowphnc adequalel) inrprovcd sith r.sfc.t to the ones

' ',.'l r crol .-rin (rm ut rr'{ f hrnb ,"i1r.n a.p
cos$, nois.level a.d visibilirr konr rhc cockpil

Switzcrlatrdr [1r. E. Lobsiger, a rnenberollhc Si!iss Acro
Club (iliding Commillee ind r physicist in the lnstiiulc ol
Afflicd Physics al the Universit! ol Be r, rcportcd thal low
noisc rrd shorr lakeoll and laidlng (STOL)characrcristics
!.c slronglt dem!nded i. his country- Hc wrilcs: Acturlly
1o our k.osledgc .o rircrdft has lct b.cn speciall) designed
andbuilt10torvglidcN.l_hisisxrathcrrstonishinglactiiw.
hrve in nird thc trcncndous cffons th.1 .rc undertaken 1o

rnrprovc rot onl) sailplanc pcrfo.mance but to lind bctlcr
solur,o.s ii ! lot olsorring rchl.d ficlds.'

Mr. Lbsiger states thal "as people are sctling increasingly
scnsitile to all sorts of environmental problcns. {he noise of
$e glider tow has become the number one problem ofsoa.i'rB
flighr,n Sqll/e,idnd rodd).Mxi\.lub'.um rpvpreooera.irs

''Accordir! 1o rhc n.w Sqiss 1a$ on enriro.nre.K prolcc
rrof. fo,se e ri\slods are cv!lualcd rnli judged o. ad enersl
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cqunalcnl sound lcvel (l.c(L) hasi\:

,1r = lo to4r/a 1'

o., l,t

durc hrs becn eslrblishcd \rhcrein, on b.se leg. rhe l$v pilor
docs a quick roll 10 lhc righl on r lcll-hand base 1o look
lhrough the skllighl windows lbr an) possible lraliic o a

lors lin.l rptrclch he migh( be in conllicl \rilh tl'€n roll
brck lo Lhc lelt rrd conrplcle brse lcg.rd landing O an
rirforL rith mixed glidcr dnd powc. dircralr r.allic, cspccial-
lI itircrrnl foser !ircrrl1. Lhis hds proved to bc a large saiely

'''l'hc nbd ncgrlilc comnrenl on this airplr.e it lhil il
mrkcs.onsidcrNblc noise lor thosc on thd groLrfd. Mulllef
hrvc bc.n lllred lo euL engine noisc, hul the Iigh fropelle.
spccds rknre nr.kc objecriondble .oise. At thrs ol]eralion Q -

tip frops arc bcing f.icd lo lelt reduce oise as its bc.r
lound the) help o u Beech BonarTi thouSh !cr] litilc."

Accotuting 10 Bu.k s renorl ! sfecilic glidc. blphne
should include the tollowing ch!racte.islicsl

Be., qr.r"n^\rhl l r'., . ' rr i,lc ,l .' r.' 'r re
qui.e rent ln thc New lligland drcx oi lhc tlS.A. lhree
glider ofe.xtions hr!e bccn closcd duc to noisc conrpldint rnd
conmLritl action T$o oth.r opc.rtions rrc rcnricled as to
lrous oi of.ration, i.c.. no Sundry morning opcralio in one
crscropcrrtiononlt' bel*ccnlhchou.sol 9r.m and5pm in
lrorhcr $ilh resLriclcd llighl p.ths !o kect the tow xway
lioDr ro,se-sensiri\e drcx\ (poplc who comphin nnxtl)

(lood v,c{ $ilh r l60" cxflbilit} as *cllrs vcrticrl.
hrs! ro nI rfd hnd \!ith cl.rc Lurning mrneu!cr.bilil)

oi rhr s,onid lricycle hn.lins ecrr prelerred lor ground
lufdlidg cxsc rnd coi!cnicncc ol ropc hook'up by grodid

Airbr.kcs (hdl cnlblc lrst des.c t lnd crcxtc cnough
dr.g so sulliciefl edgife t.lrer crn be apflicd during dcsccnt
lo frekdl too .rfid c.gi,rc.ooliIg rnd $bscquenl d.mrge
lo thc cngi... or \vcrr th.L dccrerscs time belwca overhauls

Quick initirl Nccclc.r(ion is imporlanl lo get lhe glidcr uf
to cor{tu| Tccd in ! sho.t dis!.nce (r prevent sizabl. glidcr
''s.ndcring during !akeoll mn.

A lo$ elrouAh Dow.r loadins $ tows (o relcdsc.llitudc
{,ll bd lrst !lltNing quick t6is .nd hsr lurnarou ds. Glide.
ot.fution.conomics, with to{pldnes. is dire.tlr-. rehled to
FdonDirg thc mrximum number ol 1o{s ltr hour: quick
ro$ to rltiLrde. relcrse, and quick descent !nd landing. High
po*cr lo.dine ol rircral!, such as a mototglidcr for toring
rril r .'.J.vJ.'J .u, ,lov ',. ll, f- r 'i 'rr"r ,our
(rnl to make lowpline oteraiio. linancixlly possible. With
ou1 ir leler perons willopc.rtc towplxncs rnd lhis sill re-
nrict glidcr l'1]ing rt lcdst thNl is lhe *ry it is in the U S.A
whcr. nrsl k^ving is depend€nlon llnancinlsu.ces

E.se ol mrintendrce: cowlings easy Io removc. sprrk
plugs crsy to gcl r1 and chN.ge. strong lxnding 8crr, casy
rcccss ro brukes, .elueling tlrat s sinrflc and docs nol require
hddcrr or ulvk'.ird clunbirg abort th. !i.c.rfl.

Sintle l\rel sl\1enr thnl nininrizcs lhc ch.ncc tor pilot
eror N.liniDunr ol tank s.lcction chrngcs during Uighl. An
' ,r u I ",1 nd. r,{ - tl. .,,op(,,rF o 'iimum i!.1 s itlrout drogcr ol running oul.

E.s!. quick ruddc.lrim 10 reli.ve thc hiSh rudclcr lorccs
rnd lonscquenl lirine ol pilol\ legs thcn hc countcrs to
torquc ellicl !luring slor climb. this.an b., vcrl latiguing
lrcloi durinS a &) ol rnan) Lows

(;crnrany: Mr. Mrntrcd Schlicwx. a rrolcssionaldesig er
Jnr Rheinllu!zeugbau, cxprcsscd thc opinion thrt a spe.ilic
glidcr ttNi g rirc.alL \qrid bc highlr dcsi.ablc bul, as an
dhc rrlive, r srlislrcto.\ solution could b. obrxin.d by mod,
ili.rrion ol rn cxis{ine rircrrit. Suitdblc.xanrples, in his
o0i io . rre lhc 180 ht Pip.r SulDr auh. rhc PiFr PA-lE

(t)
,tt

.n
Jo

{hcre t is Lhe tinrc. L^ is {he A-$cightcd sound.d lcyelrnd
1,, is thc r\er.gine tinrc irl ea.l

''Problcnr u rbcr ls! rrisiig n!" i\ rhc l!ct tIrt Lhc !um
bcr oi glide. pllols k.efs g.o$in3. hur .o .c\! .itllclds hrvc
- r,l l , ". 1., r''.. l' i.'1 ^l 1ng L.

Slidcr silcs ir S$i(/crlrn,l .ould bc bcltc. b) Nn o e. oi
mlgnitude il rvc could 1o$ liotr sho stripJ. l hcrclorc. lhc
lenslh ol r glidcr sile rouLd n.l hc dctcrmincd b1 {he lN ke{tl
ol rhc to!. brt b) Lhe la.ding r.quircmcnls oi the glidcr!.
Ru {irs ol 100 .100 u.t.N *ould bc casier lo nid r.d

Bas.d on lhesc con\idcr ions. the sLudl ol ! s!e.ilic Slider
to\Ling fhnc (lhe Slrrlc. ) srs cr(icd oul, lerding to the
conchsion lhrl the nrost .flicicnt 1o*plrne lhoold bc !n

^\.t .i( r'r'-r,r", r'l 1 rl v, I', .rrl
{Nkcoll qithin 100 ndeb lo*ids t{o-scal Alidcrsr
r.' .1,",1 r' ,. r

lasr descctl usine ri.hrrkes:
to$.olD $hich crn be rel.i.tcd dltcr rclcasc

Tle Str cr' froje.t r t.cscntly in a le.sibilil) nudr_
nilDs Mr. Lobsigcr rl$ lnldms us lh.f i. lt)78, on !
frivarc b!sis, lour.nginccA rl thc Pihrus 1!.to.y in Stris
b.gnn 1o work on thcir'oplinrizcd 10*tlxne To st!.1. lhe)
put . nunrbe. ol sfccilic !ue\lioJrs rbout lowfllncs lo rll
S$iss glidcr clubs. \\t r.e Liot but onc .c$1{ hc.c: rlreddr"
al thrl liorc, u0'% ol Ihc lt$vcring gtoups repo.led resldc
tions ir opeuling h.uN duc 10 noise prohletu\, Thc finrl
dcsign oilhe Pilatus.ngirrecrs w.s ! lightweight singlc scrl
l60hprircrnlt Thc dcsigD ler1u.ed. sleeltubc luseldge dnd
.'r8c -" ',,!'r lf .' r- ll\ ,, t'. I',.n.,n 01-
nruction llcsign godl\ {ere arj dB(A) ccrlificrlion noise

level (105 m. MRt accordins ro ICAO,\nner l6).5 nr/s
clinrb .!lc when tt iig r Kt 6 This private Projccl "rs
finxlly abrndoied duc 10 hck ol lunding. '

Nlr. Lobsiger slrcsscs lhc point thal, ii thc ovcrpowcrcd
nrolorglider could comflr' $irh the OSTIv/.1AR dcfinilion.
ccrliiicalio under.1AR l2 Nould be nuch casic! th.n undcr
FAR-21. I. additioD. nrolorgliden cxr bc flo$n $ilh I li
ceise nruch crsicr 10 ge1 ihan thc normNl nrolor pilofs li
ceise Morcorcr. Mr. Lobsigcr rcm!rksr "Medn{hile ev.r}
body spcaks abou( th. Primrrl Aircrail (USA) ol thc
'Basic Airphne (Flutufc). l\l!]be lhrL, therelorc, x ccrlih
caiion could dlso 1.ke pldcc wilhin such bxsic rirsorthincss
requircmcnls yet 10 be rerccd upon , and srgg.sts CIVV
,nd OSTIV SHOtil.l) invilc enlies lo. an i tcrnalionrl
compctilion 10 build rr oftinrized lospline (thc Robin.ATI
is onc ol lhe .esults ol r sinrilrr procedure in lrrance looking
lor . cheepcr school Lr!ifcr)'

tJ.S.^.r C!plrif Robctl N Lluck provided Ihc hlldring
com cnts rs: The result oi itPuls lrom lotrlhnc pilols.
glider filds rnd r ro$flxnc otcrrliot thrl does in .xce$ ol'

''Thc Ccs$r L'19 is tr.bxblr- lhc besl loRll!ne rv!i1rblc
i lh. U S A.i ho\r*e.. it is iot bcirg nr!nulrcl!red nnd thc
surDlv is rlnnbl eihaun.d

''Thc L lr) olliri d\.cLl.nt !icr.llowing r 160" .rigc Ns

well rs vc!tic.ll) lhrough skllighL wit(lo$s Thtre lrrv. h..n
iornd .sfccirll) !rlurbl. durlng llnding uftrorch: r tftrcc
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lbmahrwk. or a ,nolorglider.
lle uould bc ifltercsled in cooperating in the desiSn and

realizdtion oisuch an aircra,t, trovidcd thrl sullicienl irtcr

Soulh Africa: M.. Slephen R Murray st.led tlat rcscnt
lowplxner in his counl.y rre mostly PipcrSuper ('!bs1 I 50or
180 hp). Cessna I 82 and 206. or convcncd Cles'ra wil I 50 hp
arerlsoemplolcd.'Theyrlldoasoodjob, h€says, butrre
nol ide!l" Areas phich could be improved a.c:

SLiper Cubs: 'Mtinlenance costs. i.e. exl)ensivc ro ft: co\'
er. High ratc ol engine wear due to dun Rrte olclimb.t our
high akitudcs Comlorl, ie. noiso and seatirg. Rate ol de_

scenl wilh poler on 1o kccp cngine *arm. Rcar{a !ie{. '

Ccssnas: "Maintenancc of nose oleo duc lo rough slrips
Cosl of extra two cylinders xl top ovcrhaul tnd conrplctc
ove.haLrl lide. Cosl ol overhaul of variable Pilch propcllcr
and their maintcnancc on grivel sirips IIiSh luel consumP

tion. To* speeds loo high for light club glidcrs. Rltc ol
descenl xs Per Pipers.'

Mr. Murrly is doubliul whelher any ctlb in his countrr-
,r ld llJrd .b,drJr($ p.rpv\(b,,lr'^$t"J4.

He l..r' .om( . hr.,. rfl isr.!\ rh<! u'.1J

Good powerlo-weighl ratio.
S;lple rugged nose gea. (nor iir/oilor pncumrtic) lor

ease ofgrou.d handling
trourcylinder carburelled engine lirr lo$ ovcrhrul and

dairtcnxnce costs Must have a ve.) good Nir liltcr systcm
and he lightly corled and balned lor elen cooling rt all
posc. scltines. Prclcrlbll no cosl Rips, as pilols leid to
'forgct'lhci. usc or prope. Dsc. Il is rccoorme.ded lIat er-
hrusl .ugmcntcd cooling (prel€rably aclivatcd aulomdtical-

Fixed-pilch propeller wilh ample ljp clerrrnce. Prof di
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enrct.r nius( bc qriLc Irrgc lor rrrximum clliciency, whiclr
clashcs silli nosc !vhccl trd lipclcrrxncc requircr)rcnls(back

Mcrrl(tr.onrporir! corsrruern (nof.bric)
ALlrN.d \i.R. ll hish sirs tlpc, il mun hxtc. clcrr

vnnu trrcl i. ccrl.r \ccl0n.
DlrF d.vic$ li)r ir\l descenl \4ilh cnougli powcr on Lo

kecfcn8inr wrr .i.c (lvc brakes lor flrps $ith high optrnr
ine rnd liDrn s[}(eds.

SinfI shock rrrrntcd inslrurncnt prne]
ljrsilr acccssiblc loN.clcrse.
lligh rspccr nli(, siog lor lood climb c}nrlclcridics

.1. F,XIS'I'ING TOWPLANES
Mosl Drcscnllv uscd rosFhncs arc listed in I{ble 2.
Allhou!h il i\ n.r known ro thc rulhor whcthcr il is actuNl'

lr-' used rs r glidcr (o$tlan. anywhe.e. lhc Pip$ PA l8
''Tonrrha$[ _ 

is in.hded in considcrilion ot its suilabilit] to
beconrc r r!rhe. cllicic l to$drne Thc POLYT-5, LSS 641

d d l)lK-21 To*mrncr" !v.rc spdcilicxlly designcd as lo*'
flancs llca bcnolcdthrtlhecrginclro$crrangcslrom l50
ro 2 r\ ht,. rh' (r,pr\ s('!l,r f',r,, {lq ru 77( lg

The sagniric.nr \rin! l,,rding, ir lhe rulhois opinion, is the

one colTc\Nnding tt) Ilic :rv.rr!. weiBht rl *hich { t !planc
operites, r.ughL_ the !rrt)l) \re,ghl, $ c, plus 200 k-8 Onllris
bisir. w/S ringes prlcrrcNll! lroln 50 tu 65 kg/nr2, wilh thc
c\.cplion ol (he I'iptr Sul)e. ('uh\ rod {he Acft' Amrr

Th. P()lYI-5 LSS 6l I rid PI( 2]dclerlcsomc{ddF
liorrldcscriprnrn xntl rcnrx'Ls Lltllc is kroivn lo thc r!thor
concerning rhc ESS44l

I'OLYT-i: Dc\igocd rnd t,!ill h! r grou0 ofgrrdurtes and

srudcnls ol rhc Drni\h lachnic.l Univcrsil-Y-' in (ipcnhaacn'
this pR)t()llpc (liisurc ll *ds lirsl norvn on l2 April 1970
(Rei. l)

Co'rstnrclio! is ol \*!)d rnd (;l{P singlc*crt( Wide-sprn
{ile.ons. eJch hrvirg x ccnlrall}'loc.tcd lrin lrtr' lnboa.d ol
ench rilcron is rn airl)r.telspilcr shich can bedcflectcd lo
nearlt 90r AII fl)i g ho.!70n1dlt.til, *ith lull-span balance

ixb Trinr kb in nidcr.
T{o'bhded prupcller. dii ctct 2.06 m. lor cooling thc

100 hp l.tconri S 1()-:160 Alll tnginc durirS lo$'sp€ed
flighl, r l:rn *.nh l6 plxslic bhdes is mounted in lhc circuhr
aii lrtakc tretrina rhc prcpcller rtd is ciplblc olblowins 99

2 ol rir per minule, Nboul fou. tinres thc no nrl cooling

1low. To prev.nt cxccsstre cooli g (ie., curing divins), the

ooling grilles c!n bc el,,scd. tnd rhc undcr nDrc coolins llrp
aft of lhc co$ling ck)se\ iulon)rtaexll-'_ durilrS r dive.

Opcrarion.l€quipnrenr includcs n clcct.ical'inch it thc
Lcrr fuschgc, rvhich crn reel i 41l m or n)lon low line in 40

scconds 0ltcr lh. srilnlNnc is.clcLrsed
Pe.fonnance dxlt' xrc:

VNF: 2ll kd/h.
Mxx spccd tu. crlcn"bn ol .irbrukcs: ll0 k,n/h
Mrx speed \!irh rrirbrukes cxtcndedr 165 knr/h
Sr llirs spce(l 7l krf/h
Rrtc 01 climb il S/l (noslidcr):8m/s
R.tcol.limb \rilfi sinel. \cri gliderr i r/s.
R tc ol cliDrb s;lh r*! serl 8ltricr:4 m/s
Trkcoll ro li ni: 1.1(l.r
Lrnding lronr I5 n 280n)

tiSS-641: I)csrS cd br I L.ltl\i\G BRFMEN iI t{xs

flown lor lhc,irsr lrnr! io Scplcrrl)cl l9il (Rcf 2)
Singlc+crt lo$'Fi'rg r,,orrctlt c. fu,1 $hcel lype l^ndtrrg

'16

(lonslructlon ol $ood. f|bric rrrd GRP Stccl lubc fuse-
laSe 180 hp I.Icom;08 cnsinc. 2-hlxdc lixed pjtch propeller.

Pcrlormrncc d.l. drc:
VNL: .1002 km/h.
St0lling s'rc.d. llrps up: 78 lIr/h.
Rrtc ol climb r! S/L (no glidcr): l0 8 n/s.
R{te ol climb sith s;nslc seit glidcr:6 5 mlr.
Rulc of cl;mb uith lwo senl Bl rr:.15D/s
TrkcoJl lo lS nl: Il5 m.
Lrn(lins lronr l5 mr 214 rr.

PIK-2:l -[OwMASlER-: r\ eo-opcrlr,vc nroJ€rt bc'
rEc€nlhc llclsi ki linjvcl\ilr_ ol lcchnologl rnd VALlrllil
OY. tlre lilK-23 is r dcvelofnrenl ol ihc I']lK l9 (lllins sincc
1972. Rci. .l and 1). Thc llrst prolotypc *rs disfl ycd !l Le
Bou.gct in l98l ,nd lirrnboroueh in 1982.

(looslruclbn is ol .ompsilc nrxtcrixls. Thc lso-scal xir
fiafl is powe.ed bI r I8{) hp l.,_con)ing O 160-A4l\t.

Allcr releasc ol r glidc. cowl ll ps .re clorcd rnd flap\
lowcred Hieh firp stccd (200 kn)/h) lor rrfid descent.
R.1e-olrlcscen! up rc l5 20 r'/s.

4. II{E 'I] IIORI:]'ICAI, D]:SICN APPROACH
roR ( l,tI f,ERr'oRl\,lAN( E

Onc ot lhc basic requireme.rs lbr r 1o{phno is lhe hishesl
possiblc rrlcolclinib *hen roaing r flide.

Negl€.tine the $'cighl and .crullnn ric drrg ol thc to*
line nnd ils influenc! on lle brl!nce ol lorccs ctinS oD botlr
.ir. 't. tnr rt 'r JLirrr' u. .,1 rr( r\fr r -d .,.

,-= dp, fttP- D,t/-b*,/)

whcrc *L : lowfhnc weighl, wf glidcr wcight, r : pro'
pcller ellicicnct p = cnginc shrll honcposcr. l){ : tos
planc drJr, Da : slnlrr drrg, Y - .rirspec,l.

Al con.r3naJi'\r(Ld. \. Jr(1.'r(rtuJc. rr ,. rh(r(to'c

\r- -(1,P t" D.,^r ,t)

If wc reler to n gi\.cn l$vphne rrnd n givcn glide.. 
"rc 

cnn
assumctldlthei crcmenlofth€rrlcot.linrhisrfunctionof
th. ,bdle !rriablc's incrcmcnts:

Av - A{ (47. ia a^/.,4D,,.tw!,4or)-

l he v riablcs, howeler. rrc pNnl] intcrdcpcn(lcnt:
lr.rllecls \\r ({ciAhl inc.cnrcnr ol propcllcr rd/or duc

nr rflccts Dr {dr g incrcnrent duc to modilicxtions rc-
qui.ed by propeller i'rsl.ll.lion (tr rcduction !€xr)

\P rfl(., . s I r"r.E .r rn "' r:nr ul < ., .1. JJJ .u1..

lP allccls Dr (drrg incre rn$ duc lo thc insrrllarion ol
morc po*e.fulenginc)

\\a I rfecls Dr (irdrccd drlg ancremcnr ot thc lo$pl:rne)
lws nicls Dg (induced ilrrs increment of rhc sl(ler)
Anrcng the va.ious prrlrncrcrx Ilccli g thc clinrb per-

tormrncc.lhe 1o$ flunc $,ng rsllJcl mlio, A1. is ol prrri.ul.rr
ilnpo(ance Ar- hovcvcr, inlerrcts $alh Dr dod Wr:

Ar ffrrr' D! (tbnn,lh rh€ ro$phnc induod dr s):
Ar aficclr wi (thl1)1lgh (he rowphn< Ning woirhl).
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liki g iiIL) rccounl the above listed inte.dcFnden.cs and
.ssu.rilg rchli!cl) inrll ,icremdnts of the variables, the
lLrncliof l{ .ri bc c\presscd r\ lollo*s:

Ar. -
)",-

'', ^z . jl d" , r!, Ja.. ': t"- iiot "'7; t", t '
).b .e , tb a, , 'o d,- ' !! at.)")7 t4

+ :+ av. .::ft\.. +:L tile)

.1\\'lo : thc ros?lane werghl incremetrt to lo any cruse
oLhcr lhrn \l). la, lA(i

lDro : thc torphre $eighl inc.cmcnt due to anr, cause
olhcr thin JP, 14, lWr.lAi:

lDso : thc elidcr drag i.crcmcnl duc 10 tny cause othe.

Il"r..:'i. fl'... .u l.' .lu,r(d An"pt,o\r,,,3r.
eulurti{nr is nol too drfii.ul1. allhough care should be Siven
10 Nssible singuhritics.

lbr inrtrf.e. Nhcn evrlualiig -iwr/rP onc should consid-
cr shelher. in thc prrlicular case beirg studicd, the engine
po$er iicr.nrcnt crn bc oblained simply by incrersing the
comp.cssn mtio o. thc r.p. r 1{hich sould gile I vety low
vrlue oJ rhc dcriv!ti\e I wlhl') ot cylindcrs should be add'
ed. rhe enSinc qcighl bcirtg thrs considcrtbly incrersed.

Ar.xrmple wilL !h.ily thcsc poinls.

/tr,'r?'/. let rs txkc thc Robin DR-400/1EoR as thc tcl
crcnce lo$ph.e. and . singlc reurer as the towcd Slidcr. Tho
lollosiig d r r.c.ssumed:

| . liol r'1
wi : 160 k8

Sr: ll.0 ml
CDor : 0 {)40
er:0E5

As': 20
( ;,,, : 0.00E
es :' 0.9 -

The ainteed is assunrcd to bc:
v: .l:l nr/s: I18.8 km/h

Tfe ren:rcn..:,lrllxde is \e, levcl

a,^4,,.'''

D, - co"s"v'4'r . ta.a ty

a = t. A./t.t'z...r
LLt, = Lb"! " ,4 4; ' _

ut= ro! tr v /16 - ta7*!
' -P ,, -,) t. ^t) -A2'1<

Whethcr this futc olclinrb is orercnimdled or nol, il is no1

kfo* lor ccrt!in bf (hc ruLhor Conside.ing lhe rssumplion
ol lull powcr, rcduccd wr ( =. Wc+ 200 ks) lnd a mid *eighl
glider, ir should not bc roo unlikcl). Thc conside.rlions which

follo\r ho$cver. dre nol allecled

Iv!luation ol thc dc.ivrlives:

by lhe accuracy ol ihis

- a/:;'" = t1 '6 -/'
-;;;-v, - a oaa' 't -/'/*r-/s.
- [-7c, (4,w,|v]y'*, ile' . -a

t 1 ,l/'p I
- /oo k7 (.ouah assMitr.n)

- 5"t {r.€h a3snnpti.nl

4 tsl

2-
F;

OUdt

d7
4+

ob"

a-l
2!,
c-.!z

?-

,t

'fa,+t'na

24- uvt ="....,rl h Ar.itt c

Lct us cvaluale the gain in rate ol climb that would be
oblained br increasing Ar irorn 5 6 to l0 ( AAr - ,1.4), alllhe
rcsl remaining unchanged excctt wr {hich is .ttiected hy

' t)- t'. r- "b \ \. a.,a4/\at = Itw, d4 ' :'; ?+/. t " '

Thcrefo.e. the rale ofclimb would be increascd lrom,{.82

'n/sto4.E2+078:56n/sShould the samc ircre'nen1, -\w : 0.78 m/s, be oblained
b] decreasing the lowplanc weighl. Wr, the change should be:

^* 
= !:ii tql - a za -/s- zkL

4*. -;* * '"" ^J. - a-

Slnurd rhc.hme. .rerrerr \' b("br,,red r) rmp u'inP
the p.opeller efliciency. thc ircremenl A, should be:

o-4t'-Ar'otd6/tol '
z1 .;-/!

i.e., 
'? 

should be incrensed liom 0 65 to 0.72.1

ll wc assume $e a.e able 1o achicve simullaneously:
lr: +0.05. i.e. a increased f.om 0.65 to 0.70.
AP:+l0hp. i.c. Pindeascd ftom lljoto2l0hp,
l\\ , --l0"lc r, \\roe.r(.'.<.llr^,r o0ru66018.

lw":46tr lgt,
h4 ic Ar' 'r< rJlrunt5"rJ l-'

Jnd J."; i;c r1-r rh( lJ.lo" ne.tuJn,, p\ . .. o. n"g crt-J.

2k, 0"", 3+ +tr,
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P^-,!P (P'Iso hp, al .._- o.651

Robln DR-4oo (w-?6o ks, w/s-55.9 ]fqJ/r!'zl

o/p noLorgllder (t{-660 ka, ul/5-JJ kg/6,21

old typ6 slngl€ soat gltdsr (,r Ka-5, w-100 kg)

overloaded trainlng t!ro-!€ai gllder (V-?50 k€)
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1., thL ..'rnc i,,$ d q (1. r I t\\'! :i).
.- rc JrA!'ce,l nd . Lrtudc. $c |hirf

l hc di.ccl *Ny lo imp.o!c the profcllcr cflicicncy would
bc to .cducc ils rola{iondl {eed Thc frofcllcr noisc would
thus bc rcduced !{ lhe same litrc A gcrr rllio ol211 would
misc thc propcllcr elllcierrcy lion 0 65 1o 0 75. llouever, a

rcduclion ecr. incredscs cost rdd scighl. I hc largcr propel
lcr dirmclcr woukl also bring ritlr n dircct rnd indirecl

Iigtrre 3 show\ rhc rnrflc vlrirtidr {ilh xiApeed ol lhe
''tower d!.ilable , Ir.,:rP, shci d hxcd pitch proPeller is

ldopled.   varilble-p,1.li lrlopcllcr {ould }i.ld r pr.clicdlly
constrnl!ilueollheI1owcr rvrihblcirthcspccdrangeof90
to 150 knr/h, grerllj inrproving th. ttNing fulc ol cUmb r1
lotrorhightowrJlgspced Agrin.highc.costsarclhccounter-
b,lance ol rhis benelit

Oller requiremcdts ard .ccofirmendcd le!lures:
Noi\e l.v.l linrir,rlon\ (65 {lhl  ll
STOL .hxfuctcristics: c 9., lrkcoll run {ithin l(10 m

towi A tlo scat elidcrs
Iidst dcscent Nirb.rkcs or high-dellection llaps with

high opcrxting rnd limiL specds.
Rcduction ol risk ol upscl!: towline llldchcd closc to./c

C.G. or incrersc ol elev!1or Nwcr
Vie\r in llilhl ovcr 160" xrd v.rlicrlh.
Ciood lb^!xrd vic$ on thc ground.
lllicicnt c.ginc cooling dLrring likcoll rfd clinrb.
Rcdrctidr ol cngine overcool,rg duri.g desccnt

Quick initirl .ccelerdrior.
Closc lurning mrncuvc.ubil,t! of th. gound.
Relrrclion ol lo{line
Edse oJ mliint.nxo..r collings crsl lo rcmovei spark

plugssi tle rogel rnd chxnge:slrong sinrlrle landi gSeari
e.\y rcccs to whccl brNk6.

k- .,r. ||vr w' wL.r /hrs . rr .,..I 18
costs)r il ralher r hdn 6.yli.der cng,n.: llxcd fitch p.opcller.

Fuel sr-stcnr sinrplc. milimum ch!ncc lor pilol e.ror,
mi inrum ol tank sclccli(nr during nighl. accurate lu€l level
i.dicdron, sinplc rciucUnC lno ladders).

Lngirc prolection liod dust
flomtorlable seali.g
Ersilr' rccess,hle to$ rclc!se.
Engi e to bc opc.rblc on N4OGAS iuel.
I-.ase ol lakcofi in crcss $ind condition

R€fcrcnccs
I Janes Allrhe $ond s ArcrrlL. l9?l/12
2 Jrne s Al! thc World\  ir.ra11. l9ll,r?4
I lichdicrl documenls bt vAl lvlT OY. u J,uhhslicd
,1 J!nes Allrhc $orld s Ar.rrll. l98l/3,1
5 P lvlorrlli Somc Gcn.ral Consider.iions on Srilplrne Ae'odl

nrm,c DcsigD , OSTIV Publ. IlL

1I)g:0), ri1 rhc

A". l' ^,, 
0" 0", ?" !,., )' ".0, o,,)? , "p )^t I at, ;0,- 'e- )4 ,* )t

:056+ 1.2+0..11 I l19+0.10 = r.llt'nr/s,ilhich

r 'J'i " I
It crn be sccn lhdt 1,1'ri ol lhc .Iw incrcnrent is oblrincd by

ifc.crsing lhe sing rsfcct rxtio rnd l2'I' br' ,n.reNinc thc

Although severdl \inrplihcalions and alpro\inrlidrs Nrc

nrdc in lhis crlcul.li{rr. it sccms clear that Ihc idcal lo{
phnc, Ns lar is thc clirDb pcrio.nraice is conccrncd. rescnr
blcs 

^r 
ortrytutcrcd ,btolglil.t.

I)IlSIGN f'ONSIDF]RAI'IONS
.\Fa.t liom thc preceding renrarks rboul clinb perlo.n'-

a c€. sevcful olher considerations arise.

| ,., ' lJ ,,,,,-r ,l,.s(r r<qu.ed nl.\.fl.1-r' rh
.'. 

t . r ' r , . , r , . n . \ r n ,r, .prt .l.,n .cc ri..(,t ,

It A c;" - ,.46, ( a;" - Cb." o aa6/A )

:, o !,c.l rm, . ... t I r' Lld l_
,.nr( ((r r. ' rJ1(. .1,5\ ho L . l],o., Jrr r'c "r"r'-\ ., , ,.r ^ i I /,n,, T.'np< 'cr' Lrrt< t r ,

frditiorrl 1o$thnc or molorglide. o. a glider, hdalsd it
occurs nornrelly lhrt a highcr wing aspe.l rdlio,s acconrt!
nicd b) ! lower mininrunr drag coeJlicient. L\anrplcs:

P,',r'u l. (.^\4t," .-/ nrd. 0.,t/\lot,rrldcr \r rr,,: I U02t:1rlh
ri. cl( r.,..1i fl \. r," 2. ,rut 0.'.

Inl 0.011 n 1

Therclore, il bolh lowpidne and glidcr havc thc stme rvrng

loiding. the oftinrum condilion is approx;mrlcl! Nchieled.
Allhough th. 

^cturl 
trend shols an incrcase ol the glider

..nts1.,.or . ,c.'i J . r\r p,r, . ir comp<tr'r" rr
\Lhich thc glidcr r!ing lo?ding cxcccds that ol thc iowfhne.
ihc nonn!lsilualion lin club xcLivily, ior inslance) is t h.t lhe

el cr sing londiig is eround 30 kg/nr2. whcrcas th€ ro$-
phne wirg loldiis can r!rclr be less thrn 50 kg/ml

The des,sn .equircnrenls lb'.i towplanc, thcrclore, should
be ior a wirg lording approaching that ol thc Nverage glidc.
A los wirB lording. moreover, is highli beneliclal to lhc
reduclion oilhc power.equir.d for slerdy levelIlighl'. Pr.

A hichly desirdble chr.rclc.islic would be that thc P. rs
rirspccl curle is as ll,rl rs possible. Thi\ *ould dllow lowing
rt diiTcrert ribtecds wilh r reduced loss ol cliDrb pcrio.m_
rncc As sho$n .learly in rigtr.e l, Ihe ovc.polcrcd mo'
torSlider' olli.s . renarkablc tdvrnuge in this lcspccL il'
.onrp!r.d wilh r l.rd,1ioi!l td!phne.

Duc lo Lhe loR ad!r.ce futb (v/nD 0..121o0:15),bcins
(scc I{ble 2) 60n if the r!ngc 2100/2750 rfm. 1) x.ound 2sr
rnd v !round -10 rri/s.lhc uotcllcr elilciency .dnnot possiblc
e\cccd r mrxjnruni rrluc ol rpproximalely 0 65 This mcrns
'I r'r l,n
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