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The title oIthispaperwas deliberately takcn tuom an
excellent pape. of Br(ce H. Carmichael, ltcfcrcnce 11l,
publishccl in 1951, more thnn 39 years ago. By rlis titlc,
I ra'ant io demonstrate that my ideas and conclusjons

have been discussed over a long tnne, a fter Carmichael
bymanyoiherauthors. TheReferences [2] to [a] areonly
a few examples. Asuccessful sailplane andevenmore a
,1, . .-.lul . ,,rt.st LIJ-- .hould L rve a 5ood prr. e per-
formanceraiio.I think ihe 15 mclasseswere aheadynot

optimal in this sense, and I am afraid fie deci
sions recently made in connection with the world
class sailplane tend to an even lower price-
performanceratio.

Carmichael carefully estimated the perfor-
mance alrd theweightofmany sailplanes wiih
<pJ,F berweerr .2 rnd 27 m -nd --pe.t r.,ros
between 10 and 30. Hebased his investigations
on the NACA 6-seri€s airfoils and the maierials
available by then. The perf ormance was judSed
nolonl) lrom rhF md\imum I Ddndlhemnr-
mum sink mte bui also from the average cross-
country speed for three djfferent thermals. He
recommended aspanbetween 15 and lBmand
a "normal" aspect ratio for an opiimal price
performance ratio. However, he argued
h il h lhF wFiBl, I insrcdd ol lhe pri. (,,nd h''
weight formula gave much higher $'eights
for hither span ihan are now realized. With
modern weight estimaiion he definiiely
h ould h"ve recommenoed l,igh.r .pdn-.

Thepresenipaper tries to repeat Carmichael's
investigation baseduporlmorerecentdata. The
performance is evaluated similarly, only iher-
mal mixes are used instead of sit1gle thermals.
The costs arc csiimated for gliders built from
composite materials. The maximum length of

tr.5.nLors i! rh!rrd rilr rin.
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FIGURE 1. Airf()ilE 668frr glide$withfl aps,v.locity distribuiion and
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allol\'s to calcula te spccd polars by adap ting the
Reynolds number io thc lift cocfficient cl and
ihe rvint chords. Thrcc diffcrent chords hale
been analyzcd and the average drag coeffjcient
cd is calc ula ted u nder considcraiion of the winS
areas covered by thcsc chorcls.

lf the wjngs of modem sailplanes are consid
F a.r I ruL- .ul lL"l lir- m-..r' . ero lvn.rmr
chord in avcragc varies very little $'ith span,
from thc 15 m classes to the opercl.ss orchids.
Tt isthus su fficient to select ihe samechor,ls for
all configurations io be analyze.l.

The l\'eighis are roughly aclapted to those of
presentday gliders.Thefollowing f;,cts aretobe
regardccl:

a) Increashg the span causes more rveight
increase for high span than for low span.

b) The sanre material is supposed for giiders
with the samespan. Vcry hiBh spans are aclxeved
oniy by means of materjals stiffcr thin lilass.
lhis nJluences weigllts and prices.

c) CliLlc.s ra'iihoui flaps are ljghter for the
sanlc spanandwingarea than thosc'viih flaps.
The latierncc.l additional actLrators for setlinS
the flaps arld for some superposing to the aile-
rd1s. I hey have some idditioral mass balance,
addiinnial \^'edges and gap sealings, and ihcy

mostly have thimer airfoils than Sliders rvitlroui flaps.
Ii js thus justified to assume 5'r, Lcss weithi for Sliders

the irailcr box has beerl regardeci. Sevcralgli.lcr manu'
facturers have been askcd for price estimaiions. T sPe

'..llr Ll'.r ' L. H.'ligl .'r':rrJ C W,l.be fo-
th€jr helpful coopcraiion.
2. The Estimation of the Performance.
2.1The Airfoils

The performance has becn cvaluntcd for six
spans fron 12 to 27 m.

l],rce (irllerer,r - rlu l. h. r q I'Lqrr r- J. lnr
glidcrs with flaps onl]' one airfoil E 668 wiih
13 9'X, thickness (see Ref€rence I5l) (,as consici-
€red. For gliders witholrt llaps, t\\'o dlfterent
nirtLrils are considereLl. One or ih.m, airfoil E
c8u ... gr'.J/ur-." C..\, .ts,,rur,,o-r"rr
speeds jn poor ancl mccliun thcrnal condi
tions. The otherone, E407, isbcttcrwithrespect

I n.,n.1,r"-*c.unrr) .pFFd ,I
good conditions. Drag polars \\,ere compute.l
by mcans of thccoclcclcscribed inReference [5],
altho(rth ior some of them wind hrnncl i€st
resLrlts rre availatte. lhe dificrclrc.rs bcilveen
the differ€nt gliders are surely evaluatc.l wcll
this n',1y. Ill Figur€s 1 io,3 thc shape, .r q,pic.rl
Iclo.itt .1i-(iributbn .rnd the calcLrlaLcd .lrag

II t",r'd r,
air foil F 668 only ihosc p.uts oI the pol.rs for
ditl€r€11t11.rp settings are shos,rl which.orrtrib
unr to tltc cnvelope.
2.2 The Speed Polars.

I 11ecomputercode describedjn itelcrcncc l5l

a - 5'tuktiYr to rhs.ro lilllin.

E 586 rs.oor

FIGUIi[ 2. Airfoil F 586 fo. glid€rs itiihout fl]ps, velocity disiributn)n

a - 5'..Loliv. to lhi rno Litt in.
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IICURE 3. Airfoil E 40T for glidcrs tlthout flips, vel()city distribuilon
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Thc curpirically si-l.cicd dair ot nll .:onfislrrations
alalyzed in ihis paper nre given in Tablc 1.'lhel'are of
.olrrsc otcn b disc!ssion.

Thc .(!:fficj.'ni of the indu.cd.hag\^'as taken .s
cd)=1asci/n^,

rvlrtrt'C,is lht liftcoclficierttnn(l   thcasfc.traiio. llle
Inctor l.05.onsiders some lill dct)ordcnt nrter
lcrelce rlrrg, blri rot n.t!nJr.iic i.rnr of iL.
p()filc dr.rg which is.ir.lully.r.rlcL,lilcd for all
cl a d Iieynolds nunrbeLs.

Th{r prrrsitic cirag rvas srprrnt!i} evnluaicd
forLh. fu:itl.r ge nnd thc iail Thc lusc'lagi'leng th
$as sljghtlv in.rcase.l with span. Thc tail vol
trorc'corfli.nrt wns.tssrnred to be 0.;85 for all
.onf jgDr.tn\N. lhe ho.izontil tail profile.lrng
\ as ass(lnreil to b(: cLl=(1.01).15 'Ih€ vcrLifal tail
was nssumcLl k, havr the snme rka as ihe
lr)rl7onl.l r.il. wiih cd = 0.0055 b(ause its
seciionrJ arr mostlv ihi.kcr ihan tlrse of the
horiTontal t.ril.lhe specd polars, incllrcling I-l
D linrs arc sk)rvn i,1l-iglr.cs.1 io 6. these.lin
gr.Drs slror| clenrl) lh.i iL is irlposrible to pre
vcLrt n considcrabk, pcrlormnnce inrp, ovc,n.f r
.l, ,rI r" ,r,l .lrr 

^
elsc is ch.rrged. Of c<ursc, this is old hii. w lrv

else js lhe spanof the openclass glidcrs contnru
ousll,' increasing? why do all gliders oI the I5 n1

classcs cxactly exploii the admittcd sPan?

Another fa.i should also bc mentiDned. The

Peflofl,.,,hP rmprur,m'n. d'r. l rn.r" rr E
span is hiShcr at iow spans than at high spans.
Also ihjs fact was clearly stated alrcacly by
Carmichacl, lteference l1l. It can bc seen more
distinctlv fron Figur(rs 7 and 8 'hjch show thc
maxnnumL/Dand the mininlurnsinkrate of all
cor igurations vcrsus ihe span.Ileslopeofihc

lnlcs for the rninimun sink rate decreases morc ihan
thntofthel,/D lines. Thisis due towing loadnlg which
accordnr!i bTable I increasesrvhcrl Lhcspalrisabove2,1

2.3 The Average Cross-Coontry Speeds.
The avera8c cross-country speeds of all configura'

tions havc been calculatedby means of the rlcLl knorvtr
procedure,inparticularthatsuggestedbyHorsirn.\n,

Relerence l5l assurning nixes of thermals .cf-
resenting fo()r, mediurr an.l ilood curdiinnN;
Irb, ,. lr'.\..1 pr..r. i',, "nrrlr, ' .

Figln( 10 shows the averagc cross-corurtrv
spetds for the c:lifferent airfoils for the ih.ee
rl. rr,,l , -, ll,,'erc L.L,.r.r.r,.rl-tler r

si-ve[l respects. The )ir]es of ihc airfojls [ 586

an.i L 407.ue considcrably bck,rv those ol the
airfoil E 668 

'vith 
naps. BLli still the 18 m con-

figlrraiions rvjthoui flafs arr:..lLri\.nlent lo ihc
15 m colJituralion lviih flrps, except iol thir
gooLl c(r itious ol mjx 3. This is slrrPrislng
bec.L,se in ihe dirgrams for the m.\imun L/D
ancl thc nrinirnum sink rate lhc I8 m confitirr.r
tiorLs\\.jthoIL llits h crcmr.hbellcr ilran the l5
Dr.ofljgrrralion v!itli flaps. Thjs is duc h) the
betlt-r.l jnrb r.tc' ol the l.tt.r conf igurntion.

Tl,. ljn{rs h)r thL, tlvo airfoils witho!t flif,s

I

I

s,0,, ,roo ,. 'f ,2P.11111-ll1.

flGUl{E 4. Sp.cd polars ofgliLlers 
'vjth 

various splns and ail.foilF ()66
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ICURE 6. Specd polars ofgiideiswith variousspansandairfoil |407.
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show also som€ interesting features. Although

'irfoil E 407has muchbctter maximum L/D it
has lower cross-country speeds Ior poor and
medium thermal conditions Only for mix 3

airfoil E 407 is slightlybctier than airfoil E 586.

3. The Prices of Gliders.
Discussin8 prices of Eliders is like touchng a

hot jron. Different comPanies have different
prices, different outf its, dif ferent payment con-
ditions and so on. Therefore account wa s iaken
only of tl-re man hours and matcrial costs Brrt

a."o I ,-cdrld hJ!eJ large"tJndJr'l devrJt orr'
Oniy some rough estimations are Possible The

mosi rcliable data came lrom comParint iyPical
differences between different configurations.
The help of K. HoliShaus and G. Waibcl isvery
much appreciated.

n e ' 'll^wrnE.,cp(rrs r rP Prob. bly mo-l -rt-
nificant.

a)Changing thesPanofa Slidcrbenveen 1? n
and 17 m influences the costs relatively lj itlc Al
fittjngs, the cockpii, the landing gear, thc
aLtu.,tp,Fr. rnu"rbtprod r,.df.r rny'p; 'n
the range. The differences in costs are due to
some more or less material and to somc man
hours forputting the material in the rnolds For

example, hcreasinS the span ofthe I)HOEBIiS
from 15 to 17m increased theProduction costby
less than 3"/..

Thpre Jrplwolinxt" lotlr:,.ilurtro rhFwr,e
weighi and the lentth of ihe irajler box Most
peoplewhowereasked thoughtabox length of
9 m could be handlcd wiihout Problems Tlis
allorvs siowinS whgs with i7 m sPan Evctl
boxes of 9.5 m for 18 m sPan can be discussed
The weight of such wings shouid not yet cause

iroL,ble durinBassembly l ofterl assembled my

17 mPIIOEBUSwith 3 or even 2 people without
problcms. And this wing could be bujlt mrr.h
liglrter today.

For this range of sPans it was also assumed

that the number of gliders to bc Prodlrced is
jndependeniof thesPan So far, gliderswithless
thJn l5 m cpJn h.rd mu lr luuer prudurt oc

rates- I amconvinced thatStandard Classrules
with 17 m span would have made tlis sPan

b) Ifa 9 m trailerbox is assumed thcnexceed-
rnt l7 m mern-lrrv:nB Inorc rhdn two Pie.F' f'r
llre $ irq. I or J .ailpL'r'e wirhoul fl rP. :r rs

Do.siL'lp lo hr\ e iLr.l r smrll dPl.r' llble pia e

i..""".t'l'r en,l of rhc a;teron. I I c.o.l. oi" l:h

a pieceare low, surety notmore than 5"1, of the
total costs. For sailPlanes wiih flaPs such a

detachable piece musthave a Piece of the ail.-
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FIGURE 7. Maximum L/D of Eliders wilh various sPans and a irfoils
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FIGURE 9-'lhermal mix representing m€dirun conditions.

4. Conclusions.
There is noi oneperformance for any glider.It

is thus rot possible to find one prjce pertor
mancc raiio. But thc data so far Biven show
several facts very clearly.

The most interestint spans are obviouslybe-
tween 17 and 18.5 m. Lo$'er spans reduce the
perf ormance much more tharl the price. Higher
spans make the prices unaffordable for many
peoplc.

The followinS conclusions are of course dis-
cussible, but surely not too far from realityand
surely worthwhile to be discussed.

Gliderswithoui fl aps and withspansbetween
l7 and 18.5 m canhave nearly ihe same price as

Standard Class gliders and are hence reallv
affrrciable.ThejrI-/Dvalucscanbc theupper

ron. A whg iip withoutajleronwould cause a disconti
nuity in the lift disiribution if the ailerons are moveLl
with Lhc flaps. This is noi dcsirable. The short aileron
piece can be .lirectly connected $'ith the main aileron
.rn.t.toes notneed special actLrators. l he .osts of su.h a
wing tip $'ere estimated to be about 10'/o of the total

Wnlgs rvithsuchiip pieces canhave spans up io 18.5
m. The assenlbly of such h'ings should still be accepr

c) Th€ costs of gliders with flaps are estimated io be
2091 higher than those of gliders without flaps. Tlis
i1\clL1.les all actuatrs, mass balance, a.laptatioi! super-
position ofailerons ard flaps,bearings, gap covers etc.
It isjustilled to nssrxne a fixed percentage independeni
of ihe span bccausc glidcrs with higlrcr span nceLi also
more eftu( for the flaps.

d)Ther€ ls a span limitbeyond rvhch the ad.litional
wjng pieces must have their owrr actlr.tors for tlre
.il€ron ind perhaps fl.p piece. This is roi separately
co,rsnls€.l.In this rnnge olspnns ihe bending moment
.l.l p.!, ..1.ro.rlll p pl ,t,o l. r.o.. r'.re,.,
norl hrenrly 'ith th€ span. More expensjve materials
nrusi be applied. The prodrctbrl rates drop dramati-
callv. ThereIorc the costs havebeen routhly oriented at
ih. srlcs prices. Thc conrpanies probably makc little
profit iviih ihcsc orcllids.

(lnly tir.rt spnn is again impor t.xrtl{ here arlotherlvhg
ticce is ncecssary nrar ihlr tip. This is nldicaicd by
anotLr.r r{iscontnruiq/ nr thc lnres.

The esiimated costs are shown ]n Flture 11, and are
sLrorvr r€laiive to ihose oIa 15 m Standard Class glider.
1lrc costs of ar orchid with 27 nr span should not bc
.tiscussed too much. Also tlle corve for srilplanes \vith
fl.ps is cxtuldcd io such sfans io cilrr for thosc pilols
rlho really mL,si hive ihe highest pe.fo.mince glider
reg.rdless ofcosis, rvho r!illncvcr buv a gliLicr rvidxDt
flaps.
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half of ihe forties. The prjce performance rain) of suctr
tliders can probably not be acl.Licvcd by any oiher
configura&D. If ne$,.coniest classes arc specilied this
contguraiion should be fjrst choice.

Cliderswith fl apsandwiih spansbetwccn 17and 18.5
lr1have also goodpriceperformance ratios. Bur they are
arouJrd 20'lo more expensivc than the corresponding
glidersrvithoui flaps. Theyarc thus not as :r ffordable as
ihose without flaps. If nl:w contest classcs are consid-
eredanlSmoperlclassis tooclose totheunlimited opcn

A rvorld class glider lvith a span bclow 15 m can be
irlifoduced. ljutit mustbe reahzed tharirs price perfor-
mance ratjo is muchabove the optimum. Anditmustbe
doubted ifsLlch a glider will promoie or1l sport world-
('ide. Thisisonlypossible if averyhjgh produciionrate
is nchicved. Forihe one tlider type contests only a few
of them are needeLl. Will ihe cl bs world$'ide buv ihis
;lr.re rf n .rrl- L,crre one-drenol mu. h more(.\ferici\ el

So far, the one type corltests, for example the 1-26
coniesis in the USA, were arranged after many of rhern
v pr- - d J J lhe p,r rornrr.. eor rhcm'.p..rmep,,or rn
comparison io more rccent gliders. Is it not the wro18
way io promote a Siider whosc performance is rela
tivelypoor from the verv begil]rlinS?

The \^'orld class has already now promoied the dis-
cussbn of the contest classes. This seens io be an
excellelrt opp or tunity to change the classcs nr the right
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