INTERNATIONAL
STANDARD

ISO
3354

Third edition
2008-07-15

Measurement of clean waterflow

n

closed conduits — Velocity-area method

using current-meters infull condu
under regular flow conditions

its and

Mesurage de débit d'eau propre dans les conduites fermégs —
Meéthode d'exploration duschamp des vitesses dans les cohduites en

charge et dans le cas d'un écoulement régulier, au moyen

de moulinets

——— Reference number
= — ISO 3354:2008(E)

© SO 2008


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

Contents Page
0T =3, o o N \'
1 1T e o o - 1
2 NOIrMAtiVe FefEreNCES .......ueeeieeiie s s e mn e e e e e s e e s s mnnn e e e e s en s s sneenesansnnsnnnns 1
3 Terms and SYMDOIS .......coceiiiiiiiiceccc s s e se e e s ss s s s s s s s s ess s s s s s s s s s ssssssssssssssnsnsnsnsnsmsmnmnmnmsnnmnmnnngThaqransennnnnnnnnnnnnns 2
3.1 L= 1 10 N Sl St 2
3.2 SYMDOIS ...t snnr e s nnmn e e e s eessnsssnmneneens (o e Eren e e e e e s s s s nmn e e e e neeaas 3
4 Lo ] 4 o1 7S N 4
4.1 (€1 4 L1 - | SRS SPRT. o BURRURRRIPSRRS KPR 4
4.2 Measurement of the measuring cross-section ...........cccccuciviirinnin e T e 5
4.3 Measurement of local VEIOCItIes.........cccreiiiiiiiciir e RS e e mmee e e 6
4.4 Location and number of measuring points in the cross-section . e 7
5 Description of the current-meter...........ccoo o T e 9
6 Requirements for the use of current-meters ................. i 9
6.1 Selection of the measuring Cross-section ...........cccceidige i e 9
6.2 Devices for improving flow conditions............ccccccc &b ssse e e 10
6.3 Calibration of the current-meter...........ccccciiiiiiiic e cimmrirnniin e smsne e e s s s s snmne e 1
6.4 Limits Of US@ ... cscer e r e r s S be e e e s s s smmn e e e e e e s samnme e e e e se s s nmnnnseneesssandhenenesesssssnnnns 1
6.5 Inspection and maintenance of current-meters ...........ccccecerirrirircccssccrren e e, 13
7 Setting of current-meters into the conduit:...........cccccmririiiicccii e 13
71 Setting of current-meters..........ccccie i snne e e mnne e e s e s 13
7.2 Mounting in a circular Cross-SeCtION........coiii i e 13
7.3 Mounting in a rectangular CrosS=8eCtion ...........ccccoiiiiiiiiiiircrirri e e 14
8 Determination of the mean axial fluid velocity by graphical integration of the velocijty area .....16
8.1 (1Y 7= - | S URUSPRURUPRRPRPY EUPRPRTRPRPRR 16
8.2 (0 1T T] F= Tl od o EoT oY= e 1 o g 1= S 16
8.3 Rectangular cross-seCtions.........ccccucieiiinniiiinnii e e 18
9 Determination of.the’mean axial fluid velocity by numerical integration of the velogity

= = e 20
9.1 L1 4 L= o 1 o P SSRRTPIS SRR 20
9.2 Circular CrOSS-SECLIONS ......ccccceceieiiir s ssne e e e e e s s s nmne e e e e eess s nnedeenssssnnnnennnnns 21
9.3 Rectangular CroSS-SE@CHIONS.........ccueeee s s s s e s s s s s s s 22
10 Determination of the mean axial fluid velocity by arithmetical methods.........cccccccoo fovencnnnnnn. 23
10.1 €LY £ 1= - 1R URPRUPUPPRPRP EUUPRPRTRPRPTR 23
10.2 | “Log-linear method...........ccoiiiiic e —— 23
10.3 Log-Chebyshev method.............o i 25
1 Uncertainty in the measurement of flow-rate ............oo e 27
1.1 (€T 3 = - 1P PRPRPRPRR 27
11.2  Sources of error in local velocity measurements ...........ccociiiiiiiii 27
11.3  Sources of error in estimation of flow-rate..........cccccerii i —— 28
I SO o (o o =T F= 14 Lo ¢ TN o3 =Y 4 o PSSR 29
11.5  Presentation of reSUILS ...........e i rssr e s s e e s s s mn e e e e e e s ammnn e e e e e snnnnn 29
11.6  Calculation of Uncertainty........cccccco i ssme e e e s mn e e e e e e nnnnnn 30
Annex A (normative) Measuring sections other than circular or rectangular sections .........ccccccceeeunneeee 33
Annex B (normative) Corrections for blockage effect...........ccoovmmiiiiiiccccccriie s 38

© SO 2008 — Al rights reserved iii


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

Annex C (normative) Recommendations for the selection of the type of current-meter and
L oL 1T 4 Yo T3 4 L 39

Annex D (normative) Example of measuring point distribution along a radius for velocity
measurement in a conduit of circular cross-section in the case of the graphical and

nNUMErical MELhOMS ... e e 41
Annex E (normative) Determination of boundary layer coefficient, m, for extrapolation near the

L 43
Annex F (normative) Definition of terms and procedures used in the uncertainty calculation............... 45
Annex G (normative) Student's ¢ distribution ..o ——— 48
Annex H (infgrmative Exampies of values of COMPONeNt UNCeTtaIMteS oo e 49
Annex J (infgrmative) Example of calculation of the uncertainty in the flow-rate measurement

USING CUITENt-MELErS .....ociiiiiiiir e s snnn s nns fe deate e s s dhn e 51

iv © SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
Internptional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Diregctives, |Part 2.

The mpain task of technical committees is to prepare International Standards. Draft Internatiopal Standards
adopted by the technical committees are circulated to the member bodies foryvoting. Publjcation as an
Internptional Standard requires approval by at least 75 % of the member bodie$ casting a vote.

Attentjon is drawn to the possibility that some of the elements of this dociment may be the sulject of patent
rights] ISO shall not be held responsible for identifying any or all such patent rights.

This Ipternational Standard was prepared by Technical Committee ISO/TC 30, Measurement ¢f fluid flow in
closed conduits, Subcommittee SC 5, Velocity and mass methods:

This third edition results from the reinstatement of 1S0.3354:1988 which was withdrawn in 2003 and with
whichlit is technically identical.
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INTERNATIONAL STANDARD ISO 3

354:2008(E)

Measurement of clean water flow in closed conduits —
Velocity-area method using current-meters in full conduits
and under regular flow conditions

1 S

This |
condy

conditjions:

—

a) th
b) th
c) fth
d) th

It dea
local

2 N
The f
refere|
docun
ISO 3
ISO 4
ISO 5

ISO7
swirlin

cope
hternational Standard specifies a method for the determination of the volume’flow-rat
it by means of the velocity-area method using propeller-type current-mieters under
e velocity distribution is regular (see 6.1.2);

e fluid is water which is clean or considered to be clean 1);

e conduit is full;

e flow is steady 2).

s in particular with the technology and calibration“of propeller-type current-meters, the me
elocities and the calculation of the flow-rate by velocity integration.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited\applies. For undated references, the latest edition of th
nent (including any amendments) applies.

155, Hydrometry — ©alibration of current-meters in straight open tanks

D06, Measurement of fluid flow in closed conduits — Vocabulary and symbols

168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

1944 Measurement of fluid flow in closed conduits — Velocity-area methods of flow me
g-or asymmetric flow conditions in circular ducts by means of current-meters or Pitot static

P in a closed
the following

asurement of

ht. For dated
e referenced

asurement in
tubes

1) This method may be applied to other single-phase fluids but special precautions should be taken in this case.

2) The steady flows observed in conduits are in practice flows in which quantities such as velocity, pressure, density and
temperature vary in time about mean values independent of time; these are actually “mean steady flows”.
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3 Terms,

definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 4006 and the following apply.

3.1 Terms

3.141

current-meter
device provided with a rotor the rotational frequency of which is a function of the local velocity of the fluid in
which the device is immersed

NOTE 1  Thi
of which is a pr

NOTE2 Ob

which is, in pafticular, that they can be used at a rather high angle relative to the local direction of the/flow. Howe\

use of cup-type

3.1.2
stationary ar|
set of curren

measuring crgss-section

313

peripheral fiq
the volume f
measuring po

314
mean axial f

b
ratio of the voplume flow-rate (the integral over a cross-section of the conduit of the axial components

local fluid veld

3.1.5

relative velo¢

ratio of the flg
either the velq
the measuring

3.1.6

straight leng
portion of a g
are constant;
regular shape

[ International Standard 1s concerned onIy with propeller-type current-meters, 1.e. current-meters_tt

th

bpeller rotating around an axis approximately parallel to the direction of flow.

viously this definition does not prohibit the use of self-compensating propellers (see 6.1:5)/the n

current-meters is not allowed for the purposes of this International Standard.

ray
t-meters mounted on one or more fixed supports which sample,*simultaneously the

bW-rate
ow-rate in the area located between the pipe wall-and the contour defined by the v
nts which are closest to the wall

id velocity

city) to the area of the measuring cross=section

ty

w velocity at the considered)point to a reference velocity measured at the same time, w
city at a particular point (e.g. at the centre of a circular conduit) or the mean axial fluid veld
section

onduit whose-axis is straight, and in which the cross-sectional area and cross-sectional
the cross-sectional shape is usually circular or rectangular, but could be annular or any

e rotor

herit of
er, the

whole

blocity

of the

nich is
city in

shape
other

3.1.7

irregularity

any pipe fitting or configuration of a conduit which renders the conduit different from a straight length or which
produces a considerable difference in wall roughness

NOTE

create the most serious disturbances are generally bends, valves, gates and sudden widening of the cross-section.

3.1.8

hydraulic diameter
diameter equal to four times the hydraulic radius, i.e. four times the ratio of the wetted cross-sectional area to
the wetted perimeter

EXAMPLE
diameter.

In the case of the method of measurement specified in this International Standard, those irregularities which

In a conduit of circular cross-section running full, the hydraulic diameter is equal to the geometric

© 1SO 2008 — All rights reserved
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3.1.9

index of asymmetry
(for circular ducts) ratio of the standard deviation of the mean velocities calculated along each radius (i.e.
along each radial line from the pipe centre to the wall along which velocity measuring positions are located) to
the mean axial fluid velocity calculated for the pipe, i.e.

1/2

n

2. (U; ~v)?

v, _ 1|

U n-1

ISO 3354:2008(E)

n| is the number of radii along which measurements are made

Y. is the mean velocity, calculated, in accordance with the integration method agre
individual point velocity measurements on the ith radius (see 8.2 and 9.2

ed, from the

Y is the mean axial fluid velocity calculated from all the individual -point velocity mpeasurements
throughout the cross-section;

3.1.10
regular velocity distribution
distribE.Ation of velocities which sufficiently approaches a_fully developed velocity distribution|to permit an
accurate measurement of the flow-rate to be made
3.2 [Symbols
Symbol Quantity Dimension Sl unit
A area of the measuring cross-$ection L2 m2
ala’ distance along a measuring line in a rectangular cross-section L m
from the extreme measuring point to the nearest wall
D pipe diameter L m
i propeller diameter L m
2 uncertainty (absolute value) —a —a
r randem uncertainty _a —a
45 systematic uncertainty —a —a
E relative uncertainty — —
E, relative random uncertainty — —
Eg relative systematic uncertainty — —
H length of the smaller side of the cross-section of a rectangular L m
conduit
h distance from a given measuring point to the reference wall, in L m
the direction parallel with the smaller side of the cross-section
equivalent uniform roughness L m
L length of the larger side of the cross-section of a rectangular m
conduit
© 1SO 2008 — Al rights reserved 3
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Symbol Quantity Dimension Sl unit
/ distance from a given measuring point to the reference wall, in L m
the direction parallel with the larger side of the cross-section
m boundary layer coefficient — —
n frequency of rotation of a propeller T-1 r/s
P number of measuring points along a radius (circular cross- — —
section) or a straight line (rectangular cross-section)
qy volume flow-rate L3T-1 m3/s
R bipe radius L m
r measuring circle radius L m
r* measuring circle relative radius, ro= ¥/R - -
Re Reynolds number — —
U mean axial fluid velocity LT m/q
u mean velocity along a measurement circumference or line LT m/s
v ocal velocity of the fluid LT-1 m/s
Vo ocal velocity of the fluid at the centre-line of the pipe LT m/s
Y ndex of asymmetry of the flow — —
y Jistance from a measuring point to the nearest wall L m
y* elative interval between two measuring points, y* = (ll- —1;_4 )/L - -
a bolar angle of a measuring point (in a circular cross-section) — rag
) Lniversal coefficient for pipe head loss — —
@  The dimensions and units are those of the quantity to which the symbol refers.

4 Principle

4.1 Gener

The principle

a) measurin

axis; this

Al

pf the method-consists of

g thetdimensions of the measuring section, which shall be chosen to be normal to the conduit
measurement is for defining the area of the cross-section (see 4.2);

b) defining the position of the measuring points in this cross-section, where the number of measuring points
shall be sufficient to permit adequate determination of the velocity distribution (see 4.3);

c) measuring the axial component of the velocity at these measuring points;

d) determining the mean axial fluid velocity from the preceding measurements;

e) calculating the volume flow-rate, which is equal to the product of the cross-sectional area and the mean
axial fluid velocity.

However, for certain cross-sections of particular shape, the treatment of the measurement leads directly to the
flow-rate determination without a preliminary calculation of the cross-sectional area and mean axial fluid
velocity (see Annex A).

© 1SO 2008 — All rights reserved
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The error resulting from the use of the velocity-area method is dependent, among other factors, on the shape
of the velocity profile and on the number and position of the measuring points.

The method of measurement and the requirements defined in this International Standard aim at achieving (at
the 95 % confidence level) an uncertainty in flow-rate not greater than + 2 % provided that the correction for
blockage effect (see 6.4.3 and Annex B) has been applied.

However, this method is valid only if the flow is not affected by excessive swirl or asymmetry; criteria are given
in 6.1.2 so that an estimate can be made of whether or not the flow is regular enough for this International
Standard to be applicable and whether the uncertainty lies within the required range. If not, reference should

be made to ISO 7194.

In ger
applie]
Mored
to cov
Cross-

This |

411

This n

is bolinded by the measuring points closest to the wall. <o the value thus obtained is

repreq
in this

For th
satisfa

41.2

The o
veloci

413

The a
condy
the m

For th
veloci

eral, if any of the requirements of this International Standard are not fulfilled, this methg
d but the uncertainty in the flow-rate measurement will be larger.

ver, only circular and rectangular cross-sections are specifically dealt with in this\Internatid
er the large majority of practical cases. Nevertheless, directions on how te)proceed for
sections of particular shape are given in Annex A.

nternational Standard presents three methods for determining the mean-axial fluid velocity

Graphical integration of the velocity area (see Clause 8)

nethod consists of plotting the velocity profile on a graph and‘evaluating the area under th

p

enting the peripheral flow-rate (see 3.1.3) which is caleulated on the assumption that the
zone satisfies a power law.

s method, the measuring points may be located’ at whichever positions are required in org
ctory knowledge of the velocity profile.

Numerical integration of the velocity area (see Clause 9)

nly difference between this methed and the previous method (4.1.1) lies in the fact that

Arithmetical methods, (see Clause 10)

fithmetical methods)assume that the velocity distribution follows a particular law; the mean
it is then given by a linear combination of the individual velocities measured at the location
bthod.

e arithmetical methods described in Clause 10, the assumption is made that in the periph
y distribution follows a logarithmic law as a function of the distance from the wall.

y profile is replaced by an algebraic curve and the integration is carried out mathematically.

d may still be

nal Standard,
certain other

hs follows.

e curve which
dded a term
elocity profile

er to obtain a

the graphical

velocity in the
s specified by

eral zone the

4.2

4.21

Measurement of the measuring cross-section

Circular cross-sections

The mean diameter of the conduit is taken as equal to the arithmetic mean of measurements carried out on at
least four diameters which are at approximately equal angles to one another in the measuring section. If the
difference between the lengths of two consecutive diameters is greater than 0,5 %, the number of measured
diameters shall be doubled.

© 1SO 2008 — All rights reserved
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4.2.2 Rectangular cross-sections

The smaller side and larger side of the conduit shall both be measured at least on each straight line passing

through the

measuring points. If the difference between the widths (or heights) corresponding t

o two

successive measuring lines is greater than 1 %, the number of measured widths (or heights) shall be doubled.

4.3 Measurement of local velocities

4.31

General

The flow velocity at a point of the measuring section is determined by measuring the rotational frequency of a

current-meter

The current-m

either by

Another meth
signal frequer

For both me

successively

4.3.2 Simul

When severa

sophisticated
accurate. Th

placed at that point and by entering this value in the calibration equation of the current-me
eter rotational frequency may be obtained:

counting the number of propeller rotations which occur within a predetermined,périod; or

by measyring the time required by the propeller to perform a specified number of rotations.

od that may be used is that whereby the velocity is determined by‘direct measurement
cy.

thods, various measuring points in the cross-section may be explored simultaneou
see 4.3.2 and 4.3.3).

taneous measurements

| current-meters are used simultaneously, théomethod by measuring the time requires
counting equipment than the method by _counting the number of revolutions, but it is

correspond tg a whole number of rotations.

As local velogities are generally subject to long-term fluctuations, it is necessary to provide a sufficient
of measurement for determining the mean\welocity correctly. This period of time may be determin

measuring th
adopted shall

equal to ¢t and

0,1 %. Time,

same flow-rate during gradually increasing intervals of time. The time of measurement, ¢
be such that the values ©f the mean velocity in the cross-section, obtained for measuring
t + At, shall not vary by more than x %. For example, At could be about 30 s and x choser
, may vary according-fo the mean fluid velocity.

4.3.3 Non-simultaneous.méasurements

In cases whe
of the velocit
the flow-rate
velocities pos

e all velocity measurements points are not sampled simultaneously, it is essential that the
profile-in the measuring cross-section remain stable and be unaffected by possible variat
during the measuring period. The steadiness of flow—rate shall then be checked and

er.

of the

sly or

more
more

latter method may actually lead to anerror since if a time interval is chosen, it may not

beriod
ed by
to be
times
to be

shape
ons in
point

the velocity at a reference point.

ing, of

If only one measuring device is available, the steadiness of the flow-rate shall be checked by frequently
repeating measurements at the reference point.

However, note that velocity profile fluctuations do not necessarily create flow-rate fluctuations. In such a case
the use of a reference point velocity may lead to errors and it is preferable to check that the flow-rate is steady
by means of any pressure-difference device (e.g. standardized or non-standardized pressure-difference flow-
meter, a piezometric control on a convergence, a device on a bend, a spiral casing, a device for indicating a
peculiar pressure loss) even if it is not calibrated, provided that its reliability and adequate sensitivity have

been ascertai

ned.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

When the curve of the reference velocity, v,, has been plotted against time, this curve is used to relate all
velocity measurements to the same reference flow-rate, g, (preferably that which corresponds to the mean of
the reference velocity measurements). For comparatively small changes in the reference velocity, the velocity,
v; » measured at any point at time, #, can be corrected by multiplying by the ratio of the reference velocity, Vr.0»

corresponding to the flow-rate, g, to reference velocity, vr» attime,

v

Vro

Vit

i0 = Vi,t( }

where v, , is the velocity at point i to be used for the integration.

434

Even
veloci
plottin

In the
recon
veloci
abnor
over 3

It may
the m

this cannot be done, it shall be rejected and the velocity:profile drawn on the basis of the re

provid
4.4

4.41

Checking the velocity distribution
when the mean axial fluid velocity is calculated by a method which does not, require |

y profile, it is recommended, in order to be confident that the velocity distribution is reg
g be carried out, or at least that its regularity be checked by some other means.

mended that the velocity profiles be plotted in a non-dimensional. manner [i.e. by usin
ies (see 3.1.5)] to check their consistency with one another and._hence to ensure that
mal features at particular flow-rates (thus, the profiles shall not-change erratically as the fl
wide range of Reynolds numbers).

also be useful to plot the velocity distribution curves ds‘indicated above in order to dete
casurement of a local velocity. The doubtful measurement shall be repeated whenever p

ed that there are independent reasons for believihg that the doubtful measurement is false
Location and number of measuring points in the cross-section

General

The |

relating to the methods specified in‘this International Standard are given in Clauses 8, 9 and 10.

What

th

—

H

(N

NOTE
than tH

cation of the measuring points. depends on the method chosen to calculate the flow-ra

ver the method, the fallowing dimensional rules shall be complied with:
e minimum distancé between the current-meter axis and the wall shall be 0,754,

e minimumidistance between the axes of two current-meters shall be (d4 + d5)/2 + 0,03 m,
b are the outside diameters of the propellers of the current-meters.

Usually, d; and d, are equal, but it can be useful to set current-meters having propellers smg

plotting of the
ular, that this

same way, when several measurements are made on the same cross-Section at different flow-rates, it is

g the relative
there are no
bw-rate varies

ct any error in
pssible; when
maining data,

te. The rules

where d, and

ller in diameter
ern in this area

os€)used at other locations in the cross-section in the vicinity of the wall to explore best the flow pat

(see C

ause 8).

The location of any current-meter shall be measured to the smaller of the following two uncertainties:

+ 0,01 L, where L is the dimension of the conduit parallel to the direction of measurement of the current-

meter position;

+ 0,02 y, where y is the distance of the current-meter from the nearest wall.
The minimum number of measuring points, applying in particular to small-dimension conduits, is specified in
442 and 4.4.3. As it is necessary that the velocity profile be known as accurately as possible, it may be

advantageous to increase the number of measuring points provided that this is allowed by the requirements
given above and that it does not cause notable blockage effects (see 6.4.3).
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When a single current-meter is traversed across a conduit, it is first necessary to determine the distance
between a reference point (from which each position is measured) and the wall of the duct. This may

introduce a relatively large systematic error in all position measurements.

In such circumstances it is

recommended, in the case of a circular cross-section conduit, that complete diameters be traversed (rather
than opposite radii on each diameter) since the systematic error will then tend to cancel out on the two halves
of the traverse. However, blockage and vibration problems may be more severe when a complete diameter is

traversed.

4.4.2 Circul

ar cross-sections

The measuring points on C|rcular cross- sectlons shaII be located at every point of intersection between a given

number of cirgles-cense

The mimimun
mutually perp|
cross-section
of the velocity

However, this

examinin

if the use
6.4.3).

If neither of
increasing to
measurement
by increasing
diameters.

When the m¢
for the minim
requirements

N numbers recommended in the scope of this International Standard are three circles”ar
endicular diameters (see last paragraph) so that the minimum number of measuring [points|
is 12. An additional measuring point at the centre of the conduit is desirable to’check the
profile.

minimum number is acceptable only if one of the following conditions is-fulfilled:

if it is kpown that the velocity distribution is very nearly axisymmetrical,(Which is checked eith

g the layout of the pipe or by measurements previously carried.qut in the same cross-secti

of a higher number of diameters results in a prohibitive bleckage of the measuring sectio

these conditions is fulfilled, the velocity distribution shall be scanned more closely,
three the number of diameters. It should be.noted that in general the uncertainty i
is reduced more by increasing the number oféadii along which measurements are mad
the number of points per radius; neveptheless, there is little advantage in exceedin

asurements are carried out by means of a stationary array, reference should be made td
Um diameter of conduits in which this method can be applied; however, in any case the g

stationary arr.

y in conduits the diameter. 'of which is less than 7,5 d + 0,18 m.

If a high accufacy is not required, measurements may be made along a single diameter provided that t
a straight length of at least 60"D-upstream of the measurement section and provided that the Re

number is in
pipe head los

xcess of the values given in Table 1 for the corresponding values of the universal coeffici
5 A. (For the estimation of 4, see Annex E.)

Table 1 —The minimum Reynolds number as a function of the universal coefficient

for pipe head loss, 1

d two
in the
shape

er by
bn, or

h (see

elg. by

n flow
e than
y four

6.4.4
eneral

given in 4.4.1 on the minimum distance between two current-meters prohibit the us¢ of a

ere is
nolds
bnt for

# Rer
> 0,03 104
0,025 3x104
0,02 105
0,01 108
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4.4.3 Rectangular cross-sections

The minimum number of measuring points shall be 25. Unless a special layout of measuring points is adopted
for the use of an arithmetical method, their position shall be defined by the intersections of at least five straight
lines running parallel to each of the boundaries of the cross-section.

When the measurements are carried out by means of a stationary array, reference should be made to 6.4.4
for the minimum dimensions of conduits in which this method can be applied; however, in any case the
general requirements given in 4.4.1 on the minimum distance between two current-meters prohibit the use of
a stationary array in conduits the smaller dimension of which is less than 5,5 d + 0,12 m.

5 Description of the current-meter

A propeller-type current-meter consists of a propeller, an axis of rotation, bearings and,thecurrent-meter body
with the counting device.

Each purrent-meter may be fitted with different types of propeller (e.g. of different pitch, diameter). Propellers
may Have two or more blades and may be manufactured out of metal or plastics-material.

Current-meters for site measurements shall be manufactured out of noh2corrosive material orlly or shall be
effectively protected against corrosion. They shall be of sufficiently stdrdy construction for their calibration to
remaipn valid under normal field operating conditions.

Components shall be interchangeable to allow easy replacement of worn or damaged pgarts, but this
repladement shall not increase the uncertainty in the measutément.

Outpyt signals may be generated by mechanical contatt or by any magnetic, electrical or optical device. They
are tolalized or recorded on an appropriate receivererindicated by an acoustic or optical device.

Counting shall be accurate and reliable for.any given velocity within the operational range spgcified by the
manufacturer. The number of signals delivered per propeller revolution shall be consistent with|the velocities
to be|measured, the design of the re€eiver and an acceptable measuring period. In some|cases, it will
therefpre be necessary to be able to chqose the number of signals per propeller revolution.

Providion shall be made for fixing\the current-meter on a support in a well-defined position.

6 Requirements for the use of current-meters

6.1 [Selection'ofthe measuring cross-section

6.1.1 | The.cross-section selected for the measurements shall be located in a straight length; it shall be
perpendicular to the direction of flow and of simple shape, e.g. circular, rectangular. The measuring cross-
section“shall be located in an area where the individual local velocities fall within the normal wofking range of
the current-meters used (see 6.4.2).

6.1.2 Close to the measuring cross-section, the flow shall be such that it may be considered to be “regular”,
i.e. it shall be substantially parallel to and symmetric about the conduit axis and shall present neither
excessive turbulence nor swirl. (For further information, see ISO 7194.)

The flow may be assumed to be sufficiently regular to permit the use of this International Standard if the two
following conditions are fulfilled:

a) at any point of the cross-section, the swirl angle shall be less than or equal to 5°;

b) the index of asymmetry, Y (as defined in 3.1.9), shall be less than or equal to 0,05.
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As a guide, it can be assumed that a bulk swirl of the flow has no appreciable effect on the confidence limits
given in this International Standard for the flow-rate measurement so long as it results in a deviation in the
local velocity with respect to the pipe axis of less than 5°. An index of asymmetry, Y= 0,05, corresponds
approximately to a component uncertainty in the flow-rate arising from the asymmetry of the velocity
distribution of about 0,35 %, provided that the measuring cross-section is traversed along at least six radii.

6.1.3 For these requirements to be met, the measuring cross-section shall be chosen to be far enough
away from any disturbances that could create asymmetry, swirl or turbulence. The length of straight pipe that
may be required will vary with the flow velocity, upstream disturbances, wall roughness, the level of turbulence
and the degree of swirl, if any.

alues
th the
use of very gmooth modern linings, having lower hydraulic roughness, and the use of conduits larggr and
larger in diamieter, particular care needs to be taken when estimating the necessary straight lengths.

Furthermore, special consideration is necessary when the upstream irregularity (e,g-bends in different planes)
is such that itican give rise to a swirl of the flow, which is always very slow to disappear.

6.1.4 If thefe is any doubt about the flow conditions, it is necessary to-fnake preliminary traverse tgsts to
ascertain the fegularity of flow.

If these travelses show that the flow is not satisfactory, i.e. that it does*not fulfil the conditions defined in[6.1.2,
reference shall be made to ISO 7194 for carrying out the flow measurement. Note, however, that the
asymmetry of the velocity distribution is taken into account in some measure by the very principle pf the
velocity-area method and that it increases only slightly (normally less than £ 1 % if Y is not greater than 0,25)
the inaccuracy of the measurements provided that the number of measuring points is adequate, whereag swirl
affects every measurement of local velocity.

6.1.5 Although measurements with current-meters’ in oblique or converging flow shall as far as possiple be
avoided, they|may be carried out if one of the follewing conditions is fulfilled:

a) the currept-meters used are designed {0 measure accurately the true axial component of the velocity, this
being chg¢cked by an appropriate calibration up to the expected maximum velocity;

b) the maximum flow deviation.with respect to the current-meter axis does not exceed 5°.

NOTE Commonly used propellers may give correct indications up to angles of incidence of 5° with an accufacy of
1 % (relative deviation betweén the measured velocity and the axial component of the flow velocity). There exigt self-
compensating propellers vhich measure directly the axial component of velocity with an error smaller than 1 % for greater
angles of incidence, butuit’is necessary to consider the particular sensitivity of such propellers to the influence|of the
current-meter qupportAespecially the angle of the plane containing the velocity vector and the current-meter axis| to the
plane containing the current-meter support and axis) and to the flow turbulence.

6.2 Devices for improving flow conditions

If the velocity distribution is too irregular or the flow is not sufficiently parallel, but it is known that no swirl
exists in the flow, it is sometimes possible to remedy these irregularities by means of a guiding installation.
This consists of a slightly converging entrance connected, without creating any separation, to a straight pipe
length, the length of which is, if possible, at least equal to twice the larger dimension of the conduit. It shall be
ensured by calculation that the current-meters closest to the wall are within the boundary layer, the thickness
of which is given by § =0, 37x(Ux/v) ’2, and that the procedures for evaluating the peripheral flow apply. If
this is not the case, the velocity shall be assumed not to vary between the current-meter closest to the wall
and the boundary layer, and the peripheral flow shall be calculated in the boundary layer only. If arithmetical
integration is used, it shall be checked, for at least one flow measurement, that no abnormal deviation exists
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with respect to graphical or numerical integration. It should, however, be noted that the installation of such a
device may modify the flow-rate value.

6.3 Calibration of the current-meter

6.3.1 The calibration of a current-meter requires the empirical determination of the relationship between the
water velocity and the propeller velocity. This relationship is generally represented by one or several straight
lines given by the equation

v=an+b
wherg
v is the velocity, in metres per second, of the water;
n is the rotational frequency, in revolutions per second, of the propeller;

aland b are constants to be determined by calibration.

6.3.2 | Calibration shall be carried out in an installation specially designed. for this purpose in cpnformity with
the specifications of ISO 3455.

6.3.3 | For calibration, the current-meter shall be fitted with the same support as that used for measurements.

6.3.4 | Each current-meter shall be recalibrated at regular intervals depending on the conditiong of use. As a
guide| these intervals are usually of a few hundred hours\of operation in water of normal quality. However,
after a series of measurements, it is essential to checkithe calibration of a current-meter, the propeller or the
bearings of which appear to have been damaged (dug*to shocks, corrosion, abrasion, etc.). A recalibration is
also necessary if any component of the current-meter is changed.

6.3.5 | In principle, each current-meter shalllbe calibrated individually. However, if the propellgrs of a series
of current-meters are dimensionally consistent and interchangeable and if a first calibration thS proved the
hydraulic similitude of the propellers, statistical calibration equations may be derived from a sufficient number

of ind|vidual calibrations under well-defined conditions. In this case, the calibrating organization|shall indicate
the maximum probable deviations-ftem the mean calibration equation proposed.

6.4 |Limits of use

6.4.1 | Nature of theliquid

Currept-meters _shall not be used when their performance may be disturbed by dissolved ¢r suspended
mattefs in the water in the conduit.

6.4.2 | Range of velocities

Current-meters shall only be used within their normal range of use, i.e. the range of velocities for which they
have been calibrated; extrapolation towards higher velocities may nevertheless be permitted up to 1,25 times
the maximum calibration velocity in the case when calibration cannot be achieved at those higher velocities.

However, the calibration curve shall never be extrapolated into the area of lower velocities where the accuracy
and above all the repeatability of current-meters decrease considerably. As a general rule, no current-meter
shall be used at velocities less than a certain threshold below which the lack of repeatability may lead to
important errors (the threshold is a function of the current-meter type; it is less than 0,5 r/s for well-maintained
current-meters).
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6.4.3 Blockage effect

The velocity distribution in the conduit is disturbed by the current-meters and their support(s) and this leads to
a positive error being made in the flow-rate measurement.

Theoretical and experimental studies have shown that the magnitude of this error is dependent on:

a) the number, the profile and the frontal area of the support struts (and where applicable of the central
junction piece);

b) the distance between the active part of the propeller and the support strut;

c) the type,the number and the size of the current-meters used (e.g. the size of the propeller, hub, body).

In general, hgwever, it has been found that the relative blockage of the main support cross with respect|to the
measuring segtion, i.e. the ratio of the frontal area of the support cross to the total cross-sectional area(of the
conduit, is the most important geometrical parameter. If this relative blockage is betweeny2 % and ¢ %, a
correction shall be made (see Annex B); if it is greater than 6 %, the measurement cannot be made in
accordance with this International Standard.

6.4.4 Dimensional restrictions

The remarks pn the blockage effect (see 6.4.3) on the one hand, and the/dimensional requirements spgcified
in 4.4.1 on thg other hand, prohibit measurements by means of current-meters in conduits the dimensipns of
which are too| small compared with those of the current-meters used«Thus current-meters and support|struts
shall be chosgn such that their dimensions are suitable for those of’the conduit in which the measurenjent is
to be made.

In general, it|is accepted that a fixed current-meter array mhay be used if the diameter of a circular pross-
section conddit is greater than 9d or if the smaller side of a rectangular cross-section is greater than 8d,
provided that the relative blockage as defined in 6.4.3 isJess than 6 %. (See also 4.4.2 and 4.4.3.)

Thus, for example, for those types of current-méter and support cross that are commonly used for industrial
measuremenis and which have propellers with diameters in the range 0,100 m to 0,125 m, it is generally
accepted in practice [taking account of the‘“general requirements on the minimum distance betwegn two
current-meterg on the one hand (see 4.4.2) and of the blockage due to the support on the other hand]|that a
stationary arrgy mounted on cross-bars.may be used only in circular conduits of diameters greater than {1,4 m.
In a rectangular cross-section, it is-also agreed that the smaller dimension of the conduit (to which the stipport
struts are parpllel) shall be at least-equal to 1 m, and furthermore that the larger dimension shall be sufficient
to limit the bldckage effect (see6/4.3).

When the fldqw-rate has\te be calculated using an arithmetical integration method (see Clause 1Q), the
locations pregcribed for the current-meters and in particular for those which are closest to the wall result in
igher minimum values of D/d or Hld (e.g. D/d > 23 for a measurement method with three points per
radius in a cirfularcross-section).

In conduits with smaller dimensions, current-meters fitted with smaller propellers (e.g. ranging from about
0,03 m to 0,05 m in diameter) or even micro-current-meters mounted on a frame as light as possible may be
used. Alternatively a device, often complex in design, which enables non-simultaneous measurements to be
made may also be used (see 7.2.2, 7.2.3 or 7.3.2).

6.4.5 Influence of turbulence and velocity fluctuations

Although the influence of longitudinal and transverse components of flow turbulence on current-meter
behaviour is still incompletely defined, attention is drawn to the fundamental difference between the behaviour
of current-meters being calibrated by hauling in stagnant water and current-meters being used in turbulent
flow conditions. Longitudinal fluctuations lead to a positive error in the velocity measured by means of the
current-meter whereas transverse fluctuations generally lead to a negative error. While bearing in mind that
many factors influence a current-meter response, it may be observed that the error will increase as:
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— the fluctuation amplitude and frequency increase;

— the mean velocity decreases; and

— the moment of inertia of the propeller increases.

6.5

6.5.1

Inspection and maintenance of current-meters

Inspection

354:2008(E)

The condition of the current-meter shall be checked before and after each measurement, in particular for:

a) fi
b) a
c) ¢

The in

ee rotation in bearings;
bsence of propeller deformation;
brrect functioning of the rotational frequency detection device.

spection for friction in the bearings may be carried out by observing how the propeller slo

having been spun at a certain speed. In no case shall the propeller stop abruptly.

The p

6.5.2

After

ropeller shape may be checked by means of a plaster mould, or by means of a metal profilg

Maintenance

pach series of measurements, the current-meter shall be dismantled, carefully cleaned,

lubricated using the same lubricant as was used for calibration.

7 S

71

Curre
perpe

The
be de

etting of current-meters into the conduit

Setting of current-meters

nt-meters shall be fixed rigidly on the mounting strut in such a way that the pro
ndicular to the measuring(section plane to within 2°.

signed to offer sufficient mechanical strength (in particular to avoid any prejudicial vibrati

and sfable drag, and,minimum interference with the current-meter operation.

Guide

ines on.the shape of the mounting struts are given in Annex C.

7.2

Mounting in a circular cross-section

wvs down after

template.

and then re-

peller axis is

ounting struts of a stationary array shall themselves be rigidly connected to the conduit wafls. They shall

on), minimum

7.21

Stationary array

Current-meters are generally used as stationary arrays. Mounting struts shall therefore be arranged along the
conduit radii so as to form at least two diameters (see 4.4.2); an example of this arrangement is given in
Figure 1. As far as possible, no measuring arm shall be located in the vertical plane of the pipe axis to avoid
possible effects of air pockets or sediment load. Blockage on the centre-line can be reduced by cantilevering
the radial supporting arms from the conduit wall; if this is done, only a single diameter passing actually through
the centre of the conduit is needed.
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Figure

7.2.2 Rotating arm

Current-mete
arrangement
vibration risks

It may, if req
each circle be
of the rotating

In order to er
respect to th
obliqueness g
checked eithq
positioned at

7.2.3 Exploration by means of a single current-meter

A current-me
requires spea
the scanned
water-tightnes

7.3 Mount

1 — Stationary array of current-meters mounted on cross-bars in a circular conduit

s may be fixed along a diameter rotating around the cross-section axis. (An example
is given in Figure 2.) This sophisticated device (rotation is-centrolled from the outsid
are to be avoided) allows the scanning of a far greater numbenrof measuring points.

lired, allow direct measurement of the mean velocity per circumference, the integration
ing obtained by making the diameter rotate at a constant speed. The maximum tangential
diameter shall not exceed 5 % of the mean flow velocity.

sure that the measurement is not falsified by~an excessive angle of the apparent velocit
b current-meter, owing to the combination, of the current-meter movement and a pree
r swirl of the flow, it is recommended that\the measurements made by continuous integrat
r by rotating the rotating arm in the_reverse direction or by making measurements with th
b number of fixed locations.

er may be used in iselation by placing it successively at each measuring point. This m
ial equipment (locksvanes) which enables the current-meter mounting strut to be guided
Jiameter and to be-transferred from one measuring diameter to the next, while maintaini
s. In addition, account shall be taken of the requirements given in 4.3.2.

ng in acectangular cross-section

7.31 Statiorary array

bf this
e and

along
speed

y with
Kisting
on be
e arm

ethod
along
hg the

Current-meters may be used as a stationary array mounted on a number of parallel struts. This method may
result in a significant obstruction of the cross-section by the supports.

7.3.2 Explo

ration of a section by means of a row of current-meters

Another method consists of using a sliding rest bearing one (or two) row(s) of current-meters, travelling in
such a way that the current-meters are successively placed on all horizontal measuring lines (or alternatively
on all vertical lines). This device requires external control with water-tight sealing of certain parts. In addition,
account shall be taken of the requirements given in 4.3.2.

This process may allow direct measurement of the mean velocity along one vertical (or one horizontal), the
integration along each vertical (or horizontal) line being obtained by constant-speed displacement of the slide
rest. This speed shall not exceed 5 % of the mean flow velocity.
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Figure 2 — Diametral arm device rotating in a circular conduit

In order to ensure that the measurement is not falsified by an excessive angle of the apparent velocity with
respect to the current-meter, owing to the superposition of the current-meter movement and a preexisting
obliqueness or swirl of the flow, it is recommended that the measurements made by continuous integration be
checked either by moving the slide in the reverse direction or by making measurements with the slide
positioned at a number of fixed locations.

However, in the case of flow for which the piezometric line is only slightly above the top of the conduit, the
application of this procedure is simplified: the slide device can be moved in wells or grooves (e.g. bulkhead
grooves) opening to the atmosphere and its control device can be located above the maximum water-level.
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8 Determination of the mean axial fluid velocity by graphical integration of the
velocity area

8.1 General
The general principle of this method is specified in 4.1.

The measuring points shall be located along straight lines. The measuring points at the ends of each of these
lines (the extreme measuring points) shall be located as close as possible to the wall and the adjacent
measuring points shall be located sufficiently close to the extreme measuring points to ensure an accurate
determination, in the manner prescribed in Clause E.1, of the boundary layer coefficient, m, appearing in the
law used for describing the flow in the peripheral zone.

The number @nd position of the other points shall be selected in such a way that the velocity prefile gan be
determined satisfactorily. Usually, these points should be distributed in the cross-section in sucha way as to
divide it into greas, each of which is expected to have the same flow-rate, in order to attach,approximatgly the
same importance to all measuring points.

An example pf the measuring point distribution for a circular cross-section for which no indication ¢n the
velocity distribution is available is given in Annex D.

In general, reference shall be made to 4.4 to determine the number and location of measuring points.

8.2 Circular cross-sections

The mean axigl fluid velocity U is given by the equation

1

U :—ZI;nI;v(r,a)r dr da
nR
1 )2
e
0 R
2 2 2
:I(rp R) ud(zj H/ ”d[i]
0 R (rp/R) R
where

v is the flow velocity at apoint having the polar coordinates » and ¢;
u is th¢ mean velocityalong the circumference of radius 7;

R is th¢ meansradius of the measuring section (see 4.2.1);

p

r, o is thT radius of the circle defined by the measuring points closest to the wall.

The determination of the mean axial fluid velocity U is carried out as follows.

a) Take u; (the arithmetic mean of the velocities at the measuring points located on a circle of radius, r;) as
the value of u3)

3) Some experimental devices allow direct measurement of the mean velocity along a circumference (see 7.2.2).
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b) Plot the curve of the variation in u against (r./R)? between »=0 and r = rp4) (see Figure 3).

c) Determine graphically the value of the area below this curve between »=0 and r = Ty

d) Add to this value a calculated term®) corresponding to the peripheral zone and equal to
2

m rp
1L
(mﬂju” R2

here

u, is the value of the arithmetic mean of the velocities at the measuring points lecated on the circle
of radius, r, (i.e. closest to the wall);

m is a coefficient depending on the wall roughness and on the flow conditions, the value of which
can be determined in accordance with the method given in Annex E,’and is generally between 4
(rough wall at low Reynolds numbers) and 14 (smooth wall at high_Reynolds numbers).

The method is applicable when current-meters are not located exactly,;.on circumferences {owing to, for
example, mounting errors and practical unfeasability). Integration isdihen carried out radius after radius by
considering the actual position of each current-meter and then arithmetically averaging the elementary flow-
rates per radius.

4) Td facilitate plotting of the curve.in the vicinity of the measuring point closest to the wall, draw the tangent to the curve
forr= » with a slope equal to

R

2m—~
R

),
dx r=rp rp(»]_rp}

denoting(r/R)? as x. The slope of the curve is derived from Karman's conventional law for the variation in the fluid
velocities in the peripheral zone:

5) This simplified expression omits the other term

in the result of the integration (within the peripheral zone) derived from Karman's conventional law: this latter term

1-(r, /R

represents only about times the flow in the peripheral zone.
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\

rp/R ;
u d(r/'R)?

4 e
1 (r/R)?
(r/R)?

Rigure 3 — Computation of the mean axial fluid velocity in a circular ‘conduit —
Graphical integration in the area scanned by the current-meters

8.3 Rectangular cross-sections
The computagion of the mean axial fluid velocity shall be carried out by _making a double integration across
both dimensigns of the conduit. Measurement shall be started either.on the vertical lines or on the horizontal
lines.
NOTE Thioughout this sub-clause, a “vertical line” will mean atline parallel to the smaller dimension of the|cross-
section of the ¢onduit and a “horizontal line” will mean a line parallel to the longer dimension of the cross-section| of the
conduit.

The method df determination is developed here starfing with horizontal line measurements.

The equation [for the mean axial fluid velocity is as’follows:

1 dh dl
:jojcvﬁf

where
h  is the height of the point considered above the bottom of the conduit;

H is the conduit \height at the measuring cross-section (arithmetic mean of the heights measured in
accgrdance-with 4.2.2);

[ is thedistance from the paint considered to the side wall chosen as origin;

L is the conduit width at the measuring cross-section (arithmetic mean of the widths measured in
accordance with 4.2.2).
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The determination of the mean axial fluid velocity is carried out as follows.

a) Plot the curve of the variation in the velocity on each horizontal line between the extreme measuring
points, as a function of the relative distance //L (see Figure 4)5).

b) Determine graphically the value of the area below this curve between the extreme measuring points.

c) Add to this value two terms corresponding to the peripheral zones and equal to

m_(a)
m+1\L) ¢

where

m is a coefficient depending on the wall roughness and on the flow conditions; the value of which
can be determined in accordance with the method given in Annex E, and is generglly between 4
(rough wall at low Reynolds numbers) and 14 (smooth wall at high Reynolds numbers);

v, isthe velocity at the extreme measuring point considered (at adiStance a from the pearest wall).

The spm so obtained is the mean velocity, u;, on the horizontal measuring line concerned?”).

d) Plot the curve of the variation in u;, between the extreme (upper and lower) horizontal meaguring lines as
function of the relative height, 4,/H, of the corresponding horizontal line (see Figure 4)8),

V)

e) Determine graphically the value of the area below this curve between the extreme horizontal measuring
lines.

>

f)

dd to the value obtained in e) two terms eorresponding to the peripheral zones in order| to obtain the
ean axial fluid velocity. Both terms are equal to

m (a
—_ ua,
m+1[Hj

here u, is the mean velacity on the horizontal measuring line closest to the wall (at a digtance a' from
he wall).

3

S =

6) To facilitate plotting in the vicinity of the extreme measuring points, the tangent to the curve at each of these points is
drawn with a slope the absolute value of which is equal to v,L/ma.

The slope of the curve is derived from Karman's conventional law for the variation in the fluid velocities in the peripheral

zone:
y 1/m
v,:v —

7) Some experimental devices allow direct measurement of the mean velocity along a horizontal (or vertical) line (see
7.3.2).

8) To facilitate plotting in the vicinity of the peripheral zones, the same procedure is followed as for the determination of
the mean velocity along each horizontal line [see 8.3 a)].
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Figure 4 —|Computation of the mean axial fluid velocity in a conduit of rectangular cross-sectign —
Graphical integration in the area scanned by current-meters

9 Determi
velocity area

9.1 General

The general principle of this method is laid down in 4.1.

The equations proposed below are derived from interpolations between successive pairs of measuring points
along third-degree curves in (#/R)? for circular cross-section conduits, and in /L or h/H for rectangular cross-
section conduits. The different individual arcs combine to form a continuous curve with a continuous

derivative.

In the peripheral zone the same laws as indicated in Clause 8 are applied.
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For the number and position of measuring points, reference shall be made to the specifications of Clause 8.

9.2 Circular cross-sections

The mean axial fluid velocity U is given by the following formula:

r’3 r'3
U=v —lr*Z +£r*2+ ! +uq lr*2 +Er*2—ir*2 —up ! +
122 121 12r; 61 32 123 12,

2
p-2
Zui[—ir’? +gr*2 —Er*2 +ir*2 -‘+u( _1)[11’*2 +ir*2 —gr*2 +—r’2 +
’ 12 (i 2\ 3 L 1) 3 L1 12 (i 2\ 4 22 12 [ 1) 3 ( 2) 12 (p—3)
i=2 L \ \ U \ U \ Jd L & U £ U
-]
r2-r }
p-1
u, ~ (1—r*2)+¥+lr*2—zr*2 +—r*2 (A)
m AT qgm(1-pr2) 127 3o 121(p-2)
P
where
v is the velocity at the conduit centre;

are the mean velocities [calculated as shewn in 8.2a)] along the circumferences with
increasing relative radii, r:,rz,...., r* (where r =r;/Rand R is the radius |of the cross-

. 172
section). .

NOTE When p = 3, the summation term disappears and Equation (A) is simplified as follows:

~

r -
=vo| <12 +£r*2 +iL +uy lr*2 +gr*2 7ir*2 +up 7iL7£r*2 +ir*2 +lr*2 +
12 2 12 1 12 ry 61 32 123 2

2
(r*2 r*2j
3 2 7 2 1
F— P2 =2 4 —772

s m1[1_752j+ 12’3 3’2 12
me 12m[1—r;2j

When p = 4, the summation term of Equation (A) is evaluated only for i = 2.

Table[D.1 gives the values of weighting coefficients for u; in the particular case of the mgasuring point
distribjution defined in Clause D.1.

© 1SO 2008 — Al rights reserved 21


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

9.3 Rectangular cross-sections

The velocity, U, is given by the following equation:

V2 . . . . .
1 0P 1, _iylwz{iyﬁly U}

U=V1[ m y;-i—

m+1 N H2m yr 1272 4273 27271278 1274

p-2
7 * * 1 * * 1 * 7 * 1 *

l;iv{ﬁ(y(i”)”")_E(y(i+2)+y(i—1))}+v(171){§y1’+§y(p—1)_ﬁy(p—2)}+

77 4 y*”z w4 4 —|

I A _ i Yy __y
"p m+1 (”+1)+12my* +12 P 12 (p'I)J

(p+1
NOTE WHen p = 5, the summation term of Equation (B) is evaluated only for i = 3.

In Equation (H

a) either thg

), U represents

mean velocity along a measuring line, and in this case,

vy, Vo, .|V, are the velocities measured at points located at distances’Zy3,, ..., [, from the referencq wall;
* 11
Yiq4—
* l _l
yr 427"
21 ¢
L, =1 _
yr 1)
P L
L-1
yiolg=—2
2 L)
where L is the distance between the two walls on the considered line;

b) orthe mg

an axiakfluid velocity in the measuring cross-section, and in this case,

V1, Vo, - v, fepresent the mean velocities uq, uy, ..., u, along the measuring lines located at distanges 44,
hy, ..., h, from the reference wall;
Y= M
H
y; _ h2 —h1
H
h,—h _
p H

22
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. _H-h,

Y(+1) H

where H is the height®) of the measuring cross-section.

10 Determination of the mean axial fluid velocity by arithmetical methods

354:2008(E)

10.1 General
The gereratprineiple-ef-thesemethodsistaid-downn4-4
For epch method the measuring cross-section is divided into a small number of section’ &
meas{iring locations are predetermined for each section element from:
a) ap assumption of the mathematical form of the velocity distribution law in the section elemer
b) alchoice of the weighting coefficients.
The vprious curves corresponding to each section element do not necessarily constitute a con
with alcontinuous derivative in these methods.
In the| peripheral zone, a logarithmic law is assumed for the velocity distribution with respect td
from the wall.
In theg arithmetical methods described hereafter, and in the case of circular cross-sections,
coeffigients are taken as equal and the section elements have areas proportional to the number
points in the element concerned.
10.2 |Log-linear method
By hypothesis, the mathematical form of\the velocity distribution law for each element is as follows:
ul=Algy+By+C
where
y is the distance from the wall;
Al Band C are any three constants (for the outermost annulus of the cross-section B i

10.2.1

equal to zero).

Circular cross-sections

lements. The

t concerned;

tinuous curve

the distance

the weighting
of measuring

5 taken to be

The location of the measuring points corresponds to the values of the relative radius rl.j/R,. or of the relative

distan

ce from the wall y;;/D; shown in Table 2.

9) See the note to 8.3.
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Table 2 — Log-linear method in a circular cross-section — Location of measuring points

0,847 0 £ 0,007 6
0,9622+0,0018

0,076 5+ 0,003 8
0,018 9 £ 0,000 9

Number of measuring Ty Vi [2]
points per radius R; D; d Jmin

0,358 6 £0,0100 0,320 7 £0,0050

3 0,7302+0,0100 0,134 9 +0,0050 23,4
0,935 8 + 0,003 2 0,032 1 +£0,001 6
0,2776+£0,0100 0,3612+0,0050
0,565 8 + 0,010 0 0,217 1 £ 0,005 0

! 0,6950+0,0100 0,152 5+ 0,005 0 39,7

The mean ve
measuring po
mean of the 1
mean of the Iq

ints located on the radius concerned, and the mean axial fluid velocityis.equal to the arit:l:
nean velocities on each radius. The mean axial fluid velocity is therefere’given by the arit
cal velocities.

10.2.2 Recta

Different layquts may be developed to apply the log-linear method\.in a rectangular cross-section,
various numbgrs of measuring points. This International Standard is’limited to the method using 26 poir]

which the loc

In addition tq
coefficients, 1
weighted mea

U:Q'

2

For the methg

Table 3

gular cross-sections

tion of the measuring points is given in Table 3 and.inFigure 5.

ocity on each radius is taken as equal to the arithmetic mean of the velocities determined|at the

metic
metic

using

ts, for

the location of the measuring points givern’by /L and hi/H, Table 3 gives the weighting

, for each measured velocity. In all cases, the mean axial fluid velocity, U, is equal
n of the measured local velocities:
v.

1

i

d using 26 points, Zki =96.

— Log-linear méethod in a rectangular cross-section — Location of measuring pointsg
and weighting coefficients

24

I ] i v
hlH k for the following values of /L
0,092 0,367 5 0,6325 0,908

0,034 2 3 3 2
0,092 2 — — 2
0,250 5 3 3 5
0,367 5 — 6 6 —
0,500 6 — — 6
0,632 5 — 6 6 —
0,750 5 3 3 5
0,908 2 — — 2
0,966 2 3 3 2

o the
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NOTE

10.3

By hy
is logd

10.3.1

The p
distan

As th
arithm

10.3.2

A

Lld>H[d >22.

Log-Chebyshev method

Circular cross-sections

Rectangular cross-sections

Y

Figure 5 — Location of measuring points in a rectangular cross-section
conduit for the log-linear method using 26 points

_—1 L -
I I 11 v
>i< D2 X >|< \
> >
> > X >
>
\
NS
X
MRy A3 A3
< | o | |
Yy Vv v ! X X X X v
o 0.092L
E § -
| @ 0,367 5L
L/2

bothesis, the mathematical form ofi.the velocity distribution law as a function of the distancg from the wall
rithmic in the outermost elements. of the section and polynomial in the other elements.

position of the measuring points corresponds to the values of the relative radius rl.j/Rl. or pf the relative
ce to the wall y;;/Dyshown in Table 4.

b weighting.coefficients have been chosen to be equal, the mean axial fluid velocity i§ equal to the
etic mean of the measured local velocities.

A number, p’, of traverse straight lines, at least five, are selected parallel to the smaller side of the rectangle;

on each line a number, p, of measuring points, at least five, are located (see Figure 6).
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Table 4 — Log-Chebyshev method in a circular cross-section — Location of measuring points

points per radius

Number of measuring

r.
)

R.

1

D.

1

(7).,

0,3754+0,0100

0,3123 +£0,0050

3 0,7252+0,0100 0,137 4 +£0,0050 23,4
0,9358 £ 0,003 2 0,032 1+0,0016
0,3314+0,0100 0,334 3 +0,0050
06124 +00100Q 01938+ 0005Q
| 32
0,8000+0,0100 0,100 0 £ 0,005 0
0,952 4 + 0,002 4 0,023 8 £ 0,001 2
0,286 6 + 0,010 0 0,356 7 £ 0,005 0
0,5700+0,0100 0,2150+ 0,005 0
! 0,6892+0,0100 0,1554 + 0,005 0 39,7
0,847 2+ 0,007 6 0,076 4 + 0,003 8
0,962 2 + 0,001 8 0,018 9+0,0009
1 L -
"
I 5
— X S X X -z
| | |7 ] | L]
T
—> X X—— X x— Y
|
NOTE For the example e¢hosen, p =5 and p’=6.
Figure 6 — Location of measuring points in a rectangular cross-section
conduit in the case of the log-Chebyshev method

The positions of the pp’ measuring points (abscissa .X; and ordinate Y.

are defined in Table 5.

Table 5 — Log-Chebyshev method in a rectangular cross-section — Location of measuring points

J

in relation to the centre of the section)

porp’ Values of % or L (%) min
5 0 +0,212 + 0,426 10,1
6 +0,063 +0,265 +0,439 12,3
7 0 +0,134 10,297 +0,447 14,2

26
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As the weighting coefficients have been chosen to be equal, the mean axial fluid velocity is equal to the
arithmetic mean of the measured local velocities at the various measuring points.

11 Uncertainty in the measurement of flow-rate

11.1 General

The calculation of the uncertainty in the measurement of flow-rate shall be carried out in accordance with
ISO 5168, but for convenience the main procedures which apply to the measurement of flow-rate by the
velocity-area method using current-meters are given here. The more important terms used are defined and
explained in Annex F.

In Anpex H, some typical values of the uncertainty introduced by several of the sources\of erfor are given.
Note {hat the magnitude of these uncertainties can vary appreciably and that there are other squrces of error
for which it is not possible to quote typical values of the resulting uncertainties; g€ac¢h individyial case shall
therefpre be the subject of careful study, but the more important sources of error-~are described in 11.2 and
11.3.

11.2 [Sources of error in local velocity measurements
11.2.1 Random errors

11.2.1.1 Measurement of rotational frequency

The njeasurement of the rotational frequency of a current-meter is invariably subject to a random error owing
to the|counting of pulses and the measurement of time periods. The error is reduced as the time over which
the measurements is made is increased.

11.2.1.2 Slow oscillations in the flow velocity
A randlom error will be introduced if the time of measurement is not long enough to allow correctf integration of

slow gscillations in the flow velocity.\The error is reduced as the number and duration of measprements at a
given point are increased.

11.2.4 Systematic errors

11.2.4.1 Current-meter calibration

Even though each’current-meter is calibrated, there is a residual error associated with the callbration which
introdyices a systematic error into the velocity measurement.

11.2.4.2_, Turbulence and velocity fluctuations

The finite response time of current-meters to changes in velocity results in an erroneous reading when high
frequency velocity fluctuations or turbulence are present. This occurs because current-meters are calibrated
by towing through still water but they are used in flowing turbulent water. The resulting error in the measured
velocity will be the same for all measurements at the same point and velocity, although the errors will change
with both flow-rate and position of measurement.

11.2.2.3 Velocity gradient

When a current-meter is located in an area where there is a steep transverse velocity gradient, each point of
the propeller is subject, during each revolution, to quick velocity variations which result in a systematic error of
the same kind as that in 11.2.2.2. This error, which can be generally neglected outside the vicinity of the walls,
is reduced as the ratio, d/D, of the propeller diameter to the pipe diameter is decreased.
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11.2.24 Cu

rrent-meter alignment

If a current-meter is installed with its axis at an angle to the flow direction a systematic error will result, since
the calibration results for that meter will no longer hold exactly (see, however, the note in 6.1.5).

11.2.2.5 Co

nduit blockage

The blockage effect is described in detail in 6.4.3 and Annex B, where the corresponding corrections are also
given. However, the corrections themselves have an associated uncertainty, so that a systematic error will
result when they are applied.

11.3 Sourcés of error in estimation of flow-rate

11.3.1 Random errors

11.311 Lo
The errors in
position of the
and the majo
estimation of

cal velocity measurements

the local velocity measurements will not be truly random, as they willsin part depend ¢
point of measurement in the conduit. However, the error in each measurement will be dif
contributions to each error will be random in nature, so that the overall error contributed

low-rate by the uncertainty in the local velocity measurements may be regarded as randon.

11.3.1.2 Graph in graphical integration technique

When the gra
evaluating thq
operator and

phical integration technique is used, an error will be_introduced in drawing the velocity profi

area under the central portion of the graph, the magnitude of this error will depend both
bn the shape of the velocity distribution and will be*considered as random in nature.

11.3.1.3 Evaluation of boundary layer coefficient, i

If the boundd
from this soun

11.3.1.4 Po

If the errors a
common syst
the flow-rate

error become
the current-m

11.3.2 Syste

ry layer coefficient, m, is calculated. by the graphical method given in Annex E, then thg
ce will be random in nature.

sitioning of current-meters

5sociated with the positioning of the current-meters are independent of one another (i.e. ng
bmatic error is present) see 4.4.1), then the overall effect will be to introduce a random err
bstimation; provided that the conditions of 4.4.1 are met, this error is negligible. Howeve
5 systematic when several measurements are made in the same cross-section without mo
eter locations.

matic-errors

bn the
erent,
to the

e and
bn the

error

large
Dr into
r, this
jifying

11.3.2.1

Measurement of the dimensions of the conduit

Although the area, 4, of the cross-section of flow-rate measurement is evaluated from the mean of several
measurements of the conduit dimensions (see 4.2), a systematic error still remains in the calculated flow-rate.

11.3.2.2 Nu

merical or arithmetic integration techniques

The techniques given in Clauses 9 and 10 involve either an approximation to the velocity distribution or the
assumption of a velocity distribution. For a given velocity distribution, there is therefore a systematic error
introduced in the calculated flow-rate.

28
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11.3.2.3 Number of measuring points

354:2008(E)

If the velocity distribution curve is not perfectly smooth, the number of measuring points may not be sufficient
to define it adequately, and a systematic error will result.

11.4

Propagation of errors

If the various independent variables, the knowledge of which allows computation of the flow-rate, ¢, are X, X5,

o X,

then ¢ may be expressed as a certain function of these variables:

q=[(Xy, Xp, .0 Xy)

(1)

If the

uncertainties associated with the variables X4, X, ..., X are ey, ey, ..., ¢, then the uncert

flow-rate is defined as

Q

where

The p

11.5

Equat
95 %

1/2

0 ? 0 ? 0 ?
L, =+ —qe1 + qez +...+ qek
0X 4 0X o 0X .

dq/0X4, 0q/0X o, ...,0q/0X, are partial derivatives (see ISO 5168

brcentage uncertainty, E,, is given by

e
, =*100-%
q

Presentation of results

on (2) should preferably be used to evaluate separately the uncertainties due to the r4g
confidence level) and systematic components of error. If the contributions to the uncertain

rate rmeasurement from these two types ot error are denoted as e, and e, respectively, when
I

abso
prese

a) F

b) F

te terms, and as E, and Eg when expressed as a percentage, the flow-rate measurement
nted in one of the following forms.

ow-rate, g
er :i(Sq)1 es =i(8q)2
he uncertainties-are calculated in accordance with ISO 5168.

ow-rate,\g

E, :i100(8q)1/q Eg :i100(8q)2/q

ainty e, in the

()

ndom (at the
ty in the flow-
expressed in
shall then be

T

he uncertainties are calculated in accordance with ISO 5168.

An alternative, although less satisfactory, method is to combine the uncertainties arising from random and
systematic errors by the root-sum-square method. Even then, however, it is necessary to evaluate
Equation (2) for the random components since the value of e, or E, is required. In this case, the flow-rate
measurement shall be presented in one of the following forms.

c) Flow-rate, g + 8¢

T

e = i(Sq)1

he uncertainties are calculated in accordance with ISO 5168.
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d) Flow-rate, ¢ = 100 8¢/q

E =% 100(8q)1 lq
The uncertainties are calculated in accordance with ISO 5168.

11.6 Calculation of uncertainty

Although systematic errors have been distinguished from random errors, the probability distribution of the
possible values of each systematic component is essentially gaussian and, in accordance with ISO 5168, the
combination of all the uncertainties may therefore be carried out by the root-sum-square method described in
11.4. It is ngcessary, however, to evaluate the random and systematic contributions to the unceftainty
separately to pxpress the result of the measurement according to 11.5.

11.6.1 Uncentainty in measurement of local velocities

The uncertainty associated with a measurement of local velocity, v, is obtained by combining the uncertainties
arising from the sources of error described in 11.2.

The random yncertainty, (e,),, is given by

(e), = (e +(e)?] )

(ef)n ig the uncertainty in the measurement of the rotational frequency, n, of the current-meter;

(er)f i the uncertainty in v arising from slow oscillations in the flow velocity;

a i the coefficient of n in the calibration’equation of the current-meter (see 6.3.1).

The systematjc uncertainty, (e;),, is givenby

(ec), =4 (ee)2 (es)? +(eatBelec)2 +(es 2] @

(es)C s the uneertainty in v arising from the use of the calibration relationship of the current-metqr;

(es),  |sthe uncertainty in v due to turbulence;

(es)g is the uncertainty in v due to the current-meter behaviour in a velocity gradient;
(es) is the uncertainty in v arising from possible misalignment of the current-meter;
P

(es)b is the uncertainty in v arising from the blockage correction.
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The uncertainty, e, in a local velocity measurement is then given by
172
2 2
ey = (er)2 +(c)’ (5)

11.6.2 Uncertainty in mean axial fluid velocity

When a numerical or arithmetic method is used to calculate the mean axial fluid velocity, U, from the local
velocities, v;, the generalized formula is

U=Covo + Cve + Covag + +(C v (6)
00 4 272 7D

wherg Co, Cy, ..., C, are constants.

The upcertainty in U is then given by

1/2
22 2 2 2 2 2 2
ey :i(COevO +C1 €v1+C2€v2+...+Cp€vp) (7)
NOTE For the case where arithmetic methods are applied te, a  circular cross-section, C,=0 and
Cy=Cp=...=C,=1lp.

Equatjon (7) should in principle be used to evaluate the random>and systematic components sgparately, but
as nofed in 11.3.1.1, e;; will in practice be random in naturexThe values for ¢, e, etc. may therefore be
obtained from Equation (5), and Equation (7) need be evaluated only once; e;; can then be ponsidered to
introdice only a random contribution to the uncertainty in the flow-rate.

When|the graphical integration method is used, ¢;-6an be evaluated using Equation (7) by makir|g
(0 =C1 =...=Cp71 :1

but with

o\
~
Il
3
+ |3
—
7\
|
>cN|§N
N—e

for cirgular cross-sections [see 8.2d)] or by taking for C, the values of the coefficients of v, and u, given in
8.3c) and 8.3f) respectively for the appropriate stages in fhe integration across rectangular crossisections.

In red)ity, thecuncertainty in the value of the mean axial fluid velocity also contains contributions from other
aspedts of the integration technique used (see 11.3.1.2, 11.3.1.3 and 11.3.2.2), but these are lisfed separately
in the[farmula for the uncertainty in the flow-rate.

11.6.3 Uncertainty in flow-rate measurement

The flow-rate, ¢, is given by

A is the cross-sectional area of the conduit;

U is the mean axial fluid velocity.
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Thus, in accordance with Equation (2), the contributions to the uncertainty in ¢ arising from the uncertainties in
A4 and in U are given by Ue, and 4e; respectively.

The uncertainty in the flow-rate measurement is obtained by combining the uncertainties arising from the
sources of error described in 11.3.

The random uncertainty, (er)q, is given by

(er), = 4% (eo)p +(er )] +(er )’ +(er)|2T/2 ®)

(er)u s obtained from Equation (7);

(ef)i s the uncertainty in ¢ arising from the use of the graphical integration technique;
(er)m s the uncertainty in ¢ arising from the estimation of the value of m;

(ef)l s the uncertainty in ¢ arising from the current-meter positioning:

The systematjc uncertainty (es)q is given by

(es), =4| U2 (es)] +(es) +(es) ]1/2 o

(eS)A s the uncertainty in ¢ arising from the measurement of the cross-sectional area of the conduit'9);
(es)i s the uncertainty in ¢ arisingfrom the use of the numerical or arithmetic integration methoq;
(es)p s the uncertainty in‘g-arising from the number of velocity measuring points.

Annex J giveg an example-of the calculation of the uncertainty in the flow-rate measured by means of clirrent-
meters.

10) The relative uncertainty in the area is twice the relative uncertainty in the measurement of lengths from which it is
calculated.
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Annex A
(normative)

Measuring sections other than circular or rectangular secti

A.1 General

ons

When the flow-rate is to be measured using the velocity-area method in a cross-section of shape other than

circula
applie

This &

Cross-
with th

The a
flow i
areas

The n
rules

A.2

A.21

Measlirements shall be taken at not less:than four points on each of at least six equally spa

recom
axisyn
condu

r or rectangular, an arithmetic method of integration founded on the log-Chebyshgyv
d.

nnex deals only with the practical instructions allowing the application of the method in
sections which are the most often used in hydraulic circuits, i.e. annular segtions, rectan
e corners cut off and rectangular sections with rounded corners.

ccuracy of the method will be satisfactory only as far as the conditions'given in 6.1.2 are fU

fully developed: in particular, the velocity profile shall never show a maximum within

umerical specifications given in this annex for the location\of current-meters comply wit
jiven in 4.4.1 and 6.4.4.

Annular sections

Number and location of measuringpoints

mended that the number of radii*be increased when it is feared that the flow f
nmetrical, and more particularly for high values of the ratio, Dy/D (where D is the mean d
it and Dy is the mean diameterof the core); also it is recommended that the number of poi

rule may be

the types of
jular sections

Ifilled and the
he peripheral

h the general

ced radii. It is
attern is not
ameter of the
nts per radius

be ingreased for low values of Dy/D.

The lpcation of measuring ‘points along each radius shall be in accordance with the log-Chebyshev rule.
Table|A.1, where y is the distance of the measuring point from the conduit wall (see Figure A.1)[ shows these
locatigns in the caseswhere four points per radius are used!!). Where Dy/D lies between two values given in
the taple, then valués-of y/D may be obtained by linear interpolation in terms of (Dy/D)?.

NOTE In conduits of diameter less than about 4 m or 5m, and more particularly for high values of Dg/D,
measyrementsican be carried out only by using small current-meters or microcurrent-meters.

A.2.2[ Measurement of the measuring cross-section

The cross-sectional area of the annulus is 4 = n(D2 —Dg)/4.

In reality, it may be impractical to measure D, in which case the cross-sectional area can be calculated as
A=mh(Dg +h), where h=(D-Dy)/2 is the annulus height.

This annulus height is taken as equal to the arithmetic mean of measurements carried out on at least six radii
at approximately equal angles to one another in the measuring section. If the difference between the lengths
of any two measured heights is greater than 1 %, the number of measured heights shall be doubled.

11) Alternatively, it is possible to follow a log-linear rule adapted for the case of annular cross-sections. The locations so
obtained would be very close to those given in Table A.1.
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The value of Dy is most conveniently determined by measuring the circumference of the core and dividing by

.

Table A.1 — Location of measuring points in an annular section for four points per radius

Dy »n 2 3 Ja (2}“‘”
[FJ D D D D d
0,1 0,021 32 0,087 72 0,17593 0,288 00 35,2
0,2 0,018 89 0,077 07 0,151 96 0,239 27 39,7
0,3 0,016 47 0,060 69 0,729 54 0,198 59 155
0,4 0,014 07 0,056 55 0,108 40 0,162 88 53)3
0,5 0,011 69 0,046 63 0,088 35 0,130 66 64,2
0,6 0,009 32 0,036 93 0,069 23 0,101 07 80,5
0,7 0,006 97 0,027 43 0,050 92 0,073 54 108
0,8 0,004 63 0,018 11 0,033 33 0,047 69 162
0,9 0,002 31 0,008 97 0,016 38 0,028 25 325
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Figure A.1 — Annular section
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A.2.3 Calculation of the flow-rate

The mean axial fluid velocity, U, shall be calculated as the arithmetic mean of the velocities obtained at each
measuring point.

The volume flow-rate shall be determined as the product of the mean axial fluid velocity and the cross-
sectional area of the annulus, i.e. ¢, = AU.

A.3 Rectangular sections with corners cut off or rounded

A.3.1| General rules

In sugh sections, the log-Chebyshev method for calculating the flow-rate in rectangular sections may be
applied subject to the following modifications.

a) The measuring points shall be located along a set of at least six traverse lines-perpendiculgr to the larger
s|de (the base of length L) of the rectangle. The distribution of these trayverse lines along the base is that
afcording to the log-Chebyshev rule for rectangles (see 10.3.2), except for the two extjeme traverse
lines, the location of which is modified depending on the shape of the-geighbouring walls (sge A.3.2).

b) Along each traverse line, the measuring points shall be distributed according to the log-Chebyshev rule
far rectangles (see 10.3.2, Table 5 and Figure 6), with a_number of points not less than six. If some
ektreme points are too close to the wall, taking account of the requirements specified in 4.4.{1, the number
of measuring points along the considered traverse lines may be reduced to five, but the tgtal number of
measuring points in the cross-section shall in any cas€ be not less than 35.

c) The flow-rate through the section is calculated initwo steps.

1) The mean velocity, u;, along each of'the p' traverse lines is derived as the arithmeti¢ mean of the
velocities vq, vy, ..., v, at each of the p-measuring points of the traverse line:

2) Then the volume flow-rate g, is calculated by multiplying the base length L by the arithmetic mean of
the elemental flow-rates obtained by multiplying each of the mean velocities, u;, by the length, H,, of
the corresponding traverse line:

A.3.2 Tocations of the traverse lines In a rectangular section with cut-off corners and in a
rectangular section with quarter-circle corners

The locations of the traverse lines referred to the axis of symmetry of the section, for a number of traverses
p' =6 or 7, are defined in Table A.2 in the case of rectangular sections with cut-off corners and in Table A.3
for rectangular sections with quarter-circle corners, for particular values of the parameters defining the shape
of the section (see Figures A.2 and A.3).

The locations of the extreme traverse lines as given in Tables A.2 and A.3 have been calculated on the basis
of a boundary layer coefficient, m = 7, but they vary only slightly as a function of m.

The locations of the measuring points along these traverse lines are given in 10.3.2, Table 5.

© 1SO 2008 — Al rights reserved 35


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

ISO 3354:2008(E)

Table A.2 — Locations of the traverse lines in a rectangular section with cut-off corners

xy/L

for L/H equal to
p 1 1 2 2 XZ/L x3/L X4/L

for r/H equal to

1/3 1/4 1/3 1/4
6 +0,419 +0,420 +0,417 + 0,422 + 0,265 + 0,063 —
7 +0,431 +0,432 +0,429 +0,431 +0,297 +0.134 0

Table A.3 — Locations of the traverse lines in a rectangular section with quarter-circle:corners

xy/L

for L/H equal to
p 1 1 2 2 312 3 xplL x3/L x4lL

for r/H equal to

1/3 1/4 1/3 1/4 1/2 1/2
6 +0,427 | +0,430 | +0,432 | +0,436 | £0,430 | £0,440 + 0,265 + 0,063 —
7 +0,438 | £0,439 | £0,440 | £ 0,443 | £0,441 | £ 0,451 +0,297 +0,134 0

A

A
 J

Figure A.2 — Rectangular section with cut-off corners
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Figure A.3 — Rectangular section with quarter-circle corners
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Annex B
(normative)

Corrections for blockage effect

As outlined in 6.4.3 the presence of current-meters and their supports in a conduit results in a reduction

in the

cross-sectional area of flow, and hence in a variation in the velocity distribution, particularly in the measuring
plane. The phenomenon is entirely different when current-meters are calibrated in a channel with a free

surface and
The calculatipn of the flow-rate in a conduit on the basis of calibration data obtained in a chanh&
generally leads to an overestimation of the flow-rate.

walls.
| thus

It is very difficult to measure or calculate theoretically the magnitude of this error. In the‘past 20 years a

number of major investigations into the problem have been made and from these certain-conclusiong

have

been drawn. These conclusions are not definitive since each combination of a number-of current-meters and

their support gross is likely to result in a different redistribution of the velocity profileiAtappears adequs
the basis of the present state of knowledge, to regard the error as directly proportional to the velocity oV
range of velogities normally experienced. Thus, a direct percentage error correction can be used.

As stated in 6.4.3, the investigations have shown that the main parameter influencing the magnitude

te, on
er the

of the

error is the rafio of the frontal area of the support cross to the cross-sectional area of the conduit. The number

of current-mefers being used, their type, and the size of their propellets’and hubs also have an effect b

ut this

is unlikely to| exceed 0,3 % with the types of current-meter normally in use and in conformity with this

International $tandard.

A more important factor is the distance between the plane_ofithe propellers and the plane of the support
As this is indreased, the influence of the blockage caused by the cross on the current-meter readi
reduced, but the risk of vibration is increased. Suggestions for the selection of the current-meter and s
cross types and fixing means are given in Annex C,

On the basis ¢f present knowledge, the followihg specifications shall apply.

a) If the blogkage ratio, s, i.e. the ratio\between the frontal area of the mounting struts and the area
measurirlg section, is less than 0,067 then the measured flow-rate will be reduced by a factor, :

k= 0,125 +0,03s,

where s Jis the blockage Tatio of the current-meters given by

nZd?
4 A

Se H

Cross.
ngs is
Lipport

of the

where
Z is the number of current-metres;
d is the propeller diameter, in metres;
A is the area, in square metres, of the measuring section.

Nevertheless, if s is less than 0,02, this correction may generally be neglected.

b) If the blockage ratio s of the mounting struts exceeds 0,06, the measurement cannot be made in

accordance with this International Standard.
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Annex C
(normative)

Recommendations for the selection of the type of current-meter

and mounting strut

Without prohibiting the use of those types of current-meter and mounting strut used up to the time of

public

tion. the recommendations?? stated below are intended to orient the choice of the user towards:

a) a

D

b)

0 Q

C.1

c.11

CA1.2
import

C.1.3
C1.4
C.1.5

C.1.6
downg

C.2

type of current-meter having the lowest possible sensitivity to the effect of flow. tu
specially to its longitudinal component;

type of mounting strut ensuring both minimum vibration risks and stable flow-separatio
bnce minimum interference with the current-meter response.

Requirements relating to the current-meter

2
The aspect ratio, (r ropeller —rhub) ! Ay, where 4 is bladearea, shall be large.

p

The propeller pitch shall be sufficiently large (but.not too large, to prevent drag assuni
ance with respect to lift).

The blade thickness shall be rather small (which limits the propeller diameter).
The propeller material shall be of low density (light metal or plastic).
The current-meter body shall belcompact, with the connecting terminal set in the body.

The measuring plane (which can be assimilated as a first approximation to the
tream edge of the propeller)-shall be sufficiently far from the strut.

Recommendations relating to the strut

C.21
the st
reco

thickn

C.2.2

alternatively a groove may be provided in the strut for this purpose (see Figure C.1).

bulence, and

n points, and

ing too much

plane of the

In order te,minimize the risk of vibrations due essentially to the resonance of the natural frequency of
ut with the'‘frequency of vortex shedding and to stabilize the separation point of the
mended-to choose a mounting strut having an octagonal or ovoid (streamline) profile, V
sswithin the range 0,3 to 0,5.

vortices, it is
vith a relative

UCT way

s not altered;

12) These recommendations are in conformity with the conclusions of the most recent research work carried out within the
International Current-Meter Group; these researches have led to the choice of an octagonal strut circumscribed to an
ellipse of 100 mm x 30 mm and to a mounting with a distance of 265 mm between the trailing edge of the propeller and
the leading edge of the strut.
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Figure C.1 — Example of mounting strut
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Annex D
(normative)

Example of measuring point distribution along a radius for velocity
measurement in a conduit of circular cross-section in the case

of the graphical and numerical methods

D.1 Location of the measuring points

When
radiug

in Figbure D.1 and in Table D.1 correspond roughly to equal flow-rate rings in the-case of a ur
distribution (in the hope of minimizing the influence of random errors in the detefmination of the |

by giv

there is no information on the velocity distribution, various layouts of the measufing p
may be used according to the number of measuring points used. The locations)indicated

ng approximately the same weight to all current-meters).

oints along a
as examples
iform velocity

bcal velocities

requirements

NOTE|1  The distributions shown may need to be amended sometimes so’as to meet mandator
concefning the minimum distance between two current-meters (see 4.4.1).
NOTE[2 A current-meter should be placed on the pipe axis.
The measuring points are distributed according to the following law:

Ji_ L

1y p

e b

Key
a8 3 points per radius. d 6 points per radius.
b 4 points per radius. € 7 points per radius.

¢ 5 points per radius.

-

8 points per radius.

Figure D.1 — Example of measuring point distribution in a conduit of circular cross-section
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D.2 Calculation of the mean axial fluid velocity by the numerical method

The expression for the mean axial fluid velocity given in 9.2 can be written as follows:
p
U=r;22aiu,~+ﬂup
i=0

where
- -2
r2 —r*2

P (p-1)

12m(1—r;2)

p

and where the coefficients ¢; are independent of R and depend only on the ratios, ri/rp.

As an examplle, if the distribution of measuring points as defined in Table D.1 is used, Fable D.2 gives the
values of coefficients, «;, when p varies from 3 to 8.

Table D.1 — Measuring point distribution

a
P G -0 | -2 | -3 | -9 | -5 4 U-8 | -7 b
Tp "p "p Tp Tp "p "p
mm
D
3 ?_0'75d 0,816 0,577 —_ —_ —_ — — 1 200 to 2 400
D
4 3—0.75d 0,866 0,707 0,500 — — — — 2 200to 3 200
D
5 3—0.75d 0,894 0,775 0,632 0,447 — — — 2 900 to 4 500
D
6 E—O,?Sd 0,912 0,816 0,707 0,577 0,408 — — 3 800 to 5 500
D
7 E—O,?Sd 0,926 0,845 0,756 0,655 0,535 0,378 — 5000 to 1 000
D
8 3—0.75d 0,936 0,866 0,791 0,707 0,613 0,500 0,354 6 300 to § 500

@ These valugs are gjven for information only.

Table D.2 — Values of coefficients, o, for a number, p, of measuring points

p % 4 7 3 Ay s % a7 ag

3 0,10298 | 0,416 67 | 0,31369 | 0,166 67 — — — — —

4 0,07723 | 0,31250 | 0,23527 | 0,25000 | 0,125 00 — — — —

5 0,06179 | 0,25000 | 0,18821 | 0,20000 | 0,200 00 | 0,100 00 — — —

6 0,05149 | 0,208 33 | 0,156 85 | 0,166 67 | 0,166 67 | 0,166 67 | 0,083 33 —

7 0,044 13 | 0,178 57 | 0,13444 | 0,14286 | 0,14286 | 0,14286 | 0,14286 | 0,071 43 —

8 0,03862 | 0,156 25 | 0,11763 | 0,12500 | 0,12500 | 0,12500 | 0,12500 | 0,12500 | 0,062 50

42 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=2f2a2acdbdcbe9a647b522d84dd39ffc

