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AlQdenis rhc | 1r!grul,t)c luriclr
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i\ (irrsist..dv dolthin Il'Eht terhrique
Ls l)r(.:r..1.i1 fo. r ic rnllysjs of iri.irlrm 1iir.
l,1irn.r 1lithl tlrrIurl rri rrhitrrr]' d.t.rrinis-

.onjtiL.t riDlL LlijtriirLrl jor j5 ljsuricd. ihc
\1r.(l.r.r,Jt ..r5trLLcr irD 1or oftirul thcffiirl
r,r t|.ririrl .ioiirir! ir irl)|lic(i ofcr crch sc!
.it.1 io.i:tiu)1 Lri|d ir)t.DsltI usir! i1

';rir'lrJ \'.lo.jtr tulr f. lly rcllc.ting t|.
:,.i tl.r'r. d)ri'ri.s, N .orI,o!:t. r'!irtu.l

.jr''.
r,l, r( r., lLr !fli:r.rl fli!l,t ..ndiriols. lhc
!!r,il rh.(l..idr 1l,.o.r ., r tirD bc rptli.i
(ll..rl l) ro iriri Ii.trrl I)ola. 1D l)redict
,r!.rrlt. rLrirrfr tLr:r. lrirvel s|ecdr, glidc
rL i!l r.i, r.(i oLlrcr f criorrrrn.c quant i ti cs.
r\it.i ri.iis.u.,si(rr ol th. \Jirturi t)olar, r.
!rrrl t,c.L,)r,rrr... coril)rrisors de !tjyci for
r.r':nLLi Nin! .l i.rt riIrn ion5, I ing lord inAs,
rLrr!L :iN L lL, ir i(i 1rt)rs.
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1. L nt rodLrcl i oD

Ir,

\j. l!hl
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i. I ir,l

- tir. rrL.scri|.d nctcoroloric!l dis
I I.nor L

d i.t r ibL't ion lind.ticndent of alti

- rl.c st...l attained L,y stcady cir
(ulI llig]rt Hithin thc thcn'i1

. l,ori:ontll1 li isht sDeeli

- .rte 0f sirk in still air (a!:tu.ll
Ic I oc itI l,oLxrJ

= rr,crrsc horirontrl st..d rttrincd
in stiliiofar).d.lIlLir fl iglLt

- a!.rr!.., r!tc ol'sirk atlaired in
sl at ionxrv dolt)hi. ftj!ht (virtual

NLucrour tul)l icrl .fs (s.c, lor .rrf,fl.,
{l) {al) o. doltihin sor.ins rnd c.untlL.ss
d i sc!ssi ons anor! s.a.il!.nthusirsIs h!!c
h.d r dual .ffc.t. Alth.rLgh this .1l i! of
.oxrirs has r.€n roisidLrrablv (lrrj l'i.d, thcrc
rlro crists son'e i)nl'usi.n bccrus. ol frull)
(oirputrL ion! Jnd .rron.ous irl:.f.nccs, It
thc su!,g.stjo. ol ltcnt lloutc, co!cli of th.
S iss natjo.rl j:lidiIl tcr , a study of dol-
thil so!rjng Lres !r(:l,rrcd )I tI. T.chnicai

i o' r' .t ,

Zurich. it u!s fi15l l,rL.s.nt.d jn nid l.lox.nber
l!74:rs plrt o1_ ! trrinidr.oursc for thc
Swiss natio..l gliJing t.rnr. LIe ertensioris
rdd.rl sinr. tli.n ind ihc additionrl result.
oltain.d th.re|v liJ!c cncorra'1..1 t\e lLrlhor
to ir.ke th. studr aveilJhlc 1o r lrrgcr rudi
ence even thougl t|i, .rccl le'rt t.r|cr bI Pirlcr
[3] ant!cipat!:s Iarl ol th. r.sults Irescntcd

Tlie t.imrr) go!l o1'tlris stu.It h.s beer
to corly.y to thc interestod stil!1anc filot
quantitntivell co cct r.sults in an easjlv
undcrstood a.d reDernbered l_ashion. lo facil i-
tat. individual use and interfr.tation, th.
resLrlts are Iresentcd in th. traditional Na).
In.ddition, .mphasis has l).en pltced on pro-
viding r flciibte n.tho.L i!]lich (locrs nolr ift
tosc signific:L t restrictions Nit| rcrl)ect to
!'erth.r nod.ts or sailt,lxne tyte5- Thc only
lnorledgc .ssurrcd of thc readc'r is the opi
lirlitl prircipl. ol' station.{l 11igh1 [so]nc
tincs call.d thc r,lxcCready !.u1cl .

l trr.slrtL,d r.Ll c!lit.l !crsi.n ol'rseLrel
llr! ir. l,cltjlin5ti1,r',1:rr,-ii,Jr., !o1. 50,
\o. l:, rll-(,r-s, D...rrb.r 1:)i5. l{litcd hv

...t
l{L.prL nt.d bv tLrrni ision.
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Sevcral .rssurriptions undcrlic the mcthod
de\,cioped hcre. lhe tern:rtd,rioi:.,.i:r rL,rljr? r:?r

,;1:jiti1. will .lenotc th:rt flight nDde for Nlrich
thc specd is al ays thc static ottimal glid.
spccd corrcspondillg to thc cu.rent verticai
r!ind. lhus, all ronditions :tre assunied to be
quasi-stationaL\'. lh.t is, the flight condi-
tior crn bc adaptcd instantaneously to nrtdr
the drm{inA Nlnd lcvcl, and th-- transition
I.on one cquilibriun gljdc conditioD to nn
urh.r oc,urr N,thuul Jrnrnr( lus.es o. !,in-.'rhis Irresutl)oscs lergc-area utcurrcnt a d
do\dlcurrcnt fields Nithout rl)rutt transitionr.
Altitude is lr5su'rlcd to bc u]lr'cstrictcd; flight
vla upcurrents arrd douncurrcnts is not i rl)cded
by cloud ccilings or )y the LeIai . I]jnrl1yJ
the lrcather modcl coDsists ol nrrroN upcurrc t
resjons fthcrnals), in shich lhc rijic sl'ccd
Vst js rc!chcd in stcady circrlal llieht, and
of \.ariablc l:rrac-nrca rFurrc\rt and dokll-
curr'cnt reJtions rlhich nr. flown through

:. 
^tB-ryi':
'lt.' or)ti'naIitI principlc in cross co|ntrI

flyin! (thr. lJrsis lor the rl.cCready ring .rnd
jts use) is laDiliar to !r) co,,'pctilion srljI
flanc Iirol . In staliorrary dolphin flight for
cvcry sctl in! of the ring, cox.csfording to
\sl. t..- rh.. \rtlr rn' ut,..,)'cr.,, ,nd Jfl'n Lr-
r!1'r(,,,o,urr.11,l I,ct,L(q[ rh(mxl. t\'J,rf].
th.rc r.sults a uni,lu., otitirfrrl horizontal
spcc.l history, \r,ts). ,\t cNch poirrl s , tlrc
cilcrl.tion or thc optiDll \ depcnds oDIy on
1l,c !rluc ol Vr[l: at t ir]t point xnd rot (he
.nti rc iii|d djstributjon. lho Uac(:read),
th.or') al,ir)'s viclds thc optinal \tr !hi(h
l.als to thc' fastc.st travcl spced. lt ls cas-
i1] :,cLI tlrat this is thc cise for the statcJ
5slDrptioDs if oDc i aBincs thc ra'rgc divided

L,t irito sJ,r lI s{ignlcnts, cach rith corst nt uf-
clrrr.nt o. douncurre.t, dhich arc optinizcd
indi\,idurlly.

'lhcsc cJlculations Jrc usrtally iiallc \rith
thc !id 01-rL sr.ph (scc l:ig. l)- ln flyins
1l |rr .r cnr' '.,' t Judn(urr' nl oq( imr!inc.
thc .ntir. l)oIar shiftcd do\inward l').tIc
r ount of the do$n.urront, and the opti ality
consid.rat ions rrc bascd on this shifled po
lr. rs thotrgh on(, hod d lcss clficicnt sail
l)lanc tl,rl sinks throughout the spee.i rlnge
br rs nuch ore as .orrcsponds 10 the strcngth
ol tlrc doNncurr.,nt.,\lilogous colsiderations
,u)pl!, of coursc, to the crossing of a con-
st.rt upcurr.nt for !hich thc polar is shiftell
ittr.irrd b) rl)c arNoLr t ot the upcuucrt. 0lre
thcr flics \.ith nD apparcntly bcttcr sx;lplane.

Firt. I \irl',.'l t,o1.,,. (,{,\r.,rr,,t,',rrr.r'r .,,
dotrncurriJrr .r. obraincl bv | |rmt-
1cl srjft ol thc tN. lot.rs. ih.
t aDgcnt con$lrucrion vicldr, $irjr

'ti\Jen 
rise st)c..1, the ol)timrl hori-

:oDt rr I and tr!\'el st..dr.

A.l)it .iL) ri,irnv ut)curreJrls rnd do$rcur-
rorts ol ar|itrarl si r.nuths and o.dor' !r. to
ho t.a!erscd in stnight l-lilht. lhc bes{:
lrrrr.el sle.d ls r.hicr'.d il the llrcCrcrdy ring
is sct (o thc rfNrin n risc sl).od.{.c(:lod ir a

circol:,r' Ili!It- l'his scttinq (orrcsl)onds to
thc st.orr!t.st .xl! .1cil ut)(:rrrre t (thcrrnall

,. . ri,
.''I.|| |||"|'|. ll- rhr r',,r \' 1,ir" r\ ',olchrr9..L, r,. opl iiri,l flj|ht spfrd !ilL !ir),
\iith .rri[.. l)1 .o1,rt., thc 1irl(' ncL'dcd to 1-1)
fro, rl,t'r,1:rl to ti,.-'ri,.1. uDd thc attiludc loss
incurr.d ln doiir so, LLill dcJ)cnd or lhc rinI

'. :l -l , , ir,^ .!l r |l."1 :r.. c..
thr s1r.(,rl l)ut !Iso irrcreisc thc ltitudc lo:rs.
r\l:t.r thr toti I sli(lif! tjn. and rltitL,dc loss
h.r!€ bccrl dctcr)rj.c!l for ! 8i!cr rin! settlr)9,
r\,...9c Yrlrtr's for l-tiehl sfcod, rate of sint
r (l !lidL. slot)c can h. cll.ul.tcd frorr ihc !.-
l.r'i..r. ',, ',r ., i ll, .,nJ a .h i
r, *1" 

' i,litr. 
ct s Ar'

lhc ar.rllfe st)ccds can now in tu].n be
condenscd into a charictol.istic or virtual
polrr in .r n'arncr sinirar to th t for: flighr.
throullr unifo utcLrrre.ts or downcurr.e ts.
''lrc !rrtuJr polr, dcl,cnJs uri Ihc pr'ti(,,r.,.
(c.l i(al hi'"1 ilisr.il,ui inn'u'.,1. lloke(cr,
thc order in !hich th{r uind strcDgths occur
is irrclclart. hat docs nattc. is ncrely
thc percetrtage of the tot l rantc ovcl Nlrl.h
cach Nind strcngt)r occurs. In t|e Lo c. lrlll'
of Fig. 2, four such vifual polrls rr.. sho(n.
Thcy Nerc obtaincd fron tl)c tnc polir ol 11

't1 L. rJ l.llc " , L'rJ LJ:... . r .
l{/m ir.urtrrn'rrun ('ll, i, '.r.',,J.,"1 ' ".,r.1,..
*llcrcafter albreviatl{ by rhc tcrn ,!illd dis-
tri hut i on.,' - E,l.

2
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nodel [1] L!l]ich co sists ol :0,, ulrcL,rrents and
501 lorncurrcnts Nith.qual strengths ol I,

lL.se vj.tu.l tolrls can bc tr.atcd just
litc tru. folrrs jn conputin{ x\,€r.ge t.:rforni.c. qu!.tiiies for strtionrLa, dolfhin 1lilht
Usi.g t|1. usurl siDifle ta.lent construction,
it is t,ossiL,l. to lcducc elide angles, deter-
friJr. tllrrel splrrds, md c.lrry out loss esti
r[.s ]ror t.rlsc rirlg s.ttings. lhe travel
st)c.r1 cur!rcs r_or the llour calculat.!t vifiual
l)olirs of thc standard Lib.lle ar. also 8i!cD
i. I i!. 2.
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'lhc Crlculation .l \irturl l']olarr

l:.onr the rrlr. ll ight tolrr, )iac(lread:"
th.orr- and trhc stccificd v.rtical $i d dis-
tribu!iod, the rvern{c steed can be (onNtc{l

i L . ,. I Ilrt

i = t/r

.; l'' '\,ur' \,r"

luther, the tralel s!e.d can be confutcd as

5,1,r .i 'r'\
easity bc obtained Sr.phicall) as well

l,- ..r j , ,1 "r "r t,. i -r - \. o
'. 1 "s '/ "r\,d,s i l
ar'bitrary subsegncnts over which Vruf can be

' rr.l ."r' . ',, 1 s 
'P1 

to'i-
matcd as a picceNisc constant luncl i.f Ilotd

cver, this procedurc is very laborious and'
bccaL$e of the rcpcatedl)' ncccss:fv graphicel
J.--r,nl ,or .,.r,,. L\q. n.

For this rcasol, .r conPrLter l)rogrr has
been developcd 1o atro!'quick end lccuratc
coDputations for a$itrary lolnrs an(l either
models. The truc tolar is inPut in trbular
forn. Irterncdi.te valucs are obtained by
cubic intcrpolation ir) suc| a Nay as to guar
Ultee a continuous 1angcr1t. l|us, .:v€rn pohrs
not crsill approxirnatcd by a single Parabola
can Lre handled accuratelY.

\ t, 'o 'rtj rrf -ir' rir-..
l\Jr, !sl pairs satisfvirg th. optimatitv con-
dition are computed. lh. corresfondjn! tr!
. t"- 'L-r. l-t, .i

I I r lr rL I or, l\'.' r' fu
qucDtiall)' with both sind strcngth a.d plth
le gth given for e.rch subselanent. The prc
scnt progtan allors as nany as :0 srbscgrnents.

n" uv.rae. specds can notr' L. coDlputed
fro e.Lns. tll a il (2) i'or each llaccreadv
ring setting, lrron thesc rcsL1lts, fhe vir-
laral pol.rf cor.esponding to thc givcn wjn.l
di st ribut ion .un bc obt.lincd.ol 28.5 k

t{].

doLfhin dj ag.an for
L1b.-l I e rtth | !inC
s/0 rrd tlLs trcJrhcr

t j8.

t ,' r, wrnLl .l1sLrlt)ution. * ud.
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{ryI]l!l_ lLtirs rrll
CoJrJider r!!in thc .xadpl. of a t re

folar end four'!irtu!l tolars shori. in t|c
lor.r t,arL of I,ig. 2. Note thrt I)y {.lying
throullr a !iind distributior consistirg 6f 50t;
Lrpcur.cnts and :0% doirlcur.cnls lboth of
cqLral 5trcnlth) tho lolnr is iDprovcd C is,
particularlr in the rcgion.f the best glid
in! stc.d, strolgll curvcd. Lhe end Doints,
!ivu) r_y thc ninintrrn..d narinun st)cc.l, re-
nain unclang.,d. lhus, it secnE as tl)ough thc
sri itlan. bc.arxo norc cl_fici.nl bI optimrl
lLighL through utcurre.t and dotrncurr.nr
fi.lds of tl. ki.Ll rssfnied.xc.t,t for !ert
slo,r llight (strorsly ncgatirc llrcCrcady ring
sctlingl r d lor r'..v last fl ight lcrtrcnclv
high UJC(lr.rd) rin! r.rling). tlorco!cr, the
ii,t,ro!'chent in.rcrs.s !'itli l crcr-qin8 ind
drt)Litudc. liitl, rn l\ Lufl of odl) :j n/s, ti,!:
!ifiueI tolrr rl,!sL r.r(hes rhe rctu Lin.
for is. lhc rvcrr!e gl id. anrle bcco,,ej z.ro
at the toj i of (ontact: ( l.cli.g is no
1.ns.r rcc.ssrt . l',,r LliL,,tl I f,/s, tlrc
!irturl polrr !rr!r.c(h tl,. :c.o I i i. fd. !h in
',gd.
!.c15 thc u.ro iin.i, tLro .ltitud. i. dollhin
flight is just frrirlri,,cd. li|.!c thc r'irlual
|ol!r li.s :rbqve tl,.:.J. lin., rltitude iii
sline.i iIl l)ur. doll)hin 1l i|1rt n'ithouL circlirg.

'lhc corresliordinjt rrrLj: i.Ll in! ls ob
tiiDc(l fro tlic I irxis intc.cr|t ol tlr. \:1r
tual |oli. trng.nt. lor.irntl., "ith r "in.lstrcnltth of 4 /:; lr i5 fosiiblc Lo rLaint.in
'1i..oa a.53 xr,/s. :itccjj_icrl1r", ut.urrc ts of i
rr/j (il1 br. f-lonr lhroulh rt a stecd of lji.0
lii,,/h, rrd Jo Jicurrcrt:r .l 4 nr/. i!i1l l). florn

lhc-irl,rorcrtit .f t\. polr.s l)y rttili
riirt rLLrcurr.rts .rrd doLLrcurrflls in d.lthin
1'li:rlr sLror!tlt lrflucrirts tlre lr..,Iel st.eds
shlaLri iJr L,r utit)cr l,.lF of lii!. 2. Ilthoug\
th. tririjiorrr.rl folrrs arii refcrred to as af-
tr.!,.t t,.l,r.r, th.sc tra\,.1 5tc..] c!n'.s !rc
|c.f..rlr rcirl (if.nc ignorcs thc finely
!lrrir.d l)rrnchl. lhc ircrc!sc in tr.r'cl specd
(L!c lo.,,iiirxl rlolt)hii fli!ht is considcrable.

,1j itllurjn!r ir. tircsc rcsults s.cn, it is
rti I I i rjrorl irrt tLr l.tcrl)r.t th.rr\ corrcctly.
ln 1 rir rc!.rd, s.rr.rrl .o r.lrts rust le iiade.
l:irst, lire ..iuLts rr. r'.llJ onll if the ring
5.11in! .or..sfond5 to th. !!:tual rrte of
c1 jf:| lLh!1. llL.rnrallin!. lf, for .ran'Ji1.,
o|r jri lt)1,!rc .i)il)its rD tl.8 nr/s rrte .l sinli
i| stilL irir (]trirg circLjng llid,t tlt)icrl
o1 rh.]!.Llin!. tl,cn 1ro kilL ccrtrinll encolll

' r(nirr) I

for the Neather nodet sclected. flrus, tre
(ill not begin thc ratling unlcss r Vst

relLer rl-trr \ . l- '.r'd .r

ii r ,", ' ,. ' ''l'"1 r-. -, ,t, '
corxestondilg boundarv on the trarel sfeed
diagxan is sho\',r in lig. 2 as a he.rvr- dotted
tine and narked I. l'oints bcLo lhat 1in.
,il |or ; r ll l_
cept foi isolatcd instances in which our r1
titude is dangerously 1o , Lle do not intcnd
to b(gin circlins lor trraL.r uf.urr.,n1,i rh:f
thosc ofl.r.d in th. u.it\.r :rod.l. ll,. 1,.,)tl
erl) at1ai..rb1. !ajns iri Lr!\'.1 sp..,l , -'
thcr.l-or. Iinitcd to tlic ar.! rho!c tl..rLi.
I. Ih.sc grins rr. c.nsid.rrd)1., |rLrti.ulrrlr
for relarively itc!li ut(!rr.rts. i\15., .otr.
th!t !s Vluf is ir(r.rs.d thcr. i! r c.rrr.s
ponding d.crc.sc in th. influc... ,,f !qr oI
Vr- lhis is becrusc tbL. !L1itx.lc l.si r, !rd
h.ncc thc risc tinl| tql r]c.'rc!scs L!ith in

sccondly. rior. rh!t thLr slcci.l cf,s. uf
,1.ro altitud. loss i. doll)1,i. llilht oc{,rs
rt tl)c troi.t ol i.r.15r.tiorL ircir'.cr t\. r'ir
turL p.ltr rid r rxis. Lh. t.il!cl spccd rur!.
att!inr !n irjinjtr jln!. r1 Ll)at fojrt. rhjLh
nrcrns !r is irJ.l).nLl.rl ()l \st. this 1lilht
.onditio. !:orr.st.irl:: t. r !|..i1i. ri.! s.t
tint, trhjch for !.[,] 1.1 D,/s.rn tr.,.irC

cln bc lorn'l Lor L.\r.t !irluitl t.lrr \lr ich
.\t..dr rl,or'. 1ir. r iLris. rc IIcur !1 thc!.
:cr. iltitudc lo:iri tints is rili.nf iri lri!.:
b) r hcr\) dl)t !Lr,jh cur!1. rn.rL.rl I l. io tl,c.
.itht of this .un'.. .lirlrinC '!ithout cir!:ulrr
llillrt i:i tosij rl.i l(i thL. l..lt, !ltit!d.
los5.s sufl'!ir.d iI dolt,hir r'light Jr,st b. rc
sa in{,.1 br th.rrnr l l inr.

lrirrJllL not. lron l L!, ,l thrt thc .!r!.i
I rnd il di!id. th. trI,cl stc.d Jir!rrn rnto

t. .. .

r.spofds lo rrixcd l:l i.qll i'({ies; l)rrtlI llo1 -

t,h!. 1'light rnd J)rrtlr ci.clir! 1'l:fl,t r'i1ll
o.lr thc strorlcst fIr:urrcDtr s.l.ct.J 1..
tlicrnrllirLg. ilisurjfg thc rsrunt)tions ol Scc
tion i dr. n.t, i.ition \ r'ill !.in.rrll) l,L. thc
rlrst usclul. ltc!tion Il .l!o corr.slro..ls to

.1,
suffi.lcnt q)currcdtr rr. us.Ll f.r th.mril
lin!, lnd t|. ring ii:ict Irrcli rccordjngll.
lhis nF!sure is cofstr!at ir'. sirce it rcsults
in r.duc.d trrvct sp.cds. ll!ttcr Stilc .n!
l.s, rnd c.Ds.(tucnl lr reduc.d altitude loss.s.

l\r. loll)hin flight c b. tracticcd ir
llcgion! C and D. lf the tcrrxil or the cloud
L,lrsc ris.s, or i1 strongcr upcurr.nts tr.r'ril
at higlrcr !Ititutl.s so that it is advant.geous
to cljii) thcr., thcn this llight tactic ne)
hrve advul.ges. An i pol'tant conment n st



h. nird..orc.rninq th. tr.r.l s1,..{l (ur!c in
11,r.. rc!i..s (shoLln !s a 1i..1! darhcll lin.
i'r li!:. ll. lhc r.xson thc t.lfc1 s|c.ds s.,.rl
LL0L',iurllI hitl iJ Ilrtrt i1 rL..lirir in J.tphir
fliltirt t]l.rr) rcro j.U to rh. d.filiLion ot'
trexLrl r|.i.d, I ncitrtir'. riic tinr. rust t). il-
s.rt!J tor tllr r:i.r!lrr fl trt iinc. t.l -
ll/V,L r,'d tIr rlt itrd. lorr lL i5 lcit tii... itur
::inc.r thi! li,r Ixi,r ls irt .ri,toit!bt. (f.r
,,rrriLt,lc, LL. .ri J,!t rl! .\.r tli. fifi!h Li.. :rr
.rrr. xr,ilrirf rlliii r .nl 1]ir_.. ctiLirir I tilc
.r.di1l, th.r. r.!ult:j nujr !c rL.itrr(l!!l 1j in
Ir,r.ti.xl thoutl) rllr. rtjcrttl .orr..r. th.jrirlL 1.!i.n ll r:orr.sj,!n.ls to ,r .:l jr,| jn t)urcd.lt)hirr rli!,t .,\cr) thol!1, 1h. ri.! r.tijnrl
is hilh.r tlr!. t.rrri l),t r.,s. husr t1 nai
|. !c.csiarr to sIt thc riirU hi!lr.r thrr tt).
.rf..1.Ll !\r l. orll.r ro r)..r.Dt on(: lror irt
trli.in!. Dct rlllrLrlL. t.i. dLrrin! ir,tirul

l)olphin tli!ht dia!i!n Ior St.ndarl
l-jij.ll. Hith !L.rthL.r rod.l ll:: .tron!

r..ll,
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5. lir. Iffe.t .a \':r.irri.!r! iI thc llcrtlr.r
l:

ih. rj.rtlj.r ud.l (!Ll rjjum.,d thus lar,
!rrcl) :(ll LLt,cL,r,.rtr rnd 50; JoNn.u.r!..ts of
crtrrl strcn!t1,, i:i r.l)iir.r! r'rl f.rhar)s
..th.. Lrrr.i I ist i., ilo'..\'!i., rllhoLrlli:r.,1
f.rrti.!l!r diJlribution ls rrl)irrir), ti.
..r,:id.rr.ti.n If llddil io.:rl diitrihuriorr Nill
l,mx,, us.frl in (l,5coycrir! ircl.rrl trc!lj.

1n i!crth.r rndL.l 11l, tlic rrt),!r.eirt:i L!j ll
|. lifiitcd to l(1" ol thL. rrn!., rnd rr.cur
r. ts o.r"t)I L r. rri,riri ! sr)i. 1hc s!n ol
utrcrrrr.nti .iJ d.rin.u...nL,: 'rill ::till nr:cr.
so thrLl th. uIcLLnntri rr. lou. tinci as
stfor! ar tlr. tlolrrr.Lrrf.rr1r. thit r od.l .or-
r.stonLls t. ! disl ril,rrLi(). Lrith slro,r! u|-
crr'rcirt5 a.d Ic!l Lrrgc rrL.r d.Nrcurr.nts-
lIc rc.r!Irs lor l1: rrc slisiri ii Iij!. :i anJ r.

:

lolrliin fliIJrt di!rrarn for S1!!{lxrd
Libel le ith r'.,rth.r Do.lcl N3: slr.n!
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rrlrrL.1 .rr.!l arc r)o toneer !s lrrrc. Thc r ir'
tirrl l)o1!rs siioL thL. !tr.!t.r lcr:rtions fron
(|. orifi.al told at l,iEhcr :jr,(,eds ,Lhcl coD

t),,1(l to 11,.i ti:julrs for !1. l'u.. doLp[i.
fli!rt ir rrol tossibl. Nilh ll2 rdlIhi,re LLilhin

. \ r., J .j ir.
l,.itbcr nodcl U; is thc rirror inrltc ol'

Iil. lhus. \la r.p.c5eIls rerl lrrte rrcr utl
.Lr...rnts rnJ rtrclr! (o.c.rtf!tcd dosncurrcrts,
Th. rcsulls in fir. .1 sh.Lr rtill n..! nodL.ratL.
cllccls- liut it should h. not.d tlrat, .rr.n
!i1h utcurr.ntq of orrr) 1rL1s, thc trrleL
jt,.cd h.s l)..n jnc.cas.d b) 12 kn/],. lhc dc
l_orin!Li.n of tl). t)o1ars is riiost tro.oun.:.d in

L . ') l .

l.!.1 is:r riDur.idaL $ird dirtribution riith
i. rnplitu.le of :1 nr/r. lhis nod.l h!s also
|..n iirv.,sl iltat.d lry (rrcr (:) for th. sl arr

dnrd Cirrus- Ir our ci1sc, tur. dolfhin llighl

is Dot quitc Ioiisibl. as crD b. s.cn in l:ig.
s. If thc ut.urr.nts ud do\.lcurrcnts rrc
cich r.pl.c.d hr' th.ir arrcret{i viluc of 1.5.lb
D/s, rcdet Ul r.sulLs. F.o |i!. 5, not. that
[14 Iie]ds re5ulti rougl,l) sjnrilar 1o th.sc fo.
Ul Njt| \ruI n.t\r.c. 2 and I n/s. l\]rs, ti,.
av.r.g.-!!lu. rfttuxiIttion (11l for r,l:1 yields
re!j or) ttr I I !ootl f.srl ts.

Co sid.r now th. \'exth.r od.rl Ul xnd the
Standard l.jbcllc kith r LrinC loading incrcarcl
to ;5 kg/n". lhe i pressile rcsults rrc shour
in l:lg. 6. Altlouslr th. r!ng. of turc dolt)hin
fli!ht hrs bLrconr sn'aL1.r (sh!dcd r.tlon), thc
travcl sfeeds h.Ye incrorsed bv Iet rnoth.:r
signiFic.nl ter.eritage. Ir cali rir, the in
cr.rse anoLl ts ro :Lhout 5 1,/2';. under iri

6. lhc Ilffecr {)f-lt-it,s1!!d_ lt!

lr!!n:r1. It rlLt dL t..r t t r \tJr LllLLl

i,.l , rrLrl' Irrrl'L nLl lllq] '
soidrl Ltind !listribution Nilh 1 /s
1tl,tu.lL. .' Lli ' ri 'r fLl' F',
tlL, .,,rr.'f.n.1 ; !trrr1 tor t Flthrr
odcl IiI \'ith anplitudcs of: and 5

m/! dc ilso sircn.

Dolthin fli!hr di.g.rn Ior srrnllrrd
L-iL,.tl. \itlr :: li!./n: L'iJr! lordjnq
0irlur br llastl, \iria { 150 kJJ!,/h.

i.d .rther Dod.l )ll.

iE ,, I

t:iq. 6



1n addition to thc Standard
AS [Ii7 as a representative of rhe

creasins dolphin infiuence Iincreasins V",,f),
r'c rJ d,rge \''-'r" s son,\-at ror hc.., rL

L rre.r\ oi 1.. ./" o, .' s , L. rF ,s p.r-
served in strong crinbing. one D'ay object
that the heavier sairprane does not clirlr us
well in upcurreDts as Lhe lighter one, a d
this has not been taken into account in this
aalysis. !asical-iy, this is truc, and in
caln' air the increJse in travel speed is sone-
,Irleq.. li Li.re,,..'.e \r Lr. n,r i,.-"s-
ingly inscnsitive to Vst as the boundary cuNc
II is approJched, these results .re still
valid. Ihis is a I'ufihcr advaDtagc of the
loadcd sailpldic. Thc rclcvant valucs arc
-l o,.r' 1 Lo i l 1.. put - u, t,. , ^n.

7. lhc llfcct ot' Sailplan. 'lvr)c
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ard the Ka-6cR as a representxtive of the club
class havc cach bccn cxamined i conjunctjoD
Nith thc wind distribution IJl. llie results
arc siven in |iss. 7 ald 8 and in Table 1

T o iriportant conclusions cmcrgc frcn this
conparison. An ofcn class sailflarc, which
attains a travel speed of l0 to 12 kn/h more
th:m a sta d:rrd class sajlptane in cirn air,
incr.ascs its advantagc in Nc.t thcrmals (!st
less than 2.5 n/s) as thc influencc o{ the
dolphin ftight Jnodc tv,!uf) increases. lrith
stronger cliJlb speeds, the adva trge decreases
sl'dr.l l) . J llhi, rl d'r " .ucl., ' r' .
fur.thcrmore, a stand.rrd crass sailplanc, !hich
js supcrlor to onc of thc cluh class by l0 to
:10 kn/h in carri nir, incrc.scs its adxantage
rn '.- L,J '-J.J, rl' .r,. \ h rc' q,
VrLuf vcry substantiallv. For Vst grcatcr than
:1 Jnls, hoNcvcr, t|e advantage i! considerabll

I

I

I

I

I

i

,. 'i-,

Do lthin flight diagran for
nodel Ml and rhe AS-!'17: 56
wing I oading alld operating

Dollhil fliSht dingr.Id lor \teathcr_
nDdel u1 and th. Ka-6cR: 22.2 kg/nz
sing loxding and l)orar ncasured ly
Zadier llc]'.- fr4. l0/1964 ) .

lig/n2
Fig.7. I jg. 8.



'lh.,iodcls codsi,Lcrcd Lh$ far contain
cq!al \r.rlLNcs of uPcurrcrrts rrld dor..rr1r.nts.
In reiljt! thc pilot trics to find a fath
aLong rhich utclr.rcnts dorinate. Sucjr Ncather
nodels can caslly !c d.:duced fron tirosc prc
rri.uslr cxrniDe.l by idtlin! a consl.nt ainount
ol ulcurr.nt.!.qIherc. Sinc. an rddilionaL
(o.stant ufcu.fcnl r.sults ri.rell in x Vcrti-
crl shift of thc polars. it is tosrible to
obtajn (it:,out nL,ch cootulation tIc !iftual
t)olars for !nl)ilinced !eath!r mod.ls r'tuo the
rrirttr!1 tol ilrs of balrrced nodclr-

In LriS. ! thc L!L'atlrcr todel [1] $ith .r)
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b, I r. Ll Fr! | .t Lli 'Jlrr . \l

I'o1t,hin flight Jiagran for Standar.l
i.ibc1I. \iith unbalanc.d wcathcr nodcl
: : . h ,I,r'.l o
lrid uith constart utcurrcnts of 0.2:,
0.5 , 0. 15 a..l I n/s .

lmf1itud. of 2 itls h!r b..r overlrid $ith
various .onstilnt rrpcorcnt strengt|s. Th.
nost striking fact al)oLlt these r.sutts is the
stronS frogressirre incrcasc in t)-1!eL s!eeds
erren !'ith tclat irrelv seak unlalanced uticur.ent
con4iorerts, ]\lthoue,h this result i!.rs to be
i'ullI expccted qL,alitati!.1v, the rgnitudc
of the incre!scs js still surprisinll. Fror
t|is it can bc concluded thrt, duridg optinu
dolfhjn l'light, verr stccirl caro ust be
takcn to fl) along fiths \'hich ylcld as larue
an ufcurrcnt sur|lus.s possille. lt is con-
.ei!aL,le that rathcr substantlal d.toLrrs nrav

!r. su'nial rnd llon{Llil_j_tL]l9l!4r

Thc trcs.nl st v eraDin.s in dctril a d
clarifies 

'xany 
rsf.cts of qursi strtionary

dolthin flight in rclation to the usuel thcr
m!ll ing modc of cross cou try fliglrt. lhe
sai LfLanc tilot is equi|pcd Nith j\rortant r.

,.r ,i .,
underqtan!L and usc. llic )rode of pr.scntatior
'I r p,,:L " ) u l , . r'' 

'.ca. nanitiLrlate the rptrrcnt polars e)irctly thc
slnc as truc ones. Aithough anv kcatler inoder
is unrealisti!: in the scnsc that it will nev.r
occar in cxactl) the assuned fom in n.turc,
it is lelt th!t thcre are tlpicrt L'cath.r sit
uatio s \'hich carL b. bctter exfloited through
a d.ct,cr understanding of dolflin flight and
n lno!ledge of th. most irn|ortant rules eta
borrt.d hcrc- Iiinally, it should be notcd
t|et thc irethod ol computatiol d.veloped hcrc
is quit. Scne.al in that tra.licallv any
lcatler rodci md anI sriitlare totar crn be
acccpt.d as input data.
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Aalr-l.tt., Dec. 1968.

dc croisicrlr d'uIl
rues dc nLlages,rr

(auer, L. a d .Jungi.ge., lJ.C.: "SegelflLIg
in DeLphinstil," t.r.-i|!t.;.r, sctt. t973,
0ct . 197i.

Pirl:.r. ll.: "Uber die R.iseg.schwirklig-
li.it xon S.Sctflugu cugcr, 2. Tcit: Der
llclflr infl ug,'r i'aarsitrr:rii1,r!i, lrn. 197:.

Bolili , ri. i 'r0ptinale Delphinflu!,gesch
windi glei 1 !uf Streckenfluger,r' '4rr..!.rr.r, Aug. 1971.

DelphinfLug
Diogromm

lig

I



TECHNICAL SOARING, VOL. V, NO.

slieeds ol dillerent
l.It.

22.2 \g/n'

41. \2
49..17
5 7 . :18

66. i3
71-00
80. !l

17 .41
E0-06

96. t6
35.6.1
u6.: I
37.78
91 .01
97.ll
'15.0u
it: . .:l r
9t_55

100.24

st d. Lib
28.5 kg/n2

5td. r.ib -

35 Ls/nrl
,\s r,t 7

5l' kg/n2

!!t,tr,19.d1"91 - "-_
0

11
'!2

0

ll
!2
1i

0
t1
!a
13
i1

0
11
!2

1.1

il
1t
!2
13
rrl

'l'urc dolphin fl ight.
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LtE.2l
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6:.7r
14. t2
E2.94
8,1 . E5

91. rl3
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97.79
9! ..i5

r03 56
t 1 1.89
t:b.0*

t t (J.8 /
t La.5:1

t27.;0
120.55
l.tL.0i
1:2 .:l r)

tta.5rl
r:0 . E1

it.1 ,-

7.1.4J
E9.5:
9,1 .9 7
97.06

103.58
r l9.r.r*
r 10.,15
ttt.45
I I5.110
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122 .0'l
I::l.59
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136,37
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