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R "
reading for stitic hole error and turbulence in

rdance wi % i p i i
socordance with L\\\qua.tmn (%.5). . Tuis gstatic pressuze

measurement can R e cuapared with that ﬂeeamis«d

]

by meass of a pi or ctmu/;c P tube a$

the ®mene point in orévr to ovaluabe b, vhence K ven

be déterrpinad.\\ B

Yhis mekhod of static pregsure nessurement should

be investigated.

SINGLE<PURPOSE BTATIC PRESSURE PROBES

SINGLECFURFORE BIALIL TRe s

Beveral attempts have been ‘pde in-the past to
\develop & probe whick yill reliably hg};nuz:a shabic
‘pressurs only. A typical desipn is ode u #hich the
pressure is measured at a central hole drilled in the
face of s thim circular dimes Experience has shows,
however, that suchk instrumente do not openee satisfac~

sbrily. The slightest misorientation yielas totally
When the fiov

uareliabls static pressure meum\:ements.
is three~dimsnsional, in axther steady or xmltudy Tlow
regimes sfd at high tﬂrhﬁlensa‘l&vell, the true statie
pressure is ot ragisuerq:df |

fhe ineedie’ static pressure probe suffers similar

disabvantagess

2he pitet eylinder or ghe pitot aphers can be usEd
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as singiespurpose fostrumente for messuring static
PrESBUTE . Fhe sdversd, and hitherto uspradictable,
raetors ¥aich influence $he Roeurscy of vhese instru-

menks were dsalt vith inm the foregoink vectiom.

The aithor therefore attempted o develop &
single-purpose static presaure probe bused op cvmplete),’;'

difPerent operating principles. 4 o N

Su1 Ihe sphericel stetic gressure probve

In the 1ight of ¥he experiente gained in ¥he de-
yelopment of the spherigal votal presyurs prove, it was
deciged 4o investipete the possibdilizy of deterpining
ahasic pressure from a Loval pressure measurenent Lo-
gsthexl with The correspopdinp pressure in ‘x\:he wuke of &
syhere; toval pressure cau be wentrolledo "oy mivinising
344 Zependsnce op Reynolds puaber aud turbulénce 1¥vel,
using @ trip groove or wire arousd the eireufiference )

of the sphers to stabvilise yhe weke Thow charscteristics.

$,1,1 . Zheoretiesl amal; sis
Zheoreticsl oualyiis ! )
fleglecting the effect of turbulense, the

tptel pressuve in o fTEe stream Piovwing ot valoeity vﬂ

is giwen by ¢

7, B 30T 2 aememanavmeasiens {4.15)

)
A

AU S—
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The pressure in the

written as @

wake pehind a sphere-can be

P{weke). = p_ - %,,vce Criricerrecvainay (@,11)

*
where K repreents a constant to be determined ex~

perimentally, its value depending om Reynolds mumbex,

purbylence level ‘and Hach number.

Rearranging the above egquations yieldst

py, ~ plvake)

z :
3V,

Y oiceavdvrensavines (4a18)

and hence by determining the apwrepriuté prasaures, £

cdn bé caleulated at veriows Reynolds numbers (ased on

Vs and sphere diemeter}. E
Equations -{¥.16) and (.17}, also yield &
“ 7, = Plvake) = 1oV, 2 (14.%)
or B~ Fiwake) - _ ik 1oV,
14K 14K
2
And Py = By = 1a¥,
Thui, By = my - 22 creedreanai (ha28)

vhere &, is the differsnt

weka pressures

Fhe experimental objec

winimize the effects of Heynolds punber and furbu

1K

ial pressure velative %o the

tive would therefore he to

lence

the Lage preszure Lo

drficient for & sphewe.




SPHERES

PRESSURE ~ DISTRIBUTION . AROUND
i - % A SPHERE
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on the ¥alus of K, over the range tested, and to
establish an aversge value for K for which a wide range

of angulayr insenaltitviuy in yew and ‘pitch would be

J
i
. W
If this proved feasible, static pressure in a free
strean could be determimed Irom egmation (4.19), by
messuring the total pressure and the pressure differen~

4isl relative to the wake of tha sphers. These pressure

measurements could then be corrected ss descrided in this

and in the previous chapter.

At tho outset, probe sizes and operational vedbeity
funge vere determined by studying the standard rew
lationship betveen drag coefficlent and Reynolds number
for a sphericel body krig. %¥c11)... . Tne graph shows that
Cps the drag coefficient, snd hence K, would be: least
sependent on Reynolds sumber effegts over the approxi-
date renge 5 x 20% € B 1w 10%, where %, is the probe
Reynolds pumber. It vas sccordingly decided to selest
experimestal probe diameters resging from 3/16 inech to
1 iuch, vhence the speed renge of the test rig geve =
safe practical Reynolds number range of
6u75 x20° Ry g Te2 % 0%,

5.1.2 fest fa i1ities end method of testing

The initial pests were cariied out. in =




FIG. 412 SYATIC PRESSURE PROBE Nol Cow2 incH
g DIAMETER SPHERE 0-2 INCH GIAMETER STER )

4

s i e W

FIG 413 STATIC PRESSURE PROBE Ne2 €5 INCH

DIAMETER SBHERE O 5INCH DIAMETER  STEM >
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closed 3-inch diameter “lower duct smsembly sr well as
o, an interchangesble Geinck free jet for checking

purposes.

The sstond and third tast series yere copduoted
in 4he T.5-inch diemeter tiosed iesy seetion of the
aiffuser rig st W.E.L. These rigs were used for tie
development of the evylindrical ud spherical totsl

pressure probes.
3 i

suiteble wall static tappinge sera availeble in the
u;at section and reasdings vere taken at air speeds ranzing
from approximstely 70 to 280 ftfses. In ¥hese kesbs,
the probes op test were used to record tie dyasmic
preasure referegee ot the centre lige of the flow for

sero angle of aktuck.

521.2.1 [ Initial tasks

oAnitiel teswe
Borly tests were conductsd to establish

8 generul guide to probe seonetry and probe rigidity.

Fhe probes tested are sk’avn in Pigme %,12 @nd %.33. - The

inpact orifices weke wlightly seuntersunk anil Kb

spur—es hed tripping grooves.

Pressare aifferentials, relative to wall static

pressure, were takes for the probe facing the flow

(39,2}, sud for the probe turaed thraugh 100, dagrees
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Moy - p(Wake)).  The resulus of 33 measursments uizh
probe Ho. 1, at different speeds, revealed that K wic

unstable showing s narked variation wiih Reynolds numbera

Thie reason for this was thought o lie ia tha
proximity of 'the sphere to the end of the main stem, and
in disturbafices caused by the bent supporting fube when

the probe wes Cacing downmtreams

It wes therefore dacided to imcreaze the ‘distance

hetween sphere and moin stem; ' ta alter ‘s supporting
il

tube configuration, and to iscrease tHo- dphare diameter

£6 3 ineh in order to emswre bétter orifice snd probe

finish aod fester. response. Accordingly probe Wo. 2

Tk & B .
(Fig. %.13) whe Resigned ind tésped in the diffusér rig,

The results eopfirmad. the above diognosis & R
fhe value of K proved to be ressomably stahle s1though
#6311 dependent on Réynolds number Buk to e, 1}953’3!‘ depren.
fhe main stes and supporting tube vend appar\:;iiiy have
4 marked influemce on instrument performande and shopld

te located at isterfevence-free positions relative $o dlhe

spherical probe head whiclh, in furm, should be kept az

smsll as practdeally possible.

S5.1.2.2 Zest series IT

In this series it wes aecided to &dopt a sghere

o

e e

2
Ao € et

s

[

-

o

5y

¥ g - %
¥ it Bt o iy et

#

o S
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diameter. of 3716 inch, with sn 1/8-inch dismeter stei.

The supporting tube desigs ves nltered &z shown in

Fig. b.1% to minimize its wffect on the wake pres

gistribution without loss of rigiaidy following the ine
eressed X' dimession (¥ = 10,).  The groove in the
sphere was replactd by w trip wire. fThe resulting in-

strument, probe Ho.

in shown in Figh k,Lh and.k.15. -

The test results réfiected a ‘conniﬂeruhie Jmprove-
ment in the K vs R, relationshtip. 7t was now possible
o séleet an average K-value which did mot deviabte by
Kove thon % 2 per ceut ovey the sntir; tost :Y!‘ange» The
yuv ond piteh uhnrlc%erié‘fics. hovever, were most dis-
appointing; the piobe wikh the rounded suprorting sube

showed poor: sessitivity in pitch. The latier result

focused attention oun thi impomtance of parsméter Y.

Bue to the greatly increased X-dinension for this,
probe, it wos avgued thap the prove Herformance could
probably we further improved by eliminating the influence
This could

of the pupporting tube op the vake pattern.

ve achieved only if the sphere was supported in such a

menmer that the flow in its wake could take ploce befnre

rescking the supporting tube.
ghus, the idea originmated of pupporting, the sphere

4t its wakewend snd to t&p the pressure penind the sphere
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FIG. 415 IMPROVED STATIC PROSSURE  PROBE




| for determisiag the referece mmu srassure {3pV,

= 343 -

near the support.  To amccomplish this the ariginal
probe orifice wis sealed off ang mimute toles, Lf6h-iich
aismeter, were drilled in the form of a wikg roundt the ™
supporting tube where it entars the sphericsl hesd.

Phs dimepsion ¥ was increased to 8 4, ¥ teing tue brass

sphers dismeter, im order 4o, inerease the ronpe of in-

seﬂsitiyi‘by %o yaw snd pitch aud o trip wire wes Tixed

po the sphers. frtaile of this instramert, probe No. B,

are shows du Fig. 4.1k

5.1.,2.3 Test yeries IIT

Up test, probe fio. hoeould B0t 5T goumrse be nped
2y,
& spheriecal total pressure ,nrn\ve of dine type deseribed in
Thepter IIT wep inbroduced from 3 ppposite ¥all of the

duet- For measuiing this reforence presauze.

fne resuits revesied charpcteristios wiich vere nost

proniging. phe veine for K vas stable at say partiguler

velopity and remained fairly constent, the average value

of 0,655 being to within'r I peT cent of the messured values

over the speed range 10 ft/sec to 280 Tifsers
ohe nverage sngnlarl insessitivity over the ranpe

w5 very eneonragilnp, giving approximstely » 33 dagrees

i yow and -15 Qeprees 1O 430 gegrees in pitch for 2

E~value to within 1 pe¥ pent of dynamic pressure, S
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shows in Pig. 5.16. It should be noteq thaty acéording
4o the safe Reynoléa nunber range, this probvs should
give satizfactory results up to air speeds of approxi-
mately 500 ft/see. At higher speeds, however, the

runge of mngular insensitivity vould dasreuse,
. B

ponsidering Khs errors involved, it may be stated -
that this probs will measire svatic pressurs in ghlique
Flow withim an error of ldss than 2 per cend of $he By
nomic prevsure.  Althougls the insframent is capeiie |
of better perforuAncs With further develapmenty Lrere

are certain restrictions.

Increasing the parameter Y would most “probably

improve probe P e . especislly in pitveh itions

bub, on the obher hend, & bigger hole vonld be needed %o
sccommodnbe the probe unless distsnce BC {Figs h.14) ‘i
ineveased; this, in turn, could mesn forfeiting
rigidity. Decressing dimension AD and increasing BC
by ineressing Y might, hovever, he investigated in
prester detail i relation to dimension X wnich fomi-
wabes tha prove stabilisy ia pulsating flov.
It ia. important to note Bt avalusting the

best results for these probes the correctiong for wail

stotic and total pressure vesdiags, in relstion toicls
size and turbulence, ware ueglected. fhe probe .




ch_smetcyistics. however, 4¢ not appear 4o L g{: eritical

as to be affectod apprecisbly by these cortectious)

CONCLUSIONS
- i
In woncluding this enapten, it may be stabed that,
gepending on the probles, the flow regime, and the
sgenracies Pequired, siatle pressure cun be mepsared by
mens ot wall static toppings, comviz;e; pitobastatic .-
taves, or simgle-purpose probes. The suthor, s ds—rl
- 4eloped & single-purpose probe which ahowed reasansble
performence characteristics and promige Tor Turkher
davelopment.  The wall static tapping method proved to
e the most ruliable and aceursts, provided it wes

doplict vwith the necessary "kpawsuow! and codhevtions,

It hag been shown thaf t’hsre gre ¥till many com-

. .plex fawtors demeunding furtley inveptigation wnd
elerificition whotever the method of measurcment
These factors heve beew idestifjed and

adopteds

anslysed ond some correction factors lave been suggestad.
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THE YEASUREUENT OF VRLOCIPY OF FLOW BY CURRENT METER

IETRODUCTION

12,2798, Woitmen (%1 javented the serewstype

current meter, He geveloped the theory of these metuxs
and used the instrament for measuring flov veloeitdusiin
rivers, . The meter vas improved from ise 4o time nad

{62}

in 19255 L.A. Ot published & new !Theoiy of currest

meters' based on experiments performzd over many yasars
at thé Mathematicsl and Mechanicsl Iustitute g2 the firm

A, 0%t in Germuny. The resilting Obh gurrent meter

is now iderad to he relisblefor. 3

velocities in pipes and chamnels.

9he cup-type current meier ¥as introduced by

Parrand Hoary in 1867, . In 1882, Price developed as

improved type Which has been videly used ever singy

partiduleriy in the .Sk N
Uhis chapter desls with the screw= or propeller-

type current meper with specisi veference ta the smll

9%y propeller meters vhich were used bY the muthor inm

rinents in

salibration, laborstory end Tield exp®




are inseparsble functions.

“palidraged, or a wefer should pe ealil;

the tnited Kiagdon.

PROJLEHS- ASBOCIATED YITR VRLOCY
D bt MBATRE TY UBASURBUENT. BUPLOYING

4% & Tecent Symposium bn £16V mensuremsnt invu“e,,
condiits, held at WuB.b., ‘63) agtention wns drayn té the
fact that; although the current meter and pitos vudbe
were among the oldest instramepte in wae for fiow measura=
@ment, contridutions on the performante and applicatioa of
these instruments vere still topisal. When it 1% appre-
sisted that thers are more than 200 papers dealing vi‘n.
pitot tubes Aud their appilension mad veme 300 references
4o’ the chasacteristics and tse of surrent meters; (03
1% iz remarkable that there remsin sn many wnSplved pro-
Ylems asmociated with zhe applicatioh of Shese insiruments.
With present kpowledge in this rield, siuple solitions 0
problens ave admitiedly mob possible, but it is submitted
that progress hes been hempered By the prictice of )
coilecting masses of wnpianned experimental datay some of

it gquite izrelevant end wasupporied by tpeoretisal nnalysiz

and basic thinking.

The palibration and npplicetion of cnrreat meters
A purrbat meter should. be
applicd under copditions similar te those ot vhich ib was
rated secording

to the dictates of setual exparipental conditions. Thin
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is seldom, if ever, realiused in practice.

A= shown in Chapter I, considerabls rasanrsh has
been done on the effects of the various factors affecting
the performange of eurrent mebers, but there stiil remnin
mesy unknowns, ~Theories .about theése uneertainties have
been advanged by meny experts who differ markedly among
themselves. The following ar~ some éxamples. of co‘norw
cersial factors : A meter is raved by toving tht&{xgh

still. water, away from solid boundaries, after which it

i3 appiied in turbulent or obligue flows near fiume and
pipe walles The effects of meter supporting Iremes,
waiting periods iu bekveen roting runs, proximity and
velocity gradients are, among others, still mources of
speculetion when oonditions of riting snd npplication

digfer,

T4 48 emsouraging Yo learn that experts ore now

plenning to pool the ressarch efforts end fecilities df

various couvntries in order to evalunte thess €ffects

aceuzately, (63)

Here, the nvnor attempts to snalyse the deaic

printipies offecting the sperstionof gropeilar~tyen
durrent meters with the objest of clarifying and de-
fining the problems $had demand further :‘nvenismx_‘m}

and soilution.




The factora mey be listed thus :

The practice of rating by towi .
vater; Y towing through atill

The effeat of the supporting current meter Crome;

ohe effect af meter positicns relative to solid
boundaries gnd to adjacent muters; e

The effect of temperstuze and pregsure;
The effect of waiiing periods in rating teshs;
S : The -effect of submergence;

gbiigue flow effects;

* The effectrof turbulence;
[
The effeet wf steep velouity gradienss;

"ihp wffect of inertiag

mge effect of Reynolds nhmber;

Phe effact of meter position zad mumber ina
grogs—geotioni R

R . Fecording, servicing, sad care,

¢ The aim Is to smaiyse the physical mechanisas

rather than to study omly experimental rindings.

3. ZEEORY ARD_ABALYSIS

5.1 Thh fusespentsl gnrrent moter equaticn

iven 8t &

. Vhen an ideal heliecal propeiler is &

‘speed of 'a' revolutions per anit bing by » perfect flusd

flowing st average oeal velacity *VY, the relavionship

~of revolution has the

hetween velocity and speed




following simple form :

‘ ¥ ® KD iecmsevestesincnericnssunsnnanens L521)
shexs K denotes the geometrical piteh of the propeller.
Conplex mechanical and hydrauliec resistante fprees, How-

ever, nodify the =bove expression.

A%t present, no rigorcus methemstical snalysis has
been advanced to gorrelate theory with experimental
resulbs. An approximate solustion, suggested by
Boa. vk, (6] yic1di s semi-empirical relstionship
anbodying cénstants which have to be determired by
experiment. It is submitted that theoretital develop-
mont Bad & bhorough understemding of the charseteristic
equation of a current meter mush precedé a factor ana-

lysis.

The anthor, using dimensional analysis, has dém

termined the form of the basie egnation. Following

Oti's general suggestions, (62} yye torloving fondamental

fectors are analysed :

3.1.1 The torgne developed by the Dlodes;
3.1.2 The moment due to external hyarsulic resistatce
forces;

3.1.3 The moment due to internal mechanieal resistance
forces.

3001 Torque
The torque, Tps developed by the passage of.




ginid through the blades, can be exprossed thue ¢

8 X
2. 3 ER 2 :
7, = oVKgD 8 (KE‘, LT o OO T X |

where V = average lagel velooityy
5 =  mass 2ensity ¥ iuids
K, = geometrical pitel of propellers
-8 = e theorsticsl length Aimension

sspoeiated with blade shape as dsfined;

u = kinenetie viscositys
n - number of revolupions per unit times
gr = notation. dencting ! funetiont.

Rquation (5.2) essrged from adimensiopa) suaiysis

sided by Buckinghsm's I-théoren,

When employing equation (5,2) fo determine the
torque exerted by & flow medium ot & psrticulsr neter,
the @imensionless parsmeter 1’%& and the factor o£,?
can be embodied in en instrument constant $0 be deger-
mined expevipestally. This coefeicient will depend on
the particilar blade shape, the nyaraulic piteh, sad-the
fluid geusity.

Usder normal conditions and fio¥ yelocisies of uy
to say § ft/sec, the rlov inm the Dlade poundsry loyers
would probably be laminaXs Calibvration curves ix‘xdecd
Show that the effsct of Reymolds sumber over th¢ particu-
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lar speed renge is hegligible.  The authol submita that
at high velocities when the boundaryilsyer iov is purely
surtulent the same nrgument would.apply and the Heynolds
number effect would again be masked by other influentes.
1h the transition wone, hovever, it seems logical to argue
' tnst the Reynolds musber effect vould hecome inportants
Tha brosk sometimes displayed in & calibration curve

geems tv corroborate this,  Thus, outside the trsnsition

Y

renge of flov velocities the teri’ g~ » can'be reglected
B o

s an influence on torgue.

Bouation {5:2) can therefora be written as @

Kgn
B o= 0o VBT BT et 15:3)

where €, represeats the imstrument coefticiant qarined
abovad

In an sttempt to hviluate she functionsl relations

ship wxpressed by pgustion (3.3), the Folloving sasiysis

ves made

mhe vector disgrem for flow past the blade of B
propellér-type current meter ig uhavn’;'m. Pige Fele
It oF is the foree, due to £lov, Of an ElamERvEYY

biade mect on b radius r, $he torgus developad can e

Written 8s %
erre 15200

PP L L

oT £ gF.od.r




How oF can be expresged ag

oF - = cL;vasine o Vhere C, ig the goeffirient
of 1ift on the blede section and dependent on the angle

“of witatk a.

a9, oA represents the elementary ares oo the

chord st Tadiug r or,

Hence ‘equation (5.4) can be written as 3

om s doppvyPasesin par

. from vhieh it follows thet

2
2 = fer =7 eyp (V2 # U2} Bin Bardr aesl5e5)
*i

On examining bhe above sauatisn, oe cen Write :

. e .= £{a)
and Hence o - ome PMx) 3 & = £%(x) dnd

gin = 1M {x)
o

oy
fherefore equation (5.5) can be written as 3
To
B o=oep L R AR U2 . easneene (5.6)
L A :
i

N
o w w gy (°F vRLR(m).ax ¢ JiTaE(s) 20
£} Ty

How st a particular free shresm veloeity Vs




~

g BySremiic forces of resistance and

15k~

T
o
! 3. F{r).ar can be expressed as :
T

1c1v2 in evaluated form;

r :
v ro 7
. also ? vPr(r)aar = IArzue Flz}.dr, ¥
r, ri
Fioos -
vhere y o fogular speed’df rotation, and the above eguksion
¢ah bo written in evalusbed form, s :
- A ry - 2 "
7% lar s kel n)® wmeve Rou TV,
M E

i
Tuus equation (5.6} esn be written as :
B

d H

e (&Y K 8 (Ren)® )
I R LT UT AL SRR NP ¢ B 4

. On comparing equations (5.3) and {5.7) & soldtiea
is sugiostsd, because the hydrodynamic forse on ¥haiblsies
5 eqiial to the vate of change of axial momentun .o ¥he”

fiuid passing through the neter. Due tv the forges off

friction, the theorstical velooity, aa registared by thu
nsber, i.e. Kyn st n revolutione per wnit ¥ins, is dese

thion v, fne sobual flow velooity. ~This diseropancy e

due to the emergy absorbed in overcoming poohauicnl and

honus %o the ohaage

in momentws yielding @ force por unit mane yave of fiev

¥hich is proportional to (VeKyn)s

Thus, equation (G.7) ouBgesHl Phet the fww




}\ capsed by friction between blades and flmid,

- 155 -

relationship cun be written as i

LA V2 - (K,m1%) caeeeioniaienies (3.6)

and-equation {5.3) suggests that the expression could be

of the form
“,
Byom oW (1= KD vearseerioseeniiends (5.9)
v

Tt is therefore cléar that if, ip eguation (5.8},
(%,5)% 35 written as Kunov, (Kgn = V). dquation (5.8
is identical to equation {F.9). _ Thersfore the basie

equetion for torgue’ can be defined ys
"

D R TRT R & 2 :

Kgn

= 2 -
= ¥ a -

Vs
vhera O, is a constant tg be deterpined expe;inentnllga‘

3.1,2 The moment due to externsl hydrsulic sresistonce
forces

The nydréulic forces opposing rotation are

by eddies

that ave shed mear the rotor, and by impact of fxuia

particles on the meter body.

Applying dimensional analysis, this foree, denoted
o)

by .F,s tan be expressed as :

F
¥ o< p02v? elvbp * FIRVRY cevaediaenes (5.32)
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This expreasion is. very suuiat %o that representing
the impact force caused ‘hy 8'jet of finid striking » fiat

surface held normal to the jet axis, wiz,

Fo= saeneis (5422)

EPTETrPRS

sty ()

wheve 4 = dismeyer of the Jjet, the cther symbels jlaving

‘The direct soluwtion of

o

€heir wanal dignificence,
equation (5.12) yieldy simply :
i i
7 = pafy? whichy for & currest meter, cin be
approzimeted by F& = 92VZ h AV?  Liicesessees(5.13)
l

¥vhere A is ¢ constant.

Yow for smootl surfaces, suck as current meter

\y{mu, £, in equation w.u), ig proportional to Rej;mlds

5 £
k4 = Ba -,/ and kh‘ls the term ==l
: 202
o B .
iy be written an = yun » Wheve B ia the constant of.
proporticaalitys “

On comparing equations (3.11} sud {5.13), 4% is
h

thr;' Jofore saen that ¥, is made uy of another ceuponent

'xja . Tor & particuler flaia, would be progorpiomal

te ¥, or Fg" = DiF  ssweesecssssonmaviessisss {5434}

Henee ognativn {5.31} enl be represented b7 the

sum of the two friction foree tomponents (equations {5.13)

1




iy resisting nomeat due to the externmel hydraulie

resistance forces may therefore be expressed es 3

v

RN PP Feee (5.257

T

experimentally.

3.1.3 “Ohe moment due to imternsl mechunical resistance
foreces

fnternal mechanical resistance is deused by
axial snd radisl componepts of bearing friction and by

resistance in the contect mechanism of the meterd

At. & partjenlar free stream velogity V, the meter

registers a velocity V' which ts less tkAn the free stresm

velacity, because of the enbrgy absorved By the forces of

hydraulic and mechanicalresistance wndes aiscusgion. - If

tuie condition is consilered es analogous to-an actusl

change im fluid velocity from ¥ &6 V', the corresponding

rats of change ‘of sxial momedtum per wnit mass yate of
fiow « ¥ - Y% or .
-~ ¥gn)

F'vrﬂ v -V
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vhere F! = forca per usit mess rate flowing.

Thus the foree for the total mass rate rlowing

through the meter may be written as

Py BV = Kon) ' sesveiienoccevcsennaes (5.26)

where B is a conbtant for & perticulsr metet and velooity.
T pight be argued further that at. this particuluy ve-
logity of flov n is ponstant and eguetion {5.16) may be

expressed as i

P, = W &
yielding & theoretical torque of Ty sesan (8417}

at the veloeity considered,

Equation ($.17) mey thereTore represent that portion
of $lie availsble torgue energy which is absazbed By in-

teroal friction.
This result is confirmed by equation (5.20), viz.

T, = GV {V ~ Kyn), which shows that, if s constant

relationshin exists betwsen ¥ sud Kgn, the torque, or &
.

portion thureof, may be expressed ai {conetant) xV.

If the sctual internal friction forse is Fgy the
torque caused by this force, st the sage flow velocity V,
may be written ed i

my o= Fiogve




Where C; is an instrument constant,

or By =BG (VA aV) Uaiesserepianesnie (5028)

How AV moy bé eliminated by writing AV = Kin dnd
o .
hence aquation (5.18) mey be espresusd as 4

o= Fe (V= KIn} cocvunsninsnnacesen (5.29)

Eduating cquotions (3.17) and {$.19) yirlds ¢

_l'.ici {v - K;nxy\ BV
ta,r

or Fi '_T—_'—T

) T V-~ Kin
fhus the corresponding torgue due Yo this foree may be
wrijten ag . ’

.V
I FRE  eeeeneevsennneniein (5:20)
where D, = . Do is an i;{ktrument constants
= !
The three fundamintal factors invelved may thexpfore ke

deginad as follows @ N
The boxgue developsd by the blades 1
Kgn.
Ty, PR —%—) vineessiorenn(5.100
The ioment due to external hydraulic resistence

forces 3

| Ah-v2+ch-v veeremeeassseesases (513}

The noment due %o internel meahanicul rezistunce

forces :




XY
i
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Sreevasiesnarnenariandie {5520}

yhen the propslliar is in motion, and developing

zere povery the torgue and resisting momests must be in

squilibrinm,

Thas @

7, =

2 Ty + Ty oF

n

RTINS I E_?rf_

\
Ve 0oV m e VK = é?h

2 "D,y
LIV R N i Y vensana{5.21)

D.¥
oV 4 TIER

R N ey BeY
(og = &) = E¥E = §¥ = glfgg = O
pividing by ¥ yields ¢ .
.
¥ (Lo ~ Ap) = Tokgn = Oy - yogm 7 °

8olving for ¥ gives

v o ea S
=R " G - hu

equation (5.22) above, ve write :

ch ¢ KA
- TEEE S e}
Co~ Ap Co = Ay

Grouping the imstriment co

= %, end D . i

I

n +
To

Senvninss (5.22)

nepants togesher a5 in

et 2
Co = By

and equation (5.22) becomes i

v

veiesnieanses (523

2

=
b oRen b e
& ken V=K
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gquation’ {5.23) is the gencrsl choracteristie equotion.

of the current meter. ¥hen written in the-fora :

(gt k) (Fexgm) = whs

it reprssents the wellekncun Ot hyperbola in ¥° end n%;

Bolving. the above eguetion for ¥ yields &

which I8 the gemaral

Forme

_In practice, ¥he Oty propeller—fyre surreng meter
Bas & very Tlat hypexbolie charsctsristic, which esn be
closely spproximsted by & series of fangent Tites which,

syom dquation (5.24}, has the general form.
9 0= ‘xgao+a B -
whers k, and & are instriment donstephs swhich have to be

deternined frow calivration testa. ghe so-called hy-

drsuiic piteh, k,, ¥e 5
rred to. fa the 'resideeld welocity'; derines

y Whild

5, uoually refe

ahe inbornal meter friétion forces. gurrent practice is

o determine k, apd ADy towinp the meters shivaugh BEILYL

waker.

¥




An analysis of the factors aff,
ing of surrent meters. *ffecting the fumetlon-

3.2.1 Bating by toving wthrough still vater

The characteristic eguations.of a current
meter, o6 derived in the previous section, l;i'e avelusted

by towing individual meters, or e group of meters,

By . : s
through still water in & ealibration tank. The- two

methads eiployed are tangent rating, i.d« utreight—lina
towing in & rvectangular tank, or rotary ratinfis f.e.

toving along & ¢ircalar path descrided by a rotaving beam.

The flov patterns associnted With the moving of &
meter hhrough stili water are quite different from these
axisting vhon e current meter is held atetiomexy in &
flow field whore obligue currents snd eddies, rather than

paralliel filsments, are encpuntered.

. Tt will be shown later %hat s propeller-type current
meter tends to over-vegister in turbulest flaw, while
otlique eurrents caunse underregistrations The difference,
therefora, betwssn the Tlow siructure when calibrating
and that prevailing in practical spplication, con-
stitutes a source of unkmown sxTOX in the wrating
eheracteristics ovtainea by towing. gvaluation or

elimination of this error remsins o probvlen.

Attempts have been made to evise alyernative




* methuda of belibration e.g. towing & meter with and then
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against ¢ steady current in &n open chaunel, as snggested
ané investigated by Dimaquist fm 1094, 7530 fn tne dover
veloeity rangesy end under more or less ideal conditions,
¢his method gave ¥esults alpost similar to'thuse obe
tsined from still water ratings. The effects af nigher
velocities mud under different levels of turbulence have
nety 60 the swehor's knowledge, yet boes investigated.

It is indeed probable that, irrespective of ture
bulence, meter operatios would be sffected by the pature
of the velocity profile st the meter position. The

effect of sngularity is delllt with laber, but it seems

. derzect to state thet tbe difforsnce ip angle of inci~

dence of 8 veloeity vector encountered under conditions
of towing snd Tlowing, respectively, would greatly inw
#iuence the forque developed and hence the vharacteristic
equation (See eguation 5.5).

. sar (XL
Yest, in & discuseion ou o psper by Beuiai, )
pointed out that, during towings s V-erested yetocity

Qistribusion would presmuedly exist in front of the meber)

and furbulent eddies wonld be shed beside and behind

the propeller. ~ When he meter. is stetionary, o the

other hand, the propeller would modify the existing

patural velosity profile of the flow,. thereby eltering

the incidence of the leeal velocity vector which would
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aiffer apprecisbly from that for the towiag condition.

It would therefore appear necessary to &hart
thinking along the lines of developing poseible methods
Y7 which not only studies on current metér operation and.
performance, bub possibly sll current metey ratings
could be carried out in flowing flunids instead of in a
medfom nt rest. - Thiz aspeet will be dealt with later.

3.8.2  The effect of the supporting currard meter
. frame

In wodern \.urranf, neter practice, the
supporuing frame is constructed es lightly as posainle
to minimize blockage and 1ntsr!eraﬁge efteces. while
atreanmiined sections are usually. adupf.nd 0 yre\rem: undue
gisturbanee of the matural fiow pnuer,n. Frameéd struc-
tures and seations, for leborstory snd field appileations,

should be similar to thoue nsed in the reting vests.

fhug fay few references to experinents sre %o e

 found in the litersture, (14} ang in thege only the

effect of the suppornng frome on meter performange hes
been studied; ehe mechapism of the effect seems to have

been neglacteds

4t a reoent symposium on flow measuyement, Herpaud

and Goffin (14} yoported results of model experinents
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asgocisted with Pield weasurements on & large ¥aplen
turbine; - these gave Flow.rate velues 7 to B per ceng
helov those predicted aceordisg to Nutton's (20) sealew
up formula. ‘The auvhors suggested that the suppors
fyame used In the field tests had cauysed n.logal chenge
of the valocity profile, which furned out to be & flow
retsrdstics. ~Tbis paper forcused mttention, for the
first time, on the mechanisn of the support frame 3is—
turbance . ‘The suthors submitied that there was some
form of retardation st the elevatioh of the horizontal
frame together with a general sccelermtion on eithexr side

of it.

In the discussion of Reference 14, chaix reported

o similar tendency in resulis pbyaimel im Seneva ? an

isolated rod carrying six current neters in & rectanguler
conduit registered velotity approximately 1 per cent belov
the value ohtained in the sane section wsing & grid of

six vectical reds. As pointed omt d¥ Chaix, this. effect

coutd be sxplumined by tvowdimensivasl pobentisl Flow
theory, which reveals thut stagnation points wonld be

foymed at the supperting rod. This will be discussad
presently.

in the ssoe aiscussion, Prof. Gerben reported that

Jar seetion, carried out in

xperiments in &
i s = "

srting rods dirfering in section
%

Bwitzerland, with supp
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il .
and in number, and garrying up to forty-five meters

at & time, revealed velccity errors of up to 6 per
cent; he Pound that the error was not dependent on the
rod section but on the number of rods in eht; conduip
section and, to a second order, on the number. of. cn;rrent
meters on the rods. He stated that further testing
was in prbgr;sa 40 verify the sbove findings. Tus
suthor is of the opinion thab the reported imdepesidence-
of the error on rod gection is a dwbatable point which

requires fuxther investigstion.

Winternitz, \**) on the other hand, reported results
of serodynamic podel tests carried out st ¥.E.B. In

i with % geter of fiovw in

penstocks. - The findings contradicted the above nypo-
4hesis and its related experimentdd resulta. - In these
|

investigations, undertaken in the ‘WeBis¥e windtunnel, the

current meter support consisted of & cross with four to
y

eight radisl arms, in the plane of messurement. The

‘blockage, it is argued in ghis case, caused a ’venturi

effect’ which clearly wag initiated some aistsnce npsirean

from the metering plane pecsuse the acceleration could
not oceur inshbanianscusly in the plana of the eross.

fhe current meters would therefore overwregister, i.e,

indicate larger rTetés of Fio¥ than the sctusl. The
proportionsl

ovér-regisyration ves found to be directly




to the Llockage, irraspeetive of vhether the support

gonsisted of a multi-.arm cross or a single neisber,

Thig hypothesis, direetly opposen’ to that

enunciated by Serpand, Coffin snd others, ‘M) ygs,

according to itz, confirmed i 11y at

N.E.L. The validity of transposing the findings op the i
i

model tests, P in 1b, to prototyp

gonditions is not relevant here.

The suthos will attenpt to aselyse dhe resulls of
the different experimants on interference effects. As
steted eariier, s single horizontal cylindricsl bar
cnrrys"ius' cufrent meters in, sey, s flume or & pipe would
form . Yorizontal stagnation 'liné'.  The ¥luid yould ’
tend to decelerste ot the particular elevetion of tnis

¢1ine' nnd the upstresnm reach of this effect Cyom the

*1line', would prduce s more slowly fiowing wome guveloping

the projecting eurrent meters. The result would bs under-

s s ¢
regigtration.
on either sige of the horizontal bix, hovever,

there would be scesleration due to the blockage, effedt,

snd-ny thoss partiewiar elevations, othexr than the

metering one, ineressed yelocitins ‘would he recorded by,

say, o pitot tubde. This increijse of -veloeity need not

he partienlsr section

be imagined s inHf"




or elevuuon. The condigtions c\c\xld be mn;idarea -'

analogous to a8 forn of Locally 1nerzased shear flo ,/in <

that & Tlow layer at the bar elevation is gradually

retsyded vhile %he two adjmcent layers, above and belov

she bar, are Rradually aceeleratsd ~ hence the distorved ‘

velosity profile.
1t this single bad is nov replaced by  grid of se~

veral horizontal burs, or by & .oress, it ean be shown,”

by applying sve-dimensional potential Tlow theory,thet

the upStream reach tkf tha decelerayed zone isl dgpreased

considerably, so thatthe projecting prdhelters would

probably be located putyide this zone. Undex these

conditions the degrse of under-registration would of

course bu less. y
The owtdor furfhnr submice thit the above.conditions

vould obtain for s bar of ciiemlar eross sgection and

particnalr dimension. The méghonism of the effect

suggests that ;he effect :uzsalf vould te controiled by the

Jtype of section, its size and m\e Reynolds numhér.

%
ohe marked iafluence r:purte&. in Referenge 14 is

1uy section used .An

probably dus to ke optsized eireu
currant meter support.  Coffin, indehd, eategorically
states : 'In this purticular cose, the‘ ?uestion of
strength of paterials VeR considered more important by




the designérs than the precastions vhich vould b

been taken by the fluid dynamicist'. He eoneinaes with ¢
the remark that they (the authors) ‘wented to giva the:.r
coileagues the sucsessive images of the velocity yrufﬂ.e

et ong with the afsplacemedt of an over-huansxaaeu

frame¥ . i
. f

Phps, Whrr using light stresmiined strut séctions
in & current meter supporting fréme, tlie dvag coefficient
over tie Kiynolds number rQnga undsr sonsideration would
degrease from approximetely 1 (for siroular eylinder)

\/‘1 for an air-foil struy sectiom. Here the formation
: a_stable horizontsl atagoation ‘.une' . on zhz +thin ’
“edge of & Eirut, would be vexry unlikely in a flow ru:l.d
. 4ad consequantly the’decelaratitm sone Hould be prevenf,aa
or minimided. . The on].y other factor which nov amers whe
argiment i# that of blockhge which, us Dpointed out ee.u;er, .
would cause an over-registration due 0 gradusl sccsleras

tion at the metering section, asireporied by Winternitz.

In-ihg Iight'of this anslysis, Prof. Cegberls
remark, referred HO earlier, that the frame-srror vg‘.‘a
independent of the shape of aize of the supporbing Tmd

needs further investigstion and clarifications

A aetailsd study of this factor bagod on pitet-

tic traverses over cross-sections

wtatie or pitot-wall sta
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vith fromes of various designe would be of walue,
Relatively sumsll probes couid ba employed to determing
wbsalute values of peink veloeitiss. at the grid or

freme positioen, vhile velocity pyofiles st sections 5,

imfediately before and after the metering plane could i
ve investigated under vericus flov conaitions and trame/ %

neter copfigurstions.

¥ 3.2.3 The effeqt of curtent neher yoaitiuns
relative to solid hounduries acd
adjacent meters

w6 measure velvei%ies aa agouratsly as
possible by means of current metaxs, it is essential to
take mesgurements at g sufficiently lerge number of points
in the rusa-sention 3f & Pipe or flwae ond, vhers steep
velocity gradients exist, e.B. naar zolid boundaries,

the dengity of measurisg points muat be adeguates

optimisetion of meter poaitioning.in = eross-

section will be gealt with later, btut zrrespecnve of

pusiﬁom‘}; *the nuﬂser af meters reqviraa u.nd the prnacnw

of soiid boundaries create problens of proximity ;nc_cr-

férence effactse

hor could mo find in the siterature evidence

The and
(6 gna

s factor,  Beuue

of extensive stady oF Lhi

Hesn (65} reported results Gt sode eavlier investigations.
Acaording to StBus; 4 prbpalle:—‘t’yya current meter renerds
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an spror of “0.8 per cept nesr the upbtom of a flume
and a ~1s1 per ceng error pear s wall, these gryors being
of the i

Tests terried out by Ott 156} pventad Bitferent
reaults, in 4hst dhe negative aryors incredsed with ‘
inereswing velocity. Meters hewr the bostom showed
#ryors of ~1,2 per cent, while ervors of «2.1 15& eend
were registered by mpters uear = well, boibh st & veloelty
of 2.5 mis. 0% mlsc Tound 4hes Bhere wes no bigaifi-

caht dnterfersnce Letwesn two meters in the veloelty

ramge 9¢3 to 0.8 mis.

{11

According fo Benial, research carried ouwb m:
$he Institute of Oydrauiies in Belgrade yielded resnﬁ.s‘
aves more Bt varisuce with ihe fowegou-»- 3 in the va;ge{tw
range 0.5 o 4,5 min, geters nenr ‘ﬂ\n 'bnyf.um regnmrem

a8 much &8 1.7 per cent %oo 1ow &t hhe paximmnt ve]go::.}qy.

Tegps on three lnnilar meters, spaced at 3 et hxgt?ueen
penpnanen of ptopallerl, showedt ‘that the middle mnw
tended to regord low rendimge; ners, hovevery ﬁxa ez-rm-g
_were -p meximum at the 10% wveloeities, wiz. 2.4 pex cent!
at ©.5 mfs as against 0aB per gent ot b n/8. Agreegept -
or syen an spproximete trend is therefore non-axa.e%eneg
myis uncertaiuty sbout proximity sffests’ s also saw

Fiecked in the several interngtiongl 20ds spenificatiols,
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the French code stipulates o minimun distAnaa fron

vall to propeller periphery of 3 ewm.. The German Dode,
on the osther hsnd, specifies minimum didtewces in tewms
of propeiler dismeter D; vis. the minimmi aistence be-
tuaen meter sxis and vall should be 0,75 D, while the dis-

tance betwees adjacent meters should not be less than
i.2 v, (67

. Regent experimeuts’on proxiaity imterZerence warw
Sarried out at Padus University by Profs Beaini (a
who towed peirs f currest maters, suspended buth verti-

¢slly aud horizontally, through still vster. Inter-

ferance<free datun values Ware cstebliished by towing

‘adjscent ourrent meters 60 cm apert, and a singia meter
was tbwed ab sn identical distance: Prom o wolle The

aspth of pubmergence was 50 ema The results were disw

appointingly incopelusive a8 discrepancies stiribadabdle

ta i t1y idable cimental error masked mny

etffect of proximity interference. He submitted that,

winhin the ramge investigsted, the possidle sffect would

not sxeeed 0.2 to 03 per went,  Thia resuld ves clesrly

in direct comtrast %o those faported by other investi~
gatore.
o far seem to indicste that

The results digcussed &
imeniel affect

axperimenters have con ted on the exp

of proximity interference with complats disregerd for the
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underlying physical mechamism,

The author is of the opinios that the root of the
problem iz iR the method of towinmg current metersi Arough

still water, anc this hypothesis is aow mnalysed.

The mander in vhich one current meter; or s solid
boundary, can interfere with the opuration of an adjscent

meter may be visualised in brosd outling by vecognieing

thet the 'interferente! pesulis fror. an sljevation in

o the matural flow pastern &t or neer the metex., ~Whed
thare are two adjacent neters tue Plow gast ope will
interfere with that through vhe others) ée Tiow dires-
tion at exit from the blades of ome current meter is

such as to induge angular compoaeats or srtificial tir-
bulence in he floy field of ifs neighbewwy the veloeivy
aistrivution induces (towing) or matursl {#loving) som e
a0 distorted by the proximity of ong meter o snother ghac
4. aeter propeller is nob subjecsted o normal velagity

vectors.

The picture is identicnl when a gurrent aeber in
operated clode to a wall, Nere a Doundezy-layer exists
which deflects curreats obliguely inte or away from the

flow field of & meter. The flow gattern may also be

altered yhes the flow exitlag from the bladas is reflected

from the wall itseé. . in the form of turbulence. - In
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trief, the etruetura of lutsrference alters the traz

veloeity profile.

fhe dext point Yo consider Is ¢ hov &o comditions

of towing snd flowing uffdet this intdrference mochenisut

¥hen % horizowtil Prame supporting suverel mehers
ia toved throughk still vater,hhere sxist betvesn the
metars,zones of relatively inaciive Liquid forming
Yarriers bebwesn the active fields i and nesy the

propeliars, . )

Phis ia particulsrly so if. gnlesnlined strut sse-
tions are wsed for the supli);r’: £isme, becomse thi ro-
yeliers aré wsually logsbed vell upstreim vt tha frans.
obiique flow from the propeliers thus impinges an these
fluid partitions to aitnar.sidé of-% partisuler curvest
meter, Flow whick is diverted sround the meter hodies
is slso shed juto thess imsstive versiers.: Depending
on the conditions, hoﬁh tyges of floy are either lat

through into the active flow tieid of the agjscent

current mater or deaped.
When @ single meter s toved im still water near

& well, & similar Barrier or partition “{a formed between

the aciive propeller zosc and the walX, snd this temds to

dsmp diverted and propellsy f£1low vomponente,
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B

When metiers sre placed in flovisg water an tho oiher
hand, the picture differe markedby.  There age no ine
active fluid barrie¥s between fhe pz-cpaueru and_the .

aiverted flav components, and propeller ilov can either
e diffuged in %He flow zoucs bebween the prapeuem‘ af

be convarted imbe furbnlence nt or near the sdjadent .
proprilers. - A single mebed nesr d wall in flowing water
wonld have po inactive fiuid barrier bebween ifself and
ths well. Hore, diverted and. propeller flow tonpondats
¥euld probadly ve feflectsd frog the wall a= & forn nf

gurvalence nesr the propeller.

The- awthor submits that if in the towing mitustion
tba - fiuid partitions act a8 damping zones adjacepnt meters.
would be protected from interforence components, $0 thot
nermal proximity intexTepcuce effacts would not be de- p
teetsble:  This hyp tuesis could pasnh::{ exploin tre
resuits reported by “rof. Bén:’mi.(ln Although the
errors found by Ot (68} _ien rather highy the tromd
of his results falls imte line wita this thefzw in kot
the inverierence orror incvesséd witl velosity vheress
ot could fot Aebect any proximity imterference effocts
between two cuxrkih metess im the velocity range 0.1

to 0.8 mfs. -

Fhe analysis therefore suggedts that it is no¥

torrect to evn{iume igverizrence dffects by toving
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experipents and YThen epply the resulis £5 current meters

placed in & fiowieg Flrdida

Furtgher and wore iptensive researcit-sppears £o be

imperative, and it is most ing vo learn, rding

to Prof. Gerber ‘I that some of the feetors muiiysed
abpve are 4o be investigeted in detail st the H.L.¥. in
Tarich, as well as by the Iatermational Qurwent Meber

Broupe

3.2.% The t ure and pregpuye effest .

Tenpersture chaites znd high line pressures
can affsct purrent meter operation in thut a change in
the viscosity of vhe 1abric§ting o1l ;nu wodily the
interpal friction forres and hence the value of A in. the
roting sguation (oguaticn 5.25H High 1dne pressuress
sometimes Emnccuntered. on hydro-eleckziz Plmnts, an a3sh

shange she viscosity of the protucting il in thst woter

¢an be Toyced into tie metnr bearings 1o mix with ghe oil.

in B rtcen‘!; paper op ‘the influsnce of thiy factor
coeris (13) fpund thut vater temperature snd oil visgesity
uad = dpmpidexabie effect on reting charseherietiesy
e showed thuay the variotion of A, the tresidnal
“velocity?, vas a functien of ofl wissesity snd yenperature
of the wapur ia which current wetaxo wWere plueed. . These

funotionwl redatdonships vers presented graphieally,
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The conclusions avrived at were that, for aurrenpt
meters filled with Frigolene A oil, the yaristion of &
was slmost yi‘{b'portionnl to temperature chonges, snd Yhat
the mean compredensive rating formula witnin the range

intll eowld be seated ma i
4%
Vo= ¥avs - Togee als

whére '4£' is the Lemperature of the Wmter.

These regulis casnot Ge geemeéd to be & satisfactory
baeis €or comparison becamuss several groups of current

meters were used with different urands of lubricating eil.

Discussing Coffin's. paper, BUhm-Reffsy contrvadicted
the conclusions and reported that in n;lmcrvnn calibration
esperiments conducted in Vienna during the Lest ten years,
in vater temperatures vyarying frem 50%¢ to 15%0, nd effect
of waker temperajure on the rating ehayacteristiics woi
detected. In these experiments, Ot V-type current

meters Jubricated with the muaufacturer's ol veve used.

In tests carried out st N.B.L, on 50.mm Ot current

: : 1
meters in & towing tank, Winternitw an founa that the

roting equatiens,deverrined with pure 0il and with &

water/oil mixture in the meter peurings were identical.
This result implies taat both high wains pressure and

" \smperaturs variations ave vnlikely to wifect eali-
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tretion beesuse- it Yould reguire s considerable tempirs—
tuke chenge %o bring wbont & viscosity equivalent to that

of & weter/oil mixture.

woboon (B Savestigated this rastor very thoroughdy
insofar as it affects a type A low-veloaity eurxant néver
used by the U.8. Geologicel Survsy. The regults show that
within two decimal places the ecouracy »f ratings in the
velocity range Q.15 to 7.0 ft/sec is no; altered by visnge

of weter semperature from 36,9 to §2.5%F.

The mechenisn of the modification of intersnl
fricyion by viseosity and/or temperature changes) buvever,
is not simple;, often complex hzte:-relc.wa intluences,
~ith 43 primury thermal effscks on frietion, mey require
consideraticn. Availavle experizentsl deta indieute
that this effert in not serious’ foxthe Ote-type current
meteys lubricated with the meker'y o3l but this does pot

necessarily hold for other current neters of diffarent

design.: It would therefors seem sdvisable to in-

vestigate possible tempernture snd prassure effects
separately os different types of current meters and,
whers nacessery, 4o establish correction fmotors for

various conditiops of meterings - It is known that curremt

meters calibrated in Burope ara emrloyed in ctuntries of

tropiesl climste, vith possidle introduction of un-

Pradictabie errars
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¥o overcome vhe difficuliy, it may be necessery
to design surrent netars hawing pressubrized floating

bearings. . L
i

32,5 The effect’ of vaiting pericds in reting

Irresapeetive of the inhepgnt arrors mysociasted
itk ratipg current meters by towing through a pbill Fluid,
¢alibration errors can alsc result when waiting ;eriuds
between consecutive towing ruas are oo shori. Random
currents induced in the towing tank during en eariier
run, affect the votstional speed of & bowed nater and
kence influence the rating. CTheoretically, the error is
cumnlative because wikh every coisecupive test ruyl fresh
Sisturbances are superposed on desayisg ones« Haiting
periods should therefore be rather too lomg thun tao
short smd should jengthes with increasing towing speds
as the reting yroé\ceﬁs. qhe degres of persistence of

disturbsnces depends upes the aimensions of the towing

tank and differs sliong the lengtht the tank. Being

dgpendest on rating and vaiting tines, cnli‘brltk'an costs
are high and it follows that ‘it is Importems to determine

déentately the required weiving intervals -for aiperticular

towing tank at various rating velocitiasa
v Fi .
In the rlgkace =f p relisble puide, aiktering
stondards ave pibsaniNy eopiied. - Bemini, (Eak sy niz

(sl




experinents, sllowed o 'yormal' interval of five ninutes
hetwenn ane rum asd e wewt. . Apart from the fack

thet the intervel was kept qonstent over o speed range

of 0.5 .te 3.7 afs, it scediv ' tv be totally. inadequetes.

{12}

N T “inarns, Pr. BBau-Raffey shoved a wore realis-
%ic apryose¥ wiad vof. Benimi, Me fojpd thht tor feduce
the secther. fo ¥ ahin spproxinately 4 *, Cmnfay pyer e

.wwing: éped rahey of Ox§vo ¥ u/s,y \-’nxt&ng iitervals of
K s

$ AV‘C}M pince Me waEss at Vieyha and Padua ave slmoes
Y -xe_\}h soal, the acumacg o3 Prot. Beninils rssults must e’

wioned.

{
Lriting t'h\ 3 w!’wwed hy ﬁ\e swiss Femu Adsrini~-
etrition in thefs W ® ~~nnno gank vary witk “toving

nrpeeds but axe mrmf‘xv {: oxy, 30 to 45 minutes;
L )

Tn e v&ﬂ,g eenn csrue& ‘ ut by Rovzon o
asternine benperdture erfects s constant waiting inter-

‘hl of A% minutes was clloved mer aipeed renge of

1:».]15 fo Y fh/sec. The fhunk d: LS ons. Kowever, vere

“not gi‘yen.
‘.,'(dertnken Sy the author
3 (69)

.

In calibration experisen G

at the ltational Physical »ahonvxon‘-s (FePals




e b A5 minutes dut the towing tank was approximstely

twice the sise of those ot Viense and st Padun.

It would seem that the waiting time aspedt gould

he ipvestigated sh 2y by B i 1pait:

at variout seetions slong 4 toying tank st differsnt
tims~invervsls following mompletion of a weturn rum,
Sensitive minfiature curvewt meterd, as teveloped by

bedow =

at Wallingford, tould be employed Tor tie
pUrposeé. The ru‘!uj.tu would yield u picture of the
varistion with time of' disturbanee igtensities at
aizfavent cross-secyions for different 13isthrhance rans?,

ihd these gonid ba rompared with the actual seagter on

welseitits rad fron ratiags at wor
ing times, For pavticulsr bank disentions, ninimun
waiting inkervels for different ;;vi.ng‘speed; soR2d
thes e patabiished 4o mest velogity seevper tolersaces,

3.2.6 fhe sffect of submergency -

)
m"mn & eurr.at mezgr is teo uhnllnvly sub~

merged, free‘hurface isturbdaces caused vx wind or by bue

supporting froms cem be transnitted 15 the ‘nrunellgt,
.

thereby af yhe rating % tins Tha
suthor ‘zonld not find iizeratyre inm whizh azperimests

on this fastor speeifically sre jr:fn:.t&’hed:.

’ P fui
Benipi, 213 54 nis experiments on proximity.




MSTEH SUBJECTED TO OBLIQUE™ FLOW
(DIAGRAMATIC)
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effacts; edopted & epth of 50 cm.’ In bhe aiscussion
of this popér, this depth vas quaried by Winternits who
4hought that surface gisturbances could provebly still
have offect at that depth,  This poist of view is ..
gifficult %o fecinsile with the fact that, nfter neveral
trial runs to establish s reesopsble and practical inteirw
fercnge-~free depth, Winteimits and the author sdophed a
minimun submergence of 1Y inches for their rabing ex-

periments at W.PuL. (69

Hinimim depth must, of course, de dictated by
sugh Pactors ag’ s maximum towing speed, locstion of the
tank (indoor or outdoor) and the dégree of surface dia-

furbanee caused by the supparting frame.

3.2.7 "Obligue flow offects

Phe axis of rotmtion'of a curremt nnhter is
uwsually aligned parallel o the axis of the conduit in
vhich measwrements are to be made. In many px—a::m’.calH
insthilations, however, flow is. obligue to this sxls buy
evaluation of the component of velosity parallel to ‘hie

conduit or weter axis is desired, not the abgolute velue

of the ioeal obligwe veloeitys In Fig. 5.2 fahia cone

ponent ip given by Vy, vheve :

vy = Voosd

1t has been deermined experinentally thet for obligne
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£lov, the velosity rogistered by the current metor is
always less than the axial component Ve Thic dine
erepancy vas found to inereass with dincrensing §, the

ipcrement Veing smaller for a bBlude than for . sel

av-
type rotor. The ideal current méter should therefore
accurately record the instanteneons value of VCosy, as
an averapge value of velocities over the aream swept by the
propeliers, for as large & range of varistion of ¢ as

practicable.

To gain an sppreciation of the srfect of oblique
flo%, its mechanism in relation to theioperation of o
surrent meter will now be anaiysed.. Fig. 5.2 shovs
diagranatically & four-bladed current mwier subjected to
& mean obligme velooity veckor V.  In the theoretical

anaiysis st the beginning of this section, it ¥is ‘showm

how the torgue due to the axial velocity vompoment ¥,

can be palculated. Here, however, the analysia is con~

plicated Ly the additional effect of the radisl components

¥y ead ¥y waen the blades sre in positions parpendicuiar

or parallel to these directions. I the positicn shovn

in Fig. 5.2, it is evident that plades 3 and ¥ are perpen—
dicular to V, end parallel to Vgs vhile blades 1 end 2

are perpendicular 4o Vy ang parallel to V,. The

parallel yosition does pot readily lemd ivoelf %o

mathematical snalysise 4 feasible matbematical mofcl




can, however, Ue applied whan'the ¥lades are perpen-
ddeulir to the redisl components. The effent of V
z

on blades. 3 and b will therefore be considurea.

If the meter rotates in 'a clockwise direeiion, it
is evident that s5 soon as blades 3 and b move awey from
the six o'clock position the rapisl component), V, s tends
to produce & driving torgue on blades 3 and 1, accompanied
by a resisting torque on blades } mnd 2. This effect
will Be 8 maximum on bledes 3 and & whea they are in the
horizental position, snd non-existent on blades 1 and 2

when in the cerresponding vertical position,

Fige 5.3. shows the vector disgrams (sehemstically)
for blades 3 and b in horizontal position. Trisngle ACE
represents the diagram for aay of the blades when subjected
to the exial compoment Vy, vhile trisagle ASE snd ADR are
respectively the vector dingrame for blade 4 (being
resisted) and blade 3- (being driven) unier the influence
of the radial component V. It is seen that as the meter
£ the velacity at entrance to the
v,

rotates the direetion o:
blades varies aceording te the positions V., Vra, Vi,

Vpy ToT albernately vertiesl, horizontal, verticel, end

‘sgain horizontal blade pozitions.
If the current meter ia to rotate st a speed de-

ternined by V, onl¥, 4he guestion arizes : Bow can the




FiG. 5-3 VECTOR DIAGRAM SHOWING EFF‘E:T OF . RANAL
‘COMPOMENTS 1N OBLIQUE| FLOW
Iy

1

. /G54 UFT COEFFICIENT VS ANGLE OF ATTACK
4 / FOR BLADE
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resisting and driving torques on blades ¥ and 3 ro-
spestively be baldnced under the above roniitions of
fiow, nuglecting for the moment the eff¥stes on the other

biedes?

The fundamental torque eguation nay be expressed
thus :
¥ ER :
T = F v (v« 0?) erbingar (see development
T3
of equation’5.5). r.r a partieular blade design and
piteh angle, B, the torque is associated with a Llirt
coefricient C, ond the square of the relative velosity
v,2 (vr2 = V2 ¢ v?).  fbe offect of Cy may be anslysed

as follows 3

Fig. 5.3 shows that the angle of incidence on blades
% and 3 varies from (8 - 8,) to {3 + ;).  Couseguently
+is anglé of attack, w,! vill vary over the raige -0, o
4830 7% s alyo ovident thet :

VzSinﬁ
Tan & =
SN 2 2. s
v 2+ u® - v, coss

V,8ink

—
Zen 92 ¢ [y 2 . uf s V,00s8
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Thus, 6,28, the aiftfevesce depending on vhe mmgwt~rity
of .flow. In Pig. 5.%, the effect of this ‘change in e
snows thet -the amount by whieh the 1ift coefficient on
blede 3 ia ineressed, iie. I d, fo approximetely ecqual

to the decresae in Oy on Blude 4, i.eu ¥ 6. If the
angle of atback, o, st which the blede normally operatés
is isereased (Fig. 5.k) 4 vaviation of this sngle over
tbe sbove range would have an identicel effect on’?ﬁhe zift
costticient, provided the linesr portion of the &j'vs'w
curve is uppliceble. Thup, ¢he aifference inm torgue

Gwe to this small seconi order Giffefence ig 1ift eok
efficient is negligible, the resultant bebig ® 'very suall

ariying toraue (I J >F &),

The effect uf the differemce beiween phe/ sugnitude
of W,y and V,, presents a different pictures —From

Fig. 5.3, these vsines can be written spproximately &s 1

'V!1 = ¥,

iV Cosp ERA Vg % Uy + V,Coss

Thus, sccording to equation (5.5), the résisting torgue
on biade k ja”grester vhan vhe driving torave on vlsde 3,

2 2
the diffsrence being proporvional to Vy,~ - Voy© where

v,,2 < vﬂ2 = hV,V,CosR,

whence o - EY,0088 3/ + drsevensaveres{5426)

where X iy & constant.
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on blades 1 .and 2, inithe six
s returding torgas o blade 2

dariving torque on blgds 1.

SinidEr snalyeds would shov khat the sffect of V.
¥

ofelack positiony produces

that is greater than the

in ndditi§n 40 the Toregoimg effects, the rsdial flow

of vy, when blzdes 3 and 1. are in & horizoat#l position,

together with the radial flow of ¥y when bledes 1 and 2

are in a vertical position, would cause a drag force on

these blades possibly resultlng in éader-registration.

It is evident that, due

to the resissing effects of

the radial Plov componeats, 6 current meter skould wnder-

register in obligue flows és experimentsal meassurements

indeed shov.

i
7

In equation (5.26); V, sid Vg are deterniped by the

angularity and magpitude of the velocity of flow, The

error of under-registration must, thorefore, be minimized

by selecting a large velue for' § and by keeping the speed

of rotation, U, ss smell s practicable.

is provably worthy of furthe¥

fhis conclusion

investigation, especially

_under conditions &F strongly cbligue flow.

1f pressurizad Liquid, er floating b

used in- current mete:

will ve minimized;

be checked by megnebic praking.

esringe, are

rs, imternal mechaniesl resistance

spead af rosation can if: aecessary

For such & meter the
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zelibration eguatiom would of ‘sowrss vhinge For different

degrees of brsk'ing,"\“uxxi the metex woRLY have to be ppid
broted accordlagly. . his is'merely a brdad supgestysd,
proupted by the ides pissibly of messhring torgue d;vel;:‘bud'
instesd of apeed of rotuthion, with ti;e object of minimizing

the errars sselysed abuve.

| .
& classical method adopted by Lindquist i

i

1927 o minimize k¥ese eyrors was to shroud the propaliers
of o gurrint neter in 3 cylindai- which rzused the‘ﬂbw to
e Aiveryed ints the propelier circle o emsure that it
wonld be proportionsl to COos #. ~ Guck & meter Tellowed

the cosime lmw bo flow amgles of wore shoa 307,

Cup~type meters register velocity insceurately in
oblique flow. Serew-type eurvent metars yield more rew

135ble wesults because vhey medgure the projecied relosin
ty $o @ higner sccuracy. Atcording to ¥olupails t5)

2 meter with a 'gompopent rumner? mEnsures s projsstion

of the yelopity, secording to th& cosine Iuv, Yor cniigie

filoy snglesz of 457 and mores
¢ne Toregoing apalysis of the behavionr of a eurremd

meter in obligua fTlows opre ;ore i{1laetrates the difference

between thie type of Tlow and that encmm#nredv wnder

normel conditiens af rating.
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X 3.2.5" Zae sifet of turbulemce %

i ’ 3

Under purtulent condi*ipng, successive welveity

st Vo

- vertors st entrance to thé progelles Titass mey flustuste

rapidly in magnitude causing varistion in boFgive

{eguation 3,5}, Theas vespors may alde fregeently strike

the blades st pbligque angles of possidly repidly waryisg;

Another. of Fa g

non=

upifornity of velueity aistridntion over the dred swept '
by the propellar blades. The effect of 4hese Fagtors,

su the speed of rotation Feguirez exeminakion.

e scdéle of zurbulsnce appesrs $o be on impoitent

g fastors  If.the dishmaters of the finid masses rowposing
B 8 the turbulence are larger thanm the diageter of the neter,

%he propellers woald be subjected o a type ¢2 hojto-

genecus Tiow field in whieh iz would revord & geries of
pulgations abouy the sversge valune. On the other hend,

in small snade turbulence, with eddies smeil in relstion

to ghord lsagth of the blades, small prlastions. might

be pasked and the rotor velocity wight be ¢f - ?

- In prsctice, ome would expest thd sedls of dur~

thulence Go vary 4o size. from veYy much larger 4o very

such smaller thas she meter &iametex, and the meger will

be subjected to s spectrun of turbiienee difficull &

analyss. 4¥ it be susuwed that the mean yelonity oo
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parallel to the axin of rotation is Y, #nd the instan~

tazeous turbulent fluctusting components in. this

direction aré vy, Var ¥y etec., neglecting at this stagé
the other two components st right angles, the Lorgue sad
hence the spaed of rotation %ill be desendent upon the
square of the velocity ¥V, {equation 5.5); the ideay . .
meter would rotate st s speéed proportional to the
instantaneous average veloeity through the meder ‘area.
Howevér, due to turbulence, the velocities st different
pointe iu the meter eirels d'epar’t fropm the true average,
and the torque will 20w depend o the mesy square velue
of these different veloeitiss in the meter afen tnrvend
of on the squere of the mean velocity. Thus, if these

velocities are written as 3

{vy + vy, (Ve v2) P T A -

(v, + 02
e~ .

then B
3 n

= 2
v
JF n.
y 2 . .
which is elearly grester than V. 7. Thevefors; Iiustuations

parallel to a meter axis cause & tendency to over-iegister.

whigh were

fhe transverss turbulent gomponents,

neglected in the above soalysis, ern be considered as

altering the magnitude and girection of the axial velocity,

Vys 2t entvanee to the blades. If ¥V, is slighbly ia-

o iwbad, oversregistration wonld Tesult, ws shovn shave,




i

.. Bros. sna the §

wherens o dirpriional chomge would give rise to a Mi»nlr,
velaecity component which, on one dlade assists rotation
while retacding it on the diemetrically opposite biade.

This i3 identical to the ¢ffect of radial cmpc;ﬁ\enes-

caused, ‘by obligue flov componemts dealt wity i

goxn&/lnb—aectxon, where 1% wiz shown that the resistis F

tnrqwe on one blade is grester than the driving corquq{

on the other. . The trassverse dompounents therefore

cause under<registration.

The extest to which over-registration mesks the’

undereregistration is not known, KeQupuiley 8} powbver, - B
pointed out that the mechanism of PoaBELiD *iow hﬁ”gn;!;?s
moxe ag an irregular variation in the genaﬁ‘!ﬁ}' Sireetion

of £1ow rather than es A chenge im its mageliiudes - If

this hypothesis is accepted as approxifately tiusy ehe ogied
fluctuating components would cause o¥ax peglsbeapion

as ghowa, while the tranverse compoRSRLE daude mageye

registration only. over-registratisy s ¥uus more

Istration According %o

than
ve quite sanetisc

reterence {9), ewrrent mevews iy

factory in strengly pulsaring f1oWs, ovizaregistering

sometimes as much as 2 per cent.

In his discussisn of reference {9}, Chaix reported

experiments carried out in collaborstion with Sulszer

wigs Federal Hyd:;nlasical Institute in
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?e’“" The turbulent sompanent normal %o the runver
axis of a4 component~type current meter was investigated
by oscillatirg 4he ma{yr in p vertivsl plane in ronning
water. The meter ragi‘}:stared up to 2 per cent highsr
than when the instrumeiit was at rest in the same Tiov,
Experimentsl results Por the normsl rumney snd for the
#ffects of the other components of nrhnlen’ca Are nob

yet available.

Owen, in the same discussion, remerked that he had
found = vene anemometer 4o overwregister id pulgnilag
&

fiow by &n amount proportional to the square of the

runplitude of the pulsationss

Thys, anslytical conciusions and the results of

eurrepnt experimental work ave in agreesent on the effeud

of the turbulenoce factor. The magnitode of the error

resulsing from turbulence for various types of enrrent

meters needs further siténtion.

The Factor of stili-flwid eaiitration is seen to

re~epter the picture. nigh securacies cannot be ex~

pecved when tormal reting gharacteristics are applied o

sensurements  of veloeity in stronsly turbulent flows,

» velaedty adients

3.2.9 - The effegt of stee

Hhen & metar propeller eiretd is eut VY 8
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steep veldeity gredient, there arises s cedtre line

displocement «ffest anelogeus to that observed when o

total pressure probe is pliced in o stpep pressure gradients

Buesuse of the veloeity gradient, for example nesr
& solid boundsry, ¥he blades of &"current meter mearest
%o the boundary would be subjected to flaw veloecities
lowér than those dismetrically opposite. Copsaguently
the average velocity operaiting on e boundary-pide blade
would be lems then that for 4 blude on the opppuite side.
It is therefore evident thay the average velgéity, hieh
the meter tends ko register, dees not pess £hrough the
meter centre line buh throngh & point displacwd from the
‘centre lige towards the higher average velosity, ' The
weight of this factor would depend on the velgeity
gradient i on the current meter snd pipe sizes; =
small meter im & large pipe vould be igapprecinbly
sffected. For air flov having s noymal turbulent

; in & pi (722 19 soung gnet
velovity profile in a pipe, Owen R
the giemeter of an anemometer circle hed to be less thoan
one-sixthn of the pipe diameter o keep tha exror e o

tbis fsctor below 1 per cenbs

In his aiscusaion of reference (9}, Prof. Gevbex
referred to & doctoral thesis st E.TvH. in Zurich vBere
It var found that normal whree~bladed curvent metevs

showed, in lerge penstogks. velonity profiles aifferent

P

[

i

et s Tt i

A Lo e one et 9 oy .
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from those in smal}l laboratory pipes st Idemtienl
xer:gnolés nwmbers. = This was probavly ntzribu%-hlé

+o the -displasement’ effect, put it would he of interest
to knov what the resuli wonld have been had current meters
of ditferant sizes been used in the samé pipge or gem;‘w;k
nt identinal Reynoldé nustbers. The well proximity sad
turbuience effects in » large penstock weuld sursly
#4iffer for the same gurrent meter from those in 2 smell

lubrratory pipe.

The imestsl pros Tor ying she srror

arising fyom this factor is complicated by the necessity
to isglate proximity =nd turbulence cffests near s solid
poundary where the velogity gradismt effeet would ke

‘= maniman,

1t would seem that attenmpks to isolate fhese errors
at this stogé would be fruitless; o celivretdien Bethod
in which some factors evs aliuved to sombine aad be Te-

Tlegted in the rating cheracteristics wonld sesm to be
% more promizing alteranstive.

A figal guestios of inkerast is whether sttention

Ri: oesn given to the possivle weigny of yhe velocity

gradient effect when syechfying minimum sizes of zurrent

meter in pipe fiov messuremest asscedmbed with poyer test

eodes.

brseng




Ihe effect of imersia

In pulsating flow, & currest mete® responsew
isg depends on the rate of velogity fluctuation and the
inertia of the meter including bhe virtual wess, whieh
zan be comsidered as the mass of flowing fluid tewsing

propeller motion. Hetar yesponse can he expressed (73

du :
AT o= I G from which it follovs shat, for

rapid response, the torque geveloped By & gnall chenge
]
of velocity should be ldrge. . Thus, ¥h¢ ° hext “af

inertis and hesring frietion should be = wialmam.

Tlearly, in this respect propeller-iype. surrant
meters are superior bo Q\xp-ty;wj; noreovey yapii-~
£luetusting velosities are not registered by a swr¥ent
netar as its tendency is to iplegrete the veloelty wish

time. .

3.2.11 ‘fhe_affogt of Reymolds humbex’ - ..

In o toregoing section the suthor arew
attention bo a possidle effect of Beynolds pumber on neger

characteristice vhen the blade boundsry iayers trippey

‘frow lemimer te turbulent condivionsd ynis eritical

Reynolds pwmber depencs OR tue blade shape and on. ¥he
ajibient burbulence,. Adeordisg ko reterance {13}, the
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bresk sometimes encountersd in & rating curve could Pro~

bably be attributed to this boundery-lsyer brapsition.

e possible offest .of this factor op over- '
régistration in turbulent flows above vha eritienl

Reynolds sumbey. demands investigasionl,

3.2,12 Ihe affect of nupber 4nd location of mepers,

Zhe effech of nupbey snd jocplion of mekers. .

Hornally a pipe cross~sectios is aivided
into condentric amnular rings of equal aress ene!\f;g\namwn
veing a cirele. Heters are positioned om concentrie
eircles whigh biseot each ring into two equal areas and

' ghu srithmetic mean of the velveity resdings is taken as

the average flow veloeiiy through the cross~gection.

The pumber of gauging-points, their radial posi-
tions, Wid the methuds of avalvation are astailed in
standards of Ilow {nensul‘emant and in power test codes
in mceordance with empirical rules, In the German
standards i 1957 there appears a table:of these
yositieh‘ﬁ. ; '

To messure secprately, 83 many meters should be
dated P ity

employed as can be practicedly

intareerence effacts bptweun meber axd vall rod Datyeen

sdjscent moyurs, howsver, enforee £, Timits  The wumber
of current metere and gheir positions in a cross-sectien
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a novel method of numerieal

profiles in pipes.

for & particular vel

sixurasse (750 4(76) yuation

rough pipes can be written t

)
Y

(1) geauced equat

v ¢

= A+ 3B log

Robertson

aistrivution i incompletely

Prom the sbove equatio

meter. positions are beaed on

anulus in the pipe cros

the average of two velocity

the mean velocity of ¥

would be dictated by yroximity erfects,. pipe dlsneter

Yith thie in mind, workers (7% ot

having dimensions of velocity.

Jow through thst enulus, PT

end roughness factor, and the velosity aistribution.

+Ls Geveloped

integration of velocity

This 'Log.Linear Law' method is

based on determinetion ¢f the exact nean of the fungtion

. - &
o= arvnaeg ¥ e ot Lllaedsen
.
O ymede ¥ o= point velseitys O )
y = cistance frem pipe vall; *
i D = pipe dlsmeter, and
3 AB% ¢ = comstants for  given veloeity profile

It can be shovn thet,

ocity distribution, the original

for fully developad Flo¥ in

hus

from whieh Rose ant
fan (5.27) for the veloeity

aeveloped flo¥.

ns, the ealenlations for the

the sssumption thad in each

readings is exactly eqial fo

ovided

gesection two pomitions exist where




. graphicél planimetering snd to the stanﬂnrd mmeruu.

that the velosity profile csn he defined.sdequately bf,
4he above equations.  The mean flow veldeity for s
cross~gection would thea be identical to the mesn of Lhe

individual measurcments.

mhis method is dealt with {n detaill in referedce {74}
where the caloulsted positions for 3, b, 6, 8 and 10 meter

positioks pfr dlsmeter are tadulateds

o P .
The - fonr-point Jog-lineay ru‘lé"'when gpglierx s

gorty fully developed velocity profiles gave sean relative

arrors of léss than 0.5 per cent, vhile the standard «

semwpoint tangentisl rule ylelded errors of +1 per tent #

Tnis numerical method hes since received

susskor attention st ¥.B.is 78! ana has proved to ve

superior both in aceuracy and in conputation time to i e

intagrstion methods specivied in vhe standards and ymmz

tect codesa
110 )
Tt was recently susgested by Prof. Kolupaila

that s velocity Aistribetion law aonld be sssumed aud

nmeter positions computed such thet esch is represented by
an equal ‘srea under the ¥y ¢85 ¥ SUEVEs This is fun-

dsmentaliy simizsr to the Log-linesr method.

Thus, in naczd“ns o the mumber ard pasitions of

weters, prescripbions 18id down in the stua‘_\ru for flew


























































































































































