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IN'LROI]LJC I ION

ln r.c.r1t )car:i, thc so catlcd aoltlin
styl. ol gliding Fli!ht Ias bc.. u:rcn nlore
aDl norc oltcn in cont.st a d fcrlornrnc.
flights. Sif]l]lv extlained. dolfhjn lli!,ht !s
a r.ri.s .,f cli bin! (j. ljftl and divins (in
sinkl nirn.u!c1s in which the pilot xl rehprs
to ntrke ihe lest Lrs.: of tlie (o.L.litions Hhlr.
continuing to fly in r rtrajght linlr. tlscd
to cff.ct, tlLis slrle ol' llling lends to a
surprisin! incrcas. in cross counlry stced
ovcr thrt pr'edicted tr), l.jacCrerdl fomalisrn
Llnder t\e sam.' conditlons.

Tlie diflerence is duc to the lack of
kDo!'l.dCc, urtiL noi!, ol lh. 1rL,c er.,rll

I t.., I.l . .L

nasses undcr tim. varying l_li8hr conditiors-
(ioris!:! (Ref. ll .ecently tublished a th.o

1't u tr... ,,!
both dolthin and d)nr ic flight st),les. In
this t)rfcr (. frcscnt ! sun ary of thij
th.ort, togethr'r !it| tIc result. ol contul.r
experirents usin!, thc tlr.ory in I nunlcr of
rintI., Iet rcal ist i c, fl ight s ituat i.nr . D)
vxrvi.! th. flight taran.tcrs r'. c!n drt\'.i
necessrrily sinptc con,purisof bet{cen dolD\in
and \laccreadv styLes, a.d hotefully stinul!1e
fxturc dcvciop'r.nt of rn ottinial strrteg] of
do lth in soa. ing.

111ti0RY

ts nentioDed, we are interested ln tlre
enerll cxchangc bctleen x glidcr and thc sur
roundins air mess. ]\ funrlarnental fhvsical
rel.rtiorl sa)s that poLtcr, thc tinc dcrivati!c
of riechani c:il uork, equais tlre product ol' thc
Iorcc trflcciing a body .nd its r'.locity. Thus

in our casc, thc rrt. ol encrA) rrxJrsfe. is
given by thc product of t!'o vectors: rero
d namic lorc. an.l .hc ol)sc.r'cd !elocity of
thc !jlider'. Sinc. the forricr can b. r.p_
re.cntcd bI thc load factor. thc rrtc of
cnerS) transf.r rst strongl,v be defcldcnt
on thc g loadjn!, shich i. turn is undc. thc
co.trol .f th. lilol. tlotrc!cr i1 is ohvious
that e h:igher load Iactor rleans incr.ase.l
drag, thus thcre should be rn optimrl g-load,
for . farticul ar s itLration, dcnendent or the
local air Verticrl vclo.it) !.d th. eliderrs
perfornr cc. For the nathcii3tical trcatinent,
$e nalie the rersorlarle assum|tio. t\at tlr.
air mass is r.stlicted to vcrtical nolcmefts

Corisch's th.orI provid.s thc rcsuit

llat. ol tol al .n.r!) crch.ngc !

li-Ih {n\'.os'lj \' l
!h. e'l = nJ5 !r s lLj

'''''''.
\r = (vcrtical) vclocity of ti . 

'naisn - load IJcl or
| = anglc beL$een (\Jertic.ll air

nrass nov.n.nt !rLd thc lift
rrcctor oI tlre !] ider

v = si li.s sre.Ll of the giider in
5 .tll "lr

The optinaL g load turns out to be clos.
to thc naxinun pcrnftted g load at tle given
sleed, but onlv for reaso able inst.ntancous
air vertjcal velocitv magnitudes.

ilovernc.t of thc

\rel ocity lcsdlts fron its
10 thc surounding air rnd the
aif its.1I, thd is n.rsL,red



'lltc. al)o\.. rctrtion can bc iirtcitr.:rtcd
ut, r I i r- I rt rr.rt ot _l ,..-'r:J ,.., ,. it

tL :

Tot!l c crgr cxchanle,
rll = MlLr"i'+ tvtg{r. - rsltt
Lh. lirst t.rr .an l'..ori:riderc( J:i

rL'dolt)hin tc , rhcrcii the srcond rcpr.-
scnts tlrc ucll Lno(n llr.(:read! tcrn. thc
dolphir teNr is dcl)cndont or thc dit_l.r.n.o
ir vr.ticrl :r!ecd l,ctNccI .ntrv to rl]d .xil
l-ron! r th.rnr l, .lu_,.

A l-urtho. e{t)insior of (iorischr:; .qu!.
tions into 1]lc for)r uscd f.r tl)c lltrt!sis is
,,i!,"n l, r1,, ,\;rt.,\lr\. lur j, rull, ' 

jr,r'-
llicrl ol thc lhcLrrJ,, the|.c.dlrr is r.t('!rcd
to th. originrl f rl)cr-

( ti lr,It,lIl |1 sIr,lllt rl t()r,

'Ihc rcrl flight lrr(hs ot J flidcr Ncre
culculirlcd digit.l ly !n or.le. to obtiLin rdlc
vcnt {lrta such rr totrl c.erq! grin irnil crosr
countrv spccd, dcp(indcnt o th. g.loi(ling
l)rofilo Ni tliif 1 th.rnrl .

Otl)c. linnrlclors) sLrch i1:; th. ilren!th
of thc lhe rl, its prol ilc, rhc cnl rI st(\:d
of thc !lidcr rnd irs.DtrI ltlgtrt f lh rntlc
. 'J... t!...Ll. .1,,
onlv x feri c'ranplcs dis.usscd h.rc. $ith tIc
rir of sho(iI3 trcnd5, bLLt nbro crt.nl.d
c!rluation cri, easily bc l)crl_or cd !sir!t L ic
p.ogrin stcps gi\,cn in thc npllrkli\.

'llic r.:;Lrlts shoulJ tro!i(to thc cortcst
I'ilot \rith Dlorc hnotrledjtc rbour Io! to gct a
bcttcr.ross-cou.rtrt jpcod bt usc ol-dolplin

I)R IIiC I I'I,I:S

1)f thc l est ili.crrft N!s
carricd ort in thc vcrtic.l plrnc oni)., i.c.,
thc.ircraftrs foiilion corrld lic cxrrresscd tis
il hei!ht, ?, and r ho.i:on1rl (Ljstllrcc, {.
'lhe tlight t)rth is tlicn in r z clrrvc, tI.i
t)oints of trhich xrc cnl(Lrlatql .!cry half
etcr of thc x axis. Ihc fjrite stcl $i(!th

of 0.5 D Ie.ds to I negliSiblo e.ror.o€ lcss
thar l'r I)er lll(l m ftiBht tratlr,'lhL. ri r.raft choien for rhc a.rlrsis N!s
rn S-li ls, rhose I)olar crrr!e lr.s bc.cn nrlhc
nrticnLll rl)t)roxi xred hy lt.i(|rrfn (tt.f. :)
in tho forD ol r l)rraboll. i,roD tl)js fetrrjon
!q crn obtail tl,c sjDking spccd, v , ^s 

a
lLr ctiu, of l)oth thc .rj rcrelt sp,,.il, u, ,,r,t
thc lotLd 1'.ctor, ri. (Scc'Atfcndir)

'lhe follo$ing initial rxlues !ro int)uts

'fICIt\ICAL SO.\RINC,

{l) ,i.cLft si,1,cd, v
t:J iir(rxft Ili!hi t)rth r 

'tl(i,rlI oxrI:\)lfj to lJo 0o, i.1..
ft i ShrJ

v0[. v, \o- :

f3) v.jlv) subroitin. (des.rit,tion of tho
|olrr.urvo)

(.11 tr{\) subrour in. {lhcrdjrl proi'ite)
fi) n(\) sidrroLrtine (|-lordirg tir.l ilc)

lhc progrrr thcn tcn.rrtcs rt crch srco
tl,r lollo!in! oult,,r Vr lu.s:

ti) irstint$c,)ls iir.c.ri( spqd, !
ill iristxntrn.ous flillrt fr(h ad!1.,1'
l3l tot,rl hori?ontrl djrl!rcr 1tolr, r
(J) rbsol"tc hcigl,t, I

(5) totrl-c e,ry (on\rcnsat.J \.ilttjr t[j(]
li.i!hl ) , ll

(61 tolrl tiDc clrps.d, I

AL this strgc it ir i,rU).tant to t.intout rire dillcrcIec bc.r$cen rhsottrlc treillht
rfd totr!l cn.r!r (orLt,cnsrt..d l,.i !,llt _ tri
lLIcr|1, irl)solL,t(' hcil,h( ,i(.ans thc' !ertjcrl
dispLlccrcnt : lron thc cnrlh's rur.{_.r('. it
corrcsponds to thc rr,r,J,r;,rl .,,rr..rii of thc
glidcr. SrrJr|oso 11,.t a !:lidcr fl!ing hori
iiort:rl{! ir perfcctl}. strblc rjr l,er.forDs r
tull-L'l). l Lloing so it !!ins r).t.nrirl
cn.,rtv, i.c'. heitht. lo\'e\'.r, rf th. |otcnti!i ene.lly is Srincd onll:lr tilc c\peDsc of
lirctic enorljy, i.c. r dc!:r.irs. jn sp..d,
thetc ir no rain (,)r l05s) iri tho i..rrrl
.{.r1,j, il drug is nctlccred. Thro01llloUt this
(lis(r':;sion, tot!l en.r8y conr|cnsrtod h.itht,'llic-hcight, c.ns ! hcitlrt !rincJ,)r lost du.
to rn i.teractiol betliccn thc gl idcr rnd its
sL,rroundirts, jlr.stc(ri\r. ol rJry crcharilc
bet!cdr lho totcn(irl ind ki cric oncrrjos of
thc i,i.crrlt. 1)b!.iouslv, sink duc lo d).a8 is
r.oritribuclnq lirctor ro il(l cnc.gy.h.ngc.

A tost is ril(lc iin the data nt cach step
kl,i(h r, i1n,r,ir,, tl,. l,ru8r.rr Ir., Lutr,t-.r ot
crtrcne flight situalions slrch rs jlrtl (rc,
latod to !l-loading), cnrrl to a l(r)p, vorv
'"rr'.:( ,,r \n'.,11 jr- lo,rJq, I.tr . rl,. t.r,,gr rnr rJ,,, L.l , rr.. , ( . .. .t . Ji,. ...
l, r- , r''1, .,r' :,, ,l ;, J...
".iII', lur Jlr tpc.,t-, ilrd r1,..\r,u, r.,t ,.c.'tj b.rl, ror'rl .n.r,. pr.t, ,.,.. - rrfliBht ralhl !L.fc1 ve.ii,ied vithjn itri. r:rl,r
nars iD Dent ioncd.

rutslJll s A

,\s .n o!crsimt)tiI icd, l)L,t ittustr.rtivc
crso, consirler the lh(,rDut 1o havc r vidth of
lso o :rnd a re.tr gutar profite, rs also the
g lording distril)ution (se. Fjg. l). .Ihc
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tlrcrJrxl strcngth Nas varicd betwccn 
'r 

:nd 3

n/s (0 590 ftnl , an.] the aircraft entrv specd
i.to the thcmat kas tal.n as 160 and 190 kJr/ll
(1011 and Ll9 mph] . lior constant therml
strcngth, the entry steed was varied, llnd
vicc versa. Fi8. I sho{s the results of the
calcuLations. The curv.s plot TLCJ]eight-
s.in rt th. cnd of thc thcrflal as ! function
3t thc s-roaa n, a tarr ieter (liiclr could
easily be varied in this coryurer sinnllation
ard in rcaljty, is Llnd.r the ]lilotrs 'ontroL'lhe case forr - t is then the stationary or
usu.il "flacCready" case- "fl ights shcr. thc
,ircralt stallcd beforc conplcting its path
through the thermal arc roT sho(r.

Tiirst to le noticed is tlic dependeJlce,
strong for stronger th.r)nals, of tIe Llrc
hejghr gain on g load. lor r'.akcr thcrnlls
the dolthin lcchniqu. hes ,r srrall, or even
negatjve effect dlre to tlre higl,er siJrl rates
nt hjgh g-loadlngs. Also to be noticed is
thc fact that thc curvos 1or the t{o entry
spc.ds arc almost 0aratlet. but shifted 1n

TLC h.,ight, this h.ing again due to a higher
sinl .ate lor 190 kn/h.

To illustrate the sains possitrl. osir]s
dol, r ,i o '.son \iith iq.cCrcady techniques. For a 3 i/s
themal lre cdbcrin8 that thi: is tle true
tlctn:I1 strcngth and not tlr.: vxrio,rcler
r.adinsl , de rssune a \lrccre.dy sf..d o1- 100
liir/l)r. lh. gliJ.r is thus in our rherDal for
5.1 s, rnd in t|1s time gui s ll n in TEC
hcight. Ihe saiLe irircraft usinq dolphir
flight .nd cnt.ring tl,ii therral at 160 tn/hr
gain. tl!., srn. hcight in 3.!r s, L'ith I g
load of af!roxinatcly l-1.. i.(i. tfe !jlot ca.
g:iir tIe sarrc anount of elrergr !sing dolthin
soaring, but cruises tlt a high.r s!eed.

i\ rectanglrlar tlicrJlial is thc on1) casc

"l ._ ,, "-,q',1 .,1 1 or .

l'{it| the following c.ses it is not rc.llisti.,
ol even possillc, ho tcrform quick quantita-
tiv. corntarison. Iecause of the coJrtinuously
vrrving Na.Cre.d) sp...l rclati\J€) to tIe chxng
jng rhernal::lrcngrh-

Rlslll, is - B

'l.l(e Dotr th. crsc of r iine-shatcd th.r
Nal, r'ith no si.k comtoncnt, a d r tarxb.li.
variation in g loadin!, both Nilh irarimr 3t
thL. srre point, i-c. hrliirv (hrough thc ther
, l. '. r'. fli o ,,.., '
load a!tii.cd jn th. thexnaL, rnd rinilarl)'
rin-jx. Iii!. 2 shous thc results for a constant

aximunr ther dl strrnlth ol 5 n/s (98s ltr)
ard entry stccis bclr'.cri l0{l r.d 190 krr/lr
(,3 I llr niphl .

lgain Jlmost iJ!rrllrt curv.s arc scen
'lhc cur\'.s for 100 xnd lJc kn/hr arc slrortc'ed
as onl)' siralL g loads c!n b€ applied at theso
r"d 'r", '. d'r r''l11 . I

.in" t.
constart entrt slecd of 160 ltrf/h l1!0 rillJ '
and maxiium th.rnal strenglhs betuccl I and
7 ni/s (0 r3E0 lprt .

The oblious ferture is that dolphir
techrjques are uscful onL-v in the irrcsencc of
mo{lerrtc to strong thcrnrills, here thc ga;n
of li:C hcjght can bc doublcd with onlv nod-

I

ffi,**

F."-i'l

figurc l 'lh e total -energy conFcns.t.d
h.ight gxin .t thc cnd of the
thernal is plotted as. function
oi: the g-load n, Nhich thc piiot
naintai ns during his flight
through a rectangul a r-shapcd thcr
n'a1. Thc initial flight path
aDgle $as hcrd at zcr.. obviorlsl),
by this naneuver th. glider con
verts vel ocity into alsolutc
height. At lo\r stecds, stalliDe
occurs wilhin thc themal for
even noderatc p-loads. ln this
plot, the curves stop.rt tle llrsr
value of g-load before st:rlling.
For strong themals Lrc noticc a
rernarkable incrctrse i. TlC h.ight
giin with thc g lord imfoscd- A
characte r ls tic fiieht fath is
shov,'n at bortonr 1cI_t, lt cor.cs-
portds to thc circled poi t, Nhere
thc initiai flight spccd is i60
km/h, thc thcrmal strength is 3
n/s ard the g-load is kcpt at 1.5.

a
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RISULTS C

Ire now shoN a nLore conplicatcd case
whcrc thc thernral is follobed by e identical
and opposltc sink lsce l,ig. ,1). lhus the
total integrat.d air nass novenrcnt is rero.
4.o,dlA/I L,oI ..,e:nl o,! ic
rcduc.d to belo$ one and t|e avcraged g-load
is one. lhis js thus an i,poltant casc, i1-
l- 'rr'i rg I e ef r-. , or -o.lJ qo |rg ,n
wlat is, on average, still aiI. Thc resLrtts
sho(n in Fig. 4 were obtained using a tixcd
maximlDn thernal strensth of 5 m/s iand thus a
sink ol 5 m/s), and entry spceds bctween lj0
1lrd tJo .r 18, I to rt.' I. tr , ./;r..r. I

rangc of g-loads testcd sas I.7/0.3.

Thc shate of thc thermrl and the
I load profil. are thosc of
Figurc 2. ln rhis cese the ini
tiat velocity is kept at 160 kn/h.
'lhe diermal strength is vnri.d
bctsccn 0 a.d 7 Jrils. Asaln we
see thirt an increase in g-load
ovcr the shole thcmal brings ad
vlnrar(c n1i I t\ ]t hleh(r w

l:irstly it is noticcd that all curves
lr6 ir. lt,r r.6e.r'r. -i h\i5t I g-;1 r,8:or,,
This only to be expected \rhcre t|c avcrage
ther'iial strength is zcro, and for stationa4
llight e should onl) see a liiai height loss
duc to thc aircr:rft's sink. lloHever, eveir a
snall variation in g loadiDg during thc
I'flight'r nakcs a Iarge diffcrc ce in heiglt
lost. lor cxary1e, the case of v = 160 kn/h
a1d ninax = 1.7 results in a TEC hcight 1oss,
over a 500 m !ath, of onry I . This i 

'p1iesm cff.ctive glide ratio of 300 during thc
calculation intcrval and an average cxoss
country sireed of r35 kir/h 184 mrlrl . lhe
flilht patli crrrve agair shows the case for
the circlcd point, where the ai rcraft 1.avcs
the tcst rcgion vith a nose do n angle of 50.

DISCUSS ] ON

Filstly, to surrrarize, we have terfomcd
a siJrfle pirelinrjnaxy analysis Nith reference
to a new thcor) of energy excharge during
dolphrn soaring, usiDg thc iar-ic lli.Eht tech-
ni.tue that i r-;Einll a1:r one incrcdEes the
1-Laat1, aft| Ln tiltl.ing aij, one de.xeases it-

This slni!1e pattcrn leads to jnteresting
gains in total-cncrgy colnlensated height over

tAlFnl

hryd

iri cure 2. Figurc 2 sho(s sinil.r plots to
those of Irigurc I. llerc a sinc-
shaped th.rnJt !!d parabolic rar'i
ation of thc g-loadiig ere used.
'lhe maxirnun th.mal strcrrgth was
assuncd 1o bc s m/r. lr is shr,Nn
th:rt the sane flc h.ight gain at
slor velocitie. under rorrnal g
loads crn also b. achic!cd at high
!elocities under noderate to ligh
g loa.is. nrus thc pilot can main-
tain high !clocitics c!cr dL,ring
tIe penetration of thermals, uhich
of coursc incrclses his cross-
counLry speed Dark cdl v.

I

I

t9

TEC HE]GHT
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mention.d sinplifications i L!c h.vc dcvcloped
! conputerizcd sinulation of r,.al Ilight novc

'| L tl. .r" ,, rr
of ! lording and rrertl.al air crr.ent profilcs.

It is also iUrorrirnt to r..l i:e thilt use
lul gajns (ith dolthin so..ing rrc Iossib1.
!itlrout strrining tilot rnd aircraft, rt
r.asonablc s!ccds, 

"nd 
i. lhernals t,ilots are

It is not yet clear Nlether tlr. oItirnum
_ .. "r I I i t , ' -
lo:rd that do.s not cor.cspo.d (itl) tlte th..n'!1
naxir|Lli. .\.other question rc8!rding th.r smooth
ness of t|c lord trofilc rcri.ins unans'iered,
but c hopc lhrr irll optinn technique nrry b.
soor).r.lurt.d- lhc us. of t|is sinulatioi
coirpLltcr proltrrii t ogcthc. r' j th var i at i on
theory might bc heltful for such a morc so
phisti catcd inv.sti g.t i on.

1n a tl,i.d step one mig|t also accourl
Ioi the !ilot's rcactior tinc lnd lrjs lack of
k osl edge alioLrt individulll tl,.nnals .Icountcrcd.
In this crsc o.c, lool(s r.rt|cr lor a bcst stra
t.gy thrn for an optirnrf t']igj,t pith.

RU1'LRUNCIS

1. Corisch, 1". - Lncrgy !xclianrr: lletlreen a
Sailtlrne ard rloring Air \lasscs hder In
stati.ni!ry lilight Conditioni Lith r{cspect
'u j t , ll r , l

.1..-l..rr!, 11,1976,6!ll 61)2 (fart 11, 12
l'..-:rr 'r 1".,,
t977.

2. ricich ann, il. - |ahrtvarial ion zur
Ottinicrur! dcr Stci gge!.lr!'i.,1igle it
;.) tit.,.i.r, ll, 1976, l(r04, 1008.
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No the "the.rna|' pfofil. is r
coiplctc sinc a!.. l}e averrge
:iir nlss rovenent is :cro. Irc
o'r1) ol5cr!e e..rgr losses, b,rt
thcsc loss.s cin bc redu.cd by
usi.!, the i.dicxtcd g loa{l profjl..
The f.\Jorablc cr.c (hich Jlight
cre. 'ior r.prcscnt the oPtinrurn,
l.ads to i. elfccti\t glidc rrtio
of about 300 and an a!.,.age .ross
coLntrl spc.d ol_ ri5 hn/h.

thos. to le expliined by illaccready thcorv.
.t.,i..o' ror tl..I!

cxfrcssed in te.rs of tlrc tine srved by th.
dotthin flight naneuver and also by the TIC
h.i!ht gain, rencnrberiDg tlLat tim. srvcd car
be convcrt.d at thc next oftortunity to x
th.rral cli b ljain during tire sanc interval.

Recent M.ccreadv brscd theories ol dol-
thin t}?. of soarins (e-s. sc. IlcIcr (Ref 3)
!nd lrirkcr lRef 4l nore-or lcss nssuire tlrc
fol loui.! s intli fi cat ions:

\o r ', ,ro ' Ll l .

.lrag drre to nlnor chanS.s in g-load ar'is
jng frorn rarjation of gljder st'eds

lLr) Lfcrsr exchar!:e dctcndenc. ol th' 'Iovc
ncnrioncd xre not considered, although jt
is irnfortfnt as shoqn he.e

{c) lllacCrcady crlculatioJrs .r. ove.estinatcd
ir thrt:r filot ol,viousl)'canrot suddenlv
alter his sfced on cnterin! 1ti. ri1l, xs

requ.sted.

It is ob!.ious that $c h.{ve greitlv sinr
plificd thc sh.t. of a thermal, but tle errors
are not so 8r.at as to ha\.e !ro.ounccd .t_fcct
oD t|e results. ln fact, lhe coryut.r trogram
lou1d allou/ fo. anl sfccial t|cmal sha0e re
qucst.d. .\dditionarry e llvoid thc.bov.-

5. Ilcycr, lt. Segclllug irn Del||instil -
lt;'. ttt:)11t , 1:, l!175, 67I 678 .nd
iaxilti..1ii. ,t:aiir,g, !ol . \i, No. I .

,1. Pirler, ll. - Ubor dic llejs€UeschNindig
keit von Scgclfl!!u.ugen, 2. leit: l)cr
felphinfrLrB - i i.l iirvltt:. i tt.trri , 1, 1975.

r\l')lLNDlI

Considcr thc fc,rces acting on a glider in
friglrt llrls. sJ

Give the initial data of the air:crait's
sfced aJrd ftight path arg1e, Ne caJr calculatc
the tNo conPonents of thc !eLocitl v..tor
(i^itiar 1I N = 0:J :

(A rl ur - v coq'ri

2t)



r

l
!

Mir

Mgn*
L ft Vector

v rnca.s thc tl jd--.,s sfccd r.tr
tive to thc surrouiding air nrss
!4! i ch itsclf ibvcs verticall\.sitb
thc srFrd tr Boilr .,,tririn. .q i+6
= u: L t5 ilLLn th. trL. 1elot ilr.
of the glidcr (ith rcspc.t to rire
earth. Ihc an!1. ! is th.t trc
twlre. tl,. i vector ard thc hori
2ont!1 ori sjrilarl)., betL{.cn thc
Iift v.ctor and the lcrti.al , ih.
g rumber, i, dcfines the lift
v€icto., I1sfr.' (gn it t. n". ..
ccl.r!tjo., i, ri|-i clr chrnlrcs tathvclocrty v.ct.r, ui another on.
rs gr!en t)y thc dra! (rcfcr to r.
larions (a r0) and(A l2)1.
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lr' q j'. '. ..d
t

[\ -r 1 - r\'c..
z

l\ie now gct tlre g load !1 (xJ ard cer.ut!tc..i,t,".

(^ 8t n = n{1J SubroLltinc

r\rrr | = " l'rrl ."*i/2st ' 
'

'IIe siDk rate v
been apfro\i atc.l bys
:ln As l\' is glid.r:

at a liven sf..d v hes
Rc i clr jjnnn (RcI.:) ior

0.00081 v2 + 0.13048 v 7.4836

v in lm/h

The sinlt rate is corr.ct.d for r toad n
as h (r e).

$c no{ calculate.!u.,

{n r rl ! sir!,ru, - ! lt {n cosr I -,;_ ,

Lihcr. r {n co5 i,l ) . v.11 icrt cofrponcnl
of ccnlrilurJl rnd !r.!i(.tion!t !.crtfrrtion
.r1.,,1.,r,.,r.
r J,,t,1 Jr(. c,.rtl r.

Ihcn thc nc! v.rlue ol_ \'crticnt spc&t is:

(A lll uz :=uz+Iu,

Ard th. ndr value of hori2o.tlll sp...L is:
v cos !

lsee{A lu) for ar.iloso,rs extl!nrtioDl

Thc total-€nergy- conpcrs!tcd hci gl,t
chanlc over olrr irtcn,al is:

uLu_
l,\ t5l :t1= -i+ ltr , I i

".1"1

N(x):

(A:l u = w(xl

Then tbe re
the itterva 1 xxl

(A 6l Y = arcttin

r'.lue of 1', at thc cnd of
is given l) :

i''1

(A 2l u, = v sinr

NoN tl,c tine rak.n for the glider ro cross
an c lemental disrrnc.,\x is:

(A 5) lt = xi/ux

F.on the thcnnal profile subroLrrine e
tet the thcrmal strength .t a pc ctrxtioD x,

i1

I

IA

'the fbtloring variablcs nust be surm€ll
Urc cn.l of each loot):

l4l T:=l+,\tj Time
ll :-llrUli lriC h.i !h t
x:=x+Ar; hori:onrri |os tt ior
z :=z+r._Lt.. absolute hcight, xer-- ticel tosj rion

This scquence comprisjns f^ 3) to (r r4J
thcn repres.'nts one coJrtiere c.rtcutation toop.
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