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Summrr]
lfNc know the speed lrl rbc minimum ftrc ol sink rnd ar rhe

\ink ralc of 2 nr/s we can casih, calculatc rhc M{c(l.eady
lunclion with good :rpprox in ration. l'he specd cr(r. in fteuse
tulspccd rrnge, is less rhan l0 knr/h forsrandard chss rliders.

'l h. Vd'ie.,c) lurhlr'n.r,r'h,..,c, lJh.l ".wNl..: kv(v vr),0)

V is thc actual speed ol rhc glider
VJrL,r is the speed at ninimunr rare ot sink

t:

k: 5.5

V2 is the spccd at r sink rate of 2 m/s
The best-spccd k) fly Vm. can bc calculaled as

W\r is the Maccrcady setting or lhc rarc of climb in lhc

lor dl gliders of thc old generalion

lor rll modern stxndard class
glidcrs like LS4, Discus. etc.

Ws=aVl+bV +c (t)

W\ is thc ralc ol sink

r.ba dcarc.onslants
To sollc a, b and c s€ nccd rhrccequations. i.c rhrcc kno$n

lrinls o thc \pccd polar. Thcsc toints shoLrld. according lo
Iieichnrann, bc choser al orinimum sink. high spc.d and rr
rhe middlc of thc speed rangc.

The MacCrcrdy funcllon i\ thc nln, WNrc, oithe gtiders
mleof sr k. thc!inkiog/clinrbnlgspeedof rhcairmassandrlrc
r"te ofclinrb iD dre nextlhcrmrl. ara certain spccd. The tangenr
lo thc spccd J)olar at this sl'eed gives us WM. tt ca bc

W\', 'V 2:rV? - \ (1,
dV

This is a very sjmplc way of calculaling the Maccrcxdy
cu.vc. provided we know three poinrsol rhc sFed pohr.l he
resulling crror is very small for nrosr glidcrs.

The lrcnd in dre standrrd class k toMrds optinrizing rhe
glrder in Lhc speed rangc bct$een 100lt d t50 km/h (wirhout
waler ballaso. Ihe Discus aDdthe new ship fi)m Schteichcr.
ASw2,l, arc cxamples olLhis nes,philosophy. Atstou spccds
thc polar is almosr horizonral and ar rround 160 krth rherc
rs a chrracieristic bend. At higher spccds, thepolar is almosr
i straight line. lt k quitc obvious thit a polyno'nial oflhc scc
ond ordcr is notaver} Ex)dapprcxnmtion ofthi! rypeofspced
pohL Wc must use polynomials of a highcr order which means
nx'rc conshnts to solvc. In Figure 1 thc spced polar of rhc
Discus (rs measured by DFVI-R) is shown t)gcrher with t$o
approximlions accordlng to cq. (l).

l. Introduction
l he tradiiional w.ry to obtain the Maccrerdy curve rs to dnw

trngents to the spccd polar, i e. a griphicrl lolution. A morc
rationalwav oloblaining the Maccready curve is 1(r describc
rhc speed polar nunrericllIy. Reichnunn (l), anrong others,
suggcsts lhe use ofi polynomial ofthe sccond order
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ligure l- Sp€ed polar of lhe Discus, Th€ slruighl line n the polr. !s
nrasured by DFVLR. thc other h( rn rpp.oxinaiiob! ac.ording

Ihis problem lead lhe autbor to trI to find i sinplc
rppr)xinatiorofthe belt speed to fly theory: whjch woukl give
.rr)rs rhat were negligible for tmctical use. we will only
con\ider standard class glider!.

2. A simple approximation
I Jr. T. luhan,,o (21 ha. builr up d dau banl, conrrinin!

the speed polars ofa lotot'gliders. He has used. moslly, polars
rs measured by DFVLR and a polynomial oflhe l0th orde.
todescribe lhe polar. Thus the polynomialused is a very good
ipproximation ofthetrue speedpola. when studying thc work
ofJohansson. it was found that lhe Maccready spccd lor an
rnricipaled rxtcofclimb of3 m/s was r€ry cbseto thc speed
corresponding to a rate of sink, ws, of2 nts. Tablc I shows
thc rxLcolsink, wMc], of20glide.s fortheMaccrcady speed

corrcspondng to an anricipated lale of.lnnb of 3 nl/s.

1

!
Trble 1. Wv,: is ihe glid€rsrr1€ofsink al. spt€d corresponding iD an
,nridpar€d rat€ ofclimb in the nerl thermal of3 m/s.

type ofglider

ASWI9
std Cirrus
Astir CS
S1d Libelle
LSl f

Phoebus B
Club LibeUe
Saho
Ka6CR
Ka6E
K8B
L Spalz
Piral
Zugvogel 4

Cobra 15

Pilatus 84
SF 27A

l.116

2.t3
2.t'7
2.09
2.01
2.26
2.18
2.08
2.ll
1.94
2.01
t.'75
t.'79
2.15
2.26
2.25
116
2.21
2.24
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Thcmean valuc oiWMcr is 2.06 m/s, with the coeficicnt
ofvrriation 6 = 0-082. The wingloading for the values of
WMca in table I corresponds to the enpty weighl of thc glider
plus 90 kg (i.e. weight of pilot) This is thc nomral way lhe
poLars by DFVLR are published.

The speed al a sink rate ol2 m/s is denoted V7 and usi|g

I r qure z - 9 Johansson

eq ( 7)

eq (2)

eq. (1) we have
2:avl+bv?+c (l)
The slope oflhc polar is zcro at the speed corresponding

Lo thc minimum ntc of !ink, Vnin. and ihis gives us

{!:2uv,.," +u = o (4)

Now. wcmrkcuscoithcvalues inTable l, by simply sla{ing
that WMc : 3 + 2 = 5 corresponds to a speed lhat cquals
V2. Using cq (2) we get

wMc =qllv -2avl+bv2:5 (5)
dV

We have three equations and thrcc unknown conrtants. a,
band c, whichmeans thar wcc,tn solvethese. The speed polar

= 1.5 y: 5V', v-t5vt 5v,trj,, +2
Vr - V" (6)vr(vr vnjJ vr(vr v,i")

Our nain interest is not the speed polar itscli. but the
Maccready function. We derivale eq (6) rnd multiply with
v. After rewritjng, we arrive at

w*.=-..'.-l-.-'.tv v,iii)v=kv(v v.i") (t)vlvt v,ntr)

v2(v2 v,,,i,)
'1'o ca lculate the speed ring weonly need lo knov lhe specd

at minimum sink and at a sink rate of 2 m/sl

3. Elaluation
Eq (7) i! very !imple to use and the naiural question is: how

good is it? Figure2 to 7 shows both the Maccready lunction

figure 2.
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according to Johansson (2) a d eq (7). In rhe case ofFigLrre
' \SWlq. I\r Ma..r. a,lI .ur\( obrdir,e.l qh(n r..ng:r
p(nlnomirlol lhe sccond order isalso shown. As can be seen

.q (7) is a good approxirnalion. The values are lalid for
unbrllastcd glidcrs. In rhis configurition and in European
wcrlhcr onc would scldom il) taster rhan 160 km/h. Belo\!
thi! sfc.d. thc \pccd cru rcsuhing trom using eq (t) is less
thrD 5 km/h.

Now wc tur ourattenlion lowards nxne modenr strndrrd
chs\ glidcrs likc LS,l, DG300 and Pegase l'-or thcsc glidcrs
lrnd crcn lbr glidcrs of rhe 15 m clais) eq (7) nccds ro bc
modiiicd. Hcrc V2 corresponds to a wvc of5.5 (1.5 I 2),
rnd thc k in cq (7) becomes

l,-igurc 8 sbows the result for thc LS.1.
lor rhcDiscus(andthe ASw24), \itb itspeculiarbendon

1hc spccd polar. theMacCready currcalsohasa peculiar shrp..
Atr.crtxin lalue of wyc the function bccomesa slI?ight linc.

This is bccausc when thc polar irscllbec,)nes a \faighl line.
it is nor possiblc to fiDd rangenrs any nre This means. rs an

exaniple. $iLh the speed ring sel to zerc, at a ccnain rate ol
sink we have the same glidc ralb indcpcndcnl ol Ihe speed

Il is not poslihl€. as shown in Figure 9, to.xlcuhlc thc
MacCready funclion with lhc help of a pollnomial olthc scc

ondoder.a!dcscribcdbycq(1)and(2) wcnccdpolr'nolrials
oli highe.ordcr. Eq (7) wilh k crlculaled rccording ro cq (8)
is actually r bc(cr approxinratior ovcr a lrrgcr speed range.
\ee Figurc 9. Bclo{, 165 krn/h the spccd c.ror is less thrn
7 km/h., 5.5

vr(v2 volin)
(8)

Figure 8.
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4. B€st-Sp€ed-To-l'ly
The belt stccd-to-fly. VMc. crn bc calcuhtcd as (sec

Reichmann (l))

. I:;

W\ rs the rate ol sillk ol the rrrmass
W.; rs the rdte ol clrnb rn rhe nexr rhernrrl
! and c are constants, see eq (1)
We idcntiry a and c in eq (6) and by using k we arrive at

,, - /-fF. kv/v"- i w, \'1

""Vl ' 05k 1ln1
which can be wriiten as

^ A; ,\,,\*L,4 -w. 4''1,-V -

( l1)

We are interesled in fiDding the specd in c.thn xir which
nreansthatWs : 0 A new approximation is cntcrcd, which
says tha1V2 : 2vni.. Eq (ll) can now bc wrirtcn rs

(12)

K,6aR ASWl9 Discus

Eq (12) Eq (12) Ert (ll)

0

I

l
3

5

83

98

l9
l0
40

50

8l
99

l14
r28

140

15l

86

121

r{1
157

112

186

l0l
121

143

160

175

189

00

l8
48

56

6l
65

02

:5
14

6l
l6
9l

Table rI. l h€ sp.ds m v,lid for , *inslodins orr.spondins b lne enplJ
*eight of lhe slider plN 90 kg.

W.r is the Maccready sctting or ring selling. Table 2 is a
comparison between cq (12) and rhe values calculated by
Johansson (2) forthreediffcrcnt gliders, Ka6CR, ASWl9and
Drscus. Eq (12) is a good approximation of VMc for the
Ka6CRand the ASWl9. h is xlso good for the Discus as long
rs we are above the bcnd."

5. Conclusions
II wc know the speed al lhc minimum rate of sink and at

thc sink rateof2 m/s $,e can easily calcularethe Maccready
luncrion wilh good afproxinradon. The speed eror- in rhc
usclul speed range. is less than l0 kn/h.
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