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INTRODUCTION
AccurNtc totalenergy (T.E.) compcnsalion is imporlanl dt

rll levels of soa.inS activily. It hclps thc Io* timc pilol ur-
dersland lhc slruclurc olthennah. Achleved rrtc olclimb in
olten imtruved by rbrupt mancuvcring in lleirlal but this
rccd "n.d I I .^,nTrnlJr.un. Iin il,. .,i tl.' r' "',, . fr,-
fdmancc is crilically dependenl upon good llL. iniomdrio.
becdusc it is lhc kcy to €iicienl thennxl entry .nd cfiicicnr
dolphin llyins.

Il is nry experience thal nosl oJ the loill cnergy s_r,- stcnrs
curreilly iislalled do not achieve thc pcrldmrncc inhcrcnt
in the conrponcnts. This conclusion is indcpendent of what
r1rc^rhr:.ndu'uqurprn< li.u\<C Cuo'lTf ,,,'Te \, io

mcasurcnren(s ot rhe o.der ol one-perce.t rccurdcr-. This
dcmNnds good equipment. good installation, Sood mrinlc
nance and above all x Sood sourcc oi!ir data.

While all ol the abov. clcnrcnls !re inpo.lxrl. this p^per
conccntratcs on lhc altcrnatirc $rrccs ol xi. dlh The pu.
?ose is lo dcrive !nalylical rcl.tionships thal \!i1l lct us usc
published tesl darx 10 predicl lhe T. E. perlormancc rvNilNble
silh each technique.

'l hc alternatives indrde

is a rcal rcchnical chrll€nge. \t need in-llight, real tine presscd.sl

USINC I'T]SET,ACE PITOT AND STATIC PORTS
Dick Johnson. !nd Paul Bikle befo.c him. have been mea

.ur:ng ird rcp.rrinc rJ u\ .lc rdriL \).rrm\ etror. r. p,o-
ductio! srilphnes. Il inaccurate luselage slatic pods are
uscd lo dcriv. TE. conrpens.tion. then the T.E. will be
wro.g. Dick s sraphs of airspeed crror vs. !irspeed conrain
rll ol lhe inlonn.tion we need 1o predict vhNt T.E. eror a

filol might see on his vrrio duri.g.r t)rpical lhcrnral enty

A smrll cnor in velocjty (,!V) rcsults fron a small error in
dyndmic prcssurc. Since lhe plenum pitot measuremenl
co rnronl) used in s.ilpl!nes is generally quitc good, we as-
sunr. thal dli ol lhe dynamic presure e.ror r€sulrs lrom an
error in slrtic pressu.e nredsurcmcnl. The error can be cx

( t) lPs:pv(.\v)
Tot.l ercrgy rrlc is obtrincd by a p.ocess ol sublraction

eilhcr elcclronicali} or pneunrdlic.lly to givc:

,.":!i1 [r'r.***ap '"."**#]

l'usclagc pitot and slatic porrs.

Dcdicaled st.rtic pres\urc probe.

Vcnturi T.E. probc (Brlunschwei!. Nicks, elc. )

Il-wc assume lhrl lhe static prcssure is
equllion (l). rhen we crn shou thrl

o .. "."':' [tjl" ]
t(ontitued oh pase )
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li ivc dilltrentirtc cqurllon ( I ) xnd mbslitutc ir cqurlidr
1l)rDl ri$ n.rc lhr r

l:E onr: r [:J][rv+#l!]
In ordff to crlcuhtc ex0ccled ltt. crrort $c hNvc nr rs-

sume yrDc expccted .ate ol pull up. Ib. e\ample. I use j
consldnl lttitude,,l5o pull rt Jiom 120 kts ro 50 kls. Ne-
glecting dr.g, ihis lels mc cxtrcss:

ill: s\rn45 = tr)7!,dr-
'thcn lhc cxpected cr.or bccones:

I I (flor r4t [ \v vd,l\ )l't d\ I
No$ nole thal: V is thc velocily rr Nny iNtanr during Lhc

pull-up, AV is lheer.or al lhrt velocily !s pcr Dick.lohnson s
gfuphs,and d(lV) isihcslopeoltheetrorcunelhatcan

Nlso be liltcd from thc graph.

SOME EXAi\IPI,ES
lu illu rture ,l c m .Briru,lc,.t l l ., ., l .'r JJ. u.. . ,1

rc.l s.ilflrncs lel\ look !t th.cc cxrmples I lse the AS W
20 becduse itt popula. and becrusc I fly onc. I use the PIK
20 B because of its wcll behaved stxlics. Finrlly, thc or,
qlltr shows how brd rhinSs can 8et.

hch ship is assurned to be cruising with lull negrlile fl.ps
lnd doing a 45' pull- p lronr 120 kts lo 50 kts The lell-hdnd
plol ol Fig.re I in cach case replicNrcs .lohnson\ published
dara and the right hrnd curv. shors thc expectcd T.h. cro

The AS-W 20 uses ! nosc pitor a.d side strlic ports rcll
bchild th. wing The airspeed calibralion shor\ er.ors up to
rbour 3 kts sith ouise llap setlings rnd thc nra\imun slope
ol tl€ eoor cu.vc occum dbont 80 kls. As thc pull up strrls
lrom l20 kls rve sec an 8 kt negative eror in T.E. This is
mr*tl) due 1o lhe 3 kl volocilv crror. At 80 k1s. the velocir)
cror is much less bur ils slope dominrtcs 1o fn)duce over l0
kts of T.h. ero. Near th€ push-over rt 60 kts thc T.L. crror
dccrcNscs bccausc thc velocitl is loB, the lclocil! e.ror is
small, !nd the slope is ncar z.ro.

The PIK 20'B shows much lcss T.h. ctror over the sa e

spccd .angc becluse bolh lhe !clocit) crro. lnd its slopc are

'll1c Mosquito uscd side nrti.s iust belind lhc cockpit.
The p.oxinrily of th€ wing pd)xbly co trih!tcs ro lhe ver)
large tncasured velocil) e.rors. lhc cxtrcmc nrrgnirude ol
these eron. especially a! lhe high spccd cnd, rcsulls in i
T.L. cror of ove.40 kts as tlre pull'up narls. Such rn cr(tr
sould p.obably saturrlc any T.L. slslem lu !uch rn exrenl
lhat ii could no! recover beforc lhc cnd of th. pull uf. The
vario world be useless.

I'UNIN(; A'I'O'TAL ENFJR(;Y SYSTF:NI
'lhcrc rrc somc lhings wc crn do do 10 r.crnr.rdlrlc poor

nrlics. The .ather largc c.rc6 shown in l:igtr.e I cln be
reduccd by changing the inslrunrcnt s rcsponsc 1o t{nxl tres-
sure relalive10 ils responsc lo nrlic prcs{rc. ln thc nrcchrn-

icri slnerns this is done by changjng hotlte sjzc o.lrinrming
r coil ol rubirg to changc voltrnie on on. side of thc srstem.Ll, . '.r,.ni. r .i,u, Jn.l,. b n,J?.on\cri.ni \.,J,u, t i1,." b . JI|,! rt,. ). npirr<r,
\!irlr r conbol poLcntio etcr Drounled on the {tonl pdnel.

Iloscrcr ir is.ccompljshed. the resutl is a trne.r corec,
tit)d lerm th!r \ublracts Irom the error rn rnolil rtir..rtv
1r.1 , rrun.. , rr .pc, rJ Figure Z, ro{\ J .bc,r (}(b., ri 

I

corcctio overhyed on rhe three error cllrvcs of FiAure L
T i...,r,.r,.n '.,, r' .Lr''u tr^, , rte cror u di\. ,he bsr
.oreclion sho$n in ligure 3.

Tuning the T.E. in this wny re.rlly ch.ngcs the picrure.
Th<.Uo\'j 'u . rh , lid b\ f.' rhe grelr(,r b:,.i. er or. ca,
be co.rccled (rt least theoretically) to display the lcasr eftor.
This happcns becdusc the Lrncorrecled cro. was rhnosl lin-
car. so x linea. corrcction just happcns ro do a ve.y good job.
Looking at the olher correctcd eror grlphs of F;gure 3, rhe
PIK \1i11 looks good wilb N maximunr eror ol 1.8 krs ar the
nart ol lhe pull up. The AS-W 20 displays the loBt nax
c.u ol4 k1s midway through the pull up. So ve sce that
static induced errors can, in theory, be cor.ected at least on

USING A DEDICATED STA'TIC PROBf,
Instead ofrsing thc luselage static pons, one crn jnsrall a

sl.tic pressure probe rnd dedicare it ro the variometers. Thc
slatic pfob. has to be located in the lree air strcam jusl like a
venluri p.obc. (iood rounting bcations are in fronr of thc
nn. trel1 abovc the fnselage belwcen winS a0d rail, or in f.ont

Slatic probes hlve been used for yeirs and rheir design is
*ell establishcd. Probe crrcm !rc typicali) proportional 10
dynrmic p.essurc and a good system can be accursrc to t9il

Ifwcassume as r!llerror ir static pressure measuremenl
(lPs), sc can dcrile the rcsultins ero. in T.E. rate. The
TE. disphy *i1lshow:

,n....,.J rl r.r. ,I. Il,irp. \ps' dprl
dP\ L ,it I

Sir.e Pr:l,s I Pq,lhis becomcs:

rrd,rJ tl , r, d' IJp, dt'q .J(1p5,]
,lP.i L d' dr dr I

The concct T.E. .rr. is simplt the fir( two ot the lhree
tc ns in thc brackcts. I hc th i.d l erm .eprescnls the e..or:

dh: I

Si.cc lPs is pftrpoltional lo dynamic pressure we crn

ru crror:z dh . 4$qsldPs dt

lP: !
100 i [,'']

sircre R pcrccnt cflor ir rhc static probe.

Aho, in 1lr. xrnrosrhere, 4!<: \olhcc\p<(l(Jcrro,,'

r s. error: ?B. v 4l
l00g dl

l( t,tlinred an Ns. J8)
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Ifwexgrinusclhcconstanlrnglcfull utth.ednr*illbe:

'Ll. c,,o.: ?l!. v srxt)
100

Si ce R is llpically 17. with r good prohe s\nen. thc bcn
ve cxn expect tor T.h e or during d .15" pull-ut liom I l0

'llE.cror:llk1s

The etror rill bc grcrlcsl rt higl specd {bcginning of the
pull up) rnd sill dimjnish t !rrd zcrc rl lov velocities.
Sircc the unexpecled Tti ero. is proponioil.]l to v.locily,
rhe luning leclniqucs thll inlroduce N cofe.lion prcpol(ion-
til to !clocity should work qui!e $ell

USING A VENTTJRI T(}TAI- FJ\ERCY PROBE
A venlu probc (Althlus. Braunschweig. Nicks etc.) posi'

lioned Lo see free rir flow can 
^ho fRnidc vc.r good Th.

compensalion. Thcse probes ue dcsiencd to p.ovidc a prcs
{rc cocfiicicnt ol,1.00, i.e.:

(l) cp:lL\: les
I,q

lionr this we car wrile thc probc p.cssurel

(:) Pp-CpPq+Ps

Il one ol these probcs is conncctcd lo r strndr v.rio it
willdisplar- :

l1) mcFurcd I L: dh il'P
JPS JL

Dillerentiaiing equatbn (2) rnd substiluling into (3) we

nj...,.,,,nt lt dtr [( porL ,lpsl'' "" - - JP. I d .tr I

s n.. s.l.o$ h.'r hc rfl..: I I . n h. $!iLtur'

(1) r,u" r.r.:!!" 
[q& 

qlq]

\[i cxn sDbtract cqualion (:l) lrom cqudlion (l) 1o get

r.s. e-o. {! (Cp+ 1)dl'q
dl's di

butPq-l.pv2 tnd dlr : I .o
dl'< /,s

91161: I4I(iP+l)gdr

0r_-_r---_--,- 7-

F.o r'A Sinplc IlE. Sensor" by Oran Nicks, Ie.i,nal
s'rJd/trg Volume lv, No. l. we have wind tunn€l drla on lhe
accurrcy ol r Nicks probe. Hc lound lha! lhe most critical
prr.meler is the location of lhe af1-tucing hole relativc to the
probe tip l'igurc 4 shows ho* Cp laries Nith hole posilion.
From rhis dat. *e cNn derjve a sensitivity 10 hole posilion:

rYl
16) tCP:0.271[D l

Using equalions (5) ard (6). wc c.n sho$ that hole loc.tion
n!slb. accurate 1o within plus or minus 0.017 inch to main-
tain T.E. error $ithin l7o oivclocily or 1.2 kls during oLrr 45"
pull up. (Nole: nnc more recent work by Bill wells,.Soal
irg Nov 77, indicdles thal tip chamfer nray be as critical ds

lole fosition. Moie data is needed to cvdludLe r}is

CONCI,IJSIONS

wc hrvc exaniin.d thc allernalive sourccs ol lir ddta
xvrihble lbr Th. compensalion. Usins publi\hed aerodr
nrmic 1es1 drtr. lhc loliowing conclusion\ ca. be drawn:

L l uschgc srdtics range ftom poor lo ler.ible lor TE

. Tuning corrcctions d.e generrlly n€ed.d but a.e nol
rlwNys.dcquate

. Phxsc c ors between tilot xnd stalic circuits must
bc climirrled.

2. ,\ srd(ic prohe should give acceptable T.L.
coinI)ensdtion.
. LrR s rre much rnaller than lusclage strtics.

' Lrrob d.e tloporliondl 1o velocity so luning should

. I'hxsc crrors musl slill be elimindtcd.

I 1t .ppcar\ lnnn rvrilablc d.tlr that . Nicks probc

should give rcccpttblc T.E. conpcnsation.
. 1 , .. u.,-o ,., u| ,.,ur nt J.cur:' ) .

I,I

-"1"'1

IJ w.rgainxs mcr.l5' lhenn!l€f1ry.1irDb.theeru's:

T L .ror:0.107 V(ap l )

Nolc thrt ilCt is truly l.00,llrenlf.eror10/.ro 11 (l
is const!nL, lhen lhc T.E. c'rt i\ 0roto.lionrl 10 vclocily.

The.c is no possibilir! ol phasc cnors.
A lcss crpensive vdriomcter is rcquired.
A 8un fil1er should be used with any vcnlu.i probc.

ll lunins is rc.tuired i1 is morc dilicull than vith
th€ tnot/nrlic comI)ensalors.

linrl !lide crlcuL(rs rcqui.c good pilol rnd sl!1i.
Dre\sure iersurcnrcnts. A vcnluri is nol suliicient so

)ou hr\ c 10 solvc thc st.lic problenr A dedicxted siatic
0Jobc is pmbrbly Lhc rrrost prllclical solutidr.
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