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Nlaximising cross-country sDccd
To nraxnnise the specd in a cross countrv soaring ilight

using lhernrals. onc nru( lbllow three rules:
(i) Adopt a critical rale ofclimb. CC
lii) Circlc il, and onlr" if. the rateofclimb cxcccds thc criri

.Nl nrc ol clnnb (Edsa rd\ 'l 
h rcshold thcorcrn)

(iii) Cruise rr spccds Vc. such rlral

Vc; = (CC + Vs)/(lvs/dvc)

$here Vs is the glider si.k rate lMlccrcal!'l'hcorcm)
A Maccrcadr- Ring gi!e! continuous ad!icc ior rule (iii)

rnd indicrrcs decision points lor rulc (ii). Spccd dirccror\ do
rhc sirne more eflecti\ elv. but sonrc ol thcm ncglcct rulc (ii) .

There is no instnnncnr lbr advising on rule (i). although
the \eiecrion oi d crilicrl ral. of cl;mb is complex. It is l
lunction of thcnnal \lrenglh. rhennal spacing. $,ind lpeed.

Ning loading. rnd rhirude. This papcr Llescribes an inslru
rent that conrpules critical mte ol climb.

R les for delermining the critical rate of climb
Dctcrrnining the critical ralc oi climb depends on a pnb

lishcd rule tirr leaving a thcrmal (Sperght. 198:l):
''Whefl thennrlisg. as soon as il beconles aln sl ccnain

that one can rcach a (ronger thennal or dr. finish linc b)
cruising towrrds it with a ring setling.!udLl(i thcpresent ratc
of climb. l.a\c lhe lhennal and flv lo drat ring srtting '

'Ihis rule can be generalized to th. lbmr
RLrlc L Adopr a criricxl nlc ol clnnb such tlut one can

ahnosl cenar.ly reach either a thcrnaldrrt exceeds it- or the
llnish lrne.

This i! ! Survi\rl rulc ro be appLi.d $h.n thcrc is t
significant r isk oiouthnding. r\rblrmnlr'. o signilic.rnt risk i\



delined to cxist whcn lhe number of thcrmals rcmainin8
above mini um hcisht (HM) is nrorc likely to bc one than
llur tbc n)aximum thennal strength that onc can almost
certainly rmch is defin('d as that cxceeded by 99% ot fte
rhcrnal populataon.

When thcre is no signiUcant risk ofourlanding thc follow-
ing lbcing rule applics:

Rulc II- Adopr acritical rnteofclinrb su.h thal lhere is an
cvcn chnncc ol reaching n thermal lhal ex..cds it beforc the
dsk of oullanding bccornes signilicant.

Th i! ru lc cxpresscs the idea thrt onc should movc on when'
elcr to do so is more lilicl) to incrcase the cross country
spcsl lban to decreasc ir.

CC a Iirncti(,n of thermals to go
Br_ rulcs I and II lhe crilicrl rate ol c limb is maclc n fun.tnnr

of thenumberof ftennal$csliIna.ed!orc )ainon lhcglideprlh
rh.ad abovc rhc ninrnrunr heighl. H\t

A Io8-rornrirl dislribution of thc cenlrll vclocilies ollheF
lrals in tbo sky rt rny rinre is fit(ed k) bdrograth dr(a. The
probablinrc rehlion of crilical mtc ol clinrb ior lhe N'tb
thennal lo N is approximrd by thc lunctb.:

CCN=h(N b)u.vr| Vc

lvhere a. b. c are conrhnts, vr is the ccntftl veloclly of the
mean thcrn)al a1 thc ti'ne. and Vc is the sirl ratc of the
ballasr.'d glider $hile rhcrmaling. Thc nominal ratc ofclimb
ro be scL on the Maccreud) knob is NC = Vi '' Vc. NC is

rhc avcrage tutc ol climb rvaihble fnm ull sign ific nl thernnls,
includin! $ose nor u\cd lor circling.

Thtrmat spaLing
The mcun spacing oi rhermrls is takcn to be pft'portional

lo the dr icknes s ol thc convccti ve laycr cxtending liom HNl n)
rhe top al Hc. lhc liictor P, lbr 'Pr(ispects is subjectilely
cstimaled b) thc pilor, giling a 

'angc 
of\alucs |m 2.5 k)

10.0. The spacing is P(Hc HM).

Altit'rde
The height loss in cach incrcmcnr ofdisLance equal lo the

mean lhcrmal spacing can bc calculnred from rhe F)lar and
rhe rclcvant value ofCC. taking in!) account thc wind. The

h = P(HC-HM) ft
v...

1hc total altitude when (here are N rhcrmxLs remaining on
the glide pAth is:

tF*-l
H HH+pH( 

",(\i) * t"m-t
Ihus. bolh altitudc H and crirical ratc of clirrb CC arc

cxpressed in tcrns of N. the numbcr of thermals estim.tdl ro
renuin on the glide psth lbove nrinimum hcigbi. CC can
thcrclbre be expresscd rs a functior oi H.

lnplcm€nlalion
The in\rrumcnr is linked io a Borgelt slsrcm wirh a B2l

lrrioncrcr- a 824 spccd director. r 825 "NAV glidc com-
puter. xnd r digital eleclic altinrclcr. Nearly all ollhe inputs
come f()m lhe existinS systcn: rllilude H; polar curae ;nclud,
ing- bug lnclorand brllast; nominal rolc ofclimb NC from
thc Maccready krobr headq.indlailwind specd Vwi and
nrininrunr heighr HM.

,^dditionalpilot i puls are thc hcight ofthc top of convec-
lion H(.. and the 'Prospccl!" P, bolh entcrcd tr) kDobs. Ihc
!"lue of (hc crilical l.'tc ot climb (lC is shown oD a d;gihl
displry rdjacent Il) thc nchieved ( vcrage) ratc ol clinb.
'Ihcsc rre a angcd in the same scnse as the crirical heigha'
oi thc llo0l glidc cdllulator and thc ichieved hcighl ofthc
digitalallimctc.

A switch alloFs dre sysrcm robeehrngd f.o r "aubmrlic"
to lnflrual. fbr lhe crsc offie tinal g1ide. when thc crilical
rate oi clirnb should rcnain consunt.

'I hc lril ical rate ol climb is dilpl.rycd merely forrcassurance.
Its mai tunction is to modify thc \"rio and spccd director
rudio signals so lhar rhet gi\.c correctadviceon sp€ed !o fly
and rhcrmals to accept or reject. Bvcry halfhour or so, and
olr elch leg of the task. rhe pilo! must up dale thc various
inpuls: prospe.ts, hcighr of convcction, minimum height.
wind. nominal ratc ofclimb. ballast andbu-qs.]'hc inslrument
uillthcn seelo itthat hc stays air-borne and gets thcbestspeed
out ofthc thcrmals lhai hc iinds.
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