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THE POLARSINK
I mprovemcnts in rhc performancc of bial{nergy probes

(71,12, t6, 17) a d vanoneler systcns (18, 19, 20) have
gr.atly rcduc.d thecrrors #om lhese sourccsand thc cffects
ofchang€s in accclcration now nccd to bc con$idercd. Dur-
ing acc.lemted fliSht,changesin the nomal a(ctdationg,
Fo"ncn..dbyrh. xl,d,1 r".ultincnong,* nrhcp,trrsrni.
si1. e the. JLbn,r,un, ol ner,o srd -pccdr.,.Ity,y,toms d.
bascd on g = 9.a1 m/s/s, thcy will sho* crrurs durinS
acc.lcrated fli8ht. Io obtain an cstimateofthc siTc of elrors
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tial canbccxpe.t.d, tle approximdte incrcmontal changcs
in polar sink on an ASW 15 fora..elc.ati()ns bct$en 0 and
3 garclist.din Iigurc LTheyarequotcd askroccrorrarhcr
than as Frccntagc changes, sincc Ihis is {iot thc pibt ob-
servos (l knol = 0515 m/s )

R(d ucing g' to n.ar zc.o hasonly.r rclativcly smallefto t
onthevariot]1etcr indicaLjon ov.r thc normal cruising sP!'cd
ran8e, arthouSh the Pc@ntagc.hinse my be quite large.
Thc indication changcs bciwccn 08 iind 1.58 are not vcry
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large. lncr.asing g' to 3 Produ.cs a siSnifi.antin.r.avr in the

sink rat.', even at 120 kt. Thcse indi.atlons arc, however,
much smaller than thorc often observcd in a hiSh Perform-
ance glider during a pull uP. The .ffccr oI the .hanging acccl-

eration on the air in the instrulncnt tubes, flexing of thc tubes,

inbalance in thc merc. movcmcnt and erois in thc total
cnergy .onPcnsation can al1 contribute to thedif6.rcnt

Spced Sjnk Inc.!'ncntal Valucsof Sinkfor Diffff.nt
Kt Kl Kt Kt I Loads
40 1.1 0.7 0.6 : Itegionofhigh
50 1-3 0.6 0.,1 . 11.7 lift cocflicicnts
50 1.7 0.5 0.,1 {.6 : r_5.. -2.6
70 2.,1 0.4 0.3 {1.5 1.3 : 2.2 3..1

80 -3.3 0.4 0.3 {5 {.1 -2.0 : -3.0
90 -4.5 0.3 0.3 11.4 -1.0 -1.7 ,2.6

100 ,6.1 0.3 0.2 ,0.4 ,0.9 ,i.6 -2.4
110 -8.0 0.3 0.2 {.3 4.8 -1.4 -2)-
120 -10.2 0.3 0.2 4.3 4.7 -1.3 -2.4

g Load 1 0 0.5 1.5 2.0 2.5 3.0

FiSure 1. Polar sink and the approximate chan8es for
different 8'lord s and spccds for an ASW-15 glidcr corr parcd

The figurcs wcc obtaincd by filting a cubj. polar of the
fornVs=A.V3 +8.N'!/V to thc cxpcrimental polar, where
A and B are constants and nis the g'lg iatjo.Thecubi.polar
gjv€s a reasonably g@d approximalion to theexperimental
data e!.ept at high values of Cl near thc stal] The cocJficicnts
do not take jnto a.count thc snallcr changcs in drag due to
changes in Reynolds number.

Appro\.m"re n.F pulr- !-n o 8, n(rured tror e\pFri
mFnlal I gpolJr by \ dlinB th. furcwdrd sPeedbv \n rrd ll'c
sink spst by n.in (1). This tiansfo.m takes account ofmost
of the changG in dmg wjth Clexept near zero g,butnotthc
changes with Rcync'lds nufrber.

ACCELERATION EFFECTS ON THE INSTRUMENT
TUBINC

The a..eleration forccs also act on the air in the instrumcnt
connecling lub€s (5) and .an Eivc si$ificant cr.ors. When a

gliderflies into a thcrmal it.xpcdencs vertical and axial ac-

celerations. There may also bc gust effets and changcs i4
pitch.'Ihcpilot has onlyabout 3 s..ondstodccide whether
to fly through the th.rmal, pull up,orpull tP and circlc- A
rcaenably accurate indication of ihe thermal sbcngth is
diffi.rlr h:.|i.r. in th.se.onditionsand thcindications of
sonc curcnt syst.ms Dre neady mcaninglcss. Sitnila.Prob_
lems ariscduring 3 maneuv€6 undcralhcrmal strcetand
whenclimbing in nanow thermals and stnw fires.

Verticaltubcs.
When initiatin8 a pull'up, the t.rilplanc is accelqated

downward s and thcn dcccloalcd to its cqullibnum Posi lion.
With a totalcnerEy piobe mountcd nc.rthc toPofthcfin,thc
vertical tube nay be a metcr lont. A ratc ofchangc of a.c.l-
cratio. of l8p€r second is .asily .. hicvcd and thc variomc"
ter expericn.cs a lift cnor iolloircd by a sink cror.
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[igure 2.

The picssure produced by a column of air of length Lv
(Figule2),d.nsityp undda. accloation of g' is p.Lv.g'.The
chang. in pressure per unit hcight is p.g- As a variometer
senses the rate of changc of pr.$ure,

lndication erro! = 1/p.g.d/d(p.Lv.g )
= Lv / B.dg /dt

For a 1 meter.oluhn ofair subj.Etcd toa rateofchang. of
accelerationof lgper s{ond, a fast vaiiometer wlll jndi.ate
a 1m/selroi -about 2 knots.

The responsc ratc ofthe variomekrr limitstheerrois a.iu-
atly indicated- A 2 sccond filter a'ill damp out most of the
effecl buta fast insrrumeni with an audio system may rcact
signifi.antly. This is more likelyto bcanannoying dntrac-
tion than a serious nuis,n.P

Axial tubes -.otational a(eleration.
As the .limb anglc changcs, an axial trbes rotate about thc

center of nass and cxperience a centripetal accelcration.If
thelengthof tubein frontof thecenierof massisl,thelcngth
behind it is L and the angular vclocity is w, the pressure dro!

=,,1'p r'w' drjlp r'w' ar
=p/2.(L, t ).w

Indication edor = 1/p.g.d/dt (L,,l1).p.wl

= (L'z l2).w/g.dw/dt
This will be zero if I = L, frr a probe mountcd on thc

tuscla8e just behind thc wing. Fo! a fin mountcd probe,
puttinS in rcasonabl. values for the length, angular velocily
and accclcntion su#csts that thc magnitudo of this effe.t
may be up to about half rhat duc to thc acccl.rration on a 1

metervertical tubc, althoughthetiminS will bedif fe.enl. The
.ffcct istnnsicntand should bcdamped out by! gust fiitcr.

Axial tubc - axial a.ccl.ration.
Sirrccrhedynanic f()rccs act thrcugh and abo!t thcccntcr

olgravity, theinsttuhe.t siSnalshave lobemea$rcd in this
Irame otreferen.e. A glid er e!perien.B a n a xi! I acc.l.ra tion
ol 8.sin(C) while climbing, where C is the.lihb a ngle. l f the
angleofin.idenceis I, rheair in a tubeoflength (L+l) l).ing
along thc tusclagc axis cxqts an accelcration prcssurc of
p.g.(l-+l).sin(C).os(l) at the variometer- The verti.al pres
surc differen.e betbeen the variometer in the instrument
panel and thc centcr of gravity is p.l.g.sin{Cr l). lvhcn the
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climb anglc is .ha nSingi

-1 /p.s.d/dt.p.8.((L+l).sin(c)..os(l)-l.sin(c+l))=
d/dt.(L.sin(c).cos(I)-1.co(C).sin(l))=
{L-cos(C).os(l)+l.sin(C).sin(I)).dC/dr+(L.sin(O.
sin(l)+l.cos(O.cos(D).dl/dt
approx. valu€=-L..o(C).dCldt

Putting in roasonable valuc for L I and dlldt for the
second tcrm, typically Sivcs cmrs of less than 1 kt. Maxi
mum valucs arc experienccd dunng larg€ changcs in I load
at intcrmediatc sp..{s. Thc effectis transicnl and should bc
rcmovcd by thc Sust filtcr.

Thc se.ond facto. u dc/d t typielly cont.ibot$ lcss than
l0% oftie total. Thc fint facto. gecrakx significant cnors
and it is ctfective all thc time the climb anglc is changing,
wlicl may be several scconds.lt will not bc danFrd outby
the 8!st filto. Thc sntdbutions due lo the fona.rd tlbel
noarly balancc out and ihe systcm b.havesalmost a$ ifthe
jnstrumcnt was actuallylocated at thc prcbe positjon.

The rate ofchanSeof inclination of ths flight path can be
.al.ulrtdt from thc normal acccleration g', mcasur€d at
ccnlor of Sravity and th€ sp€€d V. The centripcdal accelen
tion is V'zlRwhcrc R js the radius ofcurvaturc oI the fllght
path. The angularvclocity dC/dt = V/R.

lndication crror = L.cosc.(t -g.()sc)/ V

With a taiL mounted total cnergy probc/ the tubc may be
morc ihan 3 mctcrs long.Typical cnols aie shown in Figurc
3.

changcsintheindi.ation, inontrast to theef tudonthcpolar
sinlc It has b(n asGumed that thc ratc of change ofacelcra-
tion due to the chanbr of drag with sp.(d, is small. lf an
acceleromctc! is uscd to sense thc normal accelerarion g' and
.os C ir sct constant ai 0.95, thc calculated values willhave
manmumerorofabout+/-10% for glide antlc bctwen +
and 26 dcSL.es !o the horizonral, s hich should allow ade-
quatc compensation.

?RO8E MOUNTING POSITIONS
Whilc thcre are a number of possiblc posilions, there is no

lo.ation which is frce of prcblcns (1, Z 3,8). Possibleloca-
tions arc on thc fin, on top ofthc fuselaSe bahind the wir8,
undcrnaath the fusclnge-, in ftont oflhc nos€, on thefron{of
the nosc and on the wingtip. HiSh pcrturmane sailplancs
arc generElly much more sesitivc to 1(nal en€lgy ercrs than
low performancc Eailplanes, duc io the wider opcrating
sPccd ran8e.

Fin hountings nlay be affecred t'y clcvator and ruddcr
movements and rcquire a long conncciinS tube.'fhc prube
should be moutcd close to thc top of the fir! both for
convcntional and t-tails. wilh Fiails, probc lengths of ar lc..?st

1/2 rn and 1 m should bc used with ail flyingand onvcn-
tional elcvatorr respcdivcly.

Mountings on top of thc {uselage nay bc aflected by
sudion and tubulcnce from thc wing and by changes in thc
airllow arcund thc fuseiaSe. A probe lenSth about equal to
rhe fuselagc diametcr at that lx)int is rcquircd and it should
be mountcd about a.hord tf,hind thc wing. Thisposition is
fairly frft of suction ctrccis from thc upp€r su.facc of the
win8 and is.leai oflhc t{ing wakc. Thcaerodynamic drag
may be.edu.ed by fitting thc probc slem with an acrofoil
slEvc. A ttrobc mount€{ lev.l wilh the trail ing edge of thc
wing gives very dcc(p live variomctcr ind ications, due hr thc
la€e pr€ssurc chanSes onthc uppd surfacoofthe wing.

AlthouSh thcrc is often a position of n ear-7€rc siatic €rror
undemoath theaftpart ofthcwinB, a pobc mounted under
the fusclaSc would b€ morcscnsilive to siip, since the dir.c-
tional changcinlheahflown.ar lhc tuselagcismuch greatcr
llan thcchangcs in slip anglc.lt would need tobchjnged or
retndable, ahhough it olld bo ouilcd to the undcrcar-
riage m<hdism. A slightly r(.ducc{ ruction .ocfficient
would be need.d to ttllow loi thc diflcn:n.€b€twccn the air
vclocity in the fnc-strcam and ihat ncar Lha fuselagc.

A probe.an bc mou nred in frontoflh., noseon smcglass
gliden, but, dep.nd ing on theshapcoflhenos€, itmay need
to bc more than a mctcr long t,) bc rc.sonably frec of thr:
influencc of ihe furolagc. Thc inner a.ction mayhavcto br
in r€sd in diamctcr lo kep th c asscmbly ,u fficn:ndy n8id.
Th€ ovcmll lube lenSth .ould nol be lcss I han about 2 mct.B,
but this position docshave thc.trlvantagc that ahca..elcra-
tioncflccts from thc polarand lroln the tubing panially t0nd
luLomPcrd ^cJch,'ll'.r.Th.r ' 

!, drrF.r,,hc\rarr prc5!n
and the flowvcl(ity atsurprisinEly Iar8c dislancs in front
of it (1,6) and thc influcncc changes with slip anglc. To
prcvent largc airspcLd indicat(,r enors, thc wash hom the
prcbamust bc kcpr clcarofa nose pitot hcdd und.rall flight

Spoed Variomeierindi.ation erroFsinkis ncgaiive

40 1.7 0-8
50 1 3 0.7 4.7 -1_3

60 r.1 t.6 4.6 -1.J -r.7 -2.2
70 r.0 0.5 {.5 ,1.0 -1.4 r.9
80 0.8 0.4 {.4 {.8 -1.3 -1.7
90 0-8 0.4 {.4 {J.7 r.1 -1.5
r00 0.7 0.4 .0.4 {r.7 n.0 1.3

Figur€ 3. Variometer onors duc to accclciatbn cffc.cis on
n 3 meterconn€cting iube in ncarhorizontal flighi.

Torcrh.r wrrh th.,l'rntc: rn Pulrr srnl lh'\r'({hrr!Jn'
lart,:.n"uAhL(.mJ-.,1di.:drjJr' of liftrrd u ircr"ioJ'
cn;. il\"rro\rri nctcr r"Jdilgs Tl^r\ rrclilL'lyr"b'
rcrio!sdors in nettovariomcter rodinSs-They ari}likclyto
b€ serious during dotphin stylc s@nng and on entry into a
thcrmal. Thc acceleration cfLrts nay havebeen prcviously
confu sed with indi.ations of polar sink or wjlh enors in total
cnerSy comPcn53tion.

Reducing ihe 8'load ing fron 0.5 to 0 produ.6 significant
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I'robes have b@n succcssfully noNtcd on top of the nosc
at right angl$ to the airflow, near the position ofz.!o static
error(13). Although this positionis quite sensitive to slip,it
is woith considering for lowo lxtfornance gliders.

The win8 tip .an prcvide a very salisfactory mounting
position durirA straight flight, but the large di fferences in tiP
velocity.aus problems during .ircling fli8ht (1).

GUSTS, GUST FILTERS AND YAW ERRORS
Atotal'energysystem subtractsa signal from thcsinkrate

which is proportional to the jncreap in airsp€.d. Sudden
changcs in aiFpced occur when entenng and ieaving a

horizontal gust. Thc total cnergy systcm feeds an 'e o/
proportional to the Sust speed times the airspeed, into the
variometer. A gusl filter (4) redu.es thevariomctcr rcsponse
to iapidlychanging gust signals, while havingonly a small
delayingelfe.t on slower lift signals.

Sinc€ there is usually a sped chanSe when entering a

thcrmal, with higher.nie speedsand fastervariometers, it
has becone proSressively morc difficult to dislinguish be-
tween gusts and Senuine lift. As a onc+ccond systen is
likcly to have about four timesthe gust prcblcms ofa two-
second systcm, thc rcadings tuom a slower variometer may
a.tually be easier to intclPrct.

While all pressurc transdu.s and some thermistor var
iometers havc cl.dronic gud fi ltersbujlt jn, there is a limit to
what .an be achicvcd wiih conventional 6ltd techniques
without scriously rcducing th€ response rate. Third order'
filters, with a fairly sharp frcqucncy cutotf, perform much
bettei than simplc ftst ords filteF. Iflhe tmnsit ti me through
a gust is signiJicantly lcss than the time constantofthc filtc!
system, the indication crrcr is considerably redu.ed.lf the
transit timeis apprcciablylonger/ theef f ectof the erorsiSnal
is redu.ed inamplitudcbut extended in time.

Considenble inprovcn.nts in iecognizinS and rcnov-
ing gust effectsare possible with micro'processor{ontolled
variomctcrs (14). There is a matimum mie at which the
glide..an chan8esp..d undcrgravity, dueto changcs inthe
glide path-Thetat. of changeofthe airsp€€d signal can be
nonitor€d and any er.ess jndications us(i io comPensate
ior gust cfilcis. UsjnS a vertical accclcrcmeter, a(uratclim-
its can bc calculated for the axial velocity changes.

Thc true (uncompensatcd) climb rate can bcdcrivcd from
thc total €nergy compensated valiometer and airsPced si8_

nals. This slgnal should bc comParable to thc total energy

signalin steady flight and will be largeidudng ac.elerated
fli8ht. Howcver, ii is only slightly atfected bySusts, so any
significantly larger lotal energy compensated siSnals are

likely to bc due to grsts (15).Theairspeed signal nayalsobe
averaged or prcdicicd s€Paratelyov.!a nuch longerPeriod
thanthcuncompdsated.limb nte. A core.t.d total€nergy
signal largely tue ofSust cffects maythenbclcconltructed

Involuntary slip anglcs of 10-15 de8rccs may be exPeri-

cnccd bya 15 m sailplancin normal soaringflightand oP.n
class sailplancs nay suffer even l&8cr crrots. The Pjlot can
erperi{cc a total instrument failure for seve.il stronds.
Open tube pitots aie satisfa.tory uP to about 20 degr.es(49,
l0) and 'poi' pitots will work uP to 30 degrees F'lush nose
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pitots can show slgnif icanterrors atmuchsnalleranglesand
it may bc ncccssary to fit an extension tube. Two holc and
iwin slot total energy probcs arc likely to be satisfaclory to
morc than 25 degres. Prcviding ncarly error hee siatic
soures is morc difficult. Combinal P'toGstatic Probcs are
satisfactory up b about 10 degrees and aft tusc'lagc slatjcs
may work up 1() about 15 degr@s. A static prcb€ whi.h
works up to 25 degres is available (7). ln gcncral, variometer
systcmswhichuseonlytotal+ner8yPrube dPitotsour.es
are likety to bc more a..urate and arc easicr to comPensate
than those which use pitot and static sources, sith eithcr
eldtroni. or m(hani.al.ompensation.
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