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SunlIIlnrJ

This pap0rcx.rmines likcly boundrrics ol spen and aspcct

ralio lo.sailplancs conlbrming $;lh the "World Chss" spcci-
licalion(r). ErnpL), n sses arc in accordarcc wilh Stcndor's

ompirical ibmula (r) whilc ric pcrfornancc is assunrcd to
coffespond wirh rhc simpl$L analydca] cxDrcssions €). Thc
vdria!ion ofllercdyoamic charactc.istics with splu md aspect

ralio arc gcnonlly sinlilff to lhose Foposcd in Rci.4.
B y v. y ing a consL.rn! in hc S tcndor fonrluh, n is possiblc

10 considcr "hcavy", 'mcdium'and lighf'stuclurcs. By
inspccling Lhc dala ol Rcl. 5, jl is also possible 10 cslimalc

|aLwE ,\t11. No 4

"high, "mcdiuor" and poor" valucs of $e nux;num lili
coellicicnt.

Spans fiom 10m b I8n rnd asEct ratios irom l010 22 arc
(un iilcrc,i Bu.rndJ.c.r d-( Lhcn Jru\n un,Fr.r J.pc.1 rltio
axesrcladng lo $c stall, a mnrimun lii/drag rariool30 aftl,
il rclcv.nt, a mininrurn sinting spced of 0.75 m/s d a

rcasonablc value ol De lill cocfficieni al rc nrini un sink
condltion (C,.,.), lbr intcrcsli.g combinarions ol slruclural

ass and maximunr lili coollicient.
As one would cxpccl, lhc com binador ota lighr strlcrurc

and a high C,,,,_ prolidcs Lhe best conrbinalion. Thc sptm

could be as Iow as I lm bur Lhere is drcn no roonr for error.

i27



SpaJts greater than 13m appear 1o be lnore satisfacbry. Thc
pcrlormance impru\e' a\ thc ctrJrr anJ dip€LL rrlio 3tc in

croased,lhc larLcr bcing limitedby neith$ tic slall boundaJy

or the Cr.Ms boundary.
A1 thc o rer extreme. a hcavy sEucture and a poor CLr-

givc very litt1e rcom for maneuver. The span nusl bc more

than 17nl dnd evo Lhcn lhere is only avery rcstricrcdrangc ol
possibilities. Whilc i! is unlikely thel a dcsigncr would

doiibcralely use such a unlhvorabie combination ofcharac

Lcrisdcs, theseresulls show drat one must bc vcry carclulnol
to sacrillcc 1oo nruch !o ijimplicily o[conslruction,

A likcly combinadon is e "mcdium" stluclurzd mass and a

"high" Ch-. The characLcrislics ol such sailplMes are

examined in somcdclnil. Il seems tha! achicving a high q--
is more importanl Lhan minimizing thc sEucture weight-

Sin.c Lhc.pe-iliJrrion ol lhc $orlJ ClJ.s' :mpoqc nn

rcsEicdon on tbe span. other tllanby implicadott.llrcrc is an

incentive ior dcsigncrs to coDsider largc spans.

The specilicati(nr
Those pa4s of the "World Class" spccificalron which arc

rclevanl to th9 presenl papcr are;
gest glide ralio: nol less tian 30.

Minimum sinking spced: not morc lhan 0.75 m/s.

SLJlrnts.pccd: nol more lhan 65 trn/h.

Wing span: no restriclion.

Landing gear: {ixcd.

Flaps: nolpermiltcil
Warer ballasr: nol pcrmillfd.
Tip winglclsr nol morc lhan 10 cnl up or down

Boundary laycr blowing or sucking: nol pormiltsl

Mass ofpilol + parachule: 70lo I l0 kg.

Minimum insruments and cquDmeni arc also spc.i-

ficd.

The mass of the sailphn€
Rcic.cnce I giycs lhe following ompirical cxpression lor

fie etnpty nass oi a satlpldnc:

witi a lurlhcr I It kg lbr instrumenb and cq pmenl. Thc toltl
mass is (hcn (WB+ 128) or, exprcssing WB in terms of the span,

b, and fie aspecl ntio, A, from (1) and (2):

m=128 + r,!'or/A)3^ (3)

wherc KL+Cs.nri and, in accordanco with JAR 22, n=8

Hcncc we oblain the following values for K,,:

Slructu[e K,,
Ligh! 2.835

Medium 3.162

Hcavy 4.689

The calcula|cd lotal masses arc rabulaled ir Appcndix l.

Maxinum lift coclfi cient
Tho nuximum lilt coefficient ol lhc complclc sailplane is

rclaled ro tlnr ol tie "aircrafl'lcss tail" by:

cL,-=(clw*+c.h6lli)/(l-(hirJ(e/1,) (4)

Il is clenrly advarlageous to place the CG as far afi as

possible, so as 1(] mrximi/r (h-hJ. A likcly vdue for lhis

quantiry is 0.2. For wing scctlons likcly !o be of intercst, qr.
is in thc renge -0.9 !o 0. 10. we will assune lhe lelrcr value.

neglerling any confibulion from ftc lusclage. The valuc ol
e/lL ca,r obviously vary considerably. Thc value for An

avcragc Sland.ud-Class sailplane is alnu10-18 and this value

willbc assumcd to apply in all cases.

Subjcct ro thcsc assumptions:

q 
".,=1.03?c, w'^ 0.019 (s)

Rcicrcnce 5 suggests fial drc lbllowing valucs would be

appropriate:

wE=cE KL',"

where K-rI.S br

Rating g._*,*
"Poor" 1.2{)

"lvlediunl' 1.35

"Hish' 1.50

(1)

(2)

q--
1.225 (t.23)
1.3810.38)
1.537 (1.54)

(See the listofsymbols. The original symbols bavc be€n

retained although, when Slcnder refers lo ' wcight" , hc strictly

ln Figure 4 ofRcf. I . the lowcr boundiuy oi lhc dragram for

singlc scalers corrcsponds 1() C,,= L 3 .rnd lhc upper boundary

to CD=2- 1 5. ]'hesc val ues havc bccn lnlen lbr tho "lighC' and

''heavy ' slructurcs of the prcscnl paper, while fie "mcdtum"

slructurecorcsponds 10 lhc mean oidrcso v.rlues vi7.,1.725-

To find lhe maxinrum sailplanc $asscs on which lhc

subscquenr calculadons aro bascd, lhc m?Lximum load is

assumcdto consis!of I l0 kg lbr the pilot + parachutc logelher

128

The rounded-off valucs in parentheses c lhosc aclually

used in r.hc following calculalions.

The stall borndary
The specificalioo slales that fic sulling speed shdl not

excccd 65 km/h. Sincc fio stalling specd wilh airbrdkes

extcnded nomrlly cxcccds the "clean" value, it has been

assumcd thal l1le abovc ligure relates 10 lhc "brakes-open"

case a d lhallhe coffesponding "clean" slalling spccd woold

be 62 km/h. (Clearly, drcro is some encouragemenl for

designcrs to ose bmkes which do not iocreasc thc strlline
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spccrl whcir cj(rc0dod).

Thc nlrxitnu|r) miNs corruspondiot to.l ccrhjn nrilrinunl
nnlling sp.ed is Lhco:

nr =c. D{v fs

l sDrrr0g rhc xppropri:ltc nufircricrl vatucs:

u'.-.=Ks(b1A)

whcro Ks is as lollowsr

a7)
APPENDIX II

M xirnrm Ladcn l\4aiscs of World Class SailplMcs ij thc
Clc Sralling Spc..d is nol ro E)(ccql 62 km,4l

'Ihc ligurcs nrc nlAsses in kg. Somcolthcmarc unlikoly robo
rclcvant !o llrc prcscnr study_

Drag cr)3llid€nt\
For I lypicnlwing sccLion (e.g.. FX 6l- l6U), cDtj.wouktb0

0.0075 ar R_=1.5X l0". lbc Rcynolds nunrbcr.rl nt!x. r./l)
w ill clc.rly be lirnclion ol srilplanc !(nr rcl.y :rnd wciShl. I r

would hc possiblc lo dcvisc progrunr which roo! thcsc
cliccls into ccoll t hn it would bc qrnc bngrhy. tbr $u
prcscrlpIrposcs, irwas rhoLrght!r bosLrtl]cicn!!o rnkctrrrcrn

As irr Rcf. .1, thc lLllcl,tSe lcngth an(l ils werrcd rrclt wcrc
assu rcd tob€ pr(.)po.!i(Jlal 10 thc splrn, so Lhc nljscelluncou-s
drilg cocflicifnr" bccomcs 0.0012/4.
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''High '

' Mediufil'

K

2li.5l
25.55

)1.'17

It is drcrclbrc possiblc ro prcpnrc hbl('s ot nt'_ as firocLions
ol b alrd A ils in Appendix ll

lhcsl:llling boundirics can lhcn bc (lcrivc{l b} pknrjnglhc
nnssits A lirncLi(nr ola\pcct tio lor a givcn sprn (i)aocording
tr) Appcrrtir I rnd (ii)rccoiding lo ApNDdix ll. Thc nrLcrsoc-
tidrs ol. tlrc \.arious lir8r dr.n indica[ rhc litlrrs dt coffc-
spondhg !o drc st. lins bounduics lbr vrious combioalions
ol struclunl herviucss:tnd mrtlinum lif!oocllicicnr lor thc
gilcn sprn. An 0xaDrplc ot such a llot lixb=lsnr is show,r jn

Fig. l.
(Theslur. rcsulLcould bcotnuindby sot!nlg cqurtions (3)

and (l) sinullllncously. lbwever, thi! doos not lcrd fu) a
s implc ln.rlylic.ll res rlt. N o duu br i ircr ivc pr ognnr coukt
bc dc!i\cd).

Thcso valucs ol liirrmun] asp(cr rJdo on rhe shlting
bound ry drc rNLruiarcd jn App0ndir III lnd s(nne ffc plo[cd
il Fig. 2. Ihis diagrun indi. cs thc targc chargcs in rhc
slaliing bou.d.rr) which (}:,curitsar!'srltot vAlous structurc
scighLs :tnd miximunr lilr cocllicicnLs.
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APPLNDIX I

l\,Ieiimujn Ludon Mrsscs ol World Class Srilplalcs
Thc cmply mass is givcn by Srcndc.s lbrlnula and dlc maxi-
mum load os laken as l2lt kg- 'lllc ligurcs o masscs in kg.

Somc o[lhcm arc unlikcly ro bc rclcvant to lhcpresent srudy.

vjLLnE Xlll, Na 4

FIGLJI{E 1. Th.r lull li c\ show tt]c toLrt nriNs ot th(.
'ir.lt'l ,rc \rcnJ(r llr. .l.,,hc.t trn.* ,t,o\ l1,c ,.i,\ir ,Ur,
nrss,as Iinrilcd by Llre \ralling spccd rcquiren)cn!. trncrscc
Lions ol tl)c sots ol lincs lrc points on drc sl.lllirrf boundrrics.
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STRUCTURE

llcuvy I Mcou- | r-ictrt

10
lligh I.1: 12.3

10.55
14.1
12.r5
10.55

14

Hish 15.25
l3.l
I t.35

18.25
15.65
l3 55

22.O5
19.35

18

High 19.4
16.6
14.15

20.7
17.65 22-3

APPENDIX III
Valucs of Aspccl Ratjo on rhe Stalling Bound$ics

Blankspaccs indicatc valucs ou$idc lhe range u0dcrconsid-

Likcwiso, as in Ref. 4. Lhc conllibLrtion of lhc tail 10 thc
profile drag coofficicol \i!tr\ tatcn 1o be 0.001 12.

'l hc abovc figure lor lhc "misccllancous' drag cocflicicnt
rclaLes to a sailplanc with a relrac ng whccl. Tosts on dre

Slingsby ' Sky ' (6) suggoslcd Lhatrcpl^cirg lhc shorl la ding
skid pius wh!'cl by ! longcr skid dccrcascd fic profile dmg
cocfficicnt by about 0.0015, fiis ligurc being rcla(cd to a wing
areaol17.7mu. This di llbrcnce is nol, ol course, lhc s meas
lhc offe0l ol m isolrrcd whe€l such i$ a cuncnl sailplaie
would hnv0, but il indioarcs an ordcr ol magnitudc- l,et us

assumc ut, wilh carcful fairing, half of lhis figurc could be

achicvcd. This rcp.csenLs a lunhcr cond bn tion to drc profilc
drag cocfficicnL of 0.0133/S.

'I he loul profile drag coefficicol is thercforc:

CDo=0.0075 + 0.00112 + 0.0012/a +0.0133/S

ic, CDo=0.00862 +0.0012A/b + 0.0133A4, (8)

k k K

10 1.012 0.0660 1.078 2.699
16 1.028 0.1056 1.134 3.329
22 1.043 0.1452 Lt88 3.814

APPENDIX IV
Ioduccd Dmg Factor as a Funcrion of Aspcor Rado

For rte induc€d drag fac(or k, sc! equarion (9) and (10)_ Thc
quandty K is defincd in cquarioo (13).

130

FIGURE 2. Sonrc slrlling boundarics dcrived l-ronr llols
such as F'igure 1. Only thrce ofnioc possibilities arc shown.

Spans and aspcc! ratios oi leilsiblc sailplancs lic bclolv thD

appropriatc ljnc.

tlcnce,CrDcrr bc lbund lor vdrious valuesol A andb, as

in Appcndix V.
As expl^incd in Rcl4, following Ooodharro, lbc induccd

drag factor K may bc considrcd as inoludingthe usual vorlci
drag iaclor togctlrcr with a lllrther conriburion wh ich dcpcnds

on thc variation of winS profile drag cocllicicnr wirh lifi
coellicic L, whcncr:

t=t, +n A(dcorllCrl. (9)

Thc vrlu( of lhc abolc dcrivalirc varicc lrom o0c uing
scclion Loanodrcrlnd is only conshnt il $e curvc ol proiile
drag coeffioicn! vs. lilL cocilicienl is pambolic. For lhe

prc$nr purposcs, a valuc of 0-0021, corrcsponding lo rhe

scction FX6l-168, has bocD latcn so cqualion (9) bocones:

k=k, + 0.0066A. (10)

values ot k, hrve h€co obkined from Rcf. 8, &ssuming a

straighl-l,apcrcd wing ol urDcr rado 0.5. The induccd dr.U

l' li''" "_; l"":' "i""":.F: lledr un CL---,nedrun siructur€

,. 1..,.1^--,'".""" .,..1.."."

lEflf!/L'A :.OAR/N6



(L/'D),,"x=(r /./akC,,ol,

or (L/D),,". = K/(CDo)',.

whcrc K=0.8862 (AA)'2

and K is a funclo0 ofaspecl ralio on1y.

Iabulaad in App{,ndix IV.

lhe

(l l)

(t2)

(13)

Vxftrcs of K arealso

iacror k is thcrclbrc a funcdon oi A only, as tabulacd
Appcndir IV.

Nllximum lily'drag rati0
li llrc comp lcrc slilplanc h;r! a lirc.lr C,r Cl?curlc drcn

maxirrum lifl/dng r.r!i0 (3) is:

:r4

titil

V.,,,,=0.792?C,,,,'rK.' 5w''

APPENDIX VI
AspcctRalio as aFuncliol ofSp.lll and (L,D)^.

Blank spaccs indicate values oulside the range under consid

From (14) it is cle.r lhat CLvs incren'€s as A ind CDo

incrcasc. I! lbllows !1u1, wi$ ccnailr conliguraliolti, thc

lcorcdcal valuc ofclvs given above may bccoore close to,

or may cven excccd, fte availAblc cL-, Io nracrical le.ms,

rhis mcans tha! the minimum sink condilron will (rcur at some

lill coctlicicnl lcss thal lhe $eorelcalCNs, probably wjft a

highdragco{-ficiontduc!olhco scloit|cslall. Thismaynot

malrcr much, hul it seems to bc a condition rc be avoidcd ii
possible.

Il ir is dccidcd, rathcr arbilrluily, lhal CLNS should not

excccd 0.9 dmcs Cl^. thco a further scL of boundarics is
dciincd. By intcrpolating thc figures oi App€ndix V it is
possiblc ro find, fo( a givcn span, thc aspect rado sndsfying thc

above condirion for "high", "mcdiun" and "poor" values of
C1,,,-. These rcsulLs dre rabulatrd in Appcndix VlI.

Minimum Sinking Spr€d
Again assuming !haL fie sdlplanc hasa liIcarCD'CL'?curvc

cvcnal!hcbigh lillcocfficicnrof theminimumsinkcondilion
thcn, illroducing K liom c{]uarion (13) llnd ins.rling thc

vario!\ constlnls. thc minimum ratc ofsink will bc:
Hcnce. knowi0g Cb liorn oquation (8), (L/D)* can bc

foundasnIunctio of st}in and aspect ralio as in Appcndi)( V-

Henoe, by incryolation. l]lc flspcct ralio corresponding to

fixed valrcs of Lhc nraxiorum liivdrag raLio om bc lound lor
various spans,:ls in Appcndix VI.

Lincs otconstant mai- l-lD cin Oc. bc plottcd on (b,A)

axcs lls in F-ig- 3. Tlrc (1-lD),,.,=30 Uoc is ouc of Lhc World
ClAss bound.r-rios.

l,ill $efficient at minimom liink
Assuming fil! rbc sailpl no has a linciu CD C,.? curvc

exLcnding evcn 1o lhc high lilt coolficicnr will be:

CL*=(3trAce/tlz

Hcnco. lion (14) and (11):

c, .,.=3 464 l cm(I-/D)"",

APPENDIX V

Pcrlbrmancc Charuclcrislics as Funcdons ofSpan and

Aspcc!Rallo

( l6)

Vrhrcsofthc wirg toading w can be deduccd from Appcn'
dix I, CDo irom Appcndix V and K from Appcndix IV.

ch

P,x,, | 
"..,',,- 

| t,rn

l0
l4
I8

tz.tz
l3_43
14.34

t4l9
16.64
17.13

20.35
21(n

(15) APPENDIX VII
Aspocl Ralios forWhich Crrn = 0.9 CL-

Rcducing lhe aspcctralio rcduocs C,-u.Valucs ofCus arc also labulated h Appcndix v.

VUUIE Xlll, No.4

(14)

t3l



12
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Flg.4
10

14 16 h. 1B

he.itvy strxc-

The minimum ralc ol sink can therefore be found as a

funcrion ol-spao and aspelt ralio for the drrcc calcgorios of
\Lru. rr-re wcrglll. B! inlclpolrrion rhe d\|cll mrjo Looc

spond;ngtoV, =0.75 m/scan t!) ibund lb.vffious sp lstbr
cach lypo of struciurc wcighl. The results dre presenrd in

Appcndjx VIll.

16 rg

FIGURE 3. M axi m um Lify'Drag ratio as a function of span

and aspcct utio-

STRUCITJRE

Heavy I r"o*- | ,,ro'

10
)2
t6

20.00
10.9?

\4.28
23.18
8.50

FIGURE 4. Boundarics lbr sailplanes wiil
turc, poor Cr,,,_,

Overall boundaries
The range ol valucs of span and aspect rdtio considered in

fie preceding calculations are f-airly arbirary. Thc upper

limits were based on (a) a feeling tha! a span ofmorc than l8m
would hddly be in accordrncc \,r'ilh thc conccpl ol fie Class

and (b) afeeling fiat aspecl ralioscxcccding 22 werc unlikely
if the struclurc was to bc rcasonably incxpensive. The lower
span liorir ol l0 m furncd our to be just below rhe most
favorable bound1tlies.

There aro ninc possiblc combrnedons of CL*" and strucur
weighl, and sufiicient rnibrmalion is givc in Lhe appendices

lo enable all of thcm ro bc ploncd. Four examples ate

considered in dehil below
(a) Heavy slruclurc, poor maximuin iiil cocllicicnl. Thc

boundarics arc plorlcd on (b,A) :L{es, only the slall and
maximuln L/D linss being relevant (see Fig. 4). Thc region oI
vieblc sttilpl.ncs is very srnall since the span musl bc grcalcr

than about 16.5 m rd the aspecl ralio mus! bc quilc low.
Valucs of m&x / L/D cxcccding 31 arc unlikcly. Morali the

sructure and the acrodynanics cannol bcc Loo crude, or thc

sailplane willnot be icasible.
(b) LighL srucl re weighl, high lnaxilnuln lft coef-

ficicnt. Horc, l-hc rclcvanLboundaries emaximumL,D,$e

"li'i Jll.lthc lift.oclli. icnl nllr,inrLiri,irk. I fi( n,inimum
sink irscll is not a bou dary. Evcn il ir wcrc. duc pcrhaps lo
non lincaritics.irwouldonlyallccrrhccrlrcnclcfi hardsidc
of lhc diagram . The extreme lelt'hrnd comer coffesponds 10

APPENDIX VI]I
Aspecl Ralios ibr Which V",,, ,= 0.75 m/s

Blankspaces indicak valucs oulsidc Lhc rangc undcrconsid

eradon. Spans above 16 m . lead to aspecl rados bclow 10.
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FIGURE 5. Boundrric! Iorlailplancs wilh lightstrucLLrc.

hish C,,*.

aspanof l0-85 mandanaspcclradoof 15.7. Themaximum
all upnass would be2lTkg,solhccnrpLy nrasswould beonly
89kg. This all secm s rarhcr u0likcly: a very refined slJuclurc
would be rcqukcd and, at this extrene limil, thc.e is no
rllorv.rnce lbr effors. Wifi grcalcr spans, Lhcre is muchmoro
frccdom of nlaneuver. For examplc, at 15 n, vi.lble sailpldes
havc aspcct mdos bctween 13.3 and 20.8. Obviously, llle
grcaerDc span and thchighertheaspectralio, lhc bcucr is rhe

rnarirnunrT /D. for a gii n rpirn. rhe hrdhcr r5t{,I rJlio,
gjv€ lowerlotal masses bu!highcr wing lordings. The wing
loading cannot cxcccd daL corresponding 1.) thc slrlling
boundary (28.52 kg/m', or 5.81 lb/lo. 'lbis is quilcamodest
ligurc so. again, the higher aspccl ralios would bc dcsirable.

Al a sprn of l5 m. the uppcr linril o rhc aspect rario is 20.85

on the CLvs boundary. Thc coresponding totr massis256kg
(emply mass=128 kg or cxactly hdlf lhc lohl) and rlo wing
loading is 23.72 kg,/m':. Il is worlh noling fia! such a sailpldne
isnolmuchdillcrcni fiomthe€rliervcrsionsof thcSlandanl
Libelle: drc lallcr had an aspelt ralio oi 23 ard lbc !or!lrrass
was 34 kg greatcr. somc of which could bo dcbilcd lo a

reilacting wheel and lo\y sEuclural stresses. The marimum
L/D was cl.imed lo bc 38, while for the hypolholical World
c1".. .. i Tl-ne ir v ould bc rbour {4.7. T rni .nr,' itr . ounr

r1c fricd sh.\'l,,nJ fir .u\\eri,.lc. t r1lro r\c (or,l'..ri un i,
closc cnough to lond credencc 1l) thc prcsont cdculations.

(c) Medium slructurc woighr, high nuximDrn litt coclTi

cicnt. In Fig.6, lhc heevier srxcture movcs lho stalling linc

v1lllL'lF Xlll 1,1o. I

14 !!rr. m 16 1a

FICURE6. Boundrics lbr sailplancs wilh tucdi[m struc-
ture, high Cr 

^..-

io thedircction ofgreatcrspans and l$ver aspcct rarros. The
minim um snlk boundffyj usl appcars at ftc lcli ha.d corncr of
thc diagrnm. whcrcthcninimum sailplrlncwould havc. sprn
of 12 ln and an aspcctftiio oi abour I5. A15msprnwouftj
pcrmit an aspcctradoof 19.9, amrximum L/D o134.3, a loL
mass oi276 kg (cmpty mass= 148 kg) and a wing loadingot
28.52kg/nl'?. Thc rclcvan L bounditry isllrcsk l. 11maybctalr
tlur Lh. 1...,.n pcr.oifir:rn, i, on!- cJ q h Lhe frc!,uL" \ c.L

is a small pricc Lo pay for thc convcn ionce ofhaviig rnolher
20 kg availablc for the sEucruro.

r0 r8

FIGLIRE 7. Bounda.ies ibr sailplancs wirh mediuor slruc
ture, Dedium Cr,,,_.
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(d)Medium srucLu.c weight, medium 
'narimum 

liflcoct
licienr As Fig. 7 shows, thc rcduced m?Lxim um li llcoefficienl
has an apprcciablc cllecton bolh fte sDll and Cr.Ms bounda
rics, compdJed wilh thosc ofFig.6. Thelell hand sideoi the
diagraJr coresponds ro a span of 12.8 m a,rd an aspccr ralio of
14.2. Ai sp.ns abole 15 n, the CNs boundary has a very
restricling ellcclon aspcctratio andhencc on m?Lximum L/D.
A1 15 m spe , fie maximum aspccr ralio is 17, giving a

naximum L,D of 32.7. The lolal nrass would be 33? kg
(emply nrass = 209 kg)-

Cooclusbns
L A. su-llcture. dJe madc lighlcr :llld as CL^ rmn'or(,.

smallcrspans bccome feasible. 11 would, howcver, be impru
dent to design a minimum span sai lplane since small discrcp,
ancics rclalivc to tllc abovc assumptions would place it oul-
side tre boundaries. The smallcsl lbasiblc span is probably l2
m (wi$ a lighl srucLurcand a high Cb_), rising to 13 or 14

m as ftc slruclurc gcls hcavier and Ch_ worsens.

2. As the span is increascd, highcr aspcc! ralios and better

values of ma{im um L/D becomc possiblc. Thcrc seems !o be
litde poini in trying to achieve very small spans. Howcver,
with a high Ch-, the CNr boundary bccomes relcvan!at be
h.gl.cr sp3ns. rhus rcdu. ints rheaJ!dnLrge otinrrea,ing.pan.

l. For any givcn span, it pays !o use fte highcsr available
aspc.L ralio. as linicd by either the stall boundary or fte
CLVB bound.ary.

4. Airbrakes which do not rcducc thc marimum lifa
coefficienl whcn open would bc highly advantagcous.

5. Achieving a good Cb_ is nuch more impor{ant $an
altaining the lightest structure (ser Figs. 6 and 7).

All of dreabo\ccd.uhlionrxrc o, cour5c,prctLy approri-
mare. Quoling m$ses wirhin I Lg cnd r.pr.t rxri,rs ru r\ o
places of dccimals lcnds a raLhcr spurious air of aocuracy- The
numerical valucs in thc various Figures should notbe hken
too lilcraily bul it sccms likcly fia! lhc gcncral shape of fte
boundarics is corrc{L and can providc at leasl first-order
guidance to likely configuralions. il also sccms likcly lhal $e
absence ol a span limitialion could lead to fulure problems.

LIST OIi SYN'I]OI,S
A Aspccl Rario
b Wing Span

e Gcometrio Mean Chord- Mean Acrodynamic Chord
C,. Zcro-lift Drag Cocllicicnl
C,o" Minilnunl prolilc drag coeflicieol ollhc wing

Co, Wing se{tion prol-ilc drag coefflcient
CL LiftCoelficicnL
C,,- Ma{imum ljll cocl l ic ienl of the sai\tanc
CLw,* Maximun lill cocfficicnroffte aircralt lcss-lail
C,.", Lift coefficicnl a! nrinimum sink
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Pitching moment coeificicnl ol lhe airc.aft'

Drag
Accelcradon due to gravity
Dimensionlcss CG posilion
Dimensionlcss posirion ot' the aerodynamic
center oi lhc aircraft-less-lail
Induced drag lacbr
VorLcx contibrlion 10 k
Contibulion !o k due b the viriation ofCDp
wilh CL
A function of aspell ratio(see equadon 13)

Scc cquabon 2
See equauons 6 and 7
Tail momenl arm; dislance between the aero-

dynamic cenler of the aircraft-less-hil and lhc

c..

D

c
h

h

k
k
k

K
rq
Ks

l!

L LiiI
m Mass of the sailplane

n Ullimate load factor
R- Rcynolds number
S Wing area

V,* Maximum pcnnillcd strlling speed, EAS
V.,,,,, Minimum rate oI sink
w wing loading (N/m'in calculations, kvm'

in the text)
Empty mass of lhc sajlplanc
S|andard sca level air densily
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