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INTERNATIONAL STANDARD

I1SO 3354-1975 (E)

Measurement of clean water flow in closed conduits —
Velocity-area method using current-meters

1 SCOPE AND FIELD OF APPLICATION

This Irfternational Standard specifies a method for the
determipation, in a closed conduit, of the volume rate of a
regular flow1)

— df clean water2) or water considered as clean,
— rpnning full in this conduit,
— ynder steady flow conditions,

this measurement being carried out by means of the
velocityl-area method using propeller-type current-meters. |t
deals pprticularly with the technology and calibration of
current{meters, the measurement of local velocities and the
computation of the flow rate by velocity integration. The
method of measurement and the requirements defined in
this Infernational Standard aim at reaching, at the 95%
confidepce level, an uncertainty on flow not greater thah
£ 2 % pgrovided that the correction for blockage effeet has
been applied. If any of the requirements- of this
International Standard are not fulfilled, this“method may
still be| applied but the uncertainty on flow-rate will be
larger.

2 REHERENCE

1ISO 3465, Liquid flow measdrement in open channels —
Calibration of current-metersin straight open tanks.3)

3 DEHINITIONS

The following.definitions are given only for terms used with
a specigl méaning or for terms the meaning of which might
be usefFIIy recalled : :

3.2 stationary battery : A set of eurren
on one or several fixed supports"which
measuring section simultaneously.

3.3 peripheral flow rate) The volume
flows, per unit time,.in the region located
wall and the contolr defined by the v
points which are-the closest to the wall.

3.4 discharge velocity : The ratio of tH
flow (intégral of the axial component
with fespect to the cross-sectional area)
measuring cross-section.

3.5 relative velocity : The ratio of the f
considered point to a reference velocity
same time and being either the velocity af
(for example, the centre of a circula

discharge velocity in the measuring sectiof.

3.6 straight length : A portion of a con
straight and in which the cross-se
cross-sectional shape are constant; the cr
is usually circular or possibly rectangular.

3.7 irregularity : Any component or g
conduit which makes it different fromas

For the purpose of this Internationa

t-meters mounted
bxplore the whole

of liguid which
between the pipe
elocity measuring

e volume rate of
pf local velocities
to the area of the

ow velocity at the
measured at the
a particular point
conduit) or the

Huit whose axis is
tional area and
bss-sectional shape

onfiguration .of a
fraight length.

" Standard, those

irregularities which create the most seriolis disturbances are

bends, valves, gates and sudden widening

4 PRINCIPLE

bf the section.

3.1 current-meter : A device provided with a rotor the
rotational speed of which is a function of the local velocity
of the fluid in which the device is immersed.

This International Standard is concerned only with
propeller-type current-meters, i.e. current-meters the rotor
of which is a propeller rotating around an axis
approximately parallel to the flow.

1) See®.1.

4.1 General

The principle of the method consists in :

a) measuring the dimensions of the gauging section
which shall be chosen as normal to the conduit axis; this

measurement is intended for definin
cross-section {see 4.2);

2} This method may be applied to other single-‘phase fiuids but special precautions shall be taken in this case.

3) At present at the stage of draft.

g the area of the
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b) defining the position of the measuring points in the
cross-section;

c) measuring the axial component of the velocity at a
sufficient number of points in a flow cross-section to
determine the velocity profile adequately (see 4.3);

d) determining the discharge velocity from the
preceding measurements;

e) calculating the volume rate of flow equal to the
product of the cross-sectional area and the discharge

four diameters at approximately equal angles to one another
in the gauging section. If the difference between the lengths
of two consecutive diameters is greater than 0,5 %, the
number of measured diameters shall be doubled.

4.2.2 Rectangular cross-sections .

The conduit width and height shail both be measured at
least on each straight line passing through the measuring
points. If the difference between the widths {(or heights)
corresponding to two successive measuring lines is greater

velocity.

The error magle when using the velocity distribution
method is depepdent, among other factors, on the shape of
the velocity prgfile and on the number and position of the
measuring poin

This InternatioIal Standard presents three types of method
for determining|the discharge velocity, namely

— graphical| integration of the velocity area (see
clause 8)

This method consists in plotting the velocity profile on a
graph and eyaluating the area under the curve which is
bounded by [the measuring points closest to the wall. To
the value thus obtained is added a calculated term
which allows for the flow in the peripheral zone
(the area beftween the wall and the curve through the
measuring positions closest to the wall) on the
assumption that the velocity profile in this zone satisfies
the laws of alturbulent boundary layer.

For this method the measuring points may be located @t
whichever ppsitions are required in order to obtain a
satisfactory knowledge of the velocity profile.

— ‘numerical integration of the velocity.\\area (see
clause 9)

The differenpe between this method.and the preceding
one lies in the fact that the graphical velocity profile is
replaced by [an algebraic curve”and the integration is
carried out apalytically.

— arithmetital methods\($ee clause 10)

The arithmgtical ¢methods assume that the velocity
distribution follows a particular law; the mean velocity
in the condyitis then given by a linear combination of

Tham %, the umber o measured widthstor tiefghts) shall
be doubled.

4.3 Measurement of local velocities

The flow velocity at a point ef_the gauging pection is
determined by measuring the rotational spded of a
current-meter placed at thatpoin't and entering th|s value in
the calibration equation of the current-meter.

The current-meter rotational speed may be obtaifed either
by counting the number of propeller rotations| within a
pre-determined period, or by measuring the timg required
by the propéller to perform the specified nfimber of
rotations. Another method that can be used i the one
whereby-the velocity is determined by direct megsurement
of the signal frequency.

Various measuring points in one cross-section| may be
explored simultaneously or successively (spe 4.3.1
and 4.3.2).

4.3.1 Simultaneous measurements

When several current-meters are used simultanegusly, the
second method given above requires more sophisticated
counting equipment than the first one, but if is more
accurate. The first method actually leads to an|error the
statistical resultant of which is positive, due| to time
intervals not being taken into account at the begihning and
at the end of the counting time; the greater the rjumber of
counted contacts, the smaller the percentage error

As flow is generally subject to fong period fluctuations, it is
necessary to provide a sufficient period of measurgment for
determining the mean velocity correctly. This period of
time may be determined by measuring the same|flow rate

during gradually increasing intervals of time. The time of

the individual velocities measured at the Tocations
specified by the method.

For the arithmetical methods described in clause 10,
assumption is made in the peripheral zone of a
logarithmic law for velocity distribution as a function of
the distance from the wall.

4.2 Measurement of the gauging cross-section

4.2.1 Circular cross-sections

The mean diameter of the conduit is taken as equal to the
arithmetical mean of measurements carried out on at least

measurement t to be adopted shall be such that the values
of the mean velocity in the cross-section obtained for
measuring times equal to t and (¢t + At) shall not vary by
more than x %. For example, At could be about 30 s and x
couid be chosen equal to 0,1 %. Time t may vary according
to the mean flow velocity. .

4.3.2 Non-simultaneous measurements

In cases when all velocity measurement points are not
explored simultaneously, it is essential that the shape of the
velocity profile in the gauging cross-section remain stable
and be unaffected by possible variations of the flow rate
during the measurement. :
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In such a case the stability of flow may be checked and
point velocities possibly corrected by means of a
continuous measurement, during the whole duration of
gauging, of the velocity at a reference point.

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

When the curve of reference velocity variation v, has been
plotted against time, this curve is used to relate all traverse

ISO 3354-1975 (E)

4.4 Location and number of measuring points in the
cross-section

4.4.1 General requirements

The rules to be followed for locating the measuring points
differ according to the methods of determination of the
discharge velocity as specified in this International
Standard. These rules are given in clauses8, 9 and 10
respectively.

Mmeasurprrerts—to—the—sarme—reference—How—rate—eg5
{prefergbly that which corresponds to 'the mean of velocity
measurgments at the fixed point). For comparatively small
changeg of the reference velocity, the velocity v; » measured
at any point at time t can be transposed by multiplication
by thq ratio of velocity v, , at the reference point
corresppnding to flow rate g, to velocity v,; at this
referenfe point at time ¢ :

VrO

Vi,o = Vit X
Vr,l‘

However, it must be emphasized that velocity profile
fluctuafions may occur without creating flow rate
fluctuafions. In such a case the use of reference point
velocity may lead to errors and it is preferable to check
flow stpadiness by means of any pressure-difference device
(standardized or non-standardized pressure-difference
flow-mgter, piezometric control on a convergent, bend,
spiral dasing, peculiar pressure foss, etc.) even if jtNs not
calibrafed provided that its reliability and¢ adeguate
sensitivity have been ascertained.

4.3.3 [hecking of velocity distribgtion

Even when discharge velocity \is’ calculated by a method
which floes not require plotting of the velocity profile, it is
recommended, in orderto-be confident that the velocity
distribdtion is regular/ tovcarry out this plotting or at least
to check its regularityby some other means.

In the pame way,*when several measurements are made on
the same {cross-section at different flow rates it is
recommebded that the velocity profiles be plotted in a

Whatever—the—method—thefoHowing-dimensional rules shall
be complied with :

— minimum distance between~the ¢urrent-meter axis
and the wall : 0,75 d,

— minimum distance _between the axes of two
current-meters : d +0,03 m,

where d is the «oUtside diameter of [the current-meter
propeller.

The location<of the current-meter shall e measured to the
smaller of,'the following two tolerances :

+ 0001 L, where L is the dimension ¢f the duct 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.

A minimum number of measuring pgints applying in
particular to small-dimension conduits is prescribed in 4.4.2
and 4.4.3. As it is necessary that the Yelocity profile be
known as accurately as possible, the number of measuring
points can be advantageously increased pfovided that this is
allowed by the above-mentioned requirgments and that it
does not cause notable blockage effects (dee 6.4.3).

When a single meter is traversed acrgss the duct, the
distance between a reference point (from which each
position is measured) and the wall of thg duct must first be
obtained. This may introduce a relatively large systematic
error in all position measurements.| It is therefore
recommended, in the case of a cirdular cross-section
conduit, that complete diameters be trajersed (rather than
opposite radii on each diameter) since the systematic error
will then tend to cancel out on the {wo halves of the
traverse

non-dirmeTstorat—rmarrer (i.c. Iuy ubillg tre—Tetative
velocities, see 3.3) to check their consistency with one
another and hence ensure that there are no abnormal features
at particular flow rates (thus, the profiles shall not change
erratically as the flow rate varies over a wide range of
Reynolds numbers).

It may also be useful to plot the velocity distribution curves
as indicated above in order to detect any error in the
measurement of a local velocity. The doubtful
measurement shall be repeated whenever possible; when
this cannot be done, it shall be ignored and the velocity
profile drawn on the basis of the previously obtained
profiles provided there are independent reasons for
believing that the doubtful measurement is false.

4.4.2 Circular cross-sections

The measuring points shall be located on concentric circles
and on at least two mutually perpendicular diameters in the
cross-section.

The measurements shall be carried out at at least three
points per radius, so that there shall be a minimum cf
twelve points in the cross-section. An additional measuring
point at the centre of the conduit is desirable to check the
shape of the velocity profile.

NOTE — When the measurements are carried out by means of a
stationary battery, reference shall be made to 64.4 for the

3
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minimum diameter of conduits in which this method can be applied;
but in any case the general requirements above on the minimum
distance between two current-meters forbid the use of a stationary
battery within conduits the diameter of which is less than
(7.5d + 0,18} m.

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 paralle

5.6 Provision shall be made for fixing the current-meter on
arod in a well-defined position.

6 REQUIREMENTS FOR USE OF CURRENT-METERS

6.1 Selection of the measuring cross-section

6.1.1 The cross-section selected for measurements shall be

to each wall of the conduit.

NOTE — When the measurements are carried out by means of a

stationary batte
minimum dimen
applied; but in

y. reference shall be made to 6.4.4 for the
ions of conduits in which the method can be
ny case the general requirements above on the

minimum distange between two current-meters forbid the use of a
stationary battery within conduits the smaller dimension of which is

less than (5,5 d +

0,12) m.

5 DESCRIPTION OF THE CURRENT-METER

5.1 A propeligr-type current-meter consists of a propeller,

an axis of rot

htion, bearings and the current-meter body

with the counting mechanism.

5.2 Each curr
of propeller {pi
two or more b

bht-meter may be fitted with different types
kch, diameter, etc.). The propeller is made of
ades and may be manufactured out of metal

or plastics matgrial.

5.3 Current-meters for site

manufactured
effectively pro

measurements shall’ be
but of non-corrosive material onlyter shall be
tected against corrosion. Theyyshall be of

sufficiently stdrdy construction for theif calibration to
remain valid under normal field operating.conditions.

substitution o

worn or damaged parts, but interchange

5.4 Compone{ts shall be interchangeable to allow easy

shall not increa

5.5 Signals m
any magnetic
totalized or

indicated by an

e the uncertainty of the measurement.

hy be transmitted by mechanical contact or
electrical or optical device. They are
reeorded on an appropriate receiver or

Counting shall be accurate and reliable for any given
velocity within the operational range specified by the
manufacturer. The number of signals delivered per propeller
revolution shall be consistent with the velocities to be
measured, the design of the receiver and an acceptable
measuring period. In some cases it will therefore be
necessary to be able to choose the number of signals per
propeller revolution.

1) See 3.7.

located in a straight pipe length, perpendiculpr to the
direction of flow and of simple shape, for_éxample, either
circular or rectangular. 1t shall be located in)an grea where
the measured velocities fall within the, hormgl working
range of the current-meters used (see\6:4.2).

6.1.2 Close to the measuring Gross-section, floyv shall be
substantially parallel to and-symmetric about thie conduit
axis and present neither ‘excessive turbulence nof swirl; the
measuring - cross-section~shall thus be chosen fpr enough
away from any djsturbances that could create ajymmetry,
swirl or turbulenCe (see 5.1.4).

The lengthcof\straight pipe that may be required|to achieve
these conditions will vary with the flow velocity] upstream
disturbances and the level of turbulence and thel degree of
switly ifany.

Fof guidance, it is normally assumed that to cdmply with
these conditions there shall be a length of | upstream
conduit between the beginning of the working spction and
any important upstream irregularity?’ of at legst twenty
diameters of a circular cross-section (or 80[times - the
hydraulic radius of a conduit of any cross-sectiofal shape).
Similarly, there shall be at least five diameters of a circular
cross-section {or 20 times the hydraulic radius of a conduit
of any cross-sectional shape} between the |measuring
cross-section and any important downstream irregularity.?)

6.1.3 Although measurements with currentmeters in
oblique or converging flow shall as far as ppssible be
avoided, they may be carried out provided that

— the current-meters used are designed tp measure
accurately the true axial component of the ve|ocity, this
being checked by an appropriate calibration;

lacoustic or optical device. e masimum—Hew—deviation—with—respéct to the

. o]
current-meter axis does not exceed 5.

NOTE — Commonly used propellers may give correct indications up
to incidences of 57 with an accuracy of 1% (relative deviation
between the measured velocity and the axial component of the flow
velocity). There exist self-component propellers which measure
directly the axial component of velocity with an error smaller than
1% for greater angles of incidence, but attention shall be drawn to
the particular sensitivity of such propellers to the influence of the
current-meter support and to the flow turbulence.
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For guidance, it can be considered that a swirl is small
enough not to increase the confidence limits given in this
International Standard on the measured flow rate, if the
resultigg gradient of local velocities to the pipe axis is less
than 5.
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6.3 Calibration of the current-meter

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

equation of which is

6.1.4 If there is doubt about the flow conditions, it is B n
necessary to make preliminary traverse tests by which to v=An+8
ascertain the regularity of flow. where

If thesp—traverses—show—that—fHlow—is—hotsatisfastory—this— 1 —isthe-velosity-of-the-water—nrretH

can, sgmetimes, be remedied using one of the devices
describpd in 6.2.

Once these devices are in place a check shall be carried out
for cdmpliance with the flow requirements of this
International Standard. In the contrary case a more detailed
travers¢ of the measuring cross-section is necessary, and
referenpe shall then be made to a separate document which
will be pubfished later.

6.2 Devices for improving flow conditions

6.2.1 [If swirl can be observed in the flow, this can be
tentatiyely suppressed by means of an anti-swirl device
constithited either by piled up pipes paraliel to the flow
directign or by a honeycomb with square or hexagonal
cells. Whichever type is used, the whole device shall be
rigorously symmetrical and the following requirements-shall
be met|:

— the maximum transverse dimension g.efra channel
shal| be less than 0,25 D.

— the length / shall be greater than 40,a.

6.2.2 |If the velocity distribution is unacceptably
irregulgr, it can often be remedied by means of a profile
developer consisting of, fo-gxample, one or more screens,
grids of perforated platés.)It must be noted, however, that
such devices are effective only at the price of a rather high
head Idss.

6.2.3 [The“devices described in 6.2.1 and 6.2.2 shall be
located at“the greatest possible distance upstream from the

"The shapes and dimensions of the currg

n is the rotational speed of the prope
per second;

A and B are constants to’be determin
6.3.2 Calibration shall, be carried out

specially designed forthis purpose in co
prescriptions of S0, 34565.

es per second;

ller, in revolutions

ed.

in an installation
nformity with the

6.3.3 For-calibration, the current-meter shall be fitted

with thessame support as that used for mg

6.34.) The calibration report shall includ

— a graph on which each calibratio
and the mean straight lines are set out
and Av=v—A,n inordinate, A, be
the actual values of A);

asurements.
L -

N point is plotted
(with n in abscissa
ng a value close to

— the equations v = An + B of calibrjation straight lines

with the limits of the velocity ra
equation is applicable.

the lubricant used for current-meter IU
temperature of the calibrating chann
indicated as well.

6.3.5 In principle, each current-meter

the calibration shows a hydraulic

nges where each

nt-meter support,
brication and the
I water shall be

hall be calibrated

imilitude of the

before and after each series of measurerv{\ents. However, if

propellers and if the propellers are dime
and interchangeable, statistical calibratiq
out from a sufficient number of indi
under well-defined conditions. In this ¢

sionally consistent
n may be carried
idual calibrations
se, the calibrating

organization shall indicate the

mgximum  probable

measuring cross-section and in any case at a distance of at
least five diameters of a circular cross-section (or 20 times
the hydraulic radius of a conduit of any cross-sectional
shape). Furthermore, they shall not be located immediately
downstream of a disturbance.

6.2.4 if the velocity distribution is too irregular or if the
flow is not sufficiently parallel, but if it is known that no
swirl exists in the flow, it is sometimes possible to remedy
those irregularities by means of a guiding installation. The
latter will consist of a slightly converging entrance
connected, without creating any separation, to a straight
pipe length, the length of which will be, if possible, at least
equal to twice the larger dimension of the conduit.

deviations from the mean calibration formula proposed.

6.4 Limits of use

6.4.1 Nature of the liquid

Current-meters shall not be used when

their performance

may be disturbed by suspended materials in the conduit

water.

6.4.2 Range of velocities

Current-meters shall be used only in the

ir normal range of

use, i.e. the range of velocities for which they have been
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calibrated; extrapolation towards higher velocities may
nevertheless be tolerated in the case when calibration
cannot be achieved at those higher velocities. However, the
calibration curve shall never be extrapolated in the area of
lower velocities where the accuracy and above “all the
reliability 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 reliability
may lead to important errors (the threshold is a function of
the current-meter type)}.

In-conduits with smaller dimensions, a device which enables
non-simultaneous measurements to be made should
preferably 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 transvefse
components of flow turbulence on current-meter behaviour
is still incompletely defined, attention is drawn to the
fundamental difference between current-meter gauging by

hauling in stagnant water and use of current-meters in
turbilant flaw. 1 nngifudinnl fluctuations tead to positive

6.4.3 Blockageleffect

The velocity distribution in the conduit is disturbed by the
current-meters apd their support and this leads to a positive
error being madg on the flow rate measurement.

1t will be clear that the magnitude of this error is dependent
upon the types pf current-meter being used, their number,
and the profile ¢f the support rods. In general, however, it
has been found that the relative blockage of the main
support cross with respect to the measuring section, i.e. the
ratio of the froptal area of the main support cross to the
cross-sectional afea of the conduit, is the most important
geometrical parameter. If this relative blockage is between 2
and 6 %, a corrgction shall be made (see annex A); if it is
greater than 6 Po, the measurement cannot be made in
accordance with|this International Standard.

6.4.4 Dimensiohal restrictions

The above-mentioned remarks relating to the blockage
effect on the| one hand, and to the dimensional
requirements as|specified in 4.4.1 on the otherhand, lead
to the proscriptjon of gauging by means of curfent-meters
in conduits, the dimensions of which, afe too small
compared with those of the current-meters-Used.

In general, it can be accepted that”a fixed current-meter
battery may He used if the, \diameter -of a circular
cross-section co}duit is greaterithan 9 times the propeller
diameter or if the smaller side of a rectangular cross-section
is greater than 8[times the-propeller diameter, provided that
the relative blockagecsasdefined in 6.4.3 is less than 6 %.

Thus, for examplé,/for those types of current-meter and

error - on the velocity measured by means| of the
current-meter whereas transverse fluctuations,genefally lead
to a negative error. While keeping generally~in mind that
many factors influence the current-meter respon’;[:, it may
be observed that the error will increase as :

— fluctuation amplitude andfrequency increade,
— the mean velocity decreases,

— the moment of inertia of the propelier incregses.
6.5 Inspection and maintenance of current-meters

6.5.1 Inspection

The condition of the current-meter shall be check¢d before
and.vafter each measurement, in particular [for the
following : i

— free rotation in bearings;
— absence of propeller deformation;

— correct functioning of the rotational speed @letection
device.

Friction inspection in bearings may be carried out by
observing how the propeller slows down after haying been
started at a certain speed. In no case shall stopping be
abrupt. :

.The propeller shape may be checked by means of| a plaster

mould or by means of a metal profile template.

6.5.2 Maintenance

After each series of measurements the current-mpter shall
be dismantled, carefully cleaned, then re-lubricated ‘using

support cross that are commonly used for industrial
measurements and have propellers with diameters in the
range 0,10 to 0,125 m (4 to 5 in), it is generally accepted,
in practice, taking account of the general requirements on
the minimum distance between two current-meters on the
one hand (see 4.4.2) and of the blockage due to the support
on the other hand, that a stationary battery mounted on
cross-bars may be used only in circular conduits of
diameters greater than 1,4 m (56in). In a rectangular
cross-section, it is also agreed that the smaller dimension of
the conduit (the support rods being paraliel to that
direction) shall be at least equal to 1m (40in), and
furthermore that the other dimension shall be sufficient to
limit the blockage effect (see 6.4.3).

the same tubricant as thatl used Tor caltoration.

7 SETTING OF CURRENT-METERS INTO THE
CONDUIT

7.1 Setting of current-meters

Current-meters shall be rigidly fixed on the mounting rod in
such a way that the propeller axis is strictly perpendicular
to the measuring section plane.

~ Mounting rods themselves shall be rigidly connected to the

conduit walls. They shall be designed to offer sufficient
mechanical strength (in. particular to avoid any prejudicial
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vibration), minimum and stable drag, and minimum
interference with the current-meter operation. To this
effect it is especially recommended that polygonal profile
rods such as that described in annex B be used.

7.2 Mounting in a circular cross-section

7.2.1 Stationary battery

Current-meters are generally used as stationary batteries.

I1SO 3354-1975 (E)

made by continuous integration be checked either by
rotating the rotating arm in the reverse direction or
by making a gauging by positioning the arm at a number
of fixed locations.

Mountfng rods shall therefore be arranged along the conduit
radius [so as to constitute at least two diameters (see 4.4.2);
an exdgmple of this arrangement is given in figure 1. As far
as posgible, no measuring arm shall be focated in the vertical
plane gf the pipe axis.

FIGURE 1 — Stationary battery of current-meters
mounted on cross:bars in a circular conduit

7.2.2 |Rotating darm

around the. 'cross-section axis. {(An example of this

Currera\-meters may be fixed along a diameter rotating
arrangdment is given in figure 2.) This sophisticated device

a) Direction of flow
b) Current-meters

¢) Rotatingarm

dl  Tripod support

e} Attachment at wall
f) Driving gear of rotating grm
g) To the recorder

FIGURE 2 — Diametrical arm device rotating|in a circular conduit

71.2.3 Exploration by means of a single gurrent-meter

A current-meter may be used in isolation by placing it
successively at each measuring point.  THis method requires
special arrangements {lock-vanes) which enable the

current-meter support rod to be guided along the explored

(rotation shall be controlled from the outside and vibration
risks shall be avoided) allows the exploration of a far
greater number of measuring points.

It may, if required, allow direct measurement of the mean
velocity per circle, the integration along each circle being
obtained by making the diameter rotate at a constant
speed. The maximum tangential speed of the rotating
diameter shall not exceed 5 % of the mean flow velocity.

In order to ensure that the measurement is not falsified by
an excessive gradient of the apparent velocity with respect
to the current-meter, due to the superposition of the
current-meter movement and. a pre-existing obligueness or
swirl of the flow, it is recommended that the measurements

diameter and to be transferred from one measuring
diameter to the next one, while maintaining the water-
tightness. In other respects, account shall be taken of 4.3.2.

7.3 Mounting in a rectangular cross-section

7.3.1 Stationary battery

Current-meters may be used as a stationary battery
mounted on a number of parallel rods. This method may
present the disadvantage of‘ having the cross-section
significantly obstructed by the supports.
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7.3.2 Exploration of a section by means of a row of
current-meters

Another method consists in 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 all vertical
lines). This device requires external control with watertight
sealing of certain parts. In other respects, account shall be
taken of 4.3.2.

8.1 - Circular cross-sections

If v is the flow velocity at a point of polar co-ordinates r
and «, and if R is the mean radius of the measuring section,
the discharge velocity U is given by the formula :

1 (27 (R ‘
U= s f vir,a) r dr do
7TR Jo Jo

This process maL/ allow direct measurement of the mean
velocity along orfe vertical line (or one horizontal line}, the
integration along each vertical (or. horizontal) line being
obtained by conptant speed displacement of the slide rest.
This speed shall hot exceed 5 % of the mean flow velocity.

In order to ensu

' an excessive grad

e that the measurement is not falsified by
ient of the apparent velocity with respect

to the current-meter, due to the superposition of the

current-meter m
swirl of the flow,

moving the slid

vement and a pre-existing obliqueness or
it is recommended that the measurements

in the reverse direction or by making a

made by conti{uous integration be checked either by

gauging by posi
locations.

However, in th
water-level is onl

ioning the slide at a number of fixed

b case of a flow where the maximum
v slightly above the upper boundary of the

conduit, the appIcation of this procedure is simplified : the

slide device can
bulkhead groove
device can be loc

e moved in wells or grooves (for example
) opening to atmosphere and its control
hted above the maximum water-level.

8 DETERMINATION OF THE DISCHARGE' VELOCITY
BY GRAPHICAL INTEGRATION OF '‘THE VELOCITY
AREA

The general prindiple of this method is specified in 4.1.}

The measuring points shall\be located along straight lines,
and in order to|determine m accurately, two measuring
points shall be [placed' on each straight. line as close as
possible to the wall:

= uvdf—

Jo R
(rn/R)2 2 1 NED

= { ud<i> + ( ud<i

Jo R/ ir,im)2 R/

where

u is the mean'space velocity along the circumfdrence of
radius r;

rn is\the radius of the circle relative to the measuring
points'closest to the wall.

The method used consists in :

a) taking u. (arithmetical mean of the velocitips at the
measuring points located on a circle of radius rl.) as the
value of u;V)

b} plotting the variation curve of wu. with| (rs/R)2
between r =0 and r = r,;2}

¢) determining graphically - the value of the fncluded
area below this curve between r=0 and r=fr, (see
figure 3);

d) adding to this value the following| term3)

corresponding to the peripheral zone :

The number and position of the other points shall be
selected in such a way that the velocity profile can
be determined satisfactorily. Usually, they should be
distributed in the cross-section in such a way as to divide it
into areas, 2ach having the same flow rate in order to attach
approximately the same importance to all measuring points.

An example of measuring point distribution for a circular
section for which no indication on the velocity distribution
is available will be found in annex C.

In_general, reference will be made to 4.4 to determine the
number and location of measuring points.

where

u, is the value of the arithmetical mean of the
velocities at the measuring points located on the
circle of radius r; (i.e. the 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 indications given
in annex D and is generally between 4 (rough wall}
and 10 (smooth wall). ‘
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FIGURE 3 — Computation of the discharge velocity in a circular

conduit — Graphical integration in the-area explored
by the current-meters

AN

thods exist which allow direct measurement of the mean velocity along a circumference (see 7.2.2}.

help plotting in“th&vicinity of the measuring point closest to the wall, the tangent line to the curve for r = rp will

o
duc
dx r=rp

denoting (r/R)2 as x,

be drawn with a slope

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

£ —-r\l/m
u=u,
" R—rp

3) This simplified expression omits the other term

-m rm\2
—————— 1__ﬂ
(m+1)(2m+1)un R

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

1—{rp/R)
am + 2

times the flow in the peripheral zone.
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8.2 Rectangular cross-sections

The computation of the discharge velocity requires a
double integration across both dimensions of the conduit.
Measurement shall be started either on the vertical lines?)
or on the horizontal lines.?! The matter is developed here

c)
peripheral zones and respectively equal to

m
m+1

Va

™~

adding to this value two terms corresponding to

" starting with horizontal line measurements. where
The formula for the discharge velocity is : vy, is the velocity at the considered extreme
measuring point (at a distance a from the nearest
wall);
V() dhdl
T 15 a coefticient depending on the wall, roughness

U=c)0 )0 ’ H L

where

L is the confluit width in the measuring cross-section
(arithmetical mean of the widths measured on at least
each horizontgl measuring line;

H is the conduit height in the measuring cross-section
(arithmetical mean of the heights measured on at least
each vertical measuring line);

! is the disthnce from the considered point to the
side-wall chosg¢n as origin;

“horizontal measuring lines;

and on the flow conditions, the value of which can be

determined in accordance with the indicatig

ns given

in annex D and is generally between 4 (rough wall)

and 10 {smooth wall).

(the sum so obtained is the rfean velocity u
horizontal measuring line coricérned3));

d)

on the

plotting the variations curve of wu; betwgen the

extreme horizontal measuring lines as a functiop of the

relative height h;/H\6f the corresponding horizo
(see figure 4)4); '

e} determinjng graphically the value of the
area belownthis curve (see figure 4) between the

ntal line

ncluded
extreme

h is the hejght of the considered point above. the

bottom. f)_vadding to this latter value two terms corresponding
The method used consists in : torthe peripheral zones in order to obtain the discharge

) velocity. Both terms are respectively equal to :

a) plotting the variation curve of the velocity on each ,

horizontal ling between the extreme measuring points, as m ‘iu ,

a function of the reiative distance //L (see figure 4);2) m+1H?

b) determinipg graphically the value of the included where u, is the mean velocity on the hdrizontal

area below this curve between the extreme.measuring measuring line closest to the wall (at a distance|a’ from

points (see fig

ire 4);

the wall).

1} Throughout this sub-clause, a "‘vertical line’’ will mean a line parallel to the conduit height and a ‘horizontal line’’ will mean a lirje parallel

to the conduit wid

2} To facilitate plotting in the vicinity of these extreme measuring points, the tangent line to the curve for each of them will be drawn with a
stope the absolute value of which is equal to
val

ma

The slope of this curve is derived from Karman's conventional law for the variation of the fluid velocities in the peripheral zone
x\1/m '
Vy = Vgl —
a

3) Methods exist which allow direct measurement of the mean velocity along a horizontal {or vertical) line {see 7.3.2).

4) To facilitate plotting in the vicinity of the peripheral zones, the same procedure shall be followed as for the determination of the mean
velocity along each horizontal line (see 8.2a)).

10
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FIGURE 4 - Computation of the discharge velocity in a rectangular conduit —
Graphical integration in the area explored by current-meters

9 DETERMINATION OF THE DISCHARGE VELOCITY
BY NUMERICAL INTEGRATION OF THE VELOCITY
AREA

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

The formulae proposed below are derived from
interpolations between successive pairs of measuring points
along third degree curves in {r/R)2 for circular cross-section

conduits, or 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 law as indicated in the
preceding clause is applied.

For the number and position of measuring points, reference
shall be. made to the indications of clause 8.

1
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9.1 Circular cross-sections

If vg is the velocity at the conduit centre, U4, Uy, ..., U, are
the mean velocities (calculated as indicated in 8.1a)) along
the circumferences with increasing relative radii r7, r3, ...,
ry Awith ry=r;//R, where R is the radius of the
cross-section), the discharge velocity U in the cross-section
is given by the formula

9.2 Rectangular cross-sections

In the following formula, U represents :
— either the mean velocity along a measuring line;

in this case vq, Vo, ..., Vo are the velocities measured at
points located at distances /4, /5, ..., I from the origin
end; L is the distance between the two walls on the
considered line :

12 127 12r

T w202 .2 1 42
+U{gﬁ 1372 ~1373

r-l-3

1215

i;n—2 r 1 2 2
e *2 £ %2 4 x2
+ Z Ul =+ 2T 0 T - T

/1 /2"/1 /n_/(n,” L“/n
d1=‘7_‘,d2: L n:_—'L*rd(n-fH: L

— or the discharge velocity in the mpeasuring
cross-section; )

in. this case vq, Vo, ..V, represent the mean pelocities
uy, Uy, .., Up ,along the measuring lines Iqcated at
distances hq, £3,4., h, from the origin wall;|H is the

i=2 -
1 height of thé\measuring cross-section :
2 :
+12r(i*—2)}
a2, 1 42 2 .2 LI by " ha—h _hn=hip— 1)
+u(n—1)[§ (n +E.’?ﬂ‘—1)—§r7n—2‘)+E’:ﬂ——3) d, =—f7'd2=_—/7—"“'d" T
2 *2 2 H—h
+U[ - (1—r*2)+——-————(’; “rn-n) T a2 I+ T Hn
TLm+1 " 12m=r?) 127

2 1
o a +__r*2

NOTE — When n F 3, the term on the fousth lihe of the equation
above disappears ad the formula is simplified-as follows :

: 1 7 1
+V(n—1)[’5dn+ﬁd(n~ 1)"Ed(n~2)—]

! 2 *2 ! *2 ! *
+ Uqg —ﬁ—r——‘gr.] +'-1—2'r2 +-§-r3

r32-r22 7 5 2 5. 0 .,
t oSt b — 3 - 32—
12m (1-r3?) 12 3 12

When n = 4, the term on the fourth line of the equation is reduced
toatermin uo.

Table 2 in annex C gives the values of weighting coefficients
for u; in- the particular case of the measuring points
distribution as defined in clause C.1.

12

+ [ d - 9 +7d

V — D eI E— —
)

MmN 2md

NOTE — When n= B, the third line of the equation above is
reduced to a term in v3.

The general principle of these methods is laid down in clause 4.1,
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10 DETERMINATION OF THE DISCHARGE VELOCITY
BY ARITHMETICAL METHODS

For each method the measuring cross-section is divided into
a small number of section elements. The measuring
locations are pre-determined for each section element
from :

a) an assumption concerning the mathematical form of
the velocity distribution law in the section element
concerned;

ISO 3354-1975 (E)

10.1.1 Circular cross-sections

The location of the measuring points corresponds to the
following values of the relative radius /R or of the relative
distance to the wall y/D :

Number
of measuring
points
per radius

r/R vi/D

0,358 6 + 0,010 0

O-120-2 A0

0,3207 + 0,005 0
0,134 9 + 0,005 0

@®

b) | choice of the weighting coefficients.

The vafious curves corresponding to each section element
do nof need to constitute a continuous curve with a
contindious derivative in these methods.

In thg arithmetical methods described hereafter, the
weighting coefficients are taken as equal in the case of
circulal cross-sections and the section elements have areas
proporfional to the number of measuring points in the
elemenft concerned; furthermore, in the peripheral zone, a
logarithmic law is assumed for velocity distribution with
respect| to the wall distance.

10.1 7TLog-linear’” method

By hypothesis, the mathematical form of the velocity
distriblition law for each element is

u=Alogy +By+C
where
y ip the distance to the wall;

A, B, C are any three constants (except for the external
ringlelement where B is zero).

ooz 070100

0,9358 + 0,003 2

0,277 6 + 0,010.0
0,565 8 + 0,010.0
5 0,6950 + 0,810 0
0,847 0)£ .0,007 6
0,962'2¢ 0,001 8

0,032 1 + 0,001 6

0,361 2 + 0,005 0
0,217 1 + 0,005 0
0,152 5 + 0,005 0
0,076 5 + 0,003 8
0,0189 + 0,000 9

The mean velocity~on each radius is taken as equal to
the arithmetical “mean of the velocities [determined at the
measuring points’located on the radius doncerned, and the
discharge svelocity is equal to the arithmetical mean of
the meah)velocities on each radius. The djscharge velocity is”
therefore® given by the arithmetical npean of the local
veloeities.

10.1.2 Rectangular cross-sections

Different layouts may be developed to apply the log-linear
method in a rectangular cross-section, [using a variety of
numbers of measuring points. This Internptional Standard is
limited to the method using 26 points, for which the
location of the measuring points is given|in the table below
and in figure 5. In addition to the locatioh of the measuring
points given by x/L and y/H, the table ip figure 5 gives the
weighing coefficients k for each measured velocity.

13
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I 1l 1 1A%
X i ! X
X X X X
X X
X X
X - X
N | |
3 s [ X X X X
gl
=) N X 1 I %
o ) 1
\ X X% X X
| = 0,092 L
N[ <
gl 2 0,3675 L
ol o
- L/2
1 1] 11 v
XL 0,002 0,367 5 0,632 5 0,908
yIH
0,034 2 3 3 2
0,092 2 - - 2
0,250 5 3 3 5
0,367-6 - 6 6 -
0/500 6 - - 6
0,632 5 - 6 . 6 -
0,750 5 3 3 5
0,008 2 - - 2
0,966 2 3 3 2

FIGURE 5 — Location of measuring points in a rectangular cross-section conduit
in the case of the “log-linear’’ method using 26 points

In all cases the discharge velocity is equal to the weighted mean of the measured local velocities :
Ek,v,-
T Sk

For the method using 26 points Zk; = 96.

14
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10.2 “Log-Tchebycheff’* method

By hypothesis the mathematical form of the velocity
distribution law as a function of the distance from the wall
is logarithmic in the elements on the circumference of the
section and polynomial in the other elements.

10.2.1 Circular cross-sections

The position of the measuring points corresponds to the
following values of the relative radius or of the relative

ISO 3354-1975 (E)

As the weighting coefficients have been chosen to be equal,
the discharge velocity is equal to the arithmetical mean of
the measured local velocities.

10.2.2 Rectangular cross-sections

A number (e} of traverse straight lines, at least equal to 5,
are selected parallel to the smaller side of the rectangle; on
each of them a number (f) of measuring points, at least

equal to 5, are located (see figure 6).

distange-te-the-waH+5-

Number
neasuring
points
ppr radius

N

o rIR )

03754 + 0,0100
3 0,7252 + 0,0100
09358+ 0,003 2

0,3314 + 00100
06124 + 0,0100
0,8000 t 0,0100
0,9524 + 0,002 4

0,286 6 + 0,0100
05700 + 0,010 0
5 0,6892 + 00,0100
0,847 2 + 0,007 6
0,962 2 + 0,001 8

0,3123 +0,0050
0,137 4 + 0,005 0
0,032 1 + 0,001 6

0,334 3 + 0,0050
0,1938 + 0,005 0
0,1000 1 0,005 0
0,0238 + 0,001 2

0,356 7 ¢ 0,005 0
0,215 0 + 0,005 0
0,1554 + 0,005 0
0,076 4 + 0,003 8
0,0189 + 0,000 9

The positions of (e f} measuring) polnts (abscissa X; —
ordinate Y;} are defined fromthe table helow.

X," Yj
eorf Values ofz- 9r o
0 +0,212 110,426
+ 0,063 + 0,265 +[0,439
0 +0,134 +10,297 + 0,447

As the weighting coefficients have been [chosen to be equal,
the discharge velocity is equal to the arithmetical mean of
the measured local velocities at the|various measuring
points.

i -
1
1T 117
—_— X X XX J, X—1— | H
| | 1° ] | "
IR
3 i X X X X ‘

NOTE — For the example chosen, f == 5 and e == 6.

FIGURE 6 — Location of measuring points in a rectangular
cross-section conduit in the case of the “log-Tchebycheff’’ method

15
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11 ERRORS

This clause defines some of the basic statistical terms used
in this International Standard and outlines the method for
assessing the accuracy of a volume flow rate measurement.

In annex E some typical values of the error introduced by
several of the sources of error are given. It is emphasized
that there are other sources of error for which it is not
possible to give typical values, and that the magnitudes of
the errors given may vary appreciably; each individual case

shall therefore b

the cuhjnnf of careful studsy
¥

11.2.2.2 ERROR DUE TO
VELOCITY FLUCTUATIONS

TURBULENCE AND

The finite response time of current-meters to changes in
velocity results in an erroneous. reading when high
frequency velocity fluctuations or turbulence is present.
The resulting error e, 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: :

11.1 Definition|

The error in th
between that est

No measuremer
uncertainties ari
the random disy
errors cannot bg
they arise frop
-apparatus, the

However, a redu
by repetition of
.the mean of n
smaller than

measurement.

of the error

b estimate of a guantity is the difference
mate and the true value of the quantity.

t of a physical quantity is free from
ing either from systematic errors or from
ersion of measurement results. Systematic
reduced by repeating measurements since
h the characteristics of the measuring
nstallation, and the flow characteristics.
ction in the random error may be achieved
measurements, since the random error of
independent measurements is \/n times
the  random error of an individual

11.2 Evrors in the estimation of local velocity

11.2.1 Random

11.2.1.1 ERRQ
ROTATION SPE

The measuremer

errors

R DUE TO
ED

MEASUREMENT OF

t of the rotation speed. of a current-meter

is inevitably aitled by a random error8, due to counting

pulses and to m
as the duration d

11.2.1.2 ErRRO
THE FLOW VE

suring time duration. This error is reduced
f measurement is-increased.

R DUELTO SLOW FLUCTUATIONS IN
oeATY

A random error
is not long eno

fluctuations in the flow velocity. The error is reduced as the '

b ¢ will be made if the time of measurement

11.2.2.3 ERROR
CLINATION"

DUE TO CUBRENT-METIER IN-

If a current-meter is installed with its axis-at'an andle to the
flow direction a systematic error e,(wilt result gince the
calibration results for that meter ‘will no 'tonger hold
exactly.

11.2.24 ERROR DUE TO CONDUIT BLOCKAG[E

This effect is describeddn detail in 6.4.3 and annex|A where
corrections are given_to allow for the effect. Howpver, the
corrections themselves have an associated uncertpinty, so
that a systematic error of random nature e, wjli result
when they are*applied.

11.3 Errors in the estimation of flow rate
11.3.1 Random errors

11.3.1.1 ERROR DUE TO LOCAL VELOCITY
UREMENTS

MEAS-

The errors in the local velocity measurements will not be
truly random, as they will in part depend on the pgsition of
the measurement across the duct. However, the lerror on
each measurement will be different, and the major
contributions to each error will be random in npture, so
that the overall error &, contributed to the estimation of
flow rate may be regarded as random.

11.3.1.2 ERROR DUE TO GRAPH IN GRA|PHICAL
INTFGRATION TECHNIQUE

ugh to allow correct integration of slow

number and duration of measurements at a given point are

increased.

11.2.2 Systema

11.2.2.1 ERRO
BRATION

tic.errors

R DUE TO CURRENT-METER CALI-

Any error in the calibration of a current-meter will have a

systematic effect on the measured velocity, introducing an -

error e.
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When the graphical integration technique is used, an error
8, will be introduced in drawing the velocity profile and
evaluating the area under the central portion of the graph;

" this is random in nature, and the magnitude will depend

both on the operator and on the shape of the velocity
distribution. ’

11.3.1.3 ERROR DUE TO EVALUATION OF POWER
LAW INDEX M

If the power law index m is calculated by the graphical
method given in annex F then the error 8, from this
source will be random in nature.
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11.3.1.4 ERROR DUE TO
CURRENT-METERS

POSITIONING OF

If the errors associated with the positioning of the current-
meters are independent of one another (i.e. no large
common systematic error-is present, see 4.4.1}, then the
overall effect will be to introduce a random error 8/ in the
flow rate estimation. However, provided the conditions of
4.4.1 are met, this error is negligible.

11.3.2 Systematic errors

ISO 3354-1975 (E)

11.4.2 If repeated measurements of a variable X are not
available or are so few that direct computation of the
standard deviation on a statistical basis is likely to be
unreliable, and if the maximum range of the measurements
may be estimated, the standard deviation may be taken as
1/4 of this maximum range (i.e. as 1/2 of the estimated
uncertainty above or below the adopted value of X).

11.4.3 If the various independent variables the knowledge
of which allows computation of the flow rate are X;, X5,
, X, then the flow rate g may be expressed as a certain

11.3.2]1 ERROR DUE TO MEASUREMENT OF DUCT
DIMENSIONS

Althoygh the area A of the plane of flow rate measurement
is evalfiated from the mean of several measurements of the
duct {limensions (see 4.2), a systematic error e4 still
remairls in the calculated flow rate.

11.3.2|12 ERROR DUE TO NUMERICAL OR
ARITHMETICAL INTEGRATION TECHNIQUES

The tdchniques given in clauses 9 and 10 involve either an
approjimation to the velocity distribution or the
assumption of a velocity distribution. For a given velocity
distribltion, there is therefore a systematic error g;
introdyiced in the calculated flow rate.

11.3.2|3 ERROR DUE TO NUMBER OF MEASURING
POINTIS

If the|velocity distribution curve is not perfectly-smooth,
the nmber of measuring points may not besufficient to
define|it adequately, and a systematic errox.e, will result.

11.4 Pefinition of the standard deviation)

11.4.1| If a variable X is measuced several times, each
measufement being independent) of the others, then the
standafd deviation o, of\‘the distribution of n meas-

uremepts X; is :

I

\/ 1/2
/Z X -x)°
\

O, = 1

where

function of these variables :
q= f(X—l, X2, ...,Xk)

If the standard deviations of|the varialjies X, X5, ..., Xk
are respectively 04, 05, ..(-0%, then the| standard deviation
04 of the flow rate is defiried as follows

1/2
oq 2 aq 2 aq 2
== + [ — + . Hl—=
i (RO DR (G0
og—\‘9q aq

where ==

aX1 ax2 BXk are partial deriyatives.

11.5" Definition of the uncertainty '

11.5.1 For the purpose of this International Standard the
uncertainty on the measurement of a inable is defined as

twice the standard deviation of the variable. The
uncertainty shall be calculated and quoted under this name
whenever a measurement is claimed td be in conformity
with this International Standard.

11.5.2 When partial errors the combindtion of which gives
the uncertainty are independent of ong another, are small
and numerous, and have a Gaussian distribution, there is a
probability of 0,95 that the true errgr is less than the
uncertainty.

11.6.3 Having estimated the standard gleviation 0, of the
flow rate measurement, q, the uncertainty 6q is given by

Sg=1t204

The relative uncertainty, 84, is defined by

o
=+229

§g=

X s the arithmetical mean of the n measurements of the
variable X;

X; is the value obtained by the /th measurement of the
variable X;

n s the total number of measurements of X.

For brevity, 05 is normally referred to as the standard
deviation of X,

q

9 |Q°°

The result of a flow measurement shall always be given in
one of the following forms :

a) flow rate = g £ 6, (at the 95 % confidence level);
b) flow rate =g¢g{1 % 62,) {at the 95 % confidence level);

c) flow rate=gqg within i100527% (at the 95 %

confidence level).

1) The standard deviation as defined here is more accurately referred to by statisticians as the ‘‘standard deviation estimation’’. -

17
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11.6 Calculation of the standard deviation,

11.6.1 Standard deviation on local velocity measurement

The standard deviation associated with a measurement of
local velocity v is obtained by combining the standard
deviations of errors arising from the sources described in
11.2. Although a distinction exists between “‘systematic’
and ‘““random’’ errors, the probability distribution of the
possible values of each systematic component is essentially
Gaussian. The combination of the random and systematic
errors may there
random, and thgq standard deviation for the systematic
components can Be obtained by calculating a value for their
standard deviatigns in the manner described in 11.4.2.
Thus, the standdrd deviation of a particular systematic
component is Half of the plus or minus maximum
uncertainty on that component.

The relative standard deviation on the local velocity
measurement is then the square root of the -sum of the
squares of the relative standard deviations arising from the
sources listed in 11.2. Thus, the result of the local velocity
measurement is : )

‘af the 95 % confidence level

where

o, is the stapdard deviation arising from theotation
speed of the cyirrent-meter;

0 is the stapdard deviation arising from_slow velocity
fluctuations;

O is the ptandard deviatiop afising  from the
current-meter palibration;

0, is the stanflard deviation,arising from high frequency
velocity fluctuations and turbulence;

o, is the stan dard deviation arising from the inclination
of the current{meter to the flow direction;

11.6.2 Standard deviation on flow rate measurement -

Once again the possible values of the systematic errors
which are listed in.11.3.2 have a probability distribution
which is essentially Gaussian, so that all errors may be
treated as random for the purpose of estimating the
standard deviation on the-flow rate; the standard deviatidns
on the 'systematic components are obtained: in the same
way as in 11.6.1.

The relative standard deviation on the flow rate
measurement (s then the square root of the sunmp of the
squares of the relative standard deviations arisingfyom the
sources in 11.8. Thus the result of  the 'filgw rate
measurement is :

at the 95 % confidence level

where

0y is the standard deviation on local
measurements, calculated as described in 11.6.1;

velocity
0; is the standard deviation arising from the use of the
integration technique;

Om is the standard deviation associated with the

estimation of the value of m; :

0y is the standard deviation arising from currept-meter
positioning;

04 is the standard deviation on the evaluatiofi of the
area of the measuring cross-section);

0, is the standard deviation arising from the nuUmber of
velocity measuring points. N

Annex F gives an example of the calculation| of the

0, is the standard deviation arising from the
. uncertainty in the correction for blockage.

tolerance on. the ftlow -rate measured Dy means of
current-meters.

1) it should be noted that the relative standard deviation in the evaluation of the area of the measuring cross-section is twice the relative

standard deviation on the iength measurements from which it is calculated.

18
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ANNEX A
CORRECTIONS FOR BLOCKAGE EFFECT

It has been pointed out in 6.4.3 that when a battery of current-meters is installed in a conduit the velocity distribution is
disturbed. The presence of the meters and their support causes a reduction in the cross-sectional area for flow and hence the
velocity distribution and the local velocities are altered in the plane of the propellers. When the meters are calibrated in a
towing tank the walls are far enough away and there is a free surface, so that a similar phenomenon does not occur. As a
result, therefore, when the flow rate is calculated for the conduit on the basis of the meter calibration equations, the flow
rate is fverestmated.

It is vgry difficult to measure or calculate theoretically the magnitude of this error. In the past fifteen lyears a number of
major |nvestigations into the problem have been made and from these certain conclusions have been drawn. They are not
precise| since each combination of a number of current-meters and their support cross is likely to result in a different
re-distrjbution of the velocity profile. It appears adequate in the present state of knowledge.to regard the error as directly
proportional to the velocity over the range of velocities normally experienced. Thus, a direct percentage efror correction can
be used.

As stated in 6.4.3, the investigations have shown that the main parameter influencing the magnitude of the error is the ratio
of the [frontal area of the support cross to the cross-sectional area of the conduit) The number of currentimeters being used,
their type, and the size of their propellers and hubs also have an effect but this(is likely not to exceed 0,3 % with the types of
meter pormally in use and in conformity with this International Standard,

A morg important factor is the distance between the plane of the propellers and the plane of the suppdrt cross. As this is
increaspd the influence of the blockage caused by the cross on the 'current-meter readings is reduced. Suggestions for the
selectign of the current-meter and support cross types and fixing means are given in annex B.

On the|basis of present knowledge :
a) |[f the percentage blockage s is less than 2 %, no correction shall be made to the flow rate measuremeht;
b) Jf the percentage blockage s is between 2 and’6 %, then the measured flow rate must be reduded by k %, where
k =10,125 s. The additional uncertainty in theflow rate measurement is then ig—li %:

c) |f the percentage blockage s excéeds' 6 %, the measurement cannot be made in accordance with| this International
Starldard.

19
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ANNEX B

RECOMMENDATIONS FOR THE SELECTION
OF THE TYPE OF CURRENT-METER AND MOUNTING ROD

-

Without prohibiting the. use of those types of current- meter and mounting rod curréntly used up to the present tvme the
recommendations?) stated below.are intended to orientate the choice of the user to :

— ‘a type of current-meter havmg the Iowest posmble sensitivity to the effect of ﬂow turbulence, and especially to its
longitudinal component; .

— a type of|mounting rod ensuring both mlmmum V|brat|on risks and stable flow separation points, and hence, minimum
interference Wwith the current-meter response . .

B.1. RECQMMIZNDATIONS‘R,ELATIN‘G TO THE CURRENT-METER

oropeller _‘rhub)2
blade area

.. ( ‘
B.1.1 The “asppct ratio” [ shall be maximum (short propeller}.

B.1.2 - The progetier pitch shall be sufficiently large (but not too large, to prevent drag assbming top much importince with
respect to lift). ¢ . ,

B.1.3 The bladg thickness shall be rather small {which limits ‘the prgpeller df‘ame‘;er).

B.1.4 The rﬁatarial of fhe propeller shall have low densify (I'bight metal or plagticé).

B.1.5 The metdr body shall be compact with the connecting terminal set in the body.

B.1.6 The measguring plaee {or "aetive part’’ of Fhe p’robel.ler)‘ shali 'be sufficiently far frem t‘he‘rod.

B.2 RECOMM1NDATIONS RELATING TO THE ROD. (Figure 6)

B.2.1 The rod profile shall be octagonal with a relative_thickness of about 0,3.

B.2.2 The thickness of the leading edge shall/be-half the total thickness and the smaller edges shall be inclined at af angie of
about 12,5°. '

B.2.3 Connectipn wires shall pass along-side grooves which may or may not be covered.

-

T

FIGURE 7 —~ Example of mounting rod

1) 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 rod 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 rod.
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ANNEX C

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

C.1 LOCATION OF THE MEASURING POINTS

When no indication of the velocity distribution is given, various layouts of the measuring points along a radius may be used in
relation to the number of points. The locations indicated as examples on figure 7 and in table 1 would roughly correspond to
equal i i i i istributi i inimizij i of accidental errors
in the [determination of the local velocities by giving approximately the same weight to all current-meters)

NOTES

1 The|given distribution shall sometimes be amended so as to meet mandatory requirements concerning the minimum distance between two
currentmeters (see 4.4.1).

2 A clirrent-meter shall be placed on the pipe axis.

3 points per radius

8 points per radius

4 points per radius

7 points per radius

5 points per radius

6 points per radius

FIGURE 8 — Example of measuring point distribution on a conduit of circular cross-section
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