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Foreword

ISO (the International Organization for Standardization) is“a worldw
national standards bodies (ISO member bodies). The work of prepa
Standards is normally carried out through ISO technical committed
body interested in a subject for which a technical*committee has bee
the right to be represented on that committee.) International organ
mental and non-governmental, in liaison with 1SO, also take part

collaborates closely with the International Electrotechnical Commig
matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees
the member bodies for voting. Publication as an International S
approval by at least 75 % ‘ef"the member bodies casting a vote.

International Standard“1SO 9368-1 was prepared by Technical Comm
Measurement of-fluid flow in closed conduits.

1ISO 9368 will consist of the following parts, under the general title
liquid flow in closed conduits by the weighing method — Proced(
Iinstallations :

Part 1: Static weighing systems

Part 2: Dynamic weighing systems

ide federation of
ring International
s. Each member
h established has
izations, govern-
n the work. ISO
sion (IEC) on all

are circulated to
tandard requires

ittee ISO/TC 30,

Measurement of
res for checking

Annexes A, B, C, D and E form an integral part of this part of ISO 93$8. Annex F is for

information only.
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Introduction

The weighing method of liquid flowrate measurement, as described in ISO 4185, is one
of the basic methods of measurement. It is widely used in hydraulic research, in the
testing of pumps|and turbines and for flowmeter calibration.

To obtain compgrative results when such measurements are carried out in various
installations, it if necessary to standardize the procedures for carrying out the
measurements arjd the tests.
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Measurement of liquid flow in closed conduits by the
weighing method — Procedures for checking

installations —

Part(1:
Stati¢ weighing systems

1 Scope

This part gf ISO 9368 specifies methods of testing installations
for flowrdte measurement by the static weighing method.
Methods |of testing by dynamic weighing are given in
1ISO 9368-2.

— Weighihg method:

3.2 Symbols

The symbols used in this part of ISO 9368 are given in table 1.

Table 1 — Symbols

Symbol Quantity Dimension" Sl unit

E Random uncertainty, Dimen-
2 Normative references " |relative value sionless -

e Random uncertainty, 2 2

. . .. . R

The folloing standards contain provisions which, through absolute value
reference [in this t(?xt, constitL!te .provisions of this_ pf'm of - Systematic uncertainty, Dimen-
1ISO 9368. | At the time of publication, the editions\indicated S relative value sionless -
were valid| All standards are subject to revision, and parties to s . .
agreements based on this part of 1SO 9368 are ‘encouraged to e ag:;?:;:t\l,;tzcenalmy' 2) 2
investigatd the possibility of applying the most'recent editions
of the stahdards indicated below. Members of IEC and ISO m Mass M kg
maintain registers of currently valid International Standards. av Volumetric flowrate BBT-1 m3/s
ISO 4006 { — ", Measurement of-fluid flow in closed conduits Am Mass flowrate MT- kg/s
— Vocabdlary and symbols. S Standard deviation, Dimen- B

' relative value sionless
1SO 4185 :|1980, Measurement of liquid flow in closed conduits .

Standard deviation,
s 2) 2)
absolute value
ISO 5168 | 1978} ;Measurement of fluid flow — Estimation of ! Time T s
uncertainty of a\flow-rate measurement. % Volume L3 m3
- - = 3

OIML — International Recommendation 33 : 1973, Conven- e Liquid density MLt kg/m

tional values of the result of weighing in air.

3 Definitions and symbols

3.1 Definitions

For the purposes of this part of ISO 9368, the definitions given
in 1SO 4006 apply.

1) To be published. (Revision of ISO 4006 : 1977.)

1) M = mass; L = length; T = time.

2) The dimensions and units are those of the quantity for which

the uncertainty is stated.

4 Certification

If the installation for flowrate measurement by the weighing
method is used for purposes of legal metrology, if shall be cer-
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tified and registered by the national metrology service. Such
installations are then subject to periodic inspection at stated
intervals. If a national metrology service does not exist, a cer-
tified record of the basic measurement standards (length,
mass, time and temperature), and error analysis in accordance
with this part of ISO 9368 and ISO 5168, may also constitute
certification for legal metrology purposes.

The person responsible for carrying out the checks shall
evaluate the results in accordance with this part of 1ISO 9368
and shall issue and sign a written report on the results.

ISO 4185 : 1980, subclause 6.2, covers methods for assessing
the weighing device and diverter errors.

This part of 1ISO 9368 amplifies certain aspects of verification
and testing of the system. In particular, alternative procedures
are given for checking the weighing device (see 6.1 and an-
nex A), checking the diverter (see 6.2 and annex B), checking
the timer (see 6.3), checking the density measurement system
(see 6.4), assessment of flowrate stability (see 6.5 and an-
nexes C and D), study of flow characteristics (see 6.6 and an-
nex E), and calculating the overall measurement uncertainty

5 General grinciples

5.1 Main items of installation

Static weighing finstallations generally comprise the following
main items:

— sump,
— test sectfon,
— diverter,
— weightarjk,

— weighing device,
— receiving tank,
— timer,

— one or mjore pumps.

The requirements for these main items are specified in
1SO 4185.

5.2 Test liquid

Clean water is generally used as the test liquid“when verifying
installations for| flowrate measurement--by the weighing
method.

Other liquids maly be employed{rovided that the liquid vapour
pressure is low enough to make vaporization effects negligible.
For practical reapons (particularly to limit the drainage time of
the weightank) it is recommended that the kinematic viscosity
of the liquid doep nof exceed about 35 x 10 -6 m2/s.

5.3 Principle of verification

Following the construction of a system, tests are carried out to
assess the systematic and random errors.

Further tests are conducted at regularly established intervals to
determine the errors and to compare them with the previous
results to determine the required intervals between successive
checks.

The general principle of the verification of flow calibration
systems is to check separately the errors for each item of the
installation and to combine them to determine the overall
uncertainty of the whole installation.

, -
tseectause 71-

5.4 Preliminary operations

Before undertaking the detailed cheCks the folloying pre-
liminary operations shall be carried out:

a) examine the technical description and wriften pro-
cedures for operating thé-installation;

b) check the characteristics of the main and| auxiliary
instrumentation-and equipment, and verify that it conforms
with the characteristics given in the documentatiopn;

c) check\the operation of the hydraulic system in order to
establish*any additional sources of error;

d) “determine the operational flow range of the ingtallation.

The maximum operational flowrate of an installatiop shall be
the lower of the following two values:

a) the maximum flowrate which can be produced by the
flow supply system when operating in a flow cifcuit with
minimum hydraulic resistance;

b) the flowrate corresponding to the minimum pllowable
time for filling the weightank up to its maximum [level, the

minimum time having to satisfy the requirementg given in
1ISO 4185 : 1980, subclause 3.3, i.e. 30 s.

6 Procedures for checking operations

6.1 Checking the weighing device

The mass of liquid collected is determined by weighing the
t Prerst ied (double
weighing) and the tare is then subtracted from the gross

weight.

Checking of the weighing device used with the double
weighing method shall allow the determination of the correc-
tions to be applied and the systematic and random uncertain-
ties due to the weighing device. Procedures for assessing these
uncertainties are given in detail in 1ISO 4185 and annex A of this
part of 1ISO 9368.

6.1.1 Checking by means of standard weights

In order to check the weighing device, standard weights of a
total mass not less than the maximum possible mass of liquid
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collected shall be used whenever possible. The maximum per-
missible error of the standard weights shall be 20 % or less of
the expected uncertainty of the weighing device.

If the total mass of the standard weights used in the process of
verification is less than the maximum possible mass of liquid
collected, then a method of successive substitution may be
used for checking the weighing device. In this case, the total of
the standard weights shall not be less than 25 % of the maxi-
mum possible mass of liquid to be weighed. Nevertheless, this
value of 256 % may be reduced provided that it is possible to

1ISO 9368-1 : 1990 (E)

in 1SO 4185 : 1980, subclauses 6.2.1.3 and 6.2.2.2, and an-
nex A, or alternatively by the method given in annex B of this
part of ISO 9368.

6.3 Checking the timer

Any error in calibrating the timer will give a systematic error in
the measurement of the filling time of the weightank.

In order to ensure that the random error in the measurement of
the filling time due to the timer may be neglected, the

determine cxperimcma“y, al,uwu';ng to—thre |cpcmc;u' pro=
cedures of successive substitution, that the required accuracy
is achievegl.

When a High accuracy is required, the effects of aerostatic
buoyancy fon the standard weights and test liquid shall be taken
into acco{int in accordance with OIML Recommendation 33
and I1SO 4j185.

6.1.2 Chlecking by means of standard volumetric tanks

In certain [cases, for instance for large capacity weightanks or
when somfe structures are not completely immersed according
to the amunt of water stored in the weightank, it is better to
check the| weighing device by means of standard volumetric
tanks, the|volume of which shall be between 5 % and 10 % of
the maximjum volume stored in the weightank.

It is then phecessary to known the density of the water for the
measuremjent conditions with an uncertainty less than 0,01 %.
This implles in particular the determination of the watek
temperatdre with an uncertainty less than 0,5 °C.

The checHing procedure is identical to that used with(standard
weights (dee 6.1.1).

6.2 Chlcking the diverter

Before starting testing, the diverter~shall be checked at
minimum fand maximum flowrates ta.ensure that no splashing
occurs when diverting the flow -er measuring the flowrate.
Splashing|of liquid is not pernjitted. (Splashing of liquid to the
non-operdtional channel gfithe diverter can cause unacceptably
large errofs.)

The proxifnity of the> nozzle outlet to the splitter plate of the
diverter cdn give'rise to flowrate variations due to pressure fluc-
tuations. [This.shall be determined by measuring any pressure

variations in-the-pipeline-at-maxirmum-Howrate-with-the-diverter

discrimination of the timer shall be such that [the error is less
than 0,01 % for the minimum filling time 6 the weightank (i.e.
for instance 3 ms for a minimum filling,time of [30 s). It is poss-
ible to obtain reading errors of lessythan 0,01|% using interp-
olation methods such as the se-called douljle chronometer
method (see ISO 7278-3).

6.4 Checking the density measurement system

If volume flowrates.corresponding to known m

required, the denrisity of the liquid shall be me

required accurdcy. Such accuracy is difficult
liquids havingsa high thermal expansion coeffic
for measuting density and the method for cal

hss flowrates are
asured with the
to achieve with
ent. Techniques
ulating the cor-

responding errors are given in ISO 4185 : 1980, subclauses 3.5
and 6:2.1.4.

6.5 Assessment of flowrate stability

It is desirable to determine the stability of thg flowrate in the
test section for certain applications of weighimg systems. The
stability assessment will indicate the operatio}val efficiency of
any flowrate stabilization system, includifg devices for
damping out flowrate instabilities, the spectrum of which may
cover a wide frequency band.

Various techniques are available for evaluating flowrate stab-
ility. One method which gives successful resylts is to install a
low inertia turbine flowmeter in the circuit, prgferably one with
an enhanced pulse output frequency to |give improved
discrimination. The turbine meter shall have gn inherent stab-
ility better than the anticipated flowrate stabilify of the system.

Flowrate stability can be assessed either withif the integration
(or diversion) interval or between integratiop intervals. Dif-
ferent techniques are involved for the two l|applications, as
detailed in 6.5.1 and 6.5.2.

in a fixed position. Abnormal fluctuations of pressure in the
pipeline shall not occur.

The diverter shall be visually inspected for effective sealing
(leaktightness) at a pressure equal to the working pressure. In
cases where a very small leakage can be tolerated, the leakage
mass shall be collected and determined over a normal diversion
period. Since the leakage mass may depend on flowrate,
measurements shall be carried out at minimum, mid-range and
maximum flowrates (see clause B.1 for details of the calculation
procedure).

After these checks, systematic and random errors produced by
the diverter shall be determined, employing methods described

6.5.1 Flowrate stability within the integration interval

A suitable turbine meter with frequency or pulse output is
installed in the circuit to assess the flowrate stability within the
integration interval. Alternatively, a different type of meter may
be used provided that it has good short-term stability,
reasonably fast response characteristics, and an output suitable
for recording or reading over short intervals of time. The
flowrate stability shall be determined at a number of flowrates
over the operating range of the system.

Once the flowrate has stabilized, the diverter shall be actuated
to start the chronometer. When the flowmeter output signal is
representative of a flowrate, the signal shall be recorded at
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least once per second; 60 such recordings shall be taken over
the integration interval.

This procedure shall be repeated at the other selected
flowrates. The results obtained shall be analysed according to
the method given in annex C, where a worked example is

presented.

6.5.2 Flowrate

stability between integration intervals

7 Calculation of the overall uncertainty

The systematic and random components of uncertainty shall be
determined in accordance with the procedures in clause 6 and
annexes A to D of this part of ISO 9368.

Whenever possible, systematic errors shall be corrected before
subsequent measurements are made. Any remaining systematic
uncertainties shall be evaluated as described in ISO 4185 : 1980,
subclause 6.2.1 and annex C.

For certain applidations, it may be necessary to determine the

longer-term flow|

Fate stability, in which case different tech-

niques are requirgd. A meter with a medium-term stability bet-

ter than that exp|
test section. A
magnetic flowmsg
procedure is desc
example.

bcted for the system shall be installed in the
good quality turbine meter or an electro-
ter with good zero stability is suitable. The
ibed inannex D, which also includes a worked

6.5.3 Application of flowrate stability assessments

The derived valu

e for Sg (the relative standard deviation of the

random error cofnponent, as detailed in annex C) should only

be used as a guid
of the system. Fd
calibrating flown
the overall rang
flowmeter being
its mean output

If a turbine mete
pulses to integr
flowrate instabilit
sidered to be n
primary flow de
taneous reading
Sg term.

The assessment
vals may be of
stability and for @
devices in the sy
required over a |
turbine testing.

e in assessing the overall random uncertainty
r example, if the weighing method is used for
eters, then the contribution of the S value to
om uncertainty depends on the type of
calibrated and the method used for measuring
bver the weightank filling time.

is being calibrated using the total number of
hte the flowrate, then the contribution ©of
y to the total measurement error may be ¢on-
pgligible. Conversely, a differential pressure
ice with its output read as a single instan-
may require the inclusion of the"whole of the

bf flowrate stability bet@ween integration inter-
nterest for checking.thé long-term flowrate
etermining the effectiveness of any stabilizing
tem. It may bedimportant if a stable flowrate is
ng period of \time such as for pump or water

Thus the necessity of'not of taking into account any errors due
to instability of Jhe flowrate will depend on the device under

Tl lak: + i Ny L H H |
T Toiauave DY\)LUIIIULID arroor \.UIIILY ‘_AS LEJ 3IV\1II Lly
Es = (E2 + E2 + E2 + E2 )12
S ( $q Sy S3 84)
where

Eg. s the relative systematic uncertainty of the pveighing
device (see 6.1 and annex A);

ES2 is the relative systematic uncertainty of th¢ diverter
operation (see 6.2 and<annex B);

Eg, is the relatiVe systematic uncertainty of th¢ diverter
leakage (see®,2"and annex B);

Es4 isithe relative systematic uncertainty of th¢ density
determination (see 6.4).

It should be noted that Eg, is only taken into consideration if
the volume flowrate rather than the mass flowrate|is being
measured.
The relative random uncertainty E is given by
_ % (Q2 2 2 211/2
Eg = t*(S7+ S5+ S5+ 57)
where

S, s the relative standard deviation of the random error of
the weighing device (see 6.1 and annex A);

S, is the relative standard deviation of the randor error of
the diverter operation (see 6.2 and annex B);

S5 is the relative standard deviation of the randor error of
the diverter leakage (see 6.2 and annex B};

S, s the relative standard deviation of the random error of

the density determination (see 6.4);

test or the purpose of the installation.

Where flowrate instability is likely to affect seriously flowrate
measurements, the analysis of errors shall include its effects.

6.6 Study of

flow characteristics

If a weighing system is used for calibrating flowmeters it may
be of importance to know the characteristics of the flow
through the calibration test line.

Annex E gives details of various techniques for measuring the
required flow characteristics.

t* is Student’s variable, given in table 2, for the appro-
priate number of degrees of freedom.

If the flowrate instability is liable to affect the test results, it may
be necessary to take into account Sg and possibly Sg (see 6.5,

and annexes C and D).

The overall uncertainties in the flowrate measurement should
be quoted as two separate values:

— random uncertainty, Eg

— systematic uncertainty, Eg


https://standardsiso.com/api/?name=08228ab8f58cf1f1d477ba6afa1ee1b7

Table 2 — Student’s ¢* distribution for various degrees
of freedom and 95 % confidence level

ISO 9368-1 : 1990 (E)

Alternatively, the overall uncertainty can be expressed as a
combination of uncertainties:

Degrees of freedom g5 E = (E% + E%)”2
1 12,706 . -
where the random uncertainty has 95 % probability. The overall
g g?gg random uncertainty (Ep)gs shall then be quoted separately, in
’ accordance with the requirements of ISO 5168.
4 2,776
5 2,571
6 2,447
7 2 365
10 2,228
15 2,131
20 2,086
30 2,042
60 2,000
c© 1,960
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Annex A
(normative)

Estimation of systematic and random errors introduced
by the weighing device

The most commonly used direct weighing system is the
gives a metho

steelyard. 1SO etermining
systematic and [ random errors of this type of weighing
machine. The fgllowing method is an alternative technique
which also covers other direct weighing systems.

A.1 Experimental procedure

The weighing dgvice is successively loaded with standard test
weights, then uploaded. The error values are determined at

every loading a
distributed load

hd unloading at not less than 10 uniformly
alues beginning from zero up to the maximum

load value (the rhaximum load value is equal to the difference

between the ma

imum weighing limit of the weighing machine

and the mass of|the unloaded measuring tank).

Error values are determined from

4 m+ Ry o (1)

where
Am; is the grror of the ith measurement at load (m + Ry

R, is the |reading of the weighing deviceat the ith
measurement of standard weights of mass 1

m is the mgss of the standard weights;
R, is the mgan of the R ; values obtained, where R, is the

reading of tHe weighing device.at the ith measurement of
the empty mpasuring tank.

A.2 Estimation 'of the uncertainty of a mass
measurement_carried out by double weighing

where n is typically 5 for values at maximum loading and with

highest accuracy is required for the relationships|between
Amand (m + R,), and s, and (m +Ry), it is recommended
that equations be calculated using thé least squares method.

As the fluid mass M, collected in the tank (or dischafged from
the tank), is expressed by--the difference between two
weighings then

where R, and Ry/aré the readings of the weighing dgvice.

Therefore the)systematic error in the fluid mass detefmination
is equal to, Am; — Am,, where Am, and Am, are the values
of Ari corresponding to Ry and R,. Subsequent |weighing
measurements shall be corrected by (Am; — Am4} to take
dccount of the average systematic errors derived abgve.

The remaining systematic uncertainty during a sybsequent
measurement is due to the random component of the
systematic error observed during the calibration procgdure plus
any uncertainty in the masses of the standard weights. When
the uncertainty in the masses of the standard weights may be
neglected, as is often the case, the systematic uncerfainty in a
single mass measurement is given by

1/2
— % 2 2 )
€s ! /\/;(SAIN‘] + SAmz . B
where

Samy and Sam, are values of s, ,, corresponding [to R, and
Rz;

t* is Student’s f for n — 1 degrees of freedom,|

The standard deviation, s, of the random error in a single fluid
mass measurement, M, may be assumed to be equal to the

The arithmetical mean error value Am and the standard devia-
tion sy, of the weighing device error are calculated for every
load from

I .
Am = — Am; L. (2
m nz m; )

i=1

Zﬂ’ (Am; — Am)2

N 3)
SAm = (n_”

1/2

standard deviation of the readings at the same Toad during the
calibration procedure:

1/2
(e e )
S (SAm1 + SAmz ... (8)

The relative values of the systematic uncertainty Eg, and the
standard deviation S; of the random error are obtained as
follows:

€s

Eg = — 7

$17 (7)
S

Sy =— (8)
M
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A.3 Worked example Using interpolation for values of Amy, Amy, Spp, and Sapm,
corresponding to Ry and R, the following results are obtained:
A weighing device with a tare of 1 100 kg was tested with ten

1 000 kg weights over five loading and unloading cycles; the — 1,2 - 0,6
results obtained are shown in table A.2. Amy =06 + 9100 — 8100 - (8620 — 8 100) = 0,9 kg
The values of s,,, as a function of (m + R,) are obtained from 03 — 31
equation (3) and are given in table A.1. Amy, = 3,1 + ! ’ x (3235 — 3100) = 2,7 kg
4100 — 3100
33 -36
- fmetinm SAmq = 3,6 + ————— X (8620 — 8 100) = 3,4kg
. € A a6-€ I TO0—0o 10U
of (m + R,)
(m + R,) 36+ — "0 a3 B100) = 34k
n + N S =9, + X - = 9,
" kg A 4100 — 3100 9
2100 26 Correction to be applied to thefluid mass mepsurement:
3100 3,6
4100 1.9 ~ (09 - 27) = +18%kg
5 100 3,0
6 100 37 . CH:
7100 39 Systematic uncertainty:
8 100 3,6
’ 2,262
9 100 33 eg = ——X(3,42 + 3,4%)"2 = 3,4 kg
10 100 3,9 /10
11 100 3,6
(the error in the mass of the standard weights is taken as
negligible), i.e.
Assuming| that the following weighing data were obtained Eg, = 34 = 0,000 6 or 0,06 %
' 53868
R, = $620 kg
R, = 3235 kg Standard deviation of the random error:
_ 2 2\1/2 _
then s = (3,4 + 3,49 = 48kg
M = 620 — 3235 = 5385 kg e
4,8
S, = = 0,000 9 or 0,09 %
5 386,8
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Annex B
(normative)

Study of diverter operation

B.1 Experimental procedure

B.2 Assessment of the uncertainty due to the
diverter

The following method may be used when the diverter either
starts or stops the timer under conditions different from those
specified|in 1SO 4185.

Figure BJ.1 illustrates the filling of a weightank when the
flowrate {s measured using a diverter system. The timer may be
started af various points such as 1 or 4, and stopped at points
such as § or 8.

Sections|1-2-3-4 and 5-6-7-8 represent the durations of the
transient|movements of the diverter when the flow is switched
to and fropm the measuring tank (time ¢, for “’by-pass to tank’’
and time|t, for “tank to by-pass’’).

Section 3-6 represents the filling time with a steady flowrate.

Sections|2-9 and 12-7 represent the variation in the flowrate
through the diverter when diverting the liquid to the tank and to
the by-pdss, respectively.

Section 9-12 shows the actual flowrate through the.measuring
installatign.

Sections [1-2, 9-10, 11-12 and 7-8 represent.the idle travel of the
diverter.

The circujt shown in figure B.2 m1gy be used to determine the
correctiom A/ due to the sWwitching time difference of the
diverter. The switches K, .and K are in T; position to measure
the switching time ¢;, whén the flow is switched from the by-
pass to the tank. Displacement of the beam A, rigidly con-
nected to|the divertercontrol (for example the lever of a spring
mechanism), cleses contacts 2-6, thus actuating the electronic
timer. Cldsing eontacts 1-4 stops the timer. Switches K; and K,
are in T, posSition to measure the switching time ¢,. Displace-

For every series of time measurements ¢yand 7,, the average
values f; and 7, standard deviations\$S, and S3 and dif-
ference At are calculated from

n
n
S
_ =1
fz = n“"
[ N
Z (ty; — 11)?
s 1 i=1
2 Lmin (n = 1) J
[ )
Dty - 2
s 1 i=1
: Lmin (n = 1)
At =ty - 1

where 7, is the minimum filling time of the tdnk under normal
operating conditions.

From the values of S,, S3and Af obtained, makimum values are
selected to give S, and At,,,. For correctjng the measure-
ment time error, the methods given in I§0 4185 : 1980,
annex A, are used.

The data obtained allow calculation of the sylstematic compo-
nent of error E, of the switching time differer|ce of the diverter
according to the formula:

ment of the beam B closes the contacts 1-3, thus actuating the
timer, which stops when contacts 2-5 close.

Take a series of n measurements (n > 10) of the diverter
switching times ¢4 and 1,. Then determine mean values ¢, and ¢,
and calculate the correction Az = |1 — 1,].

The test is carried out under normal power supply to the
diverter drive (power sources: spring or torsion bar, electronic
or pneumatic, etc.).

Measurements are taken at flowrates gy min, 0,5 gy max and
4V, max

At
ESZ : max
2tmin
When the timer is switched at different diverter positions (see
figure B.1), the error E52 is calculated from one of the following
formulae:

At
Eg, = —"= for positions 1-8 or 4-5
2 2tmin
or
At
Eg, = —"= for positions 1-5 or 4-8
2 2tmin
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B.3 Worked example

The maximum flowrate for a given installation s

" 172

z (ty; = 14)2

Gm,max = 2 kg/s, with a minimum filling time of the measuring S, = _L =t
tank at maximum flowrate of ¢ ;. = 40's. Lmin (n =1
Ten successive measurements of diverter operating time are 1 781 1
given in table B.1. "oV x 1074 = 20 93 x 104
Table B.1 — Results of switching time difference = 0,000 02 or 0,002 %
tests for the diverter . i
. "z
Values in seconds Z (1 — 72)2
Diverter operation time 1 =
Number from by-pass from measuring S3= — | ——7—
of measure- . t . (n = 1)
ment to measuring tank to min | ]
tank by-pass —
1 0,031 2 0,027 1 = l \/@ x 10-4
2 0,0323 0,026 6 4 V9
3 0,0319 0,027 6
4 0,032 4 0,027 9 = 0,000 01 or 0,001 %
5 0,034 4 0,028 2 0,004
6 0,031 4 0,028 0 ES2 =
7 0,0318 0,027 4 2 x40
8 0,0315 0,027 4
9 0,0315 0.027 4 = 0,000.05 or 0,005 %
10 0,031 5 0,027 3

From the values in table B.1:

f, = 0,0320
7, = 0,0275
|At] = 0,004 s
t..=40s

B.4  Diverter leakage checks

THe' maximum leakage mass 7,4 is determined from the tests
on diverter leakage flow detailed in 6.2 and the following for-
mula is used to determine the systematic error compgnent:

M)max
Es, = o

min
where m,,;, is the minimum mass of liquid collectefl in the
measuring tank.

The value of Eg, shall wherever possible be less than (10 % of
the value of Eg,. In this case, the error ES3 is negligibe.

10
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Time, ¢

Figure B.2 — Diagram of measurement of switching time and switching time difference of the diverter
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Annex C
(normative)

Assessment of flowrate stability within the integration interval

C.1 Principle

A series of flowratg-rreasurermentsis-carHed-euit-aceordance

where At is the interval of time between successive flowrate

with 6.5.1. The relptive deviation, x,, of each measurement in
terms of frequency| of the output signal from the average value
is calculated from

xk=fk:f

S

where
Sy is the outpyt signal frequency;
f is the average output signal frequency.
The following serigs is obtained:
n
where 7 is the number of measurements.

The autocorrelation function R; is calculated (as a combination

of covariance morpents Ry, R, R,, etc., calculated for dif-

measurements:
T
Al = -
n

in which T is the integration period.

The relative standard deviation of the fandom error constituent,

Sg, caused by flow instability can be’calculated from

T
S5 = 2R0 T

C.2 Worked example

Results of~tests carried out to determine flowrate

Stability

within the‘integration interval by means of a turbine flowmeter,

as described in 6.5.1, are given in table C.1.

Table C.1 — Results of flow stability test duri
the integration interval

Nominal flowrate: 0,062 8 m3/s Diversion time

0 115,7s

ferent pairs of the k, series):

Time for one revolution of the turbine rotor (41 pulsgs) (s)

R~ nz‘j Yixs . 0,844 4 08%9 0822 08321 0§88

J . k*tk + )

n—J P :"1 0,838 5 0,8327 0,849 4 0,849 5 0,8359

0,833 2 0,845 3 0,843 2 0,8450 0,835 2

where 0,849 1 0,844 3 0,849 1 0,845 8 0,433 2
0,845 6 0,840 3 0,841 8 0,846 4 0,849 5

J =01, ... jmp s the succession step; 0,840 8 0869 0882 0867 0892

i i ) 0,839 8" 0,834 7 0,837 5 0,846 2 0,849 0

k is the runnipg succession 'number. 0.835 3 0.848 2 0,835 8 0.846 8 0.843 9
The normalized aJtocerrélation function, the combination of 08338 08436 08330 0,846 9 0.838 9
the coefficients of cérrelation (ry = 1 by definition), ry, rp, ..., 0,8312 0,842 2 0,849 7 0,844 3 0.8411
is determined from 68456 68383 0,845 088434 8839 4
0,843 2 0,839 2 0,843 3 0,840 4 0,840 8

Rj 0,8380 0,838 0 0,839 2 0,841 3 0,840 2
i = R—O 0,834 7 0,836 1 0,8316 0,837 9 0,841 22
0,852 7 0,8313 0,851 6 0,836 3 0,841 2

where j = 0, ..., jmin Umin is the smallest rank from which r; is 0,849 3 0,846 1 0,849 9 0,832 9 0,844 1
less than or equal to 0,1). 0,845 1 0,843 6 0,845 6 0,851 4 0,843 8
) . . . 0,844 1 0,839 0 0,844 8 0,847 1 0,8414

The attenuation ratio, 1, is determined from 0,842 1 08375 0.839 3 0.844 2 0838 8
0,8397 0,836 9 0,835 6 0,840 3 0,839 5

jmin

T = 2 Ir|At

Jj=1

12

1) Start of diversion period.

2) Finish of diversion period.
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Calculation: 1
R1 = — (X1 X9 + X9 X3 + ... + X%X87) = 1,342 X 10_5
Number of measurements n = 87 86

Integration time 7' = 115,7 s Ry 1,382 x 1075

ro= = — =0,3095
Average time required for one revolution of the turbine rotor Ro 4,337 x 10
1 1 B
- (0,8353 + 0,8338 + ... + 0,8412) = 0,8414s Ry = 8—5()(1 X3+ XpXq + ... + Xg5Xg7) = —3,097 x 1076
Hence R, —3,097 x 1075 o
] — = — U, U7 T

R, 4,337 x 1075
0,8353 — 0,8414

1= 0,841 4 = — 0007250 Since ry < 0,1, jin = 2 and takingigto acqount that
_ p8338 -08414 0.009 033 Af = T _ 115,7
20 osaa T T n_ 87
then

115,7
t=1(1+03095 + 0,071 4) x e =[1,836

08412 - 0,841 4

Xg7 = 08414 = — 0,000 238 (values 11} 'ry, etc. are absolute).
Honce Consequently
2 x 4,337 x 10°° x 1,836\"/2
L 2 2 5 S5 =
Ry = - (e + x5 + ... + xg) = 4,337 x 10° 115,7
L = 0,001 17 0r 0,117 %
ro = | (by definition)

13
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Annex D
(normative)

Assessment of flowrate stability between integration intervals

D.1 Principle of assessment

Flowrate stability b

Table D.1 — Values of A {(Abbe criterion)

by measuring the alerage flowrate during each of n periods (at
least ten). This is cprried out at five different nominal flowrates
which are chosen to be evenly spread over the practical flow
range of the installption.

A check for the presence of outliers is made and invalid
measurements elifinated in accordance with the method
described in 1SO 5[168.

The formula by whjch flowrate stability is assessed depends on
whether significan{ systematic change in flowrate has occurred
over the test periofl.

For each selected flowrate the average flowrate and the follow-
ing values are calcplated:

n
1 1 ( a2
u= X—E -
n-1 g2 v~ v

Vi=1
n-1
U 1 1 Z( S
= |* = qy. — qy.
— 2 +1
2(n 1) qy =, ! !
where
n
N 1
=24,
n 1

i=1

Probability, Probability, Probability,

n P, % n P, % n P Po
1 5 1 5 1 5

4103130391 23] 0,548 | 0,671 | 42 |N0,655 |[0,752
510,269 | 0,410 j 24 | 0,556 | 0,678 | 43, |- 0,659 0,755
6 | 0281 | 0445 25 | 0,564 | 0,684 }r.44 | 0,662 0,758
7 10,307 | 0,468 | 26 | 0,571 | 0,689~-45 | 0,666 || 0,760
8 | 0,331 | 0,491 27 10,578 | 0,695 46 | 0,669 || 0,763
910354 | 0512 28 | 0,585 07700 | 47 | 0,673 0,765
10 | 0,376 | 0,531 29 | 0,591, {)0,705 | 48 | 0,676 || 0,768

11 ] 0,39 | 0,548 | 30 | 0,598 | 0,709 | 49 | 0,679 |[ 0,770
12 1 0,414 | 0,564 | 31 [%,603 | 0,714 | 50 | 0,681 | 0,772
13 1 0,431 | 0,578 | 32 {0,609 | 0,718 | 51 | 0,684 || 0,774
14 | 0,447 | 0,591 |.83 | 0,614 | 0,722 | 52 | 0,687 || 0,776
15 | 0,461 | 0,603.}.34 | 0,619 | 0,726 | 53 | 0,690 || 0,778
16 | 0,475 | 0,614 | 35 | 0,624 | 0,729 | 54 | 0,692 || 0,780
17 | 0,487 | @624 | 36 | 0,629 | 0,733 | 55 | 0,695 |[ 0,782
18 | 0,499 1\9,633 | 37 | 0,634 | 0,736 | 56 | 0,697 || 0,784
19 | 0,510%| 0,642 | 38 | 0,638 | 0,740 | 57 | 0,700 | 0,785
20 | 9520 | 0,650 | 39 | 0,642 | 0,743 | 58 | 0,702 || 0,787
21 4\0,530 | 0,657 | 40 | 0,647 | 0,746 | 59 | 0,705 || 0,789
221 0,539 | 0,665 | 41 | 0,651 | 0,749 | 60 | 0,707 | 0,791

D.2 Worked example

Results of tests carried out to determine flowrate stabjlity be-
tween integration intervals, by means of a turbine flowmeter as
described in 6.5.2, are given in table D.2.

Table D.2 — Results of flow stability tests between
integration intervals

Nominal flowrate: 0,077 2 m®/s

the relative standard—deviationgivernby

Se=u

The relation A, ¥ U/u is calculated and compared to the Number . Equivplent
critical value A (Abbe criterion)j>given in table D.1. of pulses Time Frequency flowfate
s Hz mi)'s
If A, > A, it can be considered that there is no systematic -
flowrate variation [within\the measurement time. In this case, 3702 60,631 61,06 0,07 09
. o . . . 369 8 60,550 61,07 0,077 1
flowrate instability| etyeen integration intervals is assessed by 3713 60,744 6113 0,07} 18
3697 607472 64 9-077 19
370 6 60,504 61,25 0,077 33
3714 60,641 61,25 0,077 33
3715 60,692 61,21 0,077 28
If A, < A, the relative standard deviation is given by 369 2 60,375 61,15 0,077 21
369 2 60,401 61,12 0,077 17
368 4 60,070 61,33 0,077 43

S = VU

14
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n-1

1 1
N U= — x — (qy. - g )
Calculation: 20-1 " 32 [Z: ] vy 1~

Average flowrate:

= ————— x (0,077 11 — 0,077 09)2 +
n | 18 (0,077 232)2

,:1_ + (0,077 18 — 0,077 11)2 + ... +

+ (0,077 43 — 0,077 17)2

1
= ﬁ) x (0,077 09 + 0,077 11 + ... + 0,077 43) = 09463 x 10-6
Hence
=10,077 232
U
n A1 = -
1 1 — u
u = X__ZZ(QV,-_CIV)
1-1 g% & 0,946 3 x 106
= —————— (20,486
1,947 7 x 10~6

x (0,077 09 — 0,077 232)2 +

g X (0,077 232)2 The corresponding eritical value 4 from table D.1at n = 10 for

5 % probability is\0,5631. Since A4 is less thar the critical value

1 _ 2 4 A, this indicates that systematic changes have occurred in the
(0,07711 - 0,077 232) ot flowrate ddring the test. Thus, the relative sfandard deviation
1 (0,077 43 — 0,077 232)2 due to_the flowrate instability can be estimatg¢d as
— 119477 x 10-6 5= VU

=+/0,946 3 x 10-6

= 0,973 x 10-30r0,1 %

15
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