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This articlc is a sunrm.r) olconclusionsd.!wn lionr theo-
relical eork, wind lunnelexperi ren!s ind in-ltigh1 me.su.c
nrenlsi rork car.i.d out orcr scvcral r- ca6 ll *rs the ui ) ol
this rcscrrch to crphin the dillircnccs *hich .risr bcL$ccr
lhe real .esponse ol l}e lolal energt v.riomeler !nd ils idcal

Wc bclicvc that thc rcsults lhich havc bccn assemhled
here ir cofcise lonn sill help the inleresl€d pilol to bcltc.
LL rdcaliL.d rhe r.st)d)s{ ol his \r.ionreter. or to rnrprove an
.{isting svslcm shich does not satisfy fiim.
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lnfiu$re or Accclcntiotr rnr ttu Sink Rrte of ! Sailplane
And otr fh. ltrdi.rti"n of fh€ \'rdometer

\er! obvi{rs llcl is $idelt urk o$n, unfo'luiatcly,
x d rlris hck ol kno\rledgc rgrif and rsrin lcrds to
\!rons ideas .houl lolrl ene.Al conrpcnsrtidr. Whcn

fllling up !L nol loo t rll r lDdd factor (normrl rccclert-
tion) quilc genc ll! thr t{rtrl cncrgl \rriomcler's rerdu'g
gocs do\rn 11 lirs1. shcrcas lhe.llilude v!rionel€. used in
rlicgoodoldtimcsoislo$sailfla.es(non compcnsatcdvari
oNctcr)*ould haplilr 8o 10 thc Nsitiv. cnd nop on this
\\ 'i r. \JI 

' ' lr J . s, ,rrJ , \t(rr r\( Tf-\ io o In
nuvc rl rll. This quitc dislrrbing phcnoueno. tinr. and
rgrir is b.ing rcgrrdcd .s x edir ol TL compcns{lionl
nolhing is nture wrong thar this Quitc to thc conlrrr),, il it
docs nr, occur the the comFnsrtidr is nol wo.1h n'Lrch.

\\'hcn Dulh.r !D !t rn incrc.sed load lrclor lhe lift ol thc
\r iig lrrs to cxr] nol only lh€ weighl ofthc glidcr, bul on lop
ol lh.t it hNs lo dclire. th. iorcc ncccssrr) lo accelcfule lhe
phn. \ rrrs ut,i,,d Ih.liltlhetbecl)nc' t\\.$'hcrc.is
th. loNd lrclor nd $ thc \i.ighl ol lhe plrrne (lhc Prcsurc
Lhc filot lc.ls,,!rin-l thc r.rl rceo ingl) hc$nlcs n lirncs
thrr whi.h hc lccls in nrri.qhl x.d lcvcl flighl). Nos. in-
derscd 1ift !lso will leud to incrcdscd dr.g rnd lhi\ lhe more
thc sbscr one llies. duc to the induced drag. Thc xddilional
drNg *ill .onsumc rddilion!l e.ergy Th. corrcspondnrgly
i.$cxs.d cnergl los! rrr..rn onl] be t.d liorrr the plane.s

storcd polentidl e erg], this hrvirs rhe rsly conscqu.ncc
lhlt thc fhnc $il1 sink lrdcr or cli.rb slowcr than iL would
1.,\(.1,,, ,,1 '.r 'lJ.'..(r(.,r,^n A'ir'. irh d:L.,iun(-
ler nrusr rcgislcr lhis rddilion!lcncrgy loss.

NO'lE: r TE-vrrionrctcr docs nol indicrte verlicrl speed.

btt the rat. .lthdnge ot the phn€ s lolalencrgy pcr unil of
{cighr. thcrctue ll\ n ne: ir Drcrsurcs the \rrirlion ol lh€
phnc s rotrl energy. which is thc sum ol polenlirl energy
(proporlio.rlto altiludc) rnd kinelic energr-. (troportional to
the sqtrr.c ot velociLr' ). I1s indicalion crn hc rcglrdcd .s
being cqull lo lnle verticxl sFcd ,r/I in the crse where
kinclic energy do.s not chNngc: iD olhe. *o.ds, wherc thc
dbsolulr rrluc ol !clocil) rernrifs conslrnt. Contfury lo
thrt. d non compensrled !rrionr.lcr r ill mcr$re lhc rrle o1

chrngc ol ol l)t]renlixl.ncrg) rlone. shicl .reJ.s the .!1. ol
c|xnge ol rltitudc. or lrue verlicrl 

'1)..d. 
indcfcndenl ol

whe1he.lh. glideis rclocilr chafges or not. Conclusion lhe
t$o tytcs ol vrrlo rel.. do indicxtc thc s|mc onl) whc lhe
plxnc\ velocil) docs nol chxngci

To illuslrxtc thr(r ll *e hrve our th e slun up on r
ni,ight lrNlcclLr). Nscefdidg r1 rn .nglc ol l5' .l . \tleed ol'
1j0 kDr/h or ll knols, Nc $ill elinrb rl r vcrlilrl \Ned ol
morc thr. l0 nr/s or l0 knots ThN riLlc oi .liDrb will bc
illdicrrtcd by Lhc rllilude vr.iodrcl.r slrcr.r\ (hc IE !atio
{ill indicrLc lhe rclurl rxtc ol sir k corrcsponding 10 the (de'
crcrsing) rclurl vclocity, !nd .ccording 10 the plxtc\ po

l.r 2 i/s. li)r instrncc, rr 150 k r/h i. c!lnr xi' 1lowcrc..
in r slexdy circlc the lvo vrrios *i1l indicNlc 1lr. srnre. rs
rhso u1c !clo.,rr rcD!ir\ cofslrrli onl) its ./i/..rio,

Ihe cllecr ol rcccletulion rho is tresc,1 qlrei sfirrlinS:
thc phre his Lo bc co.strnt!I rccclerrt.d rrN'Nrf t rc circle s

ccnlcr(ihcdircctio olvclo.ill r5bcing.h!ngcdcofn!ntly).
Tle rdditbnrl lorce rcquircd lbr tlr!r dcmrnds trddilionxl
lili, Nhich geierxtcs more dfug. which inc.ers.s thc cncrg!
lossfuteolt|.fl.Lrcr,trllLiLir r.:i \ .,r! I r.r) glid..l'i1.1
knorv\ r his clTcct. rnd rirk.s il inlo rccou.r s'hcn spi.rhnq 1n

Whcn fulling up th€ srnr. phcnomcnon occurs. buL its
cllect on sink rrle is nol di.ccll] evidenl as in lhe crse o1'

spirrling. Thrs is so bccrusc the clllcl is swamped br th€
lNrge rrue vel1ic!l spccd, the lNlter being caused by the iicli-
n.liofl ol lhe trajecLul. rnd beifg much greaier thln thc
pl.rne s ptupcr sink r.Le. Hosever. lhe en€rgy loss is thcrc.

Duc to lhis nxle ol afiairs thc cftecl ot normrl rccelerr-
tion during thc full up nrdneuler rvill not be discenuble on
the .llitude vxridneter. However. it is 1o be seen on thc 

-l 
E

vrrio quitc crsilt il il is well compcnsated becruse the
pxrt olvcrlicdlspeed which is duc to (h€ trrjector) s incUna-
lion is cornpens!l.d out, and only the parl due to the energ)
loss crused by drxg is indicated. During actual pulling where
thc brd lactor is high lhe additional bss can lead 1l) rn
xddilionalsink .!1e shich cxcccds lhe plane\ pohr sink rare
bJ. lin imporixnt rnmun(. Therelbre it beconres clearly visiblc
on thcTL vNriomeler.

tundilidrs Jre reve.s€d id r fush o\er m!neurcr. /\\ Lo.g
rs lhc airc ll remains on ! t.aicclory curved downwards it
will bc !cc.leJrrcd tdrard the ground. il quasi lxlls down,
! d the load trctd ther€lbre becomes s,n!llcr than L Lift is

rcduccd rnd vilh ild.rg. ard conscqucnlly lhe energy loss

.ale is reduced. Th. sink ratc indicaled by the TE'va.io de
crcrses ds thc pldne lollows ils curved lraieclo.). It can ap'
proach zcro i. lhe case whe.c onc follors a parlbolic
t.rjcclory al nedr 7erc g at low spced. caln iir being as

sumed As soon rs onc rclers€s lb.wird fressurc on thc slick
and continucs on d slrrighl lrajectory \hcther incUned or
not is ol no inrporrxnce thc ctrcct disappcars.

As a aircrxlt will suller drag as lons as il flics, drag
merning r pcrmrn€nt yet moreor less important energy loss,

an idcal TE-!!.io may ncvcr indicrle clinrb in still air whar
eler i..euver onc may crrry outl Real varios *ill deviat€
liom this.ulc,lhcqucslion ofhos much bcing rSood crileri-
on ld the qualil] ollhe sysl€m.

The i prct ol nonndl accclc.rlion. or load lactor, on thc
jnk ,.' ( J rl,. \\ W lo i. .\o. , re - 'af,, ting
Fi8ur. l. lbr orher gliders lhe curves *i1l sho! essenlirlly
thc sxmc shlpe. The solid cu.vc wilh n : I is the nonnal
poldr wiLloul dcccl.ration. One sccs (hul:
. Thc nornrxlsink rrle willdouble Nhcn pullingup Nl1.5 g

!l r spc.d ol 80 km/h or 44 knots (o. when flying a circle
al ,18' rngle or bdnk ar thc s.me speed). Upon pullins
eve o.c thc llos around lhe wi.g *i!l scP!rNic rnd the

fhnc $ill go inLo a dlnrmlc st!ll.
. Pulling lo r lord lictor of I ar r speed ol 110 km/h or 6l

knols $ill ruhiply thc sink rateb) a liclor ol4l
. A1220 knr/h or 122 knols one crn pullas much rs onc crn

strndi this $ill hale nerrly no influcnce on sink rrte .nd
TE'ind,.xr!)n

. At 70 k /h or 19 knols one can rcducc thc sink rrlc by
onc hNll b), pushing over to 0.5 g. bur unlortunrl€ly only
tu. shofl {hilel

r\J Rc scc lrrn rLl thrl. totrl energl con'tenr!Lion docs nol
rbsolutcly.lininrle lhe cllbcls of pullinS !nd pushi.g. Ns is

srid quitc ollcn. To the coni.arlr. it .cNlly shows the !cconr
prnlin! .n.'!J l,Ns.sl Whrl il elinirirles ,s onl] lhc !c ic.l
.ornfrnrdl oj v.[)cil] due 1o lh! i.clifrrion ol thc lrrieclorr
(or thc cllecLs ol lhe exchange hetvc.n kinetrc rnd polcntiri
cncrgt Ns r consequen.e olthe inclinrlion ol the lrajeclo.y).

This strtc oirftris should be ketl in iid shcn ind!lglng
in rcccnru.Lr., rlolphin-lllifg (i, i,,llLr\,,rr rhc speed conr
mrnd Onc shouki nor dlr.ibull th. inctimcs poieriul ncg

rl
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ative excu.sions ofthe Tl v!rbto r poor T E compens.lion,
lut to onc s o$,n mrybc too .ough sl)lc oJ tiloli.g. The TF.-
vdr should trc well compensaled. hosevcr, rnd not only lor

The Role of l urbulcncc
As we hare s€en abovc, ou. l I vrrio mca$res lhe .!1e ol'

changc ol thc tdal cncrg) ol 1he pkne. The pilol nornrally
thinks in lcons ol g.in or lost in lllitude. xs iL hrppcns lor
insl.nce in d therdalor rn ar.d ofsink. Llnlorlunrtelt. thcre
is arollrer kind ol influcncc on {olrl energ} irnposed by the
xlmosphcrc. nxnrcl] lhe g.in or loss ol kinelic cn.rgy by a

suddcn incrersc or decrcrse ol the aircfult's vcbcily with
rclcrencc lo lhe ai.caused br- horizonlrl guslsor wind \herr.

Ever) pilol knows this clTccl. and rlso knows lh!L aller the
.n't,., ot \-c g-tnrJ.'n\rl'( ulunr.gJr'",..
altitudc, or hc hrs lo puslt oler to.egxin thc spccd j sl losl.
ln thc process h€ eilhe. gains ot bscs rltilude. which me! s

cn€rgy. Ii: now, onc obscrvcs orc s TE \tirio c.rclnlll onc
sill noticc thrt it mrkcs r jun)p up or down rhcn passing

suchrdiscontinuity. Il*illnoldonuchdu.inethcinlo\ing
nrxncuvcr indrccd b) the tilol\.clcLion on the conlrols.
This scq cnce ol evenls is pcrlcctly norm!|. Ns rotrl energy
hrs chdnged ul)on pasing thc gusl or /oie ol rind shcxr by
x .l gr in vclocitl rnd .s durifg the subscqucnt 

'ntneu'ver only potcnlirl ene.g) has bccn cxchugcd vilh kinetic
encrg]. lcrvirg the sutr consldnt (On lhe rllirudr \i,rnidrc
tcr. or rhe.onlrxr). onc woukl see folhing dtrring thc lirn
prrt, bul quite a kn Lluring the pilor-idducod m!ncuvcr.)

I1 thus rcmains clcrr thrl lo. x iunrp in thc vclocily ol lhe
ri.craft thcre is. co.resfoiding iunrp in ils lolal energt,
Thi\ iump nr energy is s.cn b) the Tt' !,iri,,lrl.i cuclt)
th.s!nrss!! as ifthcslidcr h.d rrade xn cquivrlcntjunrP in

altitude rt const!nt lclocily. bccausc tfic vario cannon dis
criminatc bl iLs ver\ frinciple belwee. the tworo.ls olcner
8).h ns(. f\1,'<s'<d in n.,rhemdrirlrfl rn.thbjurnpi'

dH : 1/g times vtimesdv
{he.e g is the.xrth srlvitrtion constanl of9.Sl nr/s/s, v is

th. nrnrcit.ry yclocily rnd dv is lhc vclocily jump (!cbci
rn. r. bL ir ,,r(J il r ,/,). w( ob.fl'( rhrl rhe j rmp reg.*
lered is p.oportioral 10 flighl lelociil This means that the
sim. iunrn in *iid spccd r1 180 km/h crcarcs rn indicalor
cxcursidr tsice .s hie rs .l 90 knr/h.

llos hrge are lhese dislurbances in realityl ln order ro
rniser this question we hare first to dcrermine the nraSni
tude ol thc disturbanccs ol vclocity. Therc arc good physical
rcxsons to sufposc lhrr the horizonlal component o1 lurbu-
lence is ol rhc sane order as lhe vert ical com ponent. (AIlthis
hxs to be s.ei stliistically.) lbr lhc laltc. wc would hdvc 1o

trkc rhc lorcc ol lhc up or down nrovcnrenls lJl lh€ !ir. This
merns se Nill hrve 1o rccourl lor perk horizontllgusl veloc
llics ol i /s in r nc1.or)logic!l condition giving pcrk lhc.
rnals ol I nr/s, fo. instlncc. (ll does not nrake much scnsc to
try to rcrd thcsc junrps on th€ rirspeed indicator, as this
inslnrmcnl rvill gc erallt be loo sloiv lor the pnrpose.)

Il no$. *c r\sLLm€ r horizontal sp.cd ol i50 km/h or ill
knols add us. thc ldmula rbovc we arrive al lhe nros! rslon-
ishins 

'!luc 
ol 120 melers lbr a 15 nr/s gustl No\ de-

penlirrg o ir\ s0c.d ol re\I)onsc. thc vrrio *i1l mrkc x lrrgc
, 'l', hu l.-'rhJ-r.? \,r'is"rc

vxrio or. {ith r timc cons(rnt ol I seconds willju plo
rboul 7 m/s Nnd thcn descend lo i1s originxl indication in
r h,r,I 6 \(1,rd\ (,n :,llilxde vrrio sould not have don. much

Ihis phenonrefon isa brsic propertyolTI compcnsdtion;
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th.rc is !hnrluleh no re, ed) .g.insl itl It is xbyturell, inde-
rurdcrr oi thc t)'pc ol metLsuri0g |rinciplc lhc lcludl i.nru,
mcnl uscs (conrpcns!Lion by nerodlnrnic probc. nrcnrbrafe
o. .lcclric!l comf.nr iorr: no!i.g !rde, p.cssurc {rrnsduc-
cr or llo$ scnsor Lrpe).

Ore crn orly lrl lo obLrin rn indicrrion ,s crl r .s possi
hl. bl optirni/i.g ll'e li rc rcsponsc ol thc instrL, enl.5cc
ord odcr tiltcrs !r. supcrior lir this purpose Lo the nrore
comnror llrsl ord.r rcsponsc (rs \irh lhe nroviirlj !!nc tvpc
\r.io. nr llre Ita lillcrs used on nrost clccLric \rri6. whclhcr
rtisnc oJ !c1ive being ol no nnpor(rncc). I his is so beqlusc
th.y 1.rrquili7." the .csoonsc *iLhout increNii! the dehy
oi thc signxl. I..rcxsifg the ti re corrrlrnt ol ! lirs1 oder
llllcr sill increxsc thc dxnrping ol lhe dislurbillg pulscs, but
.l the pricc 01 .l$ incrcdsing sigill dcliy A largc signrl
dcl!! is rcr) u.l orutrlc 1or spirrling bccxusc on. hls to
nrc.Ixllr tfunsposc th. siA.rl back ii linrc, $hich mcrns
bNck on lhc circlc whcn stirxling o. back oi the lrljcclo.r
\l,err rc$ching lor li11

Ccne.illt "ferking. re will hrvc 1o li\c *ith rh. disturb-
. .l r.l,.i. r.' - ...l.r, ,. g r'.r
rhcor. Onc good dtprcxch is to lerii (r u dornrnd lhcm in
o er lo bc rblc lo dcxl rilh th.m.

\! conclude thrl thc pulses in lhc 1 L indicrrion i.duced
b) horiToilxl gusts r.e ol thd sr e nrgnilLrde Ns lhc
ll _r r'I . rr'r I r' r J (J.

co iFrniel li} nrong irlerlircncc. ll.oN in rrrcog werlher
onc .cd!..s the .oughness ol lhe rnovemcnls oi thc vxrio s

lr "t r r..r,r| r'r,r 'l.b r.r.. i

dxnrping(limecorsL!nt),on.trill px) h.avilyi rhelonnoi
a iicrersed lignrl dcl.r' Il world bc bcltcr not to do this,
!nd 10 xcc.ft th. rouglrer resnonsc ol lhe !rrio !s rn indica
tion ol rcugher Lhcmdls. ln thcs. condilions o e will!lso nol
,c .,h(.rr'l _ , r , j . , , r . , 

1 - i r f \ ' , l
1n lrc|t is ea!) 10 dislinguish bclreen r jump in xirspccd

!nd |).nclrition into rn up or dosnd.rll: in lhe llrst crsc onc
ivill not noticc much olr.hrige i. re.tiftl rccele..lion. bul
ir th. sccond crsc it \ ll bc quitc ooti.crblc Ho$ever, in
ever}dry ro!rirg lile the tso clcn(s rrc couplcd quitc oltcn
Thishxsitstn l.dN.butitsldvaflrge!rlso: nolevcrypulsc
crus.d by r horiTonlrl gu\l is oni] 1hxt. quil€ ollen i1 rrrks
lhc hegirrning or crd ol r thermrl. Ihis might bc th. rcason
trh) nro\L !lnl.r t)rloL' hr\c ol tel roliccl thc dillcrcncc.
l hc pibt i!ho flics oltcn in thc nu,nlrins $ill ccdrinly h.vc
noliccd lhc phcnomcnon, td hcrc onc oltcn linds quite \ig-

Whcn spi.ilirg ov.r llirr lerrri ore will notice in rbout
90t ol rll rhcrmrls, ilonc obscrlcs.kxcl!. t hxr rlic TF-vrrio
r|o\rs t*o rnr\irrr rrd t$o minimr itr cvcrt .lr.Lc ilt)\!n
rln.n J.'r lrl.'...'r' r' \r nr'r, I
crlncd foin b\ (rfilhri.s.r thc lik. rf:,\ !rlrr lhe fil01,
but i1 will hid. thc rcrlstrte oi xllLriN lion hi.r. Iho lr\l '
cofrtelrlLrr $ill kfow beller. rill ccnLcr thcmrls bctlcr xnd
sill th€rclo.e clinrb hrrdcr.

Od...uL{l thirk lhrr rlrr: irdr.rrur N Le rc.rl r.rlicrl
specd. brr lhis is not th. cLrsc: xn !ltiLud. v.nodr.1e. $ hich i\
hookcd u| 1o crhir Frcssurc *ill nonDrllr sho\i d much uo.c
triiltji r ,i,rr rl .lifrl, Tlr. r.,,!in li)r rh.rl i\ ool (he LrriL)
it\.1i. but l L, oDrltisrlidr llr. I l |,no is irlluerrccd b!
the lbrizonLrl comNn.nt ol thc rIcrnrLs ,Liill(i" t)rrteni.
rnl l lrc hller ohviousl! h3s lrvo fcriods t.r circlc lloNn

H.ri^r'lrl rurtn,lei.c I'r\ rnolher drrgrccrbie inllucncc
nrLlr.out0u(ol tlrr!. iLr 

'.Lrr. 
\udderr ,,!trcL,rc|1r ol L rc .rir

N,Nndi(uhr to lhc !ir.Ilr's dircctnr] ()l iight *ill r,lr lhc

rirstrcrdr's rngle ol incidcice in lhc ho.izont.t ptrnc, or in
olhcr words.lhel nrtke lhe aircfuf! snjeslip Onc could.rgue
thrl ! good pild Bould bc rblc to reacL ro thrr and rcduce
lhis sidcslif. I his is wro g bccausc he Bould nced some rimc
lo elimin.Lc iL, rnd during this time rhc aircralr will sidesUp.
(The sarre; nrlu.ally lruc for ve.licrl gusrs lnd rhc angle ol'
lltxck Sole dill;.ence: longitudirrl slabiUtJ, ol rhc glidcr is
vcrl lar8c. thcrcltre thd aircralt vill clinrinrte disrurblnccs
ol ils rnglc ol !tlxck by ilscll vc.y vigorously: onc $il1 norice
this o lhc sd!t ol thc pants." Direclional strbilitv, ho$cv
cr, is comprrrriveh very small. th€reiore disturbrnces lasr
lon8rr h.rc ) Il. norv, the TE p.obc is sensitive agdinst side-
slip, lhis $ill crusc d ch"nge in TE prcssur. which rhc urio
s'ill inlcrprct rs r chx.se in energy (or rltitudc): it p.oduccs
an ourpul Thc lrrgcsl an8lcs ol slip occur at bw speeds.
\lhich m ns lhal $hen spi.rling one will have to cxpect
rngles ot sidcslip ol uf 10 l5'. There is only one remedy
!8rin\1 rhrt: ! good TLI probe. 11 nust be addcd here thdl
lhc td)lcfr is nruch morc dilii.llL lo solve in thc cNsc ol
clcclric 1lr co pensrLion becrusc i!ith the strlic prcbcs
kno\!n in thc frst on. Rill lrrv. to rcclor \!ith ! 'crsiti!it) to
slip ol bdtveen l0 and 20 linres the one ol a good aerody-
nunic TI!probc. nol to mcntion stalic ports on the lusclage
shich will pmbablr- be nruch sorsc.

'Iesl ota Totll Energy lariometer System
Therc is o U one si ple and .eliable rerhod ol resling,

anrely the lesl o. r slrxight lnd inclincd lrajcctory. lhc
nrelhod using t\!o airspccd indicators is . d.rgcrous ono, lor
hcrc thc cnr^ ol stalic pressure n ) lerd lo errors in lhe
p.cssure coeliicicnt rneasured lbrtheTE-probe of up to 50'/..

l. tlsc onl! calm rir (early moming).
.l l\((t .'r..'(.d ol , ' n,n u n

speed I l0knr/h,lor l0 scconds.
3. Push srcxdil] u.til rcrching a l010 l5' nose-down rl!i-

tudc. g mctcr to rcrd 0.5 to 0.2 du.ing the maneuver, dusi 1o

remrir loNn o. 1be lloor oJ lhe cockpil
.1. Mrinrain pilch rngle by observing horizo. or artifici.l

horizon dnd by grrdurul rcling on (he (ick.
j. Pull rp bclore re.ching vNr and this tiJn€ bring the

pldne tu r l0 ro l5'nose-up dtlittrde.
6 Mridtrii fitch anglc until .caching minimum rirspeed.

During phrse : the vario rnLrst indicate the minirnDnr sink

Whilc pushing olcr. phrsc I, lhc v!.io musl climb to nerr
zcrc bccrusc 01 lhe load lrclor being smaller than l. In drc
crsc where rhc TI-l-fressure, or the static p.csurc lor clcct.ic
.onrf.nsiLlior. xrc trkcn lrcnr a posilion far dll ollhc cenler
.l rr.'\,rt I r\.', p1.. u r',( r,l , ,1, ,i\" \.'rt
sion 01 lhe vr.io is i.crersed b! rlrc cllccl ol 1h.longiludifrl
colu r ol rir bexvccn thc frobc xnd thc vrrio. 'Ihis latlcr
efecl bcconrcs strngcr with thc length ol the air colunrn
and sith thc chlrge in pilch rngle. The etlecl ol thc rir
column is rrrel) stro ger lh!n abort 0 5 nrir'. ..rting lhil
the Lor!l .rrdi g \h1,,, ti r,iL .\(..d rbout th.t vrlue.

D!Npiagol th. vrri(is rcsponsc lerds 1() a.eductio. oflhc
lroirter'\ inole.rc t. with the pcnalty th.l L r. rlLLrrlioi hr
eor..\ l,'rfr, l_hus. onc Nill hir(ll) discenr llrc cllecl \!ilh r
nrovirg unc tlpc vNrio, buL silh the onr sccoiil rcsponsc ol'
rn lLLC rario onc will clerrly rcrnxrk il. lhough i! Nill die
out nrcre rrpidl! t hi,i \rilh i norv v.rio.

ln phr\c ,1 xispccd sill incrcrte l,nc!rL] {,rI tint ,\
well conrNnsrLcd vrrio mun indicllc thc propcr sink.rlc



corrcsNnding to th. rclrLill ainpeed irdic.lcd. onc nnst
L!kc irb rccount. hoi!.v.r. thrt th. vtirio signrl is dclxycd
b r\(rin(L'nr:''r ,frl,. \,i^.r.to -. lor .,rn !
v.ne vrrio rhis is rbout thrcc sc.onds. $hich corresponds (in
the crse ol a l5' slofe) ro !n xdvxncc ol rlroul 30 knr/h .,1

the .irsteed signdl *ilh relercncc Lo thc yxrio signxll There-
forc odc slh,,ld choose a lht slopc i)r ! slow vrrio. At nny
.atc. onc wiil hayc rc subtrrl.r liied .rnount lionr thc indi
crted dirspeed in onc's mind lor coreirlion {i1h thc vario
sigfrl (ir r,hrse 5 ir must bc xddcd) At 7i" fnch 1Ie
anrount is only lall lhrl. Nnd rt r tinrc constxnt of I 5 sec-
onds it is only I 5 k r/h .nd rhcrcforc ncsligiblc as onc can
not rcNd thc instrurnent lIis trecisel) til xnr r!lc

Whcn rccovcring alth€ end ol phllse 5, wilh lhc lord frc
lor 11 2 lo 3 dcpcnding upon ainpccd and xircrat llpe. one
mry see u frore or lcss im|or(Nnl dcficclidr of ihc Tliva.io
ir the negalne dlreclion (he.e rlso lhcre is an ampli6c!tion
ol thc cffcct by thc longitudinal rjr colunn, bul il is lcss
!nxrked lhan i!hcn pushins over).

In phrsc 6 lhc fohr is run thntrrgh in thc revene dircclion.
When thc rv$rgc ol Lhc rcldiigs in phrs.s 4 rnd 6 co.re-
sponds !o the poldr the coDrpcnsatio! is pcrlcct ior thc llighl

O.e shoukl cxry ou1 a nunrber oi nights wilfi varyinS
pitch xnglcs in o.dcr togct {good piclurc.

t.{ r,. ..r...,r,.t:rl..nb..\..!,ir.p((,l. r,r,.,rio. e..,.
id instrncc, m.rk lhe pohr siik ru1e o ihe glass window ol
lhe.irs|eed indicalor wi1h.r llh pen

Thc nulneric.rl !aiues mentioncd abovc 
^rc 

valid to. mod
ern hiqh perlonnancc glidc6. Iir tr{iners or older *ooden
sailplancs. $nrcwh!t iDrllcr !alucs shoukibe rdken.

Testiry the In8uence of Sidrslip on TE Conrpetrsation
All nclhods of co pensation sulTer lrom thc irflucnc€ ol

sidcslip. although to dific.cnt dcgrccs. It is praclic.lly iot-
tossible in ! nrng thcrntlrlto mrinlrin r zerosidesliprngl€-
witfiout thc risk ol lalling out ol lh€ Ihernul. ll the compen'
sation is scnsilive lo sideslip il willgenerxte dish.banccs in
this crsc $hich crn span the rang€ lron simflc nc.vousrcss
ol lhe indicrtor 1o h.avy dislurbanccs (scc lhecNrlier seclio.
, ,,,r'', ,.c] 1,,,r'ri rl r.,..l .lif. rl-.'brF.i.. :a

portxnt critcrion lor goo(i corrPe.sriion (Acco.dinS to Il.
Reichnrrnn lhere are pilols who fush thc ruddcr periodicrlly
lrecru:ie $ irh ccnrin Tll tubcs Lhcre .ppea.s a shon pt]lse of
cli.rb e.ch tinc this is doncl)

A sinrplc ntclhod o1 judging: nirintuin r sidcslip (al r sale
rltirudc) ot !l lean -10" lo. rhJcc scconds lhe !rw dring
sill slrnd oul shxrdy 1o thc sidc. l'hen lenninr!€ the slip
r(J. rt. \rr r,ur , \rc r.l u i1! ..,,t. (r .,.r"

,.9 nn undisturbcd pilch dngle r\ lrr rs fosiblc During lhc
mrneuvcrrhc vrrioshould t.insilidr ftom r!thcrslro g si.k
lo thc nolrr \ifk .rtc in r s(crdy llshion rrd willort iumps
Ir sLould fr\.r.r.!cd Lhc fohr iirl rrlc id thr 0Jrc.ss

NOTl-:: What counls is onl) lhc vroolh lrxnsition. nol lhe
rbsolulc v!luc indic.ted durifg th€ slif. lhc lrttc. depcnds
od llrc tlpc ol glider rf d rlre r gle ol\if cslif Onll.rl rhc.f d

-horld lhe va.io indi..tc thc polNr sink rrle.
Influcnce of Angle of Attrck

As bnSitudin.l nrbilitl is ver! htgc rnd lhc r glc ol'
rfir.k rh.ft:l,rcre rinswithin nrlo$ linilsIl lhenotmrl
spccd rrrig. ir i\ rhout | 5"). the chxrrgc i !ngleol!1trck.
whclher as .] conscqucncc ol turbuleice o. ol inlcndcd flighl
mrneulers, rcmrins d snrdll probl.n. cxccpt whc.c one uscs

ri toor rtrir.c 1)r'\rr{ic fr.rsrI in Lhe cr{ ol rten]brirfc
slsrcms o. eleclric comPcnsrlion. Llflo11uixlcl]'. Poor

!rrccs oi stllic pressure rr€ nea.ly thc only kinds found on

When using r good Tlntube there normally is no problern
will rnglc ol rrtdck. as lorrg xs the tube is mountcd under rhe
.ighr rnglc 1o thc longiLudinal axis and on lhe right spot. It is
.. r" il'l! - irh \ rnT i r,c:, A ro rc.r tne r(nsirivir) r.i

ch!ngcs in the rnsle olattrck. Fbrlunalclytheeflecl is ruto
mrticrll) tcsled logether wilh the olher oncs;n the inclined

Influ.trcc of rhe Elerator
Thcre cx be rn influc.cc oflonsitudin3l controlinputs ot

th. vxrioJneler in thc casc of probes nrounred rhead oi thc
horizont!l control sLrrfrce. Onc *ry this ctrect can be crused
is b) lhcchangc in rhedireclion ol lheapparcnt wind in hont
oflhc horizontrllail as a consequence ofelevator dcflection.
Il r prohc is rnourlcd too rrcrr thc lxil,;rnd il ofi 1op ol thxt i1

is scisilive tochdngcs in anslc olaltack (ascan happen vith
somc oldcr tubes ol lhe venlui rypo), then an elevator de,
nccltun willcluse a pressure change via the probc.

TLc oLhcr wxy srch an inuuence crn be noled is *hcn a

t..b€ ls rnourled *ithin thc mlh.. hr-reirching prcssurc
ticld ofthe horizonlal ldil. In this casc thc localsratic. as well
rs locxldynanric. pressure wili vxry with chdngcs in elevator
1i{1, which itscli is a iunction nol only ofslick movcmcnt but
ol other purllmelers including cB posilion, airspeed and load
frct{r. As !rrirtiors ol these locrl prcssu.cs direcrly trans-
mil thcmsclvcs 1o the trobe, ele!dlor deUectidN c!n c.ruse
dislurbrnccs in thc vxrionret€r reading. No1e, howevcr, dret
orl) duriig rnd shortly aftcr rrarger in elevator selling do
these pressure-induced inlerfcrenccs occur.

lnle.lcrencc b) thcclclalorcxn beidentified bythc.athcr
slrong reacliods ol the variomctcr ir both dir€ciions wh€n
succcssivcly pulling rnd pushing on tho slick at moderate
speeds. In u n lavorable cNes rhis can producereadinss which
lre nrulliplcs ol thosc lhich would be expeclcd lion thc
acceleration ellect discussed in thc first section oflhis paper.

wh€n tulling and pushing in a.apid scqucnce the variom-
ctcr mar wcll deviale down{ard bu1 nol upward above the

Rernedy: put lhe probc iarthcr ahcld oflhe ho.izonlNl lail
and usc x tube which is lcss sensilive to thc anglc of auack.
Ilorizontal taik Nilh ! stabiliTe. require a large. distancc
llrr rll nlire lrils. lhc ncrrcr rhc measuring head ol lhe
prob€ is silualed !o lhe plane ofsynnnct.y of tfie ho.izonlal
t!i1. thc rnrller the inrerlerence will bc!Verlic.l disl,n.cs.f
hrll thc dcpLh ol thc v.fiicrl lin, lor insixnce, are very brd.

Tlrobcs on thc lus€lage
Thc lllsehge crerles r ve.] slrong prcssurc lield around

itscll which \ill s*iousl! disrurb any pressure probc in its
licinil). This is rl.cady so in clcan. straig|t Right {ithoul
rnv side\liF. ( ondilions bccomc wo6c whcn onc slips. or i
d...lcfurcd lligh!. An €slinr.lion ol rhc .nors crcrLcd is
quitc difllcull b.cxus€ the a'rsteam paltern Nround the fusc
l.gc is vcry comtlcx and, natu.allv, dilTere0t fbr every type
ol gli,ter. Onc should trkc sonrc gcicIl prcdutions: rvoid
ihe llcinit! ol !he wing (1he fu.1her awa) rhc bctcr) bccause
during pull ups xnd accele.aled llight the wing will sinulatc
venic.l sNeds *hich do not c\isl Thc nc.suring head ollhc
Tll trube shouklbe rs Jirrrlry hom lhc lLiselagcas posible
(rulc oi thudrh: di\1ancc : dirnieler ol lLrsellgc rt Lhc phcc
whcrc thc prche is mounled) in order to reduce the influencc
ols cslip to r mininrunr.

Thcre it rrrolhcr !er) serious ddngcr conting ll(nn Lhe lur
'uhn.q . ol 'r$, !.rdLs(l:.p(.\ l-(r< Ih( rlc '\--i_e

li I H\ra^ \aAli Nt.



h d ol lhc TLr prcbc is rclched by il, {he tressrre.ocli
cienl will chrngc dr|sticllly ufd verr_ fupidll thc consc
qDeic. is x fowcrlul dislL,.bafce of th. Ila vario. nDslly in
tlrc vcry low speed rcgiof. ll is no1 fosiblc to nrrkc r gcncful
dltcnrcnt oD lhc Dosiliof of this $!kc. Rulc ot thumb: dvoid
thc .ceion bclween the ufpcr surlNcc 01 rhc luschge rnd an
x$umed phne .onnccling thc uplrer su.lice ol lhe *ing.tnd
rhe lrriling cdSc ol lhc horizonlrl subilizcr (in thc crsc of a

As one car scc. llrrrc docs noL .cnrlin rnuch splce lor a

good posilion of ihc l h prcbe on lhe lusehge. Practically
thc o ly on. Iclt is rbouL I Dr bchind lhe l.riling cdg. of thc
{i.g. ()nc shorld usc Fosiliofs oi thc fuscLlgc only lller
thcy havc bccn lesled lhoroughly with positive rcsulls.

By conrrxn, the position in fe)nl oi lhe horizontrl lail h
conp!rrrivcly trilhour f roblems.

lurthe. Dislu.lting Fnctors
'l hc influcnce ol rccelcrxtion. or lhc lold laclor, on the

tropcr sirrl .t 1r ol rd rircfull is t01 rn erro. ^r ,Prirrr.
mcnl. rs i1 hrs r dircct inllucnce or lh€ 0lln. s encrgy brl

"i $.\ll.'\ -,rl, t llr.rR.Lru<
nY rh. influ{,f.:c ol lurbuleic..

( wn ,rr'o ''r rr.r .(r irr I (nJ(.J,((,,o, /,, nrnP

lro lhe conplctc mcrsuremcnl system ilscll, c(oh \hiclt
could in principle be eliminrt.d bl r more netrl) p$lbci
(!nd nrlurtllr $r. complcx) ne.surnrg slslem. lt cxn hc
said wilh good jusLificrlion tha( lhe rore s.rious c..ors crn
be rsocialcd wilh laking the fr.surc mcxsurcmcnlsi dnd
thcsc c!rc6 c.r b€ trrftd bxck to rcrodynrmic pheno en!
irduced br lld dirc.xlt itsell or lo lhe lutriig and olhd nrc
clanicsolth. slslcm.

NIrny ol lhese fncunrrtic mer\unng errcN a.c vcry dilli-
cull to g.t hold ol bccause they dcPcnd on sele.rl inlluen.cs
irl thc same rinrc. Fo.tu..tcly ihc] tre ge..rx!lI $crkcr di!
turbrnccs ol Tl .onrpcns!lion slich on. will nolicc only
sirh d ver! sood srstcnr. We *ill thctcldc not deal wilh

Nl(lu!l Inlerferctrc. It.t*een Vrrionreters
tl Dntre lhr. orc variomeler or r !.rb rbng with .nolher

instrument is being supplied f,u] lhc srme Tt-lresurc or
.J- r,n l,vulli o( r.\ed l\. r rr\ .

inler.cl qilh crch othcr, or *ith othcr instrumcnts. produc-
ing.cspods.s dillcrcnl lionr nornul. I his c.n tre pdrricularly
so whcrc lrrgc.ir voluDinr (flxsks or so-called gust tiltcrs)
xrc inlolved ii lh. systcm. lL is quile russibl. fd thc inilial
rcsponse ol r vrrn) to bc rcve.sed ii this sry. O.e shoukl
rvoi.l in rll circunblonces. r.strictidrs ol lhe Ni.llow such xs

shrrp corfcrs or rttinilolds iormi.e iel\. in d!c1s common to

Ori. \hould rl rnt rrlc llrsl.rdl out r tcsl lli:Ilrl Nilh onc
v; ri.,inlr r1f rh{: \rril),,lt).fl thcn .dd rl,e olhtr \rrn) or
,.s1runr.il .nd scc \rhcth.r th. resPrse ol rhc lirsr o.c hrs
chrrgcd in rnt wry, rncl whclher llte s.cond onc lunclions

trcl]crl\ (hiy thcn sho!ld lu.lher iistrunrcnls bc hooked ol
.inrl rlr. l.sls rrDcrted

Qunlitt of thc ( ompersrl'on
l. fhere is no pc'lcct comfensrrionI Il (lLL,!ng flrrse\ + r tl j ol rhc terl Lrc rtclri:rd \iil

,iLlr\ \1,,1 uilhiir r h, f d.l l0.nr,s ol lhe tr)h. \if L r,,r. in
thc \rr.cd rifge ur) ro lj0 k n/h. .rnd il lhc \nl.slif xtd Lhe

cl.v.t(tr inll!e.c. lcsts \!..c srlii .rlo.]..nc.!n qurlil"! l lre

c.frltrr:iLli(rr rs b.ing c\.ellc.1 \\ itlr thrl \\rlcnr rtrr. Rrll
trlr,.. iL I ./r Llrur rrrL.\. dri,r!,Lf.r\.orr r r r t l Lr r '1 f . r L t l
shri sfirrling o.e {ill h:Lv.rnirlLil ! r:irlni 1\ Pos\i

hle Not mrny synenb are a! good as thrt.
:1. ll thc dclirrions rre s,nrllcr thln +0.5 m/s, and lhe

olhcr tcsts rre nol1oo bad. we crn slill crll thc syslcnr r good
onc. One c.r be vert hrppy Rilh it rt low lo nrodcr.l. rir
spccds i{ rvoiding too rouSh ! stylc oipiloting.

Istimatio! of thc Effectiv€
I'rcssur. Cocflicient of r TE-probe

Thc rrcs re cocllicjenl ol any probc mcasurcd in a l.cc
strcrm $ill be modilied on lhc aircrafl by the aerodynamic
clTects mcrlio.ed carlicr.'l hcrelore one us! trlk olsyslem
cocliicicnr here..atfic. thrn ol a probe's coemcienl. (Whcn
rrountiig ihe pmbc on lhe tail lin correctly thc combircd
.il.ts rrc iofln.lly smulle. than io.. bul on lhc Iusclagc
rhcy can rcrch -10% to I 20% casily.) This coefiicient conF
bined lio llbe and aircrrfl crn be eslinaled. and if ncccs
j I ,r .:i. .! ..i r(.r(J. ,rl',,,,.b..' J, Lr ll,, ir\.

Itduring phrse 4 ol 1he l.st onc has too much sink there is

undercomFnsrtion and thc srdem coelficient is snrller
thrn l. ln thc crsc ol (oo rnrll r \ink rcading. ot even a

climb. thc slncm is overco rpe.sxled lnd thc slslen prgs'
sure coellicie.l is grerter than L

The €.ror ofsink rrlc rnd the error ol lhe sysl€m pressu.c
cocliicicnl are rclaled in lhe lollow;nA way:Thc c.ro. oisink
ratc is .pproxinialely equal to truc vcrticdl spe€d multipljed
by (l-B). vhcrc t.uc ver(ical spc€d is the I indicrted by an
unconrfcns.tcd \rrioneler,.rnd $h.rc B is thc stncm pres-
surc coellicicnl. Ej(nmple:slopc 15" down, airspeed 144 k'n/
h : 40 r/\ si.k/ This sives r vc.lical speed ol 40 nr/s tinres
sh(-15"): l0.a n/s : 10.4 n/s sink. A sysl.m cocfficicnt
nt U I tr. . ddcumFl.J."dJ s,lL cJu ( Jn d ur .n \"ri-
omcter re.diig o1 -10 4 m/s rimcs (l 0.9) : 'l n/s, mean-
ing th.rl the rerdi.g will bc a sink fltle too large by I m/s.

Convcrscly. one can computc thc crror in thc systcm prcs
surc coelliciefl on thc brsis of xn eslimation ol lhc er.or in
the TF-va.io ! relding. (ln the case above. 144 k'n/h, -15',
sink rxtetoo la.sc br I nr/s,onewillarriveatavalueofE:

II should be addcd here that lhe cnor ol lhc sls(cm pres
sure coeliicient oughl 1o be the smaller. the fasle. a glider is.
With x frsl ship onc will fly not only fasler, but on siecper
slopes: thc cror ol thc vNriomelcr will somehow go rvilh thc
squrre ol speedl The other way around: On a K8 oie cnn
phcc thc tubc in x spot wfiicfi is nor tfiat favorablc. vithout
nruch hcsilalion. IIowcvcr. on r 15 Metcr r{ccr onc should
invesl r bir nore eilort

'l l (i,mpctr,arcd,.. \nncomFnsarcd \ario\
In moderr $rring one c.nnol rcally do without thc TE

!ariomcle. lo.1hc purtose ol looking lor ! u\crble the.rnrl
and ii rdiustinS spccd duriis thc glidc phrsc, as jn bolh
crscs onc focs (hinge rirspcd qritc r bit. A noncompcnsdl
cd vrrio Nould rlvrys be rl lhc end slops durine lhcse e\cF
cists.O ccouldusei1,bulrllheexpe seol keepifg,,i^Ncd
'.n. ,, .J , , r' J r .. ,p \ .,IrJ. ,\e i lur.o

YcL tlr.rr i\ onc siturtion whcrc thc noncompcnsrled vrr
ios qurljl) ol oot heing di\l!ihcd b) hori/.nl,,l !Lr1( is r
d€li.itc rdvrflrge: fr el!. rn rough tlrennrls *hcre lhc
hori/ortxl l,sturbrnccs crn bc vc.y nasty indccd. Flere thc
norr{rrNfsxlcd !rrio \!ill dcli\cr rn rslorishifgll qLLi.r sig
nrl. \!herc r IE conrpcnsrled vrno rr! gtr. xn outpur
hrrdlr_ 10 lie irrdl'.red hr 1he tilol It is *orrh r l.irl

Obsrr!if8 both r iofconr|cns.lcd v!rio rfd a cof'I)eis.(-
.l onc rt th. srmc tinc rkr e.L, , L,,g.,Nt go,rL r ,,rrr,
liorr: rs long r! 11re\ Lorh \ho$ the siorc climb rrLc. Lhcre r r



rc!l then al. lfonly the TE !rrio sh)ss somclhing rnd the
rlLitudc vxrio does not nove. llerc is I ho,i/ont!l gust con-
slanL rirs|.ed r$unrcd (rhis i\ oltcr Lh. crse. rs titr cxrnpte
during hrge torliors ol ihe gldc). W h.f ont), lhc rttilude
\.'riJrr'. . r'r rh I.' rr..l.'nsn.,r..(tul )

Wilh a littlc bil ol expcricr.e. lrrving both lypes ol vxrio
Drr) Rell bc ! bonus. lloscvff. 1lei. rcsponsc sholld noL bc

Onrt. rhF (n' l r',,"r)siJ.,..rL brnt-,\ur.,.
1 r)uch lcss disturbed soulce ol ytlic prcssur. than thc vari
ous holcs in thc fuselxge.

Improring an Exisling Slsren
L Corlrar) to x widesprcr opinion, a poor compensalion

crnnot be inproved b] rddilion al dam ping in the duct to the
v.rriomctcr (capillrrics xnd rhe tikc). In this way onc wiI
;.nL..,ll) ..'. cfl pvur I I | ,u I 'ru :,1 .':,, puur(r

2. 
-Ih.lasler 

the vario. lhe nore clcarly erro.s oicompen-
sJ(ion *ill sJror up. bul thc herter rlso rhc conrpensrlion *i1l
be, *he.c the pneunxlic side ofihe syslem is in ord€r Thjs is
so becausc thc disturbing clTect olsignli dclay is snxller.

L Errors must firsl be sought at the sourcc! shich neans
in praclical lems thar wilh tubc conrl)ensatcd sysrcms lhe
tubc fiNt should be put in queslion dnd its sa) rnd ptace of
mounling. rs delxiled ca.lie. With elcctric or orembrdnc
compensabd systems thc stltic pressure porr should bc puL
right. This, it must be mentioncd, is rarher a tough task.

4. Where r syncnr using d TE tube is bad. thc problems
arc either wilh lhe tube irsell (one can see i0cr€diblc cquip-
nrentj wc hav€ nrersu.cd .oefticienls bchvccn 0.8 rnd 1.5 on
honrebuilts and elen on commercinl probcst) or wilh lhc
plice *herc it is mounted, or with the angulrr position (we
have seen errors of sonre l0'l). All this is assumins that no
olhcr manipulalions hrve been donc 1o it: thcre are p€oplc
who likc 1o try dinerenl bcnds in the tube! It can aho be th!r
a prrlicular lube and i1s mounting place do nol match.

5. As a gcncral ru1c. tubes jn the vicinily ol lhe wing musl
be rvoided (viciniry hcrc mcanins ncarer ihan aboul one
chord le glh) bec.tuse they willcasily cntc. intotumc depen'
d.ncc on the wing lill coellicienl, rnerning rlso lord ldctor
.rJ Ji clc Jr!'n lhc vJr.o nerer. re.,d ng ,r i ,. $.,r cJl

ensil) leNd to misjudging lhc qualily of lfic thcrnral one is

6. l-eaks rnd squeezed ltexiblc lubing crn hrvc c.td
st$phic consequences.

7. I hc scienc. ofTL cornpensation is a very conrplex busi-
ness dcmandins a lcw ]cr.s'spccific cxpcricncc and knowl-
(ds< .n \.'r.ou. irl.l' ul 1. rur ' \Ji(nc( .'Id cn-!inrLrinB.
Tinkering {ill lherelore inva.irbly lead 1o lailure and

Addcndtrm on thc Rolc of Irbd$ce
(Fo. the fticrtific-Minded Reade.)

when spiralingin a therorrlwilh rwo Inrrnna 01 TE-indi-
cation o e cai achie!e. br- knowingly distlaciig the circle in
,n rrul,rd,re.I. ,\ ,r.slhrnf |.J.,'nl "f r,' ,,
munr !id a minimum per circle flosn. a;cnerally. howcvcr,
lhe averdge r!1e ol climb will be r.rlher less here thrn iI) the
slnrnrelricalcrse. No$: hy distlrcinS thc circlc iM dir.c
lion ivhich is xt right anglcs to thc originaldisplaccmcnt, onc
gcnerally qill notico no( much of r dilltrencc rgrinn lhc
originrl slrle. The lwo axes (obviously thet mus( be consid
cred es such) are coupled to {ind dire.lion. dnd the lirsl one
,s n)ughL) prrrllclto it.

l Lri. L\p(r'n.cnrJl ..nJrng.:, h(f'p.,i1('l b) -,L,pJ ig

( hrL rhc lhcrnrxl consisl! ol two prrrllel \hirls with horizon
trl rrcs, lh. \cnsc of rot.lion ol $hich is oricntcd such thal
rn upwxrd Dbvcnrcnt is creuted belween them. Thc whole
ststenr hrr {o bc inr!gincd ls being sonewhat difusc.

Such r s!dcm is lo.nred br- pLrlling the toroidal whirl
Rellkio$ n ftom lhe nrdcl for rhe.nuls wiili rolationalsym
nr.t.l rloig . borizontxl rxis 1o sonre lenglh. The circula.
ring *ill 1,Fl be.one oval; latcr onc will ar.ive al the nrodel
dcscribcd rbovc slrowing tlo morc or less long parallel

It sounds rcrsonablc to suppose rhat circular as well as
lincrr whid syslens cocxisl lo sonre exl€nt. dependingon the
locrl stric of the utnosphcre and thc stale ofthe surlace on
thc ground, this being alsoconrpalible with Lh€ cxpe.imental
lindings. The vcnc.able nrodel lbr lhernals sporlins .ola-
tionrlsl rlrelr}! hoscvcr docs.ol seen 1o be nLlch lavorcd

The rcNson lor that might be thal the lower layer of rhe
!ir. lrour trhich our thcflnxl tril1 mosLl,"" conc al thc cnd. will
have a boundary hycr sith the ground. as soon rs therc is
sonre wind. This ft1her thick boundary Iayer is a lay€. with
wind shcar. This again nrcrns lhrl Lhc ai. contai.ed in it is
"rlfeclcd" by rotalion. ln orher wo.ds, i1 has a moment ol
morncntunr wilh {n axis pe.pendicular to wind direclio..
Now it is known irom rhe theory offlow thal when a mass ol
xir is disrlaced (in this case on the occas;on ol its ascent
subscqucnt 1o healinq) i1s momenl ol momcnlum is

Nos. r *hirl in lhc lorm ola pure torus cannot fullill rhis
condition: ils olcrall nromenl ol ntomcnrum is strictly zero.
It c\cludcs itsell as a possible solulion lo lhc problcm as soon
rs therc is ynnc $i.d. Tlris cofclusion also is supporlcd hy
priclice: round thermals normally exist only under condi
lbnsoflow *ind over unilb.m lerrain, and thcy usually have
a ldrgc dirnrclcr. Wc must deform the lorus *hirl in ordcr to
impose.n ovc.allmomcnt ofmonre.tum on it,or €ven bet
ler brerk il up into 1wo lincar whirls ofdift"e.enr lengths or
ol dilTere.l \1reiglh!. To 1ulIill lhe original co.ditions the
n.ongcr or largcr one of the two lIlusl bc found on thc lce
sde of the rhermrl. Thc lattcr condilion would also expldin
whi ore hrs to di\place rgainsl the wind so ofte.. ir order
nol lo hll out oi thc thennal. We herewith havo crcdlcd lhe
above ponul.led modcl.

W€ will cerlainly hav€ lo assumc, in order to remain rcal-
islic and conrpatible *ilh th€ more reined dctails oi flo\t
thcor). thrl th. $hole slruclure is not very stationary and
lhrt il is in consldnt transformalion. Mixing ofrhe originNlly
ascendiig air bubble silh the surroundins a; will lake crre
ol io ning, 11 the edd. a nrore symmelrical structurc. At the
bcginning. most cc.tainly, onc will have to expect some drnc
ing rround erch other oi the clcmcnrs constituling the wbol€

NOTA BIiNE: The rnodel of r thcrmal with .otational
symmctry is posible only under conditions of zero wind in
lhe lltcr ecncr!Ling lhc th.rnral. ti.der allolher condilions
n)ore or less linerr whirl struclures arc nccessary 1o ensure
co.se atior oftlre boundary hyer's nromenl ofmomcntunr.

l in!l rcm!rk: I hc hypothcsis ionnuhled here sou.ds rea
sonrble to lhc xuLhor. To p.ovc or disprove it o.e will need
both nore. Nnd rnore precise, €rperinrcnlrl data. and some
tho.ough theorelical work Bolh of lhese are beyond thc
scopc ofthc rulhor: he therefore suggests ihe topic rs a basis
ior possiblc lulu re sork b) olhcrs intcrestcd jn the lield. and
disposing ol lhe necessa.r wrys and medns.
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