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How Glider Pilots Get There Faster

The optimisation of flight paths for sailplanes

Frank Irving
Repri nted il;:,ili;'i6i: & GLIDING

C0lttENTS ty Pobert T. Lamson

This is the best article I have seen to date on speed flying. !.lhen reading
thi s paper a pilot should reapprdise his oN/n techniqite.

l. Holv do you go abolt pre(ictjng tlie rext thermal strengtir?
2, lloli co you estimate dverage thennal strength?
3. What "G" forces do you use in short r?ave lergth, high vertjcdl

vel oc i ty therrnal s?
4. kl,at is characteristic of your sailplane ving respo|se to gusts?

l,{trile the analysis is colrplicdtec
,JilplJ,re 1o d grvLr gust rt,-t is
couplcd with pil0t sensitivity to
in this drea can be investiEateo

Tire reforerces ir,cluced are vr.r-y

, there is d dyndfiic response of the
nr,lxinrized irr sorle flexible wirrg combinatiol
tlre use of tlie elevator cortrol . Teclrniquas

anii refinec by tedm flying on practice rurs.

gocd dnC most dre .rva'ildble througli 0STIV,

I lliliCDUCTI0I!

Fven jf thev ire not entir€ly farDiliar
ir i th LLc ,rr iq indl tlroorv . nrus t sod rj ng
pjl0ts will knor,.rlout the ltlacCredcy
rjng aro ri,ly r;el1 be acept iri its !se.
Both tlre tlreory a'id thc ce!jcc (or its
el cctroni c equ j val ents ) rel dte to vcry
c i rc unsc rj tJu6 cjIcLrnlstarrces al rouElt
they dre both essential to the
(nderstaNdjng dl{r practicc of teLhniqi,es
apFl icable lc nror'l1 qcteral dnd norc
realjstic situ.ltions. The object of
tl,js t,rp." is lo r'virr, I, c(nt ri',"r'ies
reldting to optirir,m fliqIt !aths anc
Lhejr influence o| tl e pilot's dctjons.
.,CLNSSICAI-, THI(lIiY & THE [lACCF:FADY RII]G

The "classi.tl " tlteon, is l)dsec (,rj ,e
analy5is of a sjr)gle cljntb-9lid(,

s€quence. The nearr rate of clrrb js
assuriled to be krrown, as js tire
tirfo.F0ncp of tnc sdilrlo,,(. . l.,.cssedds n llut oI clle rt!e ul s]til\ ,rtJlnst
'Orv.dr" Slp^n tnorr 5tFa4J , Ot.tl, ,',\ irr5till ei". 'he npt Lhdnge , ,,rlr,t i:
'lisuned tu lrc Zero, lli. diralysis is
' .rr,cLrnco r,itI f'n(.jn9 t,rc \p;( a "tr.r'rcl. l-h! .a I lp t"np shoul c ue r lr,wr
'rurinq tfle qlice, ,"61111q ir,Lr d(.a,ni
Li,e a'flnC1 of Cor,ncLr,.(r.t5, lr. or Lar tonorir,jse trrr ovr rdll Jvc|ng( :,per a.
rcSe LonStclerdti(rIs ledd to t),e

.' r'st.uL lrol of Ei9. I ur lrFj\ r i\ t,os, a
Lh, l:dLLreccy rirg {Fiq. ))\/, r(,i
' nJolps.tra-pilot tr .pq,Jl.,', r.i, ,"e, n
-!tr0l r,ot-Il . lr.ltor.! FClr'oro5 ..15
grven .rn excella!t njstorical r..vjcw of
tiiese ndttcrs so there js fc point jr
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repeating them here. As a natter of
jnterest, it is not obvious l.jny the
construction of Fig. I , which rel ies cr
the ll,e0n rdre of cl'llb, correl'ly 'liv, s

the instantaneous optimum speed in tlre
presence of a vorlirro dol/n-drdLql t. Tn

fact it does {provided one hds a

total -energy variometer anC the I oad
factor is always near unity) but sone
more refineci analysis is required to
show that this is so.

0f cl inrb" setting of the rirlg under
varr 0rs (ir fcullsldllces..
Slroulc it 0e the averdge rate of clinrb
in tne previorls thernL"l, or the firlal
rale of clirr,b i! t.he previous therriidl ,

,' tl,e ..tLLLed rdrc .t clirrL i/l tl't
n .' r.nrdl, o a vd;ue movir,l d!,r,o.
for tire iay? Fortun,rtely, quite ldtge
delnrtur es from tl e cPtjmun
trL, r-rnl Lol sl e(L lrJve litlle ' ffe't
on the final dverage sPeeor so even
pilol s Sul JLrir'q trum : isdpp' enLr sirir'c
perfo rm qui te ,rell,

In real I ife, there dre !drious
constrai nts tiij ctl do n0t appedr r'rr trie
s impl e Lljrr/glide,rnolysis. I'rerl hlll
rsudlly De d loh(t le1qr,1 limit dpplieo
'-u th( lligIl: onJ loher ar4 t,'e pilot
st0ps trJ,ing to sudr dr'o resigns t,imself
to ldrrorng. Liker!ise, there is
oDvioLsly dn Lpper I imir: e i ther tlre
rate of clrIIb becomcs undLLepLdbl] loh
or cloudbase or controlleo airspdce
i ntervenes.

A comprehensive aralysis l/r'ould tdke
into account such constraints together
wi th varying ihernal strengths and
variable spacirigs, perhaps such thdt the
piiot car only get L0 th€ rrext thernal
by flying at less than tire apparent
l,lacCre ady speed.

OPI I I4AL FLIGIIT STRATIGY

Such a -omprei,ensivp drulysis l,ds JtLrr
uonc lly Liil dno SdncL14 L;,0 rLgdrcpo
tne proDlen ds one in trdiscrFrc 
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p.sence lt a Il.wn cu e.t w

, i.q "^, "r"-pt-"i

I v./ill assume !hdt the reacer is
famil iar with the l4accready ri rg ior
correspond j ng electronic dLvices ) and

hith the fact thdt d totdl energJ
variometer i s essentidl at dll timcs'
Its indications will then depend on the
motions of the ahlosphere dnd the
instantaneous speed of the sailplane but
will be unaffected by the rate of change

of sDeed. ThrougllouL tnis p,lper, rates
of ci imb or sink are to be td(cn ds

rates of chanqe of energy height' l'le

will not conc;rn ourselves with details
of the instrumentation but !e $ill
suooo5e that $litll mocern equinrenL'
whether mechanicdl or electroniL, Llre

pilot is fairlJ easily able to rel"ld"c
his speeo in the lqdccreadJ tdsl Lrl'

The "classical' theory is verY
'idealised inoped. If one atter'rpts lo
agply il to a redsonably re"lislic frgl't
ii",,iricn aaio"ent climDs ano glioes oo

not dlvidvs involve equal hergl'r (l'dr'Ee!'
rt i 

't 

".oti's 
sorelrhot amDiguous' Also'

there will be occasions v/hen lldccready
muit-le aOanoonea if the next tnerr'lal is
to be reacheo. Such consio(rdt ions

"ioor."o 
i qre"rt oeal of oe'ote Jrrlll J5

iate as lggi on tlhat sho,rlo oe L'rc 'rd!e

sANOER ANALYSIS OF OPTIMAf FLIGHT
srR^T€GY: ASSUMPTlonS

IIIERMALS AAE COI'ICENTRAIEO AT SOM€ GIVEII PIAC€S
UNEOUALLY SFACED ALONG IH€ TRAJECTORY

THEIfi LOCANO S AND CHARACTERISIICS DO NOI CHANGE

THEIR SIRENCTHS AAE GEN

IHE ArR SETWEEN Ttr€itr rs sTILL

IHERE MAY BE UPPER ANO LOWER BOUNOSTO IHE OPEF^]

THE SAILPL^NE IS fLOWN A

ih: '. IGHT BEGIXS ATID EI1DS AT A GIVEN IIIINIMUM EEIGHT,

(r\)#.,

q rAcsL.aL,s,,NtaRBU'*.c',*"*"^"'***"^" ]lYN rh. _aMLO|RFClroir



The pilot has to decide hoh far to
clinb in the thermal he uses ard the
speed to fly ietween th€ tliermal s.
Various scts of rules can be Ceduced,
vhich cepend on the assurneo
constrai rts. Tlre dLithors consiiered
four cases, of !!hich tlre first t!'r'o !r'ere
not very relevdrrt. The fjrst ass{lries lro
height constraints dt all and ieads to
the sjmple llaccreddy result. Tlre second
dss!mes no rfaxifir! r al titude conStra'int,
llhjch leads to sorie odd-looking rules.
Tne Yaccready speed is always based on
the cl imb rate in the previous thennal .

I'Tuch more realistic is the th'ird case,
e/nere there dr ( both ninifium d o mdxirLm
altitude constraints, ledding to the set
of rules listed in Table 2.

16

IIiAXIMUM AiID MIIIIMUM ALTITUDE COISTNAITTS

\Lt

LIT'T AND SANDER OPIIMUM FLIGA] SIR^T€GY

fglEs WH€N IhE STRENGT I
I

Fit 3 ntagznt b.h.s he ap?tk:
\patrtt ate njt pt* ai tt)kn. snrp\ n, cartt.u tc h ti wtr I th): )'t

In the fourth case, the strength of
each themral varies vrith dltituce,
initr.lly ir.Lr(asing, Lhen cpLrFd<ira.
Altituce constraints are implicit in
such a distributio of climb rdte. Tn{}
rules are liste(i in Table J"

MAXIMIIM 
^NCL 

MINIM!M ALTIlUOES

NE MACCREADY SPEED CORFES'
PO OINGTOTHA] CLIMB UNL

2'jNTNELAITERcAS6.FLV

IN II ONLY HJCH
ENOUGi YO REACHASTRON

EEFOHE IH€ WEA( THE']MAL.

'FONG. 
CLIME TO THE MAXI"II.IM

6, HAVING CLIMA€O IO T'lE

M^CCREADY DOES NOT APPLY,

cfMB IO SUCH A nErcfr rN

l

NOIE ALTIUOE CONSIFA1NIS AffE IMPL]CIT IN SUCH A 
'ISI rarsurron oF cLrMB RAr€.

1 I'1E M^CCR€ADY NINC SE
IMS AT IHI 1r€IGHI Of LIAVINC

l

Tne overall aim is to do as much
climbjng as possjble in the strongest
thermals, since rate of clinb hds first
order effect on the averaqe speed. This
is a fajrly realjstic set of
circunstances and the rul,.s appear to
cofrespono wit! connon sense, except
that in some cases the llaccread-v speed
is hd ac on tl'e prcvious ct inb, in
oihers on the next climb, anc in sone
situatjons js jrrelevant. Fig, i shol!s
a oraphjcdl jnterpretation of trese
rul es.

Fo| o , dir ol t,rcrnols wr tn !iven
Cistributiors of cl inb rates, dt a
certa'in distance.rpart, this rule leads
to a unique solution !,rhich qives the
heiqirt to leave the first tl,erndl , the
speec to gl ide, and tire heigirt to rireet
the second, as shown in Fi9. 4. These
rules appear in Reichmann'a book5 ano
hao been aeduced some years earlier by
Anthony Ecliarcsu.

Al thougr Litt dr0 Saniers dsslme gti l I

air betreen the themals, it seems
reasorable to suppose th,rt in the
presence of a oorn-current, one simply
follows tlre l.lacCready rir9, havirrg s€t
i t i n accorddnce ki th these rul es , I t
is notewortny that al thol.rgh the
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RATE OF CLIMS VAFIES WIIH HEIGHT lak'ing the siflpl e cdse of a cl ouC
s t.€e t, !Jitl! som€ prescribec

I distrjbution of vertical velocities, ihc
qucst'or,s wlrjcr' drise dre: i5
contjruous fliglrt possiule subJect to
so re condition Iike zero net Ioss .rf

I j errergy ireigirt? If it is, liolt slroiil0 tlre
. firachine be flo n 5o as to irdximise irie

' speed?
By consioe|ing tlre case in kiiich the

.loL( strc, t iins olorrg L4c Lesircu
trdck, I made d nodest co|tribution to
ttris nal LFr u1 appl; irrg Lr,e LdlLulus "lvariations/. The resull sr,oy'Lo tllol
one should proceed in the luldcCready
fashion: set the ring datum to soine
climb figure dnd then fly accordilg to
its indications. But what cl inb
setting? Tne setting now appears in the
calculatiors as sometning much nore
abstruse than sone preceived rate of
cl imb: it is the reciprocal of a

Lagrdnge mul ti p] i er whose val ue .lepeDds
on the characteristics of the !/hole
cloui street and the constraints. In
practice, it l.loul d have to be deterrlined
by tri al -a nd-error.

At tllat tinre so're simi ld. dralyses
dppeareo eg.b.9 v.niLri dssunlLc - d5
does the "classical " theory - that, fron
the point of vie of the sailplane's
perfornance, the lift is substantially
equal to the weight. 0n the otner lrano,
from ti/e point of vie! of the pilot's
actions, jt was assumec that he coul0
i rstantaneously change speed to
correspond r.i th the i4dccredd)
indic"tions. lt be(dne rdslliordble to
inculge jn fairly dbrupt pitching
maneuvers Nnen adjustinq tne speec so
that the fl ight path became markecly
undulatory {anc emetic), like tn,tt of a

dolprjn. Another I jttle analysisl0
snolred that this was very reasondble: if
properly conoucted, tne shdrper such
maneuvers biere, the leSs the energy loss
due to the changes in incuced drag.
Holvever, if significant portions of the
flight path ltere to include flight at d

loacr factor (the ratio lift/height)
other than unity, tnjs represelited a

ndrkeC departure from the original
assumpti ofis.

Cl edrly, the $nol e matter was getting

)

)

Fe 1 Dtaatan ta sh.* the apprcar .t the E.twatds Fbahnan.Llnaid sar
anes wtn h.rqht Fat the:rrtplan..rrrtderc.t

classical analysis was based on very
restrictive assunptions, the result is
stili rei evant.

None of the above rules can actually
be used precisely as stated because they
involve powers of prophecY. In
pa.ticular, the most realistic requires
an dbility to forecast the locdtion of
the next thernal and the distribution of
rate of climb with height. Some form of
calculator would then be required to
achi eve a rapid solution.

Although formally impossible to apply,
this result is very useful if only as a

guide to nore intujtjve benaviour. It
is clear that the good contest pilot
must do something quite close to this in
p racti ce.

DOLPHI N FLYI NG

The "classical " theory is uslialy written
as if any atinospheric motiors betvreen
the t-hermals dre down-currents. In fact
ir dpplies to lertical almosl heric
notions both upwards and downwdrds so

when flying through a weak thermdl , the
pilot should redu(e speed according to
the incicdtion of the MacCready ring
(provided, ot coursp, thdt the speed
siror'{n is noL unrealistically slow). Itl
doilq so, hc extrd(ts solle energy lron
the;uiosphere. F lyinq siraignt throu'lh
thermals, perhaps pausing to circle in
the really strong ones is, of course,
frequently practised under cl oud streets
and can result jn verY hiqh speeds.
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too conrpl jcateo for the sjmpie
dr,dlvtical approq t so vdrior,s p(rsons,
notably Gedeonil'12.
71q"5e'n1 ),14,1r. de Junglo.lr r,,6
licl,r,.rn:lU in,,ul!, o :n ro,,pLtLri5p!
calculations of gredt complexity. They
all consjoereC an isolated portion of
the fl ight pdth ']ith a specific
di stri buti on of up ,Itd dovJn-currents.
The distriLution assumed by Gedeorr,
Dickmans and de Jong represented a
fairly realistic isolated thennal whilst
that of Pjerson lras a sinqle sine wdve.
The general conclusjons are sinilar and,
since Pierson's results are easjer to
visual ise, vc trill consioer Lhem il r,.ure
detail.

He considered the problern of
traversing such a vertical velocity
distriDution so as to riinimise re t0tal
height loss, With specified initial and
lirdl co citjons ol tlig t d,tc o-_er.vi"g
rhe stall dr'a naxinLm sper d liniLsl').
Sin'lar calrulotiol,s llerF dlso LdaIic-
o,rt.!1ith rdrinu'r spLeo ns tsne Ces:red
endr+-

In both cases, with fair'ly long
wdvelengths (lk1 ), the mdneuver is
qual i tativelv lvhat one !r'oul d exDect:
slow Cown jn the ascending air so as to
slFnd nore tile gdiajng enLrgj; speec
up'n lne cesLen0tn9 dt. Lo fecL(c tl,F
tifie in which energy is lost. lf the
wavelength is lonq and lhe vertical
velocities n0t too great, the speed
dCjusLnents hill dll Ue quit(r genrle drLj
the , esul t will bc sLbstdntially Lne
same as l'laccreadyrs (FiS 5). But wjth
short l,lavelengths a d ldrge vertical
velocitr'es, the optinum mdneuvers are
fairly abrupt. For exariple, in one of
Co Jonq s "xdrples. wheae tnc Lp-currcrrt
hds a oid'reter of 200 anq mdxitnum
strength of sm/s, the maximum load
factor was about 7ll2:

llot only are these conditions very far
from the unity load factor assufiled in
l4ac0ready fiying but it turns oirt that
Llre vdridtions in ludd fdclur, quire
dpJrt 'r ot.r dny dc(onpdnlj4g Spceo
changes, 'increase the extraction of
energy from the dtilosphere.

Fro 5.oprm ra.croryb"tub(qro ro7 ryp! tr 4r Dd niFcbJ ,eo bd

sd- l{ i

nt tono d\ - t^, ,ufoJ. .._,.,. Ds, 4

)n rhc tnk an Mt.Ma.Ct.dttr taject ty ttr.rr,.rLce,t h. 1ftt ta )

Ihis is crpldinca eleqonr,li jn pdpers
Ly Ccris(hl9 20. Ihe r;sutti drb ds
follolrs: If a sailplare is flyirg
steadily, descending at sone constant
rdte of sinl relative to air which is
dsccnding, tlren tltC rate Of qdin 0f
energJ aeigrrt is simnly the ;ate ot
dscent of the air 'less the rate of sitk
of the sailplane, as one would expect.
.ut it tl,e sailplorre is i.Lulging in c
pjtclring rnareu!er rJitlr a loac factor
other than unity, the situdtion becomes
that shovn in Fig 6. If the anqle
JpLheen the litL vlctor a o Tne dir
motion is small, then the load factor.
acts as an amplifying factor on re air
velocity. Lle can inCeed increase the
apparent thenldl strengtlt Just iry
pulling rhe stjck back. lloreover, it
may still be possjble to extrdci energy
fron descendirg air iiy applying a
negative Ioad factor. It aiI Iocks
ra the |jmprobabl e b!t it is jndeed
cLrreci provioc., Lndt unsT0ooJ lloH
effec t s are neqlectcd.

For a given sailpiane, there will be it
load factor, dependinq on the speed anc
the rate of.iscent of the air, trflich
ndxinises the rate of gain of etergy

z
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e\

dh. fdt - nw cos9 - uJU,n)
ng 6 Rats Dt t)ah ot or.'sr helqht 3t a \ah.1 ta..tot . whontrvstst.o tn a:nt.
wrh. w).r.rty w lhotat at \xtx v1E apptuptBb b the tot*atu \pe.d u dott tttu

height. The point is that the rate of
sink term is really the effective rate
of 'loss of energy height by the
sailplane at the prevailing speed anc
load factor. lncreasing the load factor
ircreases this rate of loss: if the
load factor is too high, this effect
wiil outweigh the "anplification" of the
thernral strergth. The optinum val ues
turn out to be quite high: for a
StanCard Class gl ider flying at Bokt and
oeeting air rising at 4kt, the optimufii'lodd factor is about 4.5- Such load
factors can only be sustained very
briefly: even at d load factor of J ,rnd
an initial speed of 80kt, the machine is
pointirg vertically upwards afte" 2 1/2
seconds, However, this interesting
theory does explain the following
resul Ls of the computer LalLuldtions:

(a ) For I ong riavelengths (l lrr or
lnore ), the optimun trajectory
requi res t4acCready-styl e .,peed
variations with rel ativelJ 1 i ttl e
vari ati on in load factor.(b) For short wavelengths (I/2kn or
i ess ), the optimun trajectory'looks quite different (Ftg 7).
0n encounteti ng tte up-cuIrent,
the pil0t should dive arld perfor8l
a pull-out ir thp risir,g oir,
followeo by a push-over in tre
sinking air, Ttris is l-ecause *riie

gains due to load factor
vari ati on now pre6omifrate. ire

{:onSequerrL id I specc vafidtioD
[ii glrt be .]csc ri beii ds
"drr ti -IacC r eaoy ".(c) There appcar to lre sonre
inter recjate concitiorls for Nnjch
eit,re. tyf.! of rrd.ject"rT is
'optirnum".

TTNTAT I v E fTULES

Apart froo the sinrplest appl icdtiorr of
the ltlacCready riIg, all subseq!cnt
techniques require poNers of foresigrrt,
perhaps even 0f proplrecy, The pilot
or'ly hds I imitec pohers of foresight:
he can l ister to pilots ahead of hjm 0n
tlre radio and he cdn look at the
clouos. But he certainly oocs not knov,/
tfe distribution of therma'l strengtir in
the oetail required. Neverttreless, suclr
analyses are useful allo may suggest
rules Bhich, al though not exactly
correct, may give so ethjng close to trre
i ceal result rithout involvrng
piophecy. {,orischlv, lur Lroirple, rr
suggesting the rules sholvn in Tablc +.

t_
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OO!PHIN FLYING

GORISCII'S f €NTAIIVE RULES

I AOJUSI IHE TVE'T6E SPEE' ACCONOI|iC 
'O 

IH€ SPEED
CO MAND OFTHf 

'IACCREAOY 'IIIIG 
FIT]EO IO AII IVfAIG

,!C TOTAL-ENERGY VARIOMEIEB.

PERFORM LOAD VANIATONS ACCOROIr|C IO INE flS'TIT
!,/V.OUS VARIOIIIETER READING fHE SPE€D VARIES. BUT
TIS AV€AAGE SXOUIO AE I'AIIITA'{EO ACCORDII{G JO TH€

-t

Presunaoly one coulo dda that the
liaccready rirg setting shoulo co[,ply
!ri til the Litt-Sdnder rules.

The coriscn rules leave the
tinre-coristant for tlre dvera!ing io De
Cetennined aflc lere tliere is scope for
furthcr l,vork.

Cc]NCLUSICI]

Durjlrg the ldst ter! Jedrs, c0lrsicer'dble
dd!ances have been nrace in unoerstarrding
opt ioal strategies for cross-country
llyiag using ,T:osll,, ,ic Lor vL(Liorr.
The |tidcLreadl, concept flds t'cen claril ieo



and the dynamics of dol phin flying are
well understoo.i- Tiiere are ir,dicatiorrs
that more sati sfactory instrunBnts
togetlrcr llith rulcs for their u5e ndy
e rerge frum tirese consi oerations. The
optimiSatjcns co|siderec here are not
the orlj ones to have received recenl
attenti orr. Trere i s, for exampl e , the
l,/hole nidtter cf using cloud streets when
tLrc/ rr- dt .ar,{_.tnlln ro thL .,, rlrrc
mean traLl eq, Zl.
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