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S UI,$IARY

A ssilplano o$es its pcrfornmcc to the
utilization of cnergy suppried from cxtemal
sourccs. Sensitive rato of climb instruncnts
(vario)nctcrs) conncctcd to staric pressure

conmonly used to indicate risinq
or sinkine of the sailplanc. Several turthods
have bcc used to provjde dynimic prcssure
conpensar ion rbr' .rrc ^i c.rnl, Ln n zo..L.ng
or divirg, so that the variorctcr in.licates
rate of change in total cnergy inst€ad of
1.al. of chmlc in potentj.rl cncrgy. lhe
ost videly uscd conpensators havc been of

two tyPes; diat)hragn-volume systens and !'cn-

'lhis rescarch study of
sinple techniquc lbr total cnergy comi)cnsa
tjorr lraving the primuy requircnent of good
conpensation with a low cost, easy to nake,
scnsor. 

^ 
co prehens ivc library scarch and

a sn:rll iJind tunncl scre used to cvlore
fundanentals and to dcvclop a nunbcr ot
probes Nhich lere flight testcd itlr sarls
factory results.

SiNple prol)e configurations \iere tested
using the charrcteristj cs of lamin.r flov
separation around a snnll cylindcr to producc
a scnsor press'rrc having thc dcsired r.e1a
tionship bctwccn static and dynrnj c lrcssurcs. i{ind tunnel lrnd flight tests con
filmd tl)c concepts for. ride rangc of
spccds, ullitudcs, rnd flo directions cD-
countercd in soaring. Data and findings arc
prcsented, along \.ith a discussion of factors
inportaDt to total cnerg) coml)cnsation.

significant cross-corntry dlstanccs, is de
pendent upon its cffcctivc usc of cncr8y
suppried by externnl sourccs. Ijor this
reason, (1c.rr J'rd Jccurrte ilform.rt ion con
ccrning thc total cnerey situation and its_3rc o c.r,nte Jre c/r-enel/ srcrrifr,.,rnr 1o
succcssful soaring. ir'hilc thcrc are lrany
lactors i votved in a rigoroos tr.earnent of
lot-l erer';y. ir ii po.si\tr for. n tot ro
intc.pret h,, roral enerEy .,tuJtion v,ttr
sinplc nodifications to ? varioncter systeD.
The rmpurL.Irr 'dJitiun to J Frsit,\a vlri-
o)ncter is a dellce Nhich integrdtcs the
cffccts of concurrent chanAes in potential
energy dd kinetic energr', thercby prcviJing
r good indication of hat is happcning to
useful totsl energy.

Sinpl i fied linergy Considcrat ions. The
roLa. ^ncr$ o. x r"r Dline !, , grve, tin.,
is the su of its potcntial dd kineric
cncraics. A prlor cusronJri ty dctcrmincs
his total energy situation by a glancc at thc
,lt:' r r 'r ilfJ t 'c i: 'cc. 'oi...ror. In
lddir,Jn to s.nsrnC 1n. rl,soturc vitJ^ of
total cDcrgy, it is nost imporrmt torrcnergy nanagenrenr', th:it the pilot arso be
able to sense the rate of chancc in total
energ)' at ili timcs.

.l.e rrr. oc el..r L !n o aI e re, ,y ij
principally at_fectcd by t o factors:

l. The drag of thc salrplrne Nhich is
constrntl) reducing thc us e t'u1
cncrgy, art d

2. Ihe air rnnss encrSy effects on the
sailplanc.

Thc drag is depend€nt on the aerodyna_
nic charactcI.istics of thc sait!lanc, its
vclocity, sltitude, and the road ftlctor,,

INl RODUCTION

Thc ability of a sailpltlnc to rcmain
aloft for long leriods of time, or to cover
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There is littlc x tilot can do abour the
,elodynani. charactcristics of his sailftane
in flight, hoq'cv.r, he.an co trol rhe v.ro-
cily rnd thc lord fnctor xffectcd by arcu
rr.rs. ihe rir nass i,ill be producing sink,
cli ir, or vclocitv incr.ments to the sril
plrnc uhi.L xrc dcI)cndent on its charactcr-
lstics rnd thc p1lot's skijt in positioning
''' .i l.r',.,'. f., .o.oc,t 

1

1n sunrirary, the uscfut total ene.gy
fron a t)ilot's vle point nry bc thought of
rs the instantaneous total etergy associatcd
!ith his givcn altitude and velocity, lcsr
tne cncrgy being .lissjfated by the drag of
the srilplanc noving along its flight path,
ti-r..r tl,e energy being add.d to the sail!lane
by the air nass.

Varionctcrs as Total tinergy Iidicators.
cr.r. I lu-m ol J.'."i.' ' c.'-r-"-

g: .e ",,.r.,r, r eot .' b I,r. rr.ror..
'I^ I ^f ,a.. rl ( u..n qo-. on J f r1.
fat of lressure drop acr.ss an orifrcc or
nass ftow ncasurenents to and fron a refer
ence vo1um.. Ifhen coonected to a statlc
pressure sourc., they offcr a good indica
tion of rate of change in attitude or rate
ol potentlal cnergy chaDgc. If an altitude
change occuis at a consrant vclocity, this
rcading also rcpresents the rate of chuge
in total cnergy.

It' thc same varioneter coutd be lofl
nected to a prcssure sourcc !'hich not only
varies jrith the static pressurc, but also
iDVcrscly with thc dynanic lressure, it
sould bc tossibtc to use thc saile insrnment
for indicatlng rates of chrmge in total
energy. lhis is thc basis for the total
cncrgl research present.d i this rcport.

IIItSSURI \NN ]-NtII(r\ RL AIIO\SHIIS

narysaitplane wi \ no Jrrg, a fert'.ct total
encrgy prcssurc sourcc r{ould simljty provide
coDstirnt pressur. to ttic instfuJreDt througll
oJL 'he '. 'ir. .l-,,ij,. rs r.r. u..
Llue to r'creaq. ln rltrt ,l. pr,,rr.
;;;";"b; ;-;;,.;;.';;:;:::"'i;;::1" il'i::l_poftio al to the clra,rge jn the square of thc
L\ lo. \. I ' tn Eord
meter detects ratc ot' change of pressureJ a
pressurc proportional to the diffcrence bc_
lh-ir '1,6 | t , u 'nir,, /r.rr'..
prcssure Nould providc rhe dcsifed total
ener$r indication.

It is custonary to refer to lressurc:rin Lo, lrtr.r 'Jr -t oir. !.r.., lpr.. r..
roPftlclcntc, d.ti.ed b)

p=
l'l,o..r Pq.hi..,

q

f --- - l -.1 o

l. = static nlc\\r,r.

q = dynamic pressu re

Sincc l)tocal for a torat energy sensor should
use thc differ.nce of thc rrbicnt rnd dynuic
pressurcs, the r.quired prcssur. coefficicnta = 1.0, i.r,,

tbt Ps"u.o. = l,q,nbi... - 9

,. t] , ei -r'r- 
.

'Ser so. q

For the .cirlii casc of thc saitplanc'' -. p -j.d.Io . .,.| ..i,,,n. ,.,o
rnctcr sink rat. reading (irrh such a sourc.
would sinply be thc sailplan. lolar \ratue
associated with the spccil being flown. Such
a polar, obtiined frorn Ref.r.:nce t, is shoNn
in Figure l, indicating ,n increasing stnk
rate with increasing spee.ls because of a
l.B\'' d_rg. h' , r ,^ , -
with total energy conpensation defends on a
pilot knowing his polJr rctationshits so th3t
he can easily judge hethcr rising or sinking
air is modifying his sink ratc for thc k.own
flight specd. This is co noDty done by
acconplished pllots, althougl therc have
becn recent devclopments of so called ,'netto"
varionctcrs which fJctor th. sait!1anc potar
into the variome- : rcading (Ref. 2). It is

In still air, a sailplane flyiDg.rt
high speeds courd exchangc most of its kine
'j. - e.t/ fu. pot,, ri. I e,,, ,gr .r om. ,g.
If th€ sailplanc liei nD lfi-d, the energy er
r',ng- Lo.r al . o,.p,-r., . '.. , p- .. i
rotal energy instrument would indicate no
change iD total energy for such a transf.r.
ls nentioned, a sensitiv. varioner.r can be
..r r-,r^J -u f..,.r;on - " to-,. -,. gr :,
strurn.rt ii thc anbient static prcssLlre
source is replaced by a pressure source ap
proprjately conbining prcssures rclatcd to
r5- .l, r .. a d v.ioc,.). o. 'oa .a.gl
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-!__,tlil rr _. .rrt or.l r-g.

that troducc prcssure distributions Nith
locat pressurc coefficicnts of t.0, but
they arc often very sensitivc to flo condi-
tioDs or varjatiors in ngt. of rttack,
Reynolds number, .tc. For instance, therc
na) bc several locations oD an airfoit wtrere'I 

t !' , lu - ..,.s ,rF t! l- r^
l,.. Al .l..,t.

A literaturc search of prcssurc distri
l)utions o\,ct v!rious shapes It{efs. 8 t5) in
dicatcd the possibility of using r cytinde.,
l)ccause tIc tyliical tNo dincnsional l,,e5surcdist.ilution arou|d a cllinder shors lrcssur,acoeffi.icnt varu.s of t.0 irt rbout 55. to
60' from thc stagnation point (FjS. 2). IIo(,-
ever, thc gradicnt is v.ry stccp at this po
sition anLl lt rould be Dec.ssary to tocatc
prcssure orilices quite prccisely. In addi
tior, thjs locatio'r \doutd be very se sitivc
to variations i'r ito angle. r,hat is nole
interesting Jrort the pr.ssurc distribut iors
fbf cylinders at rctativell to\L RcyDotds
nunbcr. is the fact that thc pressure coef_
Iicicnts arc ncirrty constant arounLl the ali
sidc ol cylindcrs frorn about 100.r to 180o,
and lor a (idc rangc of Reynolds nunber are
r'ell sithln t0 tcrcent of the dcsired
C = - i.0 value-

The bcst data found datcd back ro the
period ffom t9lo to 1932, lhen thcre was a
' -,r .-ph .,. ....1 Ir,.m .1

r.2

(Rrt t)

fta

!10

Fi gurc 1.

9C

rgr

scS 1-26 lRef. 1J

rntortant to re.og.ize that the tot!t en.
'^,t 'for a netto varionL.tcr, so ttre rcs.arch
criled hcre is applicable to ciltrer for
totrl cnergy co!{icnsation.

IOIAL IJNI]RGY SINSOITS

Scver-"1 ioms of total eDcrgy scnsors
\. . . . lot -, I t:4n, r.t o..r-
d.scrib.d the !.inciptes of such r tecl) ique
lReI. 3). T|c L .ing venturi wils r ijclt
knov. aftiro.ich to this njrttc. (ilef. 4J, ,rnd
nrore rcccntly, the  lthaus \,enturi (R.f. 5)
has been ideII us-.d. Atorg !ith rtresc
trol i. tL ,.r ) r:. -;r ) .,..
IIqJ..t)tt-t,.-
rrl
(,1, I .rrt. .. .1.. r. ., L...r
thc BraunschNcig tubc, described iD R.t. 7,, o,., I

t -i .L a I .n r6pnr'.

r.d Ncrc l_ound to bc Jrore scnsitivc to nanu_lrcturing toleranccs,

I rer i.cr'.'1, ..,1
trubc l€rel.t.11f rtrs 1rtofi are

trl (;ood .onUc sation olcr a wide specd
:ind a 1t itud. r.insc,
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(ll lns.nsitivity to ftoD directio.,
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(:11 Itet at ively to! dras.

Typ ical prcssure distriburi ons
tNo dincnsional cyl inders
lRcfs. 10 and 14).
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tiors of air flo( around sirple shapes for
pLrrposcs of developinS lif_t and drag fredic-
iion tcclrniques. The Iimitations oI caril
cxpe.iJenters' irind tunncl sj:cs, ptus their
int.rcst in th. los sp.cd ranlae, resulted in
experinent!i data for conditions verl sinilar
to thosc encolrtered by sailplan.s. Ihus, it
was !osrille to gain insjgl't corce)lrling lley
.old. urLber el'fects rnd other litoir phcnorn..a
ol dircct intcrcst from errly oFforts.
Bascd on these data, enough cncouragcmcnt (as
obtained to proceed, and an cxpc.in.ntxl
activit) wxs initjated to ex!lore the practi-
...r {-', d'rrt nJ. o,1,.n
able refereice !ressure for total cncrgy

Ransc of _cmditf lNlq$ll_p !!!!j-
Llefore deternining the .lpptic!tion of cxist
ing data and devctoping a tcst trogran, it
Nas essential to rndcrstand tlrc range of
conditions and basic eeroJynanic rctation
5hifs for typical sailt-ane operations.
llavi,rg fourd tlLat cylinLers !dght oifer
ap!roLrfiatc sensor trcssures, Reynolds jrur

bers as a iunction of cylirlder diancter vcrc
catculated usiDla rief. 16, for a range of ve
lo , .,J .'lr, ud' rl ..
ton!ry to blse ltclnoids nlnler for cylin.lcrs

ALTITUDE,
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D 000
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02 8142026)2

nun crs for various

on cylindcr diameter. Practical cylinder
dianeters for saill lane scnso.s, consldering
structural as NclI as aerodynanic frctors,
range from 5/16 incli to 1/4 inch. I|is fact
allow.d t|e .rs) xddition of scalcs to Irl8urc
5 for three specific dianctcrs, so thrt Rey
nolds nuinlers nav be obtained at a glancc lor
various tcst or flight conditions.

It can bc sccn that for thc slcctru of
st.cds fron alout :10 hiles per hour to 150
niles per hour, an.l for altitudcs fron sea
1e!el to 20,000 l_eet, ratios of Rc_ynolds num
ber to dianctcr, R/d, [usua]ly refe.red to as
uDit Reynolds nuJrberl farl ithin valucs of
2.5 ! l0:/fr. and 16 x 10r/ft. In actuai
practice. the nost inportant region for con-
p.nsation ranscs bet c.n R/d values ol
5 x 105/It. to I0 x 105/ft. I,or 3/16 irch
dianctcr selsors, this results in RcFolds
numbers ranging lron about 8,000 to 10,1100.

AII]ARIUS ,\ND SE\SORS

l!_!_q_I!4!Sr. rrrly exrerine,Its !'ere
ferlbrmed Nith :i si'nple fr.e iet !ind tunnel
assembled froJn a shop vacuurn clcrne.. r\
Natcr nanomctcr Nas m,rde rith rulers and
Slass tublng purchas.d at a tlobby Shop. Data
obtained with this facility provided some
vcrification for the tro-dimensional pressurc
distrlbutioDs around cylind..sj helped pro
!id. a feel for the el'fects of holc sizc, and
indicatcd thc t,iornis. of obtaining coeffi-
cicnts suitsble for total energy compcnsa

Shortly therealter, a s!!a11 Nind tunnel
that had bccn nadLr as an Explorer Scout Pfo-
jcct ith the hclp of somc NASA Larglcy
Fsearchers becane avaitable, fig. 4. The
frcility was po(crcd by a l/1-horsctowcr
motor, had an 8 by 10- by l0 inch test sec-
rjo,, nr '.1l,^n J^. c.,. I to t-^1.. .,,

fo.m flo(.rt stceds up to about 60 nph.

By using stetped pulleys or thc far and
notor drives) it was possillc to sclcct
various vclocitics simulatine llisl)t condi
tions over a r.lnge of Reynold nu $e.s. V.
rocities couesponding to sea levet, lull
scalc conditions of 32,,11, and 54 mfh Ncre
used. R/d values of 3.0 x lor/ft., .1.0 x
105/ft. and 5.0 x 105/ft. provided tcst co.
ditio.s Nithin thc rangc of intcrest. \iclo-
clty profilcs indicatcd less than I lerccnt
floi velocity variations across thc tcst
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Thc notor could run {:ont inuousl) at tl)c
two Ion, s.ttings l)ut tcndcd to ovcrlr.rt rt
the mrxinun \;elocit), esp.cially when the
hurnjdity as high. Iior this r.'!,jon, nbst of
th. l)xicline data rcrc obtxined at the nid
rangc v.loc itl s.tt ings.

ligur'c 4. 8 x l0 inch sjnd tunDel
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ins.rt.d i.1o tlie .Jrd helfei to providc a
Dcans of closiog tule ends rith soldcr.
Although sone tLirc cnds w.rc lounded olf
durinA.arly tests. it $as d.tcrniDcd that
thc additio.irl varlable of eln shapc as
hard to rontrol. Consequ.ntly, all tests
rcto.ted herc Ncrc nade !ith tubc cnds filcd
off nofrul to thc tubc, and I)e!eled v.,r)
sliehtty.

iloles !cre drilled trith high spec.i
driIls -ranging in size fron 1/:i2 irch to
1/8 i.ch, and deburrod. 

^ll 
ir.rs!r.,nents to

hol. fositions wcr. fron thc cnds of th.
tubes to the certers of the holes. ilost
tcsts scrc nalLc (ith tulics having l/:2-lnch
djameter holes, !lthough s--v.ral chccks vcrc
ad. with 1a.gcr hol cs.

, . \';rls! r' i

inches total, rith about Iive inches extcnd
ing into the frc..trcaN. Lhjs placed the
tubc cnds near thc .-nter liDe ol thc tunnel
whcrc thc llow sas .ry L1nifo. . l:or tro
di'ncnsional t.sts, - inch tubcs were used to
span thc rest sectio , with hotes !1accd
inidtral on tub.s such that thc holes $ere al
nidstrean of the test sectioD.

lo. o, n r l. Jl ror ol 'r,ouall dincnsions crc eivcn in thirtl seconds
of an inch. The dinensioDs applicd to prolc
co fiEuratlons \rcrc as folloNs:

I,rtqlr lllutrf-'ltLrT! lljllultclttr{L_o_t.
l,robc nounting provisioDs wcr. sinple; an
rdatter {as fittcd to thc bottom ol' thc tcst
sectio,i so that probes cxtcndcd tl,rough a

holc into thc test scction as shoKr in Figure
.1. Anglc of yar laria(ions were lradc by ro
tNti g rlic probe, usjng r. indicetor point.r
ittrch.d to the probe nou.t aD.l dircctly
rcadin!, rngl.s scribed on hlie botton of tl,c
plcriglas tcst secl ion. Angle of swc.p data
!ere obtained bI inscrting sectio.s oI care-
fulll benr tul)ing i to th. frobe hoLdcr.

. l\' Li. .

iions ovcr 125! in 5'irlc.cncnts.

Inrt rurncJrt!( io. consisted of s1'np1e
inclincl mrnon.tcrs using distill.d !eter'
lli.ce NaLl statics !erDancntll positioncd in
tlic t.5t section ricrc manifoldc.l together
rnd u.cd at alI times Ior rei:erence. l re
inovable lotal presrurc probe \ias us.d to
d.l.riiine 1hc strcarr !itot prcssure .ind to
.!tibrarc vcloc i1 i.s.

Ty| ical .5.nsor Confiluratior: lrr.ss
tubint hrvi.g various dianctcrs !as used for
.ll _ I' L' I ' fl ,o!.
thc ends in nost instances, although brass
rcrcir5 or sm.l I brass sctats sometimcs Nere
soldcrc.l into ]rlacc and fil.d to sh.fe. Iror
thc l!rgo lLrhcs! a slrall b.1i ol'stecl Nool

l-d x for a 3/16 inch
diaitetc. tubc, uith a 1/32-
inch diainctcr holc located
5/ l6 -inch from the end,
w.,rl a b. i(l.nrifi.d rs..n
Iigur.ti on 6-l-10.

.T'l-"r I I !Tl'I
tl

MEIHO! OII CONDIrcTIN'J I'ESTS

After a 
^unber 

of initial tests of ran
don holc confi8urations a d positions, a
n:rtrir of tcst configurations was selected
to proiridc systenatic data t1€rrds. Iro )- the
3/t6 ,7/32, and r/4 inch tube sizes, 1/12-
.'c J . hol "r-d,,ll J. \," 1
x/D lrositions to obtrir the basic trends in
coclficicnt ith respect to X/D. lhrcc Nind
tun el speed scttings lcrc uscd and the
probcs rotated through a seri€s of angles to
obtain pressure distributio s rround thc
tubes. lhe tubcs cr. nount.d nornal to the
airstrean in a sjlple holder rith an ang1.
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indlcator and iot.ted to selectcd anglcs by
hand. Irrcssur.s sere allowed to stabilize
and data readings taken lron th. Natcr naro
mctcr. The sanc proccss was repeated for
the diflerent tubc sizes and velocjties, thus
proliding sonre !!Iiation in Reynolds nunber

i\ftcr thc systenatic set of baselirre
data (as obtrined, cxpcrincnts scrc conducted
nith rnultiple holes in tlie

I! IND 1'UNNEL ILSI R]]SUL'IS

Basic Dat. and lrcnds. In lrigure 5,
typical prcssurc Llistribution dat. obtained
on sensor configurations afc sho n for a sct
of 3/16 inch diamete. trobes. Ihe sirnila.ity
oI thcsc data to sirnplc two dimcDsioDat data

obtalncd by carlier cxperirnenters is obrrious.
A siSrlificant aspect of these data is thc
r.-..1) .11 -r" .o' ll- r ' . hol- ro I

tions trorn 100. to 180.. This iDdlcatcs
that a lrobe $ith an al.t facjng hole should
be extrcnely irsersitive to angles of si{le-
slip ovel a wide range. Also secn are the
differcnccs in coefficient for S = 120o
180'uhcn I/D varics, jndicatine the thrce
dimcnsional cffects on frcssur., cocfficj.'rts
thrt result frorn Ia\rinC holes tocated near
the end of thc tube. It iras tlris djscovery
tliat suggestcd that thc thrcc-dinensronal
rclationship with coelficient could bc us.d
to select a holc location that would give the
desired co.lficient.

l.ltcJ sone flight test experincnts, a
se[ics of tests with varving sNeep angl.s Nas

6-1-12 X/D = 2.0
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6-1,I0 X/D = 1.67 6-r_t4 xl} = z.J3

Flgurc 5. Typicrl prcssure di\ tr ilJut ioDs on tl,rcc diJnen.i iortal cyrindcrs
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filure 6. Variation of CP with sweep.

conducted to dete.J inc scnsitivity to pit.h
or downr'ash onglcs. The results, Irigurc 6,
sholc.l a narhcd grrdient of cocfficients for
variations in probe sNecp fron _l0c to +25',
lut rn insensitivity to ssecP ovcr the langc

: r 
"r "r l . i i

shoired that r probe installcd near thc tol)
o- rl ., 'l |L JI ur'- r'r'i
rnum of 3! down ash changc over the r!lg. of
lift coefficients expcctcd to.csult f.om a

h i gh-spccd zooD'.

i, =t60" - LtcPAVc. ; l =0', r = ?0")
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In Iigu.c 7, e sururJry of anl t.:t
points is lrresenLod. lhe trerd ol cocffi
cicdts as a fulction oI X/! for a ringe of
holc tocrtions .in bc sec.. thc signj licant
findiDg is the lincarity of this tr..d
through a ranee ol cocflici.nt v.lues rroun{l
',, - l. -rl- r' r)

t""' to,,rl.r' ' r'lli " o

shown arc d!tr for prcbcs halinC FoNard
sweep of 20' .xhibiling lh. lincnr trcnd \tith
rest,ect to \/D, at r tliLfercnt refe.e.cc
level. It should be otcd that thc I/l =

2.0, 1 = 20o givcs the desircd pr.ssurc co
cfl ir i.rt . C = ] Lr.

at{3-c0

*13

12 ,llSC

54 7320

, ,,1!0
4i llllJ

J2 62iJ

54 lC.i0o

7l

8'1

r/rr1g

l'.cs:iure cocf f i cicrlts
of l,olc position.

!:i gure 8. lffect of hole si2c on pressu)-.
coefficients IRcf. 8).

llfcct oI llole Sizc. Iluring th. course
of th. experinrcnfs, several diffcrcnt hoic
si:es w.rc tested. Ill of tlrc.xlerience oll
taincd vith various hold sircs sulpofted the
finding:r froin Rcfcrcnce 8, 0:igure 8J, that
a range of hole sizcs troducc the srne co-
cfficjents .It a R.ynolds nurnber ol 8,500.
!uring flight tests Nith 3/16 jnch diancter
p" , !, r.dd I ' ', , ,'i.
inctc'r $ith audio indlc.tcd a slight rcso
n.ncc irith thc l/32 incli diiinctcr ho1..
l)or rlin! the hote diametc. to l/16-iDch cti
miriatcd thc l)urbling sound Dotc.l !ith tl,e
sinalrcr hole. Thc axcragc prcssure readings
did ot appcar to b., allfected by hole siTc
in the rird rudncl or iD ILi!ht tests, as
lons as the ce ter of thc ofcnings N.rc the
iane distaoc. fron thc end ol th. probcs.

&1411! 1!,]!lT,!_!1_!S!t:-. Arthousli t,Lo
r'r 1.or,l J". ' d' r^ ) l..'I " t

of licynolds nuirbcr to be snrll l'or thc t)rohc

n_L'

-lr'
4.

i'1"'
t_i

TUBT

6-l-10
6-t l2
6-t'14

6-2-\2
6-2-12.'
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sil.s a d r.nge of llight conditions of
intcrest, a sjn!le cx!crin.:It ras perfoined
in the !ind tunnel to sec !hether l{cynolds
nunt,er cfi.!:lr could bc noted. ljigu.e 9
shoris rhe results of doubiing the R.:vDolds

I r'o' r. r^ ! - r .r
tcrest. tu1y va)-iatjoDs ior rhe aft faclne
holc .rL,!.ar to be witlrin the scattcr of (iDd
t'. cl rlr ',d 1,.

diffcr.dcc observ.d which could trc attributcd
io Rernol ds n,n,er.

cral flights rere .lso succcssfulll n:ide
with Ninter aDd |:l !arlDneters, tests scre
conducted $ith prol)cs nountcd aft oI thc re-
rnovt lc pofiion of the tufite tlcck and on
the ut!.r tip of t re fin spar. No quantiril
ti!c irersurcmcnts er. ade in ftighr; hoL!
cver, a standard procedure (ar uscd ro jrLdi
crte the r.sfon5e of the !!rio,neter sjth
diff.rcnt pro|c coniigurlltions. rhe nost
meaningful Lcsts (crc nxde on calrn days Lrv'i L l. r,d , .,. I ..,r r:.-- r' ,o r ":. r. .. .. ! ' .1.-,.. i.
ling specds of abour:10 nph.

In iddition t.r tests bl tIe lutlor Nirh
a Sch cizer 1-16U, retlaccnent trobes \ier.
m.de for thc Atthaus lrobc t|at is Drou.tcd or
thc foliard f1. o1_ thc strnd.rd r.ibetl..
Flight tests sinililr to tl)ose d.s.rjbed for
th. 126 trerc ir!de (ith thc Litc1t., br an cx

. '. o. .lo. . l

samc l.sic probc dimeDslons pro\rcd best for
both s ai 1I)tanes.

Probe Liounting (lonliguratjo s. B.c.use
ol ersy installatioD, s.vcrrt tcsts Nere Drad.
itl' probes rountcd iust afr of thc r.noy!ble' ..- l. ' tuB.

fai.lf good r.sutts but Nas n.ver !s good
o!c'r a range of conditio s .s a fi tocation.
The fi. location for the I 268 plrced the
probc in frcc srrean rir, not ai:fccted by
t|. changes in prcssure ovcr the ing rnd
bo.ly. Th. |rolc rLade for ounting on the
lbrL!erd fin ol the Strnderd Litctte (es also

r-- ---")/

I'ieure 10. T o axamples of total energy
sen^.rs tcsted.

,:I
0.4
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Effect of Rcynolds nunirer on
piessure coc llicient.

420 180160I40r206040

, ,.r,' ol B, .,o
,-,1_..i.. Io.,- I'o oo. tont

pcr houl , and lor .rltitudcs from sca lcvel to
20,O(Jll fcet, a lrobe diameter of 3/16 in.h ir
satisfrctor). Jior this dianetcr, an alt
lacing hoLe r/rb inch i. dixnctcr should bc
rocated i/8 inch lron the end of thc pro|c.
'Ilic frol)c shotr1d be srcpt foNard 20 d.8rees.
Sketchcs of t(o iuccesslirl probe conl'igur!
t o., rc L!d -1 thc r,n. tLr.'<l .., J I

flight rre jllustrrted in I'jgure 10. I'rob.s
hxving diaii.tcrs of 7/32-inch ind t/1 inch
irith thc jrnE g.rornetric ratios !ere:!lso
tcsr.d. ,\lthouSh thc) providc thc d.sired

' rp 'io, . i ^\v or
thol also producc tiro|oftionatety higher
drtig valucs thrn the 3/16 inch dirnetcrs.

l:t,l Glfl lLSfs

'Ihrouglrout rhc pcriod of (ind tunnel
expcrim.nts, lLight tcsts L!cre fcrfoni.,l .n
vrrious conligurrtions. riost of thc tcsts
Li.rc conducted uith a schoeizer t-26R tith a
B.l I ll1..tri. Variomctcr l'lodcl 10t ll. Scv

-,t313 h.

-\7rr ^



opcrating in lrce strean conditions. lihile
these tests and other experiences suggest thc
frcc strean locations as thc nost suitablei
fuselage locations nay be acceptablei al-
though sonle tailoriDg of the probe holc
position nay be necessary to t'avor cornpensa
tion during zoons at the expensc ol compen-
sat ion during dives.

Adjustnents luring Iliglrt lests. As
shown by wind tunnct rcsults, the position of
the orifice ith respect to the end of thc
tubc sas verl impotant. For final adjust
ment to a givcn installation, it las found
that drilline the holc stiglitly farther fronr
thc end of the tube Iapproxin.rtcly 1/32 inch)
th.n twicc thc didrctcr, allowed easy adjust-
ment at'ter initiat flight test by filing off
the end ot_ the tubc in sna1l incrcncnts aDd
rctcsting until achieving goo.L compels.itiol.
One or tuo iterations usually sufficcd. As
rlentioncd carlicr, thc shapc of the cnd of
the tube affected confensation and care had
to be exexciscd to bevcl the cdgcs vcrl
slightly. It Nas also inperativc that a good
seal erist alter filing; it uJs fouid very
lorthwhilc to check for leaks aftcr any such
filing .!djustnents bccausc a tiny holc in the
soldered end produced drastic effects on

s.i4rLc si !94
lxtreme difficulty Nas experienced in sealing,
shcn using tape to sccure renovablc f.obes
insertcd into netal holders. rs a result, a
seri.s of tests rrarioLs tatcs an.l
taping procedurcs. i"o taping technique Nas
lound that provided detcndable rcsults and
the onty surc seaLing method for a prohc.on
nection as to use a small sleeve of plastic
tubing ir lieu of tajred connections. Since
thc total energy indicnlion is extrcncly seD
sitive to leahs, a1l connections should bc
chccked carefully to insure lroper results.

!rg{, f "g_qg]\] !: . For th..on
{igurrtions illustrated in ligure 1C,
snoothll executed zooins rcsulted in r ste.idy
changc in ratc oil sirtk rcadings lctvecn the
correct !alues for slecds at beginning of
zooms to thc proper sink rates fo-r thcrnal-
.r! I d.. ^.- ir o. _\l . I n

clirnb or sudden increases in sink rate Nere
cxhibited during zooins. Sinilar results
Nerc obtained for pushovers f.o thernalling
sleeds to various cruise sleeds. Checks wcre
also nade during rafid transients t{ith clcva
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tor rnoveJnenti rudder noveDcnt, .nd sidcslip.
Loops, lazy cights, uod other coordin'rPrl
naneuvers involving cha ging sleeds and al-
titudcs gav. good qualitative checks durjng
transient conditions. llhile flight tests
.\FrF ro m'dc o_ u,00' ..'o b_; 

'
tions Nerc noticed as a result of altitudc.

DkAG E51 Il'ttrEs l:OR 1 Yl'ICAl, INSTALLATIONS

Considerable drta exist fron classical
thco)'y and cxperiments on thc two-dincnsional
drrg ol cyrinders in the desired Re).noids
nunbcr rangc. Fro)n Rcf. 14, a tNo dinrensional
cylinder drag coeflicient of 1.15 Nas ob
tained for thc Rcynolds nunbcr range of
I0,000 to 20,000. for finite cylinders ol:
given lc gth/di.nFter ratio, a tbrn factor to
ro.l. ) "o ,,roJl .of j!,r h,.'\,
Ialrle lron Rcf. 10. For a 5/16-i ch diameter
cylinder 5 inches long (rength/diamctcr ratio
ipproxinately 271 . ris forn factor, to bc
muttiplied tines r:rc two-dinensio ar coelfi
cicnt, is 0.78. i,,ere is.rlso. reduction in
drag dlc to s ccp t|at is trotortionst to the
(coslnc)3of s eep ,nsle, (Ref. 15J. lior a
.10'r sreep angle, an additional nultiplyirg
frctor of 0.85 is appropriate.

In surrJrxry, the drag coefficient based
on frontal ar.a for a sscpt probe jnst.illa
tioD is approximately

CD=1.15x0.78x0.85

CD = 0.70

For a 3/16-inch dianet.r prob. 5 inchcs lon8,
the dr:rg at I00 nph, 5,000 ft. altitudc, ls
about onc-tenth of a pound.

FINDINCS AND CONCLIJSTONS

lqeaningt'ul infomation on rates of
change of uscful tota] cnergy can le provided
during fliglrt by a sensitivc va.iometer
coulled riith a pressure sensor having a co
6r . jcrr ip - -1.^, \ii I tulFI .\p^r -1i
irndJct.a h'l .r.'.1 l,(r r' le,el.p d
simple probcs and dctemined ticir charac
teristics urrder various flos conditions.
Ftight tests uere conducted to verify wind

The best probc configu.ations tested had
the follo\'ing char:rcterist ics:



3.

t.

Such a probc, couplcd lith a good vruo
nreter in a Icrk-trcc systcx, should p.ovide
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3- Drae of .r typical installation at
I00 mph is about one tcnth of a

1-

Cr'l indrical trd)e, diailcter of 3/16

'lube cnd squarcd off uith very
sl iAht bcvcl of sharp edge.

Aft fociDs prcssure orifice, a
drillcd hole nbout t/5 the tube
dia'neter ( 1/16 - to 3/32-incbJ.

Ccntcr of holc locatcd at a distanc€
rro rimcs thc tubc di.r uter fron th;
cnd of the tuhc [5/8- to r/2 inch).

Probc swcl)t fo)1'.1rd about 20. !ith
rcsPcct to fio$ di.ect ion.

encrgy variometcr. systcm so thnt onil"
v. r',31 .,. r l..sj | ||enrq 'ru in l

lrobc )nou^tcd in irc.-st re!rn
extending a itrirrm of 5 to 6
fron l.hc aircr lt.

\'erti cal tail roc!tion good;
fuscl rge accepr,rl) I c.

l. cood total cncrSy ratc information
ovcr a flight ranec from .10 to rt
1e!st 150 mpl i iLltitudcs from sca
lcvcl to at lclrst 20,000 Icct.

2, I n s e n s i t i \, i t i c s to norl11rl yaw,

titch, and roll attitudc varlations.

'rl,cttc. to thc Lditor." By Arthur
Kartro itz. .1.)hml..f t.ha ler11nui.i t li.
.tlilrr..i, 0ctober 19.10, t). 523.

,\ brief dc-scriptio of principlcs lor a
vcrtdri to providc a !dxio eter l)res
surc thut louid olro it to read rate
of change of total cnergy in altitude

'r'lotal Encrgy Variom.ters.'r 1ly li.c.
lrving, ll. [Dg. 0.I.(i. l,rosentcd !t V

0Sll\i Conercss, Buxton, Engtand, 12
.lLtIy-4AuAustIlr54.

A dcscriptior of a venturi design to
l)rcvidc r rcfcrencc pressu.e ca|ible of
con\r.tin8 a variometer. to a 1otirl
cDc.gI indjcator,

rr^ Ncs l?nturi for 'lot1] llneray (:om!en,
s tion.tl B/ D. Althaus, l)llL. fllYS.,
Xli QSTIV (longrcss, 1970.

\ de\cr,l,tro ul . lori JriB !.nt,,rr
usirg friDciptcs of laDinrr flo! sepa
rirtio. lo providc n totrl cnerly re
fc rercc pressurc for !arionrcters.

rrAn lry.ovcd Dirphl.r!grn B.rsod lotal
Lncra) .rnFcr' t.on 'r.,c-,." !r n.(.
Schemann. AIAA Papcr \o. 74 l0l,'l,

A dcscription of an inFrovcd disphrasrn
totnl cncrSy systen sith natched Iir
tcrs rn the prLot rnd stjrlri circurl\
to danP gusts.

"lhc RraDschueig lube." lly Ton Brondes.
5.nr:,2-q , .l anuary 1975, Vol. 39, No. l.

A dcscription o1- a total energy frobc
usina lami ar scl)rratcd f.IoB arouDd I
()linJcr to r,l,icvc J rotrl en.rgt
prcssurc sourcc fo! use xith cor)veD
I i onal Viirione t ers.

Abstract - Flor. l,rlst CircuLar CylindcE
at LoN Spccds. Ry A. lIoii, l). sc. lJh.D.
lttlpot'rs ,rhLl ttt ttotd1t'..1,1 1.. |1:r-. 0,3275)
.Jd,L 19J2. I ,,do',: I rinrcJ rud r'ulJ-

5.

5.

7-

I{E FEruJ\(lljS

iFola.s of !ight-" lly !aLrl Bikle.
rZ,rr::Lr lagazinc, Junc t970, \jol. :4,

An expcrinental tro.rtnent of sailplane
perfo nmncc for scveral sailplane!,
il(IudjnB thc Schwcizer I -26.

"llro Nctto Systcrn.'r 8y To Brandes.
Compct ition Wor'kstrol) r',rJiJit, Il.irch 1975
Vol. 39, \o. 3.

nijc, ,Jno ,.onL-tr Fo ppro\i.
rnltlina a srilpta c polar in r totsl

l0



12tishcd ly His rlajest)r's Strtionery

lixtcndcd data on cffect of hol. size on
tircssurc ncasurements on c)linders at
Ii = E500.

Fufiher study at higher Rs = 60,000 to
212,000 with enphasis on effects of
turbul encc end roughness deasureincnts
ol friction drag.

"rressr.e Distribution Round a Cyl indcr."
\ blucprjnt coly of a Iapcr by 0.I-
''. I :1..1' rr'- I i. rP r'l
tcndent, RoyaI A:ircraft lr.rctory. l.r."is
dtltt lEtt ).n\La, J.. l3r- llarch t9t6.

\ discussion of fressure distributions
at wind sp.cds of 20, 30, :10, and 50
f.ct per seconil for a 6'r dian,ctcr cI
iindcr. \otes suddcn changc with par
rr \ , r. .o r) l r-.iJr,. \i -
cosity or Rcynolds function), rbout thc
sanc as for rcsults on cllinder rcportcd
in 1913.

"An lnvestigation of l:luid Iros in Tuo
linensions.ir By A. Tho , ll.sc, Ph.LJ.
ARTC. llonu u,r icatcd by Profcssor.J,ll.
Co.r'ack, C.l\i.C., C-B.1., D.Sc., M. Inst.
1..8. Rep.lis uL,l lbnonnti lo. 1l!)4
(.{L 356) Novc hcr, l-928. London:
l,rintcd and Published ly rlis rlajesty's
Stationery Offi c..

An .)iccllent presentatior of thcory and
cxpcrinental rcsults oli flow around cy
linders. ll.rta includcs pressure5,
J 19, llo" , rcld lo_ P 'd o P

17,000, and cffccts of hore sizc on
measurcment accurltcy lor hotcs Llp to
3b.rt 4.275 ti'ies tubc diameter.

"further crpcrinents on the lto Around
. (lircutar Cylinder." By A. I:agc,
A.R.C.Sc and V.r'j. Fallneo, B.Sc. leprl,ts
nn.1 tlercra Cl //r. lJ6f (r\L 490 T.3062)
Feb.uary 193r. London: I'jrinted and Pub-
lishcd by llis Majes[y's Stationery Office.
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"On the Effect of Air Comprcssion o Drag
and l)rcssure Dist.ibution in cylinders of
Inlinite Aspect Ratio." By T.E. Stanton.
Reto"ts .J/ii tt4ra"a/!1d i(.. 127, (r\l-1701
Novenber 1928. l.ondon: Printed and !ub-
rished by llis Majesty's Stationery OfIice.

Data on pressures end drag at r.lach Nun-
bcrs fron 0.25 to 11 = 2.0 for c)linders
,, r €'0.000. I' -llen l,r 'r'. i01.
of lrressures around cJ"t inder.

'rrhc I:1ow Past Circutar CIlinders :rt Los
Specds." By A. Thorn, D.Sc., Ph.D.,
Camegie Teaching lcllo\d, Univcrsity of
' l. o^ rao'rndr ic.. , d i, . . '\ 1w,,
F.R.S., Rec'vd. April 2.1, I93i).
r"...e..1Ln!ls o! flE Roltd!. i;..:iet, of
Icu'rtl, Series A, contrjning papers of J
nathenatical md physical charactcr,
Septe bex 1933.

l0

1t

A theoretj cal treatment ol tressures,
drags, and llow fields compared with
expefinental data.

'' J ot
An accorDt of theory and cxpcrlmcnt
relating to boundary layers, turbulcnt
motion and wakcs Co posed by the Flujd
Motion Panel of The Aeronautical Rcscarch
Comittcc and others and edited by S.
Goldstein. VoIs I and II, Oxford at th.
Clarendon Irress, 193 8.

15. Le?.,lJndaic ,rdg. Practicat data on
acrodynanic drag cvaluated ard !resented
by Sjghard f. lloerner, ljr. h8. llabil
tullished by the author, 1951.

A thorough t.eatnent of drag d.itr from

16. tt.ltdal'd Atlo,pherc - rdblei a/!d Data f,Jt
liiitu*:s to 65,A00 !€et. NACA R.port
1235.

^ 
collcction of taLles rnd plots of

standard atmosphere data, aerodyDami c
relationships, lDd fornulac us.Iu1 in
Nind tunnel t esti ng.
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