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ABS TRALT

A dynanic conputer study of sus-
taincd thermal cross-countrv fliEht
usin8 the so-called dolphin" tech;lque6
has been started. Tho therrnel modelallo$ lo_ l F : ' Lrf -o., sL-ror rl-

D_-1: ;.€rJ r- 'lr^ ara -j ori'lt
the necessity of aLlo,,rinl: for three
Cifferent fLight nodes i.n the conpu-ter ]rrotra,n. ifhe besl point for be-
ainnin8 the puu-up v/as found to be aL

v

d

e

some distancc 1n advanco ot ihe lher-

olti.mizins for lrhe be€t nonnal
load sequence in doing the pulf-up
an.l the push-do,,rn caffs for rnore con-puter vork. Rclevant studies arc
going on and results vrilf be conpared
lrith circling cross-country flight
perf ornance calcufations.
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tino, so at l)rcseqt orfJ: tie c.rrrlfuL-
Lng methods and prelinlrary resuliF

Since the advent of really hi8h-
lorfOrmance sailplanes and nodern
cross-country f1i6ht rnethods the so-
cal l^o oolp' -.vl-.10.6: of
sorne of the lhornals (i.e. ])ullins-
up ryhile entering the thernel andr. ^.o1---':r- .".-r Ity," ts1"o1
lt .11 - r.:A r " ilht) s) our , b- i,
the relertoire of every heen sall-
lfane pilot, llevertheless, at the
nuronech Cofloquiurl at Obervoffach
last year most iiarticilants did not
knov cxactfy the best ivay to do it,
I rl 'nsf(i1 u.icrt leel or rL c oI
lhunb r.rethods.

Sjnce then tvo attenpts to fill
in this AaIr at least partially havc
co1, lo tL o" 'p aul\or.
Par Bo 1i (1) pr- -'l - ' a lrrsL
ofder aplroxirlation for a ,railplane
crossin8 an isofatcC thernal assuil-
inA unll nlted !ianoeu./rability and
no nanoeuvring dra8, ResultE ghoved
tho poDslbiflty of 9 seconds tine
naving lcr thernal by doinf the
crossinI throughout \'/ith the alrpro-priate rlomentary Xacgreaaly spe€d.

Mgr. inz. Andrzej Tonczuk (2)
inve6tigated dollhin cr:os6-counlry
speeds in thelrxal streets oI coniilant
lift rviLh conlrtant sink betl,/ecn then;
likc',vi6c nithout accouniing lor dyt
tra!1c 6ffsct6.

to'Lr 't ud,^E a" .-vi'lc th r
intended Irur])ose ,fiell, but rule of
lhumb calculations and prac Lical
ex])erioncc sboLred time-sleed restric-
tions and the influence of nLanoeuv-
ring drag not to bc nelliaj.ble. So
the necessitJ of a dynanic cafcufa-
tion ira6 indicated. The prc6ent
paper,i6 an attcmI)t in this directior,

At f:Lrst, a t}ro-larameter invos-
tigatlon rvas considered, but thls
I ,"b-- | .' d ' | 'o b- loo ol1 '11 -tic, ol1r preBent !ro[ra,'n6 invo]ve
three larareter6 - thornal strength
and dia,ncter, and gli.lind and cl-imb-
ing speeds. '

Tho resultin8 increase in con-
puting .,,/ork nade it imposeibfe lo.o:r'l ' r.ho). 1. r' :L: 1'Lon ir

For circli)re cross-country fli8ht
porfonnaDce calculationrJ nost authors
prefer to u.ie a parabofic thernal
t.-locily/radi'rs relationshit, lleed-
less to say, thls lractical- sirnlle
allroxilnation docs nol \'/orh beyond

1 6 01'. .1 .l^-r - ^r
to saJ'in ihe dor/nCraft relion sur-
rounCintr the tlLerrnal core, Jn Mac-
Cready calculatloll6 doallog rith hlgh'1'"1 fol oi. or 'r.;r ' I ....
of sevoraf hilonetreE, tho6e felr hun-
drcd rnetres could be safefy nc8lected
indeed, but here this is not the case.
Therelore, a mor-3 alrl]]o])riaie thernal
velocity dlsi.r:i.but j.on had to bc sought.

The relationship has been vritten
in the forr :

c-c"e (F/'[1-(f)t] (1)

,;l\ rP{i' .,1 Lo r."l ^ and nominl-
th.rn11 raoiuE I a. fr"- !rra-af6-.,

Th- rL^l..]a- c-o- -. o o. i.r
6een in llg. f in non-dlinenFional co-
ordinates, No claim for theoretical
exactneEs of this model is made be-
cause in devefoplng it, the fulfill-
nent of the contlnuity equation has
b-"en kept in nind only, other consld-
aratlor]G belng sl-n'11clty ,-n handutra
and aound proportl,orB.

For taranetrlc sludies non-di-
nensional parameters incorporating
therrnal laramelers suitabfy related
to allr:opriate sailplane ones night
be usefrrl, Ior cfimbing in an iso-
lated thernal, the fo1lo,,ving sailplane
pararneters have been choaenr .nininal
sinl! " .no th-.o.er;.rl drnimal
radius ol turn (vith n - -)i

t. TH E RMAL MODEL
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R-=#/T*r" (2)
I" re."al t:jld.^ suppo-"d roo st. I ol -qu-11 I 1a^-o ror"i o.

r _6-' , r -Jo. on6 no^. pi-ar6 br, lr.n6I'. . ol " cr"al *o/ , ,i. .lso tor- ra.(-. i fo Lo.. :t--.r-io,. ir_sd l-166 panT6r r' t.fir i.p Fnetn----- fi-Ld r--: "aj(j"al ;p.jra Ico, r .r"lal rad:us R a_ o rn-rnal
cpacug S.

_ A' i- s 1'.--aajatr,
". r- -olo l" !erarr-.er. ...d,1e''-c I - -o be .o"birco w,"h .lle
l-l^" o.":. ..: . - frpl'es, p.._
'bl cl "11 :-1.' . - -r',:._

' 6 r 6 c^"/ .1 lc - -io bet\r.crn"""ut 'ou1.' - ^nd +l 6 rh6-"1al
I :- r _t - or" . t r.e upor.rf-ij. (a .- 'o 'oir't oL. t...-;-L r'-/5. - I i- o." 1ou . , o- ,he

n. ru- L .ro .- I. r ..-.1,, ftL-"1,
.1 :l l€- ,.r . -.,r o i- mo".closelJ associated l,rith bhe needE ofdgrrl 'l .e . -.or.i]-t for r ^.i ,l^ t 6,, L^6 t r l'hL
lreaent laper reaCs:

x=e+:ffi,,,,
Ihe nain consideration 1n rts

choice was that for a given thernalr: 1 I rL has th. safl. value lor c'r-
cflng and dolphlnlng, ,'herea6 the
other is diffexent for the tvo cases,
naking conparisons difficult if not
inpossible. 2R,/s values over 0.4 are
ercluded from present lnvestlaation6.

Coftbinina then rvith c

yields the therlal nunbcr:

9=

ard ll

&-R
Wmin R"o

(-)

Figure L Thermal aod Thermal
Street Hodel EQUAlIONS OF MOT IOI\l

With increasing thernaf nunbers
higher cLinlring speeds jr circlinE
ard/o' ro-- 1eign. tai. i,l ro .ing
the thermaf are to be expected.

In terms of fllght mechanicE,
dofphin-styfe thermal flight might be
clagslfied as the longitudinal notlon
of the sailplane under the inffuence
of both varylng vertical wind gradiq1t
and pilot-lnduced change of the lift
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coefi icient. This conpficated !ro-
bler"n obviou]trly calls lor sone kint
of simplificaij.c. nct alfectlng the
influence of the nain dynarii.c tara-
meters in the :rathenaii caf iieatmenl.

Ihr€e po€61!l€ Eradg8 of 61!pu-
fl.ed colrputatloa have b6gn coi8l.derc4.

a. Son^ ILind of quasi-sl.aLic
cFl.ula-ior d':.. (1) ir.l (2). l;lLile
beine necessaTy for estiDatin.q the
possible gain ln perfor$ance and thus
establishlng a reaBon for more elabo-
rate rgrh it is liLelJ to hav€ ssv€r-
eI aefiour fldtatlons, 9. g. the
inablhty to account for fosses due
to abrupt dyna.nic rnanoeuvres.

b. Dynanic calculations vri th
tvo degrees of freedolr. Tbe sail-
plane is nod.ll.n as a hs^- FoirE('rav1rf, oI cour.-, li lr an I d-ar),
heglecting the 6hort perlod longltu-
dinaL oecillation and slmplifyin0 the
lhuSoid node. This kind of traatnent
6eems to be the nost promising one
for the monent, giving already a use-
ful anounl of lnfornation \,rith rea-
Eonabfe conputer times and vrork.

c. Fully d.vnarnic calculrr rons
involvlng both longltudinaf nodes,
drag due to elevator deflectlon, ctc.r
nay add stilf sonething to accuracy
but they require much nore calaclty
both in preparatory work and 1n con-
puter ti&e than i€ feasibfe.

Alter weiBhIDB al1 the odds, a
two degree of freedoh dynanic analy-
6is was attenpted. In the Ert co-or-
dlnate system vith axes tangential
and nornal to the f118ht path, and
wlthout thernal action, the equatlons
of $otion read as fofloll,s, Fle.2,

o\
\

Figure 2. Forc€s Acting on
the Sai lpl ane

In accounLihC lor thernal li.it,
a sornesihat unusuaf nethod has been
fo1lo',rei. As is knovm, lrteady ther:nal
lift do--s not alfect the balance of
forces actin: on thc sailplane and
dynanic eftects orilinate .xclusjvcly
froq tlle gradlcnt of the thcrnal ve-
locity. This Sives the Fossibilityto bylass Lhe aerodynarnic calculallor
of varyi:ls fift cceifrcicnts by $,ork-
1ng in an acceleratin8 wi.n.i co-ordi-
nate system, The apparcnt vertical
acceleratlon of thls systen noviDg
vrith the sailpfane ma)r'ne detcrmincd
as folfo11s.

The thernal velocity at x+dx l.r

!
/,,

'Y;=<",
e (t+fcl*so))

111111.1111

G-4Y= - Gsn e- ensgdt
(5)

c(x+dx)= c(,+S 6t= g14+Cdx <zt

9f=n6- G-sO givin{ for a plane rnovinc }rith the
horizontal velocitJr cogponent v.cos 0
tho al)pl.rcnt vertlcil accelcrationgn

(6)

:13
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viln- vc'cos0 (s)

In thiE .ilind co-ordin.ic systcn
tbe force ol ineriia i.s

$w.=$ve "*e
(9)

The eo,uations of notior lor the
saihlane in a thernaf are therefor-':

€# :-tfi . f c'coso) cne-ens
(10J

$ * : ns -e(r. f, c cos g) coso

(ft)

# = - g [tn *(l * f, acos$ 
"inS

(1oa)

+ = +[t-0.;c'cos$cose]
(tIa)

In view of the nonllnear rela-
tionshlp €= €(cY) = €(v,n)
it \yas felt lnpractical to atienlt an
anaLviicel solutior of thls d'"feren-
Lia. .oua ion sY^Lem. A kind of
lirite elenenr m''lod l^aE be"r tr''d

3. COI4PUTE R PRO6RAM.

The path of the sailllane through
the thermat nay be divided into parls
lccor:inc o l^o .t a--.r !- o --y: 

r

Fj :. :. B "ore e'ro_ji h' Fn __.1,
n iq. 31 | rr 'p-- I vs is lP-

Dosecl 'o b. le I . Tr ' ' :6.1r' I !arL
1 pj.lo' . -DL 1 . 0'o ' i doun

to the ctinblng slecd ve(scctlon
1-.). -- '- l F p--' a -o ^Len',
bee. (r ) c,iflo 'o'-o.1 ('^'or
.-C). - |.or, t. prr' i a _6-d.ca1-
bratloD -o,6 - id{:1;. p6ed r

(c-D) foflolv--d bv the frfth lari,
a con6ta.t speed (r'.) glide to ihe

'. .r '-, ron "- "o'rp,. i !o" '

of rieu. . e_ a'e corsla' - spp o an l

v-_iro e 9p'.4 s ions o bc d'.f(
lri th.

Fl g{ re 3. Sketch
P.th Throuqh

t4

of Dolphln-Flight
a The ma I



3.1 Con s tan t Speed Sectlons

At v=consr., dvldt = o nq. (]oa)
assu1a5 the fo1lo1'rina shaPe:

0: en+(1+tc'cor8)sinO
(12)

n:- ogo (+f,ctme)
'.lj

xq. (11a) renains unchan,jed.

The pracL.cal co:nlutation is naCc,.n the foffolri.€ 'nanner:

?lhe cectlon i6 l-,rolicn doirn :Lnto
lath eiencnls corxcsponciins to 0.1
:ec, or even less flyin; tlne. In
cach eler,9ni nornaf accelcratiolL n,
thernal ilft Cra.licnt c,, [fideratio 6 aad (air) lfllht path radiue
r are asri[ned Lo rerai.n constant and
cquaf to ihe:ir r(]spective nean values
at )r= (:{- +x^)/2.

The frrncriors sir 0 and cos 6,
reslectively, arc alio conputcd lronfn- ---r vJ .L 6- (e1+€,,)/.. :.-xri.-q :l bdur L. 'o '-. u f .11-
succcssive aptroxinaliof r.

TECHNICAI SOARING, VOJ,. III, NO. f,

lo'd - or_r'ao _o r- oeva oJ o t -' '^ . Cq . ( lor) 1 , (11") rav o.
used here in their oricinal forr,,.
eo.uifibdrr! condltions beinj attained
aaa.lE by'1u1.ill- .uc^^ss ve r!!royi-

lilith thi6 tylre of path i)lenents,
smoothing of the flight parafieters to
a transition into the foflo\ylng con-
stant sI)eed section lresented still
sone Cifficufties and could not a1-
vaJc be :'efiably achieved. So, a
third tiijre of })ath elenent giving de-
coferati-i8 ar.1 accelerating fliAht at
"onrfant attit .lc e = con.t.,
"- 6,1/-.0 - b.i-. ^o.s,d,--o.ln this case, from nq. (lfa)

n: (1+f,c'cos$)cos8 *r )

Conbinina llo"s. (14) and (10a)
gives - after the usual successive
approxlnraLions - the required ffight
tararieterE. A trarGitlon Eection of
.onstant attltud c cfenentE,,v:111 be
forned after cach of the lull-up and
re-accaf eration. s-"ctlons,

3.3 P roq ram Structure

A ffo,,v-cha!.t of the ALGoI, coDpu-
ler lrofr'an rnal be seen tn lig. 4.After readinE the input data, ihe
l.' hl p.t r, -t.-r i I '-oY poirL x =
-2.5R, and other flighi paraneters
are cornputed. Constant air speed is
hofd on thls section, so procedure
CIKL (for c]-ft! ) has been buift up
around lljqs, (]J) and (Lla). After
each consecutive fft8ht path elenent,
a control for reaching xA is nade.

Aftea pa66ing xt, 1n the pu].l-u!
aectlon, the challgs for
DELI ( for DOI,PHIII) u6in

procedure,
DELI (fox DOLPHI ) u6ing rqs. (IOi)
and (tla) 16 nade. Tbe co;rect narl-
pulatlon of the nornal load factor n

InitiaflJ, for these larls a
simlfe constant lonAituCinal accele-
ratio. or decelcration path elenent
had been thoudht of. In scvcral- fu-
til.e attenlts it failed !o Sive ac-
ceptable transition to the n-o;rl con-jrtart 6!eeC .eciion, so a lath -ale-nenl uith prescribed constanb nornal
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60 a€ to ])rovlde for rell.abL€ pu6h-
over to the lnt€nded cllibing 6peed
ve 1s not ea6y. The preaently edopt-
ed 6olutl.o! is rather conpute! tlde
coq6u[In8, therefore, tho in6ertlon
of a 6ho?t transltion Eection is 1n-
tended. 0aLDg thi6, after touchlng
tbe correct (alr) aljldo angle for
constant 6peed clJ.nb 0" - at thetsver
6!eed - 1t rllf be Eritched oyer to
consteDt-attLtudo fll8ht. The !roc€-
dure KIFIT (for RUI DOIll) eEploys
rqe. (r4) and (loa) ard a r'€gular
check 16 [ade fo! attahl-Dg the fu-
tended clllbtlrg speed 9e.

(

Ihe co!€te]rt-6tr €6d clfu! sectlo!
la roak1n8 on the sane llDes es the
flr6t gllde aEctl,ou.

Ihe r€-accol-oratloD 66eDa to b€
the Lost dl.ffl'cult part of tb€ coLtrru-
tatloD and rlthout a subBequoat tren<.
fio! aectlo! a satl8factoly I'uIl-uI,to ths corroct glldfug €Ire6d ys c6t!-
lot b€ take! fo! 8ratrt€d ln €vely
ca66 rithh the 811r€n aolodJrDaDlc
boundarlea. I!66rtl-oB of a t!aBsltlod
BectLon 16, thergtore, a lrocesBlty at
tbla pol'lt.

llhE subs€qu€lt AUds to r - 2.F
1a agel.tl a loutlE€ con€taEt-€!€ed
operetloD.

Ih6 nonoDtry valuea of eIeBeD
fljl8ht pe-raletetE a!6 l,rhl€d out
dur1trt the rhole coDputation, hor-
ia1\r et tho €trd of each t€nth patb
gleDsDt.

If, ac lne ead oJ the La6t fu8ht
aectl.oa, th€ sal.lplano la belor thg
atartln8 hgL8ht, the cotrblDatloD tb€F
ba]' - fliabt nod€ 1s conaldeled to bs
unEuLtable for 6usta1!€d doldrl.ll
fll"8ht. If a aet bet6ht gal.a ha6
been foundl et the oBd of, th6 61Dk
beli, tb6D the plocsss ta colpleted bJr
colputlD8 tb6 A1i.de dl.ste.Dco to
h€i8bt zsro alxd the cro6s-courtly g!
deerd 6peed YaT.

Cdtt
F@

-4

-r.-lq{d

)\
{'
F

IMIIsIfl)T

Co'rl
GLI

uto
DE

\

!16

'v
'{ END

S.5R+ H/e

END

4. PRELIl.llI.IARY RESULTS I

I

Figure 4. t rolvcnnrt of
Computer Program

?he t1.6t questloD to be ssttlei
*aa rheth€r th€ outLln€d coDtrutatlon
gl-ves a EufflcleitlJr accurate a.nd d€-
tellod Flcture ot th6 douhj.n lltSht
procaaa o! Dot. .l 8].arce at F1&. 5,
shoil.ug 6o[e ol tbe r€gults fron a
progra! te6t run, lay b€ of trrfortla-
tLYe valuo.

CoD?utatlolE bavo b6en laoe u6-flg the Asf,-l, lolar convolted to t:re
helaht ol 1900 !6t!oa. Iherlal data:
dlarllud upd$tl eo-J u,/eec, aonlnal

the

16
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radlus R = 2OO [. o].ide speed vs E

1J9.88 kvh' cllebln8 epeed v€ =

I0I.09 kn/h. The Prll-uP tas liade
rlth ; norDal acc€I€ratlon ! = I.8 uP
to 0 h . I5or puEhlDB th€reafter tlth
tr = O.75 to e = Ju and 8o1Eg fllally
rlLhn=Ito 8s = -1,5ro. The

lush-doYn lnvolved n . 0.?5 to th .
-15o, then lulting B = 1.8 to about

o = -6.20, €ndllDg tith tr=I to
reacb agaln v6.

a. re-acceleration la Buch
longer than pull-up

b. tbere ls a fairly sharp
apeed dl6coEtlnulty at tra!'-
Eltlon to g11de.

Th6 flr6t probled i6 not a serirue
ono slnc6 th6ts 16 no need to nake the
Inrll-up and puah-doan atrlctly aybnet-
!1cal and 6ince the l)rocess naY be
accelerat€d at 1111.

But the speed gralh ncornerrt
a.e. acceloratlon leak at the be81n-
nlng of the gllde 6hou1d be elldiDa-
ted, for thl6 k-ind of ha.o-fl6ted
batrclllllg (e.8. pulllng llore than 2
g-s for sone te;th of secoDd6) bY ex-
perlenced pllots calnot bo accepted,
In6ertlon of a tranEltion aectlon aE
eentloDed above aDd aB Bhoyn 1n I18.
4, 6eens, thereforer a bu6t.

ffi Th€ dual hel ght/enerSJ _helaht'-- diaara.n is in6tructlve by olfering a
cohDarison rith obseived therEal
croislngs (H) and a ralid 1n6i8ht trd,o
the energy managenent (E^). Th€
upper branch o-t the curvg (H) 6eeE6

; to be ln falr asieeneDt rllth the
u6uaf lflghl pat'n pro1f te6. lrne
lower branch (H^) 16 Ehortna quite
u6ual flight path

n

I
Fiqure 5. Selections fron the

-Resul ts of a ComPuter Run

On tho upPsr d1a8!an sho{lng air
EDeed aEalDBt dlEtance covered the
fir6t h;lf to x-o EaJ b€ describod
as nor[al. In the seco[d half of th€
cros51n8 t{o a'trodalle6 sr€ to be
foundl:

f11e6. The
I+ lower branch (H^) 16 EhorLna quIle

clearly that Ehgre i6 no energy galn
?xcept ln the inner Part6 of tho
lhernal, about 25 to 3O hetree invalda
lron the 1lft boundary. Spectacular
as the zoon up nay b€' it 16 contrib-
uti[8 only lndirectly to tho net
h€ight gatn, by nakln8 po661b1e a
loBgex 6tay ln the buoYant thornal
core supplying energy.

The in?6rfect prelinlnary conlu-
ter runs lndlcated no absolute optlna
60 far, neveltheles6, they Save Eone
practical hlnta.

The be6t cfldblng 6peed ve to be

arrived at after the I}ull-up has been
clear prevlouEly fron conDon-6ense
and as Btated by (1). In the oPinion
of the authotr it doee not ldale nuch
difference xrhether tbe I1ft i6 croaEoal
at, say, the speed for alninoun aink
or at the thooretical Macgready apeed,
6orne one to three klloroetres per hour
lorrer and changing coDstantly. HeDc€t
{e can concentrate on fll1dilrg the
oprimun polnl for slarLlng the pul-L-
up and ihe be€L load faclor (or' nore

l
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correctly, the be6t sequence of load
factor6) to execute it.

IlB. 5 Ehos,6 the dietance covered
durilg the puU-up to be of the 6ane
order of nagnltude a6 the therlxaf ra-
dius. Should the 61ov-down be initla-
t€d at the border of the thernal coro,
then no6t - if not the shole- of the
Llft vould be traversed at high 6pe€d,
nuch above th? optibulo, So the beat
place Lo srart the pull-up i6 at
6one diEtance before enLerlne the
updratt regloni-TT!. 6 shovi energy
h€ight (HD) at x = O over xA for 'lv.
collputei I'ul16. ror 1l1creasln8 lead
dlstances definlte ilrprovebent has
been registered a6 against circljlng
thernal cro66-country tactic6 yhere
the domdraft belt 1s crosEed best
at the approlriate llbccr€adi s?eed con-
tdencing the pul1-up only after enter-
ing the lift regton.

?he ?ioblen of choosing 61of,
against abr:upt pull-up cannot be de-
clded a6 yet. Oach of thelx has lta
nert-t6 an-d ctisadvantaeies; the fiiaf

choice xrll"L only be po661b1e after
nuch nlore aJlaLysis,

SoEe conxparativ€ cal"culatlon6
of circll,ng cross-country fllght per-
foahance have aL6o been nade, but
thele 18 no polnt lll glvlng detailE
before flnlshiDg the do1ph1! fll8ht
6tudy. The non-dj,hen6ioBa1 larane-
Ler6 p ano x proposed in lLen I
turn€d out to be uBable, the forder
allowing a fa.lr approxiDation of the
oDtinu-o .rate of clinb in tbe the.rloal
aia the laLte. (or rp and zR,/s) 1ndl-
catine the greatest cro6a-country
sp€ed !o661b1o. In cilcflng closa-
counLry lllght, bhe orean €peed ia
lncreaElna Ylth d6crea6lng 2RlS,
attalnitrg attailling the theoretical
lhdra{ !1666-6qqDtr1y 6peed at 2R/S
= Or t.e. at E = - . I'or the dolpbtur
fl,ight the reverEe of th16, a high
percerLage of updraft region, i6
beneficial. conBequentlyr there vill
be a loYer linlt on the thernal
street nunber for Eu6talned dollh1n
fliellt alxd the character of the ther
[al fleld rill idpose the best f].16]r
inode (clrclll1g-, dollhln- or rolxed
ftlght ).

--+- nrn'',.\nro=08

-o- 
nt r.l.\ nn'QiJs

m -&0

Figure 6. influence of Selecting the Point of Pull-Up on H0 at x = 0
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A conputer 6tudy of dolphln-
6tyle suetained thernaf cro6€-coun-
try fll8ht haE been started ualng a
vanlant of the so-called flnlte-ele-
bent &ethod. Ths theraal Dodel adap-
ted allows for the approprlate down-
draft belt sumouDdlng the thernal
core. The equations of fiotjon have
bBen Eolvecl for shorL palh- (ano
tioe-) el"enents 1n a 91nd co-ordiBate
6y6ten accelelating accordlng to the
thernaf gradiebt qnd for ihree ff18ht
dode6i conEtatrt €peed, constant nor-
xdaf acceleratlon and con6tant attl-
tude fhght. Thus' falrly detailed
and accurate codputatlon€ of thernal
croesiug6 could be nade, reEultlng in
the ffl8ht path, energy helghtB and
other flight paxaaetera. With a 6uf-
flcient nuhb€r of 6uch conputation€,
It ylll be po661ble to dotoaDlne the
optihuro positior and nethod of !uI1-
ul)s aDd pu6h-dovn6 h therloal cross-
lng€. It 16 hoped that 1n a conlara-
tlvely short tihet 1t ylll be po6al-
ble to glvs a detaiLed plcture of the
?robleE.
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