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FIG. 312 PROBE MOUNTING
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PROBE Ne.il.
MAL VERSION OF TOTAL- PRESSURE PROBE
WITH SPHERICAL SHIELD
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|NSTRUMENT NO. i INSTRUMENT NO.U

2= 0144 5 = 0.144
¥.= 0.058 ¥ = 0.0

§ ROP-TIP 'OF STANDARD DRILL NO.27

ENTRY OF SHIELD sHARPLY FLARED FROM J20%CONE
ORIFICE FREE OF BURRS :

FiG. 3.6 DIMENSIONS OF INS‘(WMENTS NO. { AND NO. H
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probes.

To conclude the sxpetimental wark, scaléd-gown

versions of these twa instroments wors made and tested

in test series V.

3.5 Testihg of verdions conferming most closely to the

depired characteristics

Fig. 3.25(s) 2nd (D} en& Fig. 3.16 show detoils of
the finally edapted ministure prodes which were tested on
twhe large serodypamic blower rig. Instrument churacteris-

vies sre given in'Figs. 3,17, 3.18, 3.19 and 3,20,

0f these, instrument ¥o. I his a recovery eos
efficient of unity and o range of incliped Yiow inmsenai-
4ivity over % 31 degrees of yaw and # 30 degrees of pitch.
fhe second probe, instrument No. II, has & caefficient
of 0.991, which remains constant to wittin +70.2 per ceat
of ‘dywamic pressure in the spead range O ft/sec to
275 tt/sec, (Figs '3.71) vhile the insenpitivity to flow
direction extends to + 8 degrees of yaw and ¥ %5 degrees

of pitch for & wergin of s¥ror-of 1 pexr eént.

fhe peat performance vas obtained with prbes having
shielded estries susrply flared into & 120-degree

*trumpet' shape. (83) gy ysing phosphor~bronze sbandard
ball-vearing balls and cutting the fnternal cortonrs with

a special kood, the peéurate manufacturing ‘of these
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BT ~
vas considerably simplitiea,

These yrobes are structurally stiff and robust,

and due %o aimplicisy of design the response kimes vere

uniformly geod, being 50 o 54 ssconds under & suddenly

applied air pressure of 500 mm veter gauge.

The performance snd charscteriatics of these

minkature probes are therefore copparable to that of the

eriginal Kiel' proves

3.6 Comparison hetween theoretisally derived flow i
charsdteristics and those ohserved daring setnal v
proke performence

3.6,1 ZThe gffest of o

Experiment confirmed the theoretical result thet
5 = ?‘:‘ is the.dominating geometrical probe psrameter, aud
showed thet probe performasnce is dependent on a esigical
govwslue of O.4%, This apparently critical experimental
slye ¥ill ‘be ve-cxanined later.

3.6.2 The relationship betwesn a and K' and the

effect on angular insensitivity in yaw
B apd_pite

Py pubstituting the dimegsinup of different probes

t4ally tested in equation {3.10) wid evaluating the

paremeters pertaining to tha test cenditions, Vg, Ve and

X' ean be calenluted far different o-valunes.




3,22 THEORETICAL RELATION' BETWEEN o AND'K'

FIG.
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The accepied value of Cps tlie Hue preasure

roetficient in ¥he'wake of & sphere, is -Cub.  Becsuse
!

part of the flow isidiverted through the sphedical zHinkd,

hovever, it seems rea)onable to sssume that flov Todndifhe
shield vould differ fron that round J.’V whole sphere. ‘
Two veluse of C, vere therafore used in the calenlations,
i.ed O ¥ ok gnd Cp = ~GZs A% this stage i€ wss
thought that, use of different Cp-vu.lnes night show uwp

tie effect of Reynolds puntier op probe performance.

The prote dimeunsions used, topetber with shuple o
caleulations, are shown in deteil in Appendix III, Table
TI£.1 end I11.2. . The Tesulbe sre given Xy praphicel

form in Fig. 3,22, v

graphs ¥o. (1) aud N, (2} represent Kf-vslues
4% calenlsted for corresponding G-values, for Gy = 0.k

end cp = ~0.2. These grophs lie fairly close pogether

and shov that I{e;rnolds nunber eftests veeone more marked
the higher the v-values; ~vide performance »Z grove
Ho. II (s = 0,76k) compered with that of probe o« I
(wic 0.¥1); he graphs =lso show that Gy is not ’highly
erifical,

Zo check these graphs, the gemeral egustion for
Py {equatiod (3.8]) was evaluated aireetlys One Oof the

tested probus having & sphere aismetes of 0.34 inmch with
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an x-yolue of 0,344 ineh, was chosen at rengom. A
o, ~value of ~0/4 wen adopted, while the ¥slue of £

for these prole ainensions whs taken w4 Asternined exe

perimentully, iie. ¥, = 0.591.. Valuea for the venting

exitice ai s ¥ VETe calculated for differénd: .
* N

assumed K'-values snd these K'.values vers plotted against 3

the resulbing theoretical s-values. The results ar

we

shown in graph ¥o. {3).

This method was adopted o secord with the experi~
mental procadurs of test seriem II, where the x=dipmension
was kept constant while the orifice diameter, ¥, was
varied. Xt showld he appresisted here that these
ghépratical o~values vere detersined wniquely snd ¥hay
graph Ro. {3) therefove verifies graghs ¥e. {1) &nd ¥o.
{23, ’s‘;apxe eslonlatiops aré shovm in Avpendix 13T,
fable ITLu3n .

These graphs verify the hypothesis advanced

origisally, nasely thet s v decTesses - vhen fiow

fibugh sys probe is throttied - K teads to " ope

hence V, vends to zers ~ as #novn by vhe equat

sated with & iug static

= KV, -

pressure rise. For he range of pwvslues considered, Fadl

and hence Vg mever reaches sero value, although it s

eleerly demonstrated that the flow is grostly retarded
i
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from o point in the Ireeestream, Wiere the velocity fs
J 'vb, +to the entrance zone of the probe where the velodity
is Vo« Consequently, as originally hypothwsiied, the *
natheratical madel simulates congltions prevailing when

an ‘eddy air cusiion' Porms a 'reservoir' under pressure

ip the trumpet entry zone of the prabe.

O O applying the above theory o probes in yuw or

S piteh it vad shovn, theoretizally, that iustruments with

wigher Sevalues should hsve & wider ronge of inzensitivisy
¥ ?

to £low dirketion than thost with lower grvalues. ~ (ETode

determined

A and probe B in Fig. 3.8(8)) ' Bxpsrimentslly
hhractexivbiss of probés Hou T snd Wo. II Confirm this.
¢ : . prove. fio. I hos s gvalné of 0.1 and & insessisivity

renge of & 30 degcaen of yaw snd piteh, vhile Prove No. IT

¢ with s g-value of 0.16h, iz imsensitive to airsction of

fiow over the ramge & 4B degrees of ysw and x b5 deproes

Y piten. fmis is further pyoof of the velidity of the
hypothesis’ advanceds :

3 3.6.3 Relationship between ¢ nnd Ky

Yalues for Ko were csleulated for aifferent s-values

L 7 uaiag Cp-values of 20,2 and Bk asd depual probve dimewwisaw
in equstion {3.11). The results are presented graphicedsy

by @¥aphe No. () end Ho. (5) in Fige 3.23., Sesple cal-
A :
. - enlptions ave’ given ia Appepdix IIX, tabel ITI.H, mnd
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zabie 111,54

Toips result s remarkable :: The graphs \:;:Bul wh

& g-value of % 0,39 and Al ¥ »val.te of apyraxlmutcly

unity, graph No, {u} ma:nﬁninmg & K.,—vu.ue of gearsunity
for ow-valuez below 0.3D. .‘.‘It also shova that & probe

having & o-value of Apprnx;mnely 0439 would nat. be sen=~
sitive to changes in Reynolds wimber because Op-values :
ranging fyom 0.2 t6 0,4 2o not nffect the reault, )
Forgher, it is clear that the' point of erassing dsfines

a crifical o~value of approximetely 0.3%. - As' o

increanes avove this oriticpl value, X, decresses '

yalues below unity #nd, due tu the departuve of the aurvw.
becomes increasingly Aependent on Reynolds pumbers

ThHese results are an almost perfect verifieation of the
axperimental fehaviour of probdes Ho. I and Fo. IIy

prove Ho, ¢ L. = 0.h1) e & coeffieiont of unity for

Bevalﬂes at and balow C.hl, Xy being independent of Bey-

nolda aumber, while probe Hou IT {o = 0. T6k) a3 -8 co-
efficient lass then wnity (K, = 0.991), K, being in-
croasingly depsudent on Reynolds number, and dacressing

below unity, ae ois I a The th 1Ty dew

tepmined eriticsl g-value of 0.39 is almest idertical to

the experimentsl value of 040 ta 0. 4E.

Por & rinal comparison K,:wam predicted from

equation {3.11) for instruments sslested rendomly from




those tested. The £t ly determined
K,-value for probe Ho. IT wes 0.99% %' a o~velue of
0.76h, while the sverage theoretical valua for L
and ~Q.4 « was 0,997 - & diserepancy of N.6 per cent,

For other i the di ies ‘hetveen

experimentnl aad theoreiisnl K ~values lay betweon +1.2

and ~0.01 per eent.

“ip the light of this menifegtly satisfactory agreew
ment between»::h!u.ry and experiment, it is cubmitied that
the theoretict;l pnalysis is sound mnd the hypothesis
ddvanced i¢ soeeptable. It han been sihown Yhat the
hxa.th‘emnzieul model not only explains probe performance

but alpo enables probve chavmcteristics ta be estimated.

3.7 Ménufacturing of Probes

Experimental versions of the probe vere made in

two stages : For the spherical shield, Hoffmasn athvdard-

size bronze bali-bearing balls were uned. These were

Held ig = driliing viee by meims of apherically comner-

sunk slip blotks bearing marka by which the sphers gentre

could he Loeated, Ratry and venting orifices were
arillea ouy sad the imlet vorked to “tne speeified contoure

The vice yas then turned through 90 degrees and the stem

holes drilled.

The stem wap built up of stainless. sbael tubes, the
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%ip portion of the inner eylinder beimg biocked, sy
indicated in Fig. 3.10, to reducy the small-bore volume
o & minimum. The stem was then inserted into tha
shield and tbe total predsuTe orifice drilled exmetly
on centréwline with the aiad of phe 8lip bloek markings
and an opticel scemning device. . Time taken to make one
of the Q.3huineh-diameter final versionm pra)/é‘n vas Juet
under tive kours. “Once dimensions arve aea"ndnrdised &
speciel outting tool would emable the production time

to be reduced to about 1} hours.

FACTORS AFFECTING ACCURATE TOTAL PEESEURE WF - dRRMENT

FACTORS AFFBCIING ACCURAZZ FOIAD Thooorss N ee=iisss

To improve the sccursey of total preasfe nessure-

ment, the following factors must be andlysed s

Bel The effect of turbulence

Yu somé fluid-flow problems the temporal mean Ve~
loeity ¥ is sought while in others, particularly those’
associated with turbo-pachines and heit trannfer, the frue

. .
total pressure is required. An expression for grus total

pressure can be derived thus

Referring to Fig. 3.23{a), the mesn velocity Vv 1B

apsumed one~dimensional in the z-direction., The turbu~

lent velosity fluctustions will be thres~dimensional

giving velogity components g skovn.  The bar denotes




wveraged mean values of

zero by gerinition.

By 10 TEE

-~ 9N
the time averaged wesn velues while the dushes’ in

from tlese maun values due to t\u—\mﬂnce.

Figure 3.23(s) shows that

T,oav + i
@'y u' and w! denote the inbtentaneous fluctuations

2he

these Pluctuesing veloelti

Prue total préssure can be expressed sa

Fevivaresuasceneassernya {3020}

§

: v2 e (Tea® e w? st
E . :
2 3 =
= Faewt e ar® . wr (2¥p¥ = o} and

o VAR

Substitution

In literature on

ctitement thay the trve

‘equation 3,16}, is the
fube sctually mELsSUress

cOTTE .

noditied versions &

hente, according to definition

Py = Py ¥ 3pv?

ghe ranges of sngular i

venbional pitot tubes andg
re totally innaequaﬁé'"

w2

u?

LT feeeareeeneasss (315}

-
/i equation (3.15) in egustion (3.1h) yielas
i i

+3p (v'2+::5+?)

o .
the wubjeck one often finda the
tobal presante, o defined by
pressure vhich an ordinary pltot

This shetement is clesrly in~

degree, of the
)
to record the

to a certein

T

{3.16)

asensitivity of the con~
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full ingtentaneous componenis of turbulent welogity
fluctustionn. Iz would be more nearly correc: o stase

that tHese probes register :

Py = opy 4 16T e 59,[}7 LRI 75].......(3.177

where R depends on the instrﬂpént's range of angular in-
sensitivity and the dogree of turbulsnce. Comventisnal
., Botal pressure probes do nofyregistsr true eetui pregoure
o defined Ly aguetion (3,16) snd at the same time the
temporal mesn velocity V determined by means of a dotal
p;essure probe in aawociawiog with wall static tappicgs

would be in error because @ = O ig squation (3.26).

Thy, eharacteristics of the spherical probe (in=
strament Nos I1), however, ate such that this imstrument

would mensure true total praisurs in furbulent f1ows iore E

1y tban ticnal instruments becpuse of itn

wide rarige of angular insensitivity. When used to de-

termine the pempural mesn veloeity at a points s correebion

 factor should be applied to take care af the: turbulent

&omponent of the total pressure registered. . This

corestion Tactor can be determined os follows:

ir @ is the error coeffipient due o turbulopt N
tomponents, thens.

P A S R TP aieinsenesvessen (3:18)




The true Lotal pressure is given by equation (3.16)
whieh can be written az <

+ wre

Using thu root mesn square valuee of turbulent velocisy
fiuctusbions for & pipe, Fiy, as dstermined vy Iaufer, '®!
the msgnitude of f for pipe tlew can be evaluated. It
should<be pointed out, howaver, that appropriste total
pressure correctiodns for turbulence ia other Tiow situavions
ore, at present, not possible oving to the lack of ex-
perimental date on the structure of turbulence.
Doterminations of r.m.s. values of turbulent welocity
fiuectuavions, parvicularly near solid ‘boundsries with the
2id of the newly-developed 'hot-film! techuigues, alonk

with more detailed hot-wire anemometer surveys of a

variety of flow fields are urgently required.

ka2 The effeet of swirl

Bwirl contipues to present problems in flow measure-~

ment. _ Preston and Norbury (T} jound thet, in the case

of a three-quarter radi peter with wall static tappings,




& =wirl cosstituting = 10 degres chapge in flow directios
camsed an ¢rror of 1 per cent in the discharge determina.
yion. ‘They ¥bate thet : *The errord asiaing $6 s weber
using pitot myatic pubes would depend (% the yav'
characteristiss of ‘the pitot s‘tn.ti:‘.» " 1t would, of
fourse, also depend on the ranga of sngulsr insensidivi-
ty in 'piteh®.
3 E

, heein 3t shonid be noted that the eharasterissics
of the Bpheriral pru!?e; are such that the effect of swirl'
would be nininised becanse of the relstively wride weupes
of gngular insenaitivity.

1. t

%.3  gorrechion foy probe cehre lins di
#hen @& Dres¥ure prode is pisced im s shedr flowe

regise the pressure resorded is pot that wnich actuniiy

sets ai the point op the probe menire ines

Young and Nansm 153) gpgernined in & wake Ziow

yust for @ bluny-nomed’ pitoy bubs haviag a retio of
‘hole to outside Zlameter of approxinately b.6, the
of the probe was displaced & distance

sassiizen O re-

effective cenlbre

£.18. times the outzide diameter.

ported that in boundary-lsyer Flews sueh i
160 shoved w wll proximity effect. On Bhe other hand,

sivesey *7) ana Davies £56) pve shown that Aisplage-

ment errors On sharp-lipped conical. pitot tudes are

e

T )




very snell,

This et Are line. displacement offast is a complis
cated problem which demands further attemtion. . Dia-
placement valuss for the spherically shielded probe

have, as yet, not been investigatead,

Oosthuizen (*) used the displacement factor of
0.18 us determined by foung sad Meas ('3 . ynien s
not trugly applicable bheceuwse'it vas determined under
touter region' conditione - to develop a relasionship
hich defines the displacement as Tollows
— . 0:125"
‘% 1-52. '\/—.2;_;_ Fh e g reeovees (3220}

vhere Uy = ‘true memsured yelocity due to displacement;

¥ = ‘true velocity st point on centre line nf
prove;

4, = aisf ey of probe;

D = audh Jismeter;

=  logsl coefficlent of skin friction;
function desonibing turbillent velocity

distribution in the Toupdy repion?
in pipe flov; Y .

gt = the derivative of the above igdiztdon.

¢, is fapetionslly related to Fp.

4nd ean be presepted graphically as shows in Fige 3.2%,

whence the Factor

the pipe Hamnolds pumber,
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