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INTERNATIONAL STANDARD

1ISO 8316 : 1987 (E)

Measurement of liquid flow in

closed conduits —

Method by collection of the liquid in a volumetric tank

1 Scopl and field of application

tional Standard specifies methods for the measure-
uid flow in closed conduits by determining the
uid collected in a volumetric tank in a known time
Heals in particular with the measuring apparatus,
ure, the method for calculating the flow-rate
sessment of uncertainties associated with the
hts.

This Interng
ment of lig
volume of li
interval. It
the proced
and the a
measureme

The metho
that

described may be applied to any liquid provided

bpour pressure is sufficiently low to ensure that any
f liquid by vaporization from the volumetric tank
affect the required measurement accuracy;

a) itsv
escape
does no

b) its V]
unduly t

scosity is sufficiently low so as not to alter or delay
he measurement of the level in the volumetric tank,;
c) it is|non-toxic and non-corrosive.
Theoreticall
but, for pra
mally used f
is used on
However, t
natural or a
application

Yy, there is no limit to the application of this method,
Ctical reasons, this method of measurement is nor-
or flow-rates less than approximately 1,5 m3/s and
the whole in fixed laboratory,“installations only.
here is a variation of thissméthod which uses a
tificial storage pond as a.volumetric tank, but this
s not dealt with in this\International Standard.

Owing to itd high potentialaeetiracy, this method is often used
as a primary method for ‘calibrating other methods or devices
for volume| flow-rate\measurement or for mass flow-rate
measurement; forithe, latter method or device, it is necessary to

If the installation for flow-rate measuremeént i
method is used for purposes of legal metrolog
tified and registered by the nationalimetrology

y the volumetric

v, it shall be cer-
service. Such in-

stallations are then subject to periodic inspecftion at stated in-

tervals. If a national metrology/service does no
record of the basic meastrement standards (|
temperature), and erroryanalysis in accor
International Standard“and !SO 5168, shall
certification for legaldmetrology purposes.

Annex A forms/an integral part of this Interng
Annexes B to E, however, are given for infor

2 References

[ exist, a certified

ength, time and

lance with this

also constitute

tional Standard.

mation only.

ISO 4006, Measurement of fluid flow in cldsed conduits —

Vocabulary and symbols.

ISO 4185, Measurement of liquid flow in cld
Weighing method.

sed conduits —

ISO 4373, Measurement of liquid flow in open channels —

Water level measuring devices.

ISO 5168, Measurement of fluid flow — Esti
tainty of a flow-rate measurement.

3 Symbols and definitions

mation of uncer-

know the dénsity of the liquid accurately. 3.1 Symbols (see also ISO 40086)
Table 1
Symbol Quantity Dimensions Sl unit
eR Random uncertainty, in absolute terms * *
ER Random uncertainty, as a percentage — —
eg Systematic uncertainty, in absolute terms * *
Eg Systematic uncertainty, as a percentage - -
m Mass flow-rate MT -1 kg/s
qy Volume flow-rate L3r-1 m3/s
t Filling time of the tank T S
Vv Discharged or measured volume L3 m3
Z Liquid level in the tank L m
0 Density ML-3 kg/m3

The dimensions and units are those of the quantities in question.
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3.2 Definitions

For the purposes of this International Standard, the definitions
given in ISO 4006 apply. Only terms which are used with a par-
ticular meaning or the meaning of which might be usefully
restated are defined below. The definitions of some of the
terms concerned with error analysis are given in ISO 5168.

3.2.1 static gauging: A method by which the net volume of
liquid collected is deduced from measurements of liquid levels

One variation of this method uses two tanks which are suc-
cessively filled (see 6.3). A further variation, given in annex D,
uses a valve instead of a diverter mechanism to start and stop
the flow into a volumetric tank.

Care shall be taken when using a valve instead of a diverter that
the flow-rate does not change when the valve is operated.

4.1.2 Dynamic gauging method

The principle of the flow-rate measurement method by

(i.e. gaugings), nfade respectively before and after the Tiquid
has been diverted {or a measured time interval into the gauging
tank, to determing] the volume contained in the tank.

3.2.2 dynamic gauging: A method by which the net volume
of liquid collected |s deduced from gaugings made while liquid
flow is being delivgred into the gauging tank. (A diverter is not
required with this method.)

3.2.3 diverter: A device which diverts the flow either to the
gauging tank or tq its by-pass without changing the flow-rate
during the measurpment interval.

3.2.4 flow stabifizer: A device inserted into the measuring
system, ensuring & stable flow-rate in the conduit being sup-
plied with liquid; for example, a constant level head tank, the
level of liquid in Wwhich is controlled by a weir of adequate
length.

4 Principle

4.1 Statement of the principle

4.1.1 Static gayging method

The principle of| the flow-rate”)measurement method by
volumetric static gauging (see figure 1 for a schematic diagram
of a typical installation) is

— to determihe.the,initial volume of liquid contained in the
tank;

— to divert the flow into the volumetric tank, until it is
considered to contain a sufficient quantity to attain the
desired accuracy, by operation of a diverter which actuates
a timer to measure the filling time;

— to determine the final volume of liquid contained in the
tank. The volume contained at the initial and at the final
times is obtained by reading the liquid levels in the tank and
by reference to a preliminary calibration which gives the
level-volume relationship.

The flow-rate is then derived from the volume of liquid col-
lected and the filling time as explained in clause 7.

volumetric dynamic gauging (see figure 2 for/a jschematic
diagram of a typical installation) is

— to let liquid collect in the tank to a;predetermined initial
level (and thus volume), at which timethe timer |s started;

— to stop the timer whenassecond predetermined final
level (and thus volume) isreéached and then to| drain the
liquid collected.

The flow-rate is then derived as explained in clause|7.

4.1.3 Comparison of instantaneous and mean flow-rates

It should be)emphasized that only the mean value of flow-rate
for the*filling period is given by the volumetric methgd. Instan-
taneous values of flow-rate as obtained on another instrument
or'meter in the flow circuit may be compared with|the mean
flow-rate only if the flow is kept stable during the mefsurement
interval, by a flow-stabilizing device, or if the instantaneous
values are properly time-averaged during the whole filling
period.

4.2 Accuracy of the method

4.2.1 Overall uncertainty in the volumetric
measurement

The volumetric method gives a measurement of| flow-rate
which, in principle, requires only level and time meagurements.
After the weighing method, the static gauging mgthod in a
volumetric tank may be considered as one of the mogt accurate
of all flow-rate measuring methods, particularly if the precau-
tions given in 4.2.2 are taken. For this reason, it is oftpn used as
a standard or calibration method. When the insfallation is
- intat . rtainty of
+ 0,17 % to £ 0,2 % (with 95 % confidence limits) may be
achieved.

4.2.2 Requirements for accurate measurements

The volumetric method gives an accurate measurement of
flow-rate provided that

a) there is no leak in the flow circuit and there is no
unmeasured leakage flow across the diverter;

b) the conduit is running full at the measuring section and
there is no vapour or air-lock between the measuring sec-
tion and the volumetric tank;


https://standardsiso.com/api/?name=f78bb41deb5f485f76f0092e8517b0ac

c) thereis no accumulation (or depletion) of liquid in a part
of the circuit by thermal contraction (or expansion) and
there is no accumulation (or depletion) by change in vapour
or gas volume contained unknowingly in the flow circuit;

d) care has been taken to avoid any leakage from or un-
wanted flow into the tank, absorption of liquid by the walls
or their coatings, deformation of the walls etc.;

e) the level-volume relationship in the tank has been
established by transferring known volumes, or by calcula-

I1SO 8316 : 1987 (E)

f) the level measuring devices and the means for starting
and stopping the timer achieve the required accuracies;

g) the time required by the diverter (for the static gauging
method) for traversing is short with respect to the filling
time, the timer being started and stopped while the diverter
is crossing the hydraulic centreline (this position shall be
checked and adjusted, if necessary, using the methods
described in annex A);

h) the temperature of the liquid flowing through the

ol H ! £
armenStorTar - nreasuarerierits ot

tion frem

the: Lau:\, as flowmetertrder-testiseither-thesame—as that collected in
specified in 5.5; the volumetric tank or it is corrected.accgrdingly.
B Constant level
head tank
Flowmeter under
calibration Flow control valve
T~} DI
" e v
il
'/ Diverter
Overflow
Level gauge
Storage tank i “
B B T —— - D Stilling well
Volumetric tank

Figure 1 — Schematic diagram of a volumetric flow-rate installation using the static gauging method
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Figure 2 — Schematic diagram of a volumetric flow-rate installation using the dynamic gauging method
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5 Apparatus

5.1 Diverter

The diverter is a moving device used to direct flow alternately
along its normal course or towards the volumetric tank. It can
be made up of a moving conduit or gutter, or by a baffle plate
pivoting around a horizontal or vertical axis (see figure 3).

The motion of the diverter shall be sufficiently fast (less than

0,1s, for g

error occufring in the measurement of the filling time. This is
achieved by ensuring, first, that the diverter travel across the
flow is rapid and, second, that the flow is in the form of a thin
stream, which is produced by passing it through a nozzle slot.
Generally, [this liquid stream has a length 15 to 50 times its
width in the direction of diverter travel. The pressure drop

1ISO 8316 : 1987 (E)

an electrical or pneumatic actuator. The diverter shall in no way
influence the flow in the circuit during any phase of the

measurement procedure.

However, for large flow-rates, which could involve excessive

mechanical stresses, a diverter with a proportionately longer
travel time (1 to 2 s, for example) may be used provided that
the operating iaw is constant and any variation in flow-rate

distribution as a function of diverter stroke is approximately
linear and is in any case known and can be verified. Any

across the|nozzle slot shall not exceed about 20 kPa to avoid during service.
splashing, [air entrainment! and flow across the diverter and

turbulence| in the volumetric tank. The movement of the
diverter may be generated by an electrical, mechanical or
electro-methanical device, e.g. by a spring or torsion bar, or by

Inflow

— Nozzle

Splitter plate ‘

Pivot

\\! Outflow
\\

Diverter

Pivot point

In the design of the mechanical partsoP t
movement device, care shall be takerto’ensure that no leakage
or splashing of liquid occurs when liquid is ei
the volumetric tank or allowed\to flow from one diverter
channel to the other. This candition shall be checked frequently

Nozzle

hysteresis between the two directions of diverter travel shall

diverter and its

her removed from

Alternatives to a thin flat liquid stream entering the diverter are
acceptable providéd that corrections to the
indicated in annex A, are applied.

Hiversion time, as

\J

s

Flow to storage tank

Figure 3 — Examples of diverter design

Y

Flow to volumetric tank

1) In certain designs of nozzle slot, however, special vents to allow air ingress to the fluid jet may be necessary to ensure stable flow within the test

circuit.
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5.2 Time measuring apparatus

The time of discharge into the volumetric tank is normally
measured by using an accurate electronic timer, e.g. a quartz
crystal timer. The diversion period may thus be read to within
0,01 s or better. The error arising from this source may be
regarded as negligible provided that the resolution of the timer
display is sufficiently high and the equipment is checked
periodically against a national time standard, e.g. the frequency
signals transmitted by certain radio stations.

The timer shall bga
through an optical, magnetic or other suitable switch fitted on
the diverter. The ftime measurement shall be started (or stop-
ped) at the instant when the hatched areas shown in figure 4,
which represent the diverted flow variations with time, are
equal. In practicel however, it is generally accepted that this
point correspondsg to the mid-travel position of the diverter in
the fluid stream. The error will generally be negligible provided
that the time of passage of the diverter through the stream is
very short in comparison with the period of diversion to the
tank.

If, however, the grror in the filling time measurement arising
from the operatiof of the diverter and the starting and stopping
of the timer is ngt negligible, a correction should be made in
accordance with the directions given in annex A.

5.3 Volumetr|c tank

The tank into wHich the liquid flows during each measuring
stage is generally|but not necessarily cylindrical in form, with
the axis vertical, jnade of steel or reinforced concrete Witfra

100 %

Triggering point for timer

leak-proof lining. Attention shall be paid to the construction
materials and protective coatings and to the dimensions so that
the bottom and walls of the tank are perfectly leak-proof and
rigid enough to retain their shape. If the tank is buried in the
ground, it is advisable to provide a clear space around the tank
so as to avoid any risk of distortion due to the effect of soil
pressure and to make any possible leakage obvious. The walls
of the tank shall be smooth in order to avoid water retention
and to ensure complete drainage of the tank.

The tank shall be large enough to ensure that any errors in tim-
ll =lala - = £ ea cmen are l‘l.l‘ o aover, it is
necessary for the ratio of cylinder height to diameter|to be large
enough to provide acceptable accuracy in determinjng the fill-
ing volume on the one hand and to limit the oscillations in the
level of the free liquid surface on the othérhand. With account
taken of the requirements of 5.1 and 5.2;. the minimlim change
in level shall be about 1 m and the tank-filling time, af maximum
flow-rate, shall be at least 30 s./However, these vallies may be
reduced provided that it is posSibté to verify experimpntally that
the required accuracies have\béen achieved.

The flow into the tank/particularly if the tank is large, shall be
provided with a guiding device for reducing the trangmission of
air into the tank and limiting the liquid oscillations.

The tank may be drained by various means as follows:

— *by a stop-valve at the base, the leak-proof quality of
which shall be capable of being verified, such as by a free
discharge or a transparent section of pipe;

— by a siphon fitted with an efficient and| checkable
siphon break;

— by a self-priming or submersible pump.

Flow to volumetric

tank

0%

Time of diverter motion

4

Time

Figure 4 — Operating law of diverter
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The rate of draining shall be sufficiently high that test runs may
follow each other at short intervals.

5.4 Level measuring apparatus

The liquid level may be measured by a point or hook gauge
(possibly with electrical contact), by a float gauge or by any
other device providing equivalent accuracy (for the specifica-
tions of these apparatus, see 1SO 4373).

1ISO 8316 : 1987 (E)

6 Procedure

6.1 Static gauging method

In order to take account of any residual liquid likely to have
remained in the bottom of the tank or on the walls, first
discharge into the tank (or leave at the end of draining after the
preceding measurement) a sufficient quantity of liquid to reach
the operational threshold of the gauge. Record this initial level,
zq, for which there is a corresponding initial volume, V. accor-
ding to the rating table, while the diverter directs the flow to the

For large digcharges, because of the relatively large variations in
the liquid syrface, and in order to dampen the oscillations of the
liquid in the|tank, these devices should preferably be installed in
a stilling wedll, having either a transparent side or a gauge glass
with a fixeq graduated scale. The stilling well should be con-
nected with| the tank by means of a number of tappings spaced
over the entire height. It shall be of a constant cross-section,
large enough to make the effect of capillarity negligible.

Care shall be taken to eliminate errors due both to temperature
differences petween the tank and the stilling well and to incor-
rect dampirlg of oscillations by the stilling well.

5.5 Calihration of the volumetric tank

The greategt care shall be taken in establishing the capacity of
the tank andl this shall be regularly checked. It is important that
the dimensjons and shape of the tank do not change,. @s
specified in|5.3.

The most dccurate method is, in the case of small’ movable
tanks, to wgigh the liquid contained in the tank, or, for large
fixed tanks, [to add together the successive yalumes introduced
by means qf a graduated delivery vessel.\This may take the
form of a cqlibrated pipe so that the volume contained in it may
be determingd accurately by the fillinglevel, or its contents may
be weighed

The volume-level relationship” may also be determined by
measuring dccurately the\geometric dimensions of the tank. In
this case, it is necessary to take a large number of measure-
ments to take account of any irregularities in the shape.

If variations|in-Operating temperature are sufficient to introduce

storage tank and the flow-rate is being stabilized. After the test
flow-rate has been achieved, operate the divdrter to direct the
liquid into the volumetric tank, thereby/automatically starting
the timer.

After an appropriate quantity.ofiquid has been collected, the
diverter operates in the opposite direction to rgturn the liquid to
storage, which automatically stops the timer and thus deter-
mines the filling time, ', When the oscillationd in the tank have
subsided, record the:apparent final level, z,, for which thereis a
corresponding final'volume, ¥, according to|the rating table.
Then drain thé tank, unless the total volume of the tank is suffi-
cient to alléw several successive measuremenits without drain-
ing it in between.

6:2."Dynamic gauging method

If the incoming flow is such that no significant disturbance of
the liquid level occurs, it is possible to pro¢eed as follows.
Close the tank valve and start the timer whep the liquid level
reaches a predetermined value, z;, corresponding to an initial
volume, V;, according to the rating table.|Stop the timer
(preferably automatically) when the level refiches a second
predetermined value, z;, corresponding to a final volume, Vi,
according to the rating table. Record the fillihg time, ¢, after
which the tank may be drained.

Depending on the type of level measuring devige used, this pro-
cedure may be carried out either by positionipg the gauge (or
level sensors) successively at levels zy and z4 or by recording
continuously the motion of the gauge.

6.3 Twin tanks method

This method can reduce the error due to the |time required to
switch the flow and it enables the discharge|to be measured

over—a—long—time—perod—Fwo—simitar—tanks; having approx-

significant errors, then calibrations should be carried out at
several temperatures over the operating range.

It is necessary to take into account any liquid that sticks to the
walls of the graduated delivery vessel when empty. The volume
of this residual liquid varies according to the draining time and,
to a lesser extent, the temperature, owing to viscosity and sur-
face tension effects. It is essential to wait for a sufficient length
of time, usually approximately 30 s, until as much liquid as
possible has drained down the walls of the tank.

Whatever the method used, a rating curve or preferably a rating
table should be established which shows the volume against
liquid level at intervals sufficiently close together that any linear
interpolation will not introduce a significant error.

imately the same capacity, may be used, measurements being
made on the one tank while the other is being filled. The re-
duced timing error means that the total error depends mainly
on the accuracy of measuring the volumes.

The two tanks are usually connected at the top by a sharp angle
splitter weir. Check valves or quick-acting valves are located at
the bottom of each tank. A movable tipping channel diverts the
liquid into one or other of these tanks (see figure 5).

Measurements are made in the following manner. At the start
of the run, operate the switching device to divert the liquid
towards one of the empty tanks whose shut-off valve is closed.
Proceed with the filling until the liquid overflows into the
second tank and the flow is then switched to the second tank.
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Flow inlet

Movable tipping channel ;.
pping d @

Drain (quick-acting valve)

=

While filling the |latter, let the liquid level of the first tank
become stable anfi then empty it rapidly (the stabilizing time ‘of
the liquid level may be shortened by reducing the cross-
sectional areas at|the tops of the tanks). At the end:of'the run,
before the filling fank is full, divert the flow towards the empty
tank. The total vdlume discharged is thus equal_to the product
of the number of total fillings and the volume pf the tanks, plus
the volume of ligyid in the partially filled‘tank at the end of the
run.

6.4 Common|provisions

It is recommendef] that atleast two successive measurements
be carried out fol each ‘of-a series of flow-rate measurements
if a subsequent apalysis of random errors is to be carried out.

Figure 5 — Twin_tanks method

tank filled up to the levels z1 and z respectively, these volumes
being obtained from the rating tabies of the tank applicable at
the test temperature.

The mean volume flow-rate, g, during the filling time is thus

Vi—- Vo
t

qy =

where ¢ is the filling time which should be corrected in accor-
dance with annex A to take account of any timing|error.

7.2 Calculation of mass flow-rate

The various quantities to be measured may be noted manually
by an operator or transmitted by an automatic data acquisition
system to be recorded in numerical form on a printer or to be
fed directly into a computer.

7 Calculation of flow-rate

7.1 Calculation of volume flow-rate

The volume discharged during the filling time is equal to the dif-
ference in the volumes V; and V|, contained in the volumetric

The mean mass flow-rate during the filling time may be derived
from the volume flow-rate, calculated as stated in 7.1, and from
the density of the liquid at the temperature in the volumetric
tank, this density being obtained from standard tables."

NOTE — For unusual liquids or when the best possible accuracy is
required, the density should be measured directly.

The mean mass flow-rate, g, is thus equal to

_ et - Vo
t

dm = 04y

1) A table of water densities for the range of ambient temperatures is given in annex B.
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8 Calculation of the overall uncertainty in the
flow-rate measurement

The calculation of the uncertainty in the flow-rate measurement
shall be carried out in accordance with 1SO 5168. For con-
venience, the main procedures to be followed are given here as
they apply to the flow-rate measurement by the volumetric
method.

8.1 Sources of errors

1SO 8316 : 1987 (E)

It is important that the resolution of the timing device be ade-
quate. Instruments with a digital display will give a reading
which is in error by up to one last-order digit, the sign of the
error depending on whether the digit is advanced at the end or
beginning of the corresponding time interval. In order to render
this effect negligible, the resolution of any timing device used

shall be set at less than 0,01 % of the divers

8.1.1.4 Errors due to the diverter system

ion time.

The sources of systematic and random errors are considered
separately fere, but it should be noted that only a single deter-
mination of flow-rate is being considered. It should also be
noted that the purpose of the measurement is considered to be
the determ|nation of the mean flow-rate during the period of
the diversign. Thus the instability in the flow need not be taken
into accour|t between two successive measurements. It should
also be apgreciated that only the main sources of error have
been descriped, and that the numerical values of errors are only
mentioned ps examples.

8.1.1 Systematic errors

8.1.1.1 Erfors due to the volumetric tank

The systemiatic errors due to the volumetric tank are associated
with imperflect knowledge of the level-volume relationship and
are mainly flue to

a) the|uncertainties arising during the calibration of, the
tank;

b) thelchanges in this calibration in terms of temperature,
accidenfal deformations or any other external factor;

c) the nterpolation between the figuresygiven by a rating
table orfthe use, in graphical or analytical form, of the best-
fit rating curve through the individual calibration points.

If the systematic error in the determination of each volume ¥,
and Vyis taken as (eg)y, it may b&’assumed that this error varies
in a random manner from/ene point of the rating curve to
another and thus \/7(€s)v should be taken as the estimation of
the systematic error it\the measured volume V = V; — V.

8.1.1.2 Erfors due to the level gauge

PTovided either that a correction 1S made for
as described in annex A, or that the trigger
system is adjusted so that the timing_error
uncertainty introduced into the flow-rate m
this source will be equal to the upcertainty in
of the timing error.

This uncertainty (eg), /may/be calculated in
method 1 (see A.1,15%annex A), using the
outlined in ISO 5168, or from the uncertainty
the line on the graph (see figure 7) when met
annex A) is used:

8.1.1.5. Errors due to density measurement

When the mass flow-rate has to be calculaté]
systematic error associated with the value us

any timing error,
ng of the timing
is negligible, the
pasurement from
the measurement

accordance with
general principle
n the gradient of
hod 2 (see A.1.2,

d, there will be a
bd for the density

of the liquid, which will arise from the megsurement of the

temperature in the volumetric tank and at the
collection period, and the use of the density
ment or density tables.

Errors in the measurement of density will
general provided that the temperature is mdg
+ 0,5 °C. This accuracy is easily attainable
mometers, but it is important to ensure that
into the tank is at a constant temperature sd
possibility of the temperature of the liquid d
mometer being unrepresentative of that of the
as a whole.

When density tables are used, no significan

meter during the
measuring equip-

be negligible in
asured to within
with simple ther-
he liquid flowing
that there is no
lose to the ther-
liquid in the tank

error should be

introduced, but, if the density of a liquid is

to be measured

directly, an assessment of the method used shall be carried out

in order to determine the uncertainty (eg)y i
value of (eg)y is then the value to be used i

the result. This
calculating the

The readings of the levels z, and z; are affected by any error
due to the level measuring apparatus used; a part of this error,
say (eg), associated, for instance, with the imperfections of
the scale, is of a systematic nature for a given level.

Nevertheless, it may be assumed that this error varies in a ran-
dom manner over the length of the gauge and thus the estima-
tion of the systematic error in the measurement of the levels
should be taken as \/2 (eg),.

8.1.1.3 Errors due to the timing device

Any error in the calibration of the timing device will result in a
systematic error (eg), in the time measured for a diversion, but
with modern equipment this will be negligible (less than 1 ms).

uncertainty in the mass flow-rate measureme

8.1.1.6 Maximum permissible value

nt.

The maximum permissible value of each systematic component
of the uncertainty (dealt with in 8.1.1.1 to 8.1.1.5) shall be
taken as + 0,05 % if an overall uncertainty less than + 0,2 %
is desired, as stated in 4.2.1.

To obtain these figures, the volume of liquid collected and the
filling time should be above certain minimum values. These
values depend on the characteristics of the installation (scatter
of the calibration points, quality of the diverter, level gauge,
timer etc.), as discussed in 5.3.
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8.1.2 Random errors

8.1.2.1 Errors in the determination of the volume collected

From the readings recorded during the calibration of the tank,
the standard deviation of the distribution of points about the
best-fit curve may be calculated and the 95 % confidence limits
of this distribution may be determined using the appropriate
Student'’s ¢ value (see annex E). Since the volume of liquid col-
lected has been obtained from the difference between two level
gaugings, this error volume (eR)V shall be multlplled by \/—— 2. As
the procedure and-the-devices—usec -

the measurements of flow into the tank, the time for Ievel
stabilization, the Igvel gauges etc. are the same, then the resul-
tant v/2 (eg)y is th¢ random uncertainty in the volume collected
due to the volumetric tank and the level measurements. It
should be noted that this uncertainty is generally dependent on
the flow-rate.

By the same reasdning as in 8.1.1.6, this uncertainty /2 (eg)y
shall be less than + 0,1 %. The achievement of this will require
the collection of & minimum volume of liquid, this minimum
volume being determined from the absolute value of the scatter
of the calibration points.

8.1.2.2 Errors dye to the diverter system

The accuracy with which the duration of a diversion is
measured dependg on the uniformity and repeatability of the
movement of the fliverter which triggers the timing device. For
any given installation, this may be determined experimentally
by setting the flow-rate to a steady value and then carrying out
a series of, say, 1 diversion periods of approximately the same
duration to provide a series of 10 estimations of the flow-rate:

If this procedure|is repeated for several different (diversion
periods and the 95 % confidence limits are found-for each
series of measurements from the standard deviation, s, a graph
of the form shown in figure 6 may be developed for a well-
designed diverter ystem.

Confidence ljmits

Sy
S~
\ \e

Above some minimum diversion period, the 95 % confidence
limits will be relatively constant, and the value so obtained
should be used as the uncertainty, (eR)p, in the flow-rate
measurement due to random effects in the diverter system.

Itis important that (eg),, be evaluated at several flow-rates over
the range of the system since its value may be dependent on
the flow-rate.

By the same reasoning as in 8.1.1.6, this uncertainty (eg), shall
be Iess than £ 0,1 % In any glven system, the ach|evement of

from the absolute value of thls uncertalnty

8.1.2.3 Errors due to dynamic gauging
The accuracy with which the collection period is measured in

the dynamic gauging method may beassessed in a similar man-
ner to that given in 8.1.2.2.

8.2 Calculation of thé.overall uncertainty
in flow-rate measdrement

8.2.1 General

tained hy-combining the uncertainties arising from the sources
described in 8.1. Although ‘‘systematic” errors have been
distinguished from ‘““random’’ errors, the probability distribu-
tieYof the possible values of each systematic component is
essentially gaussian, and, in accordance with I1SO[5168, the
combination of all the uncertainties may therefore bp made by
the root-sum-square method.

The uncertainty associated with a flow-rate measure]?ent is ob-

Although all the uncertainties theoretically liable to [affect any
one of the measured quantities should be considpred, only
those set out in 8.1 need be included in the analysis if the
measurements have been made in accordance with|this Inter-
national Standard, since any other source of error will make a
negligible contribution to the overall uncertainty.

Duration of diversion
~—

<«
/

/-\—

.———'—'—x

Figure 6 — Typical graph used in evaluation of (eg), for a diverter system
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Hence, the relative systematic uncertainty, expressed in
percentage terms, in a volume flow-rate measurement , Eg, is
given by the following equation:

ISO 8316 : 1987 (E)

The systematic uncertainty due to the timing device, (eg),, is
characteristically less than = 1 ms, and thus

(eg), 10-3
—— =+ —— = +0,0025 %

Eg = £ 100 x t 40

2 r arl? 2 2 The systematic uncertainty due to the diverter sytem, (es)p, is
x 2[‘88)\/} +2 L(es)z v} + [(e—s)t} + [@} characteristically + 25 ms, and thus
V V oz t t
leg)y 25 x 103
=+ 20 = + 0,0625 %
The relatiye—tendom—tneertainty—expressed—in—pereentage !

terms, at the 95 % confidence level is given by

(er)y ]2 I 2
(ERlgs £ + 100 \/2[9_:‘}@ 4 {(ﬁg)rj
i

8.2.2 Exgmple of the calculation of uncertainty

The example taken here is one using the static gauging
method, ip which a cylindrical volumetric tank collected a
volume of B m3 of water in 40 s, corresponding to a rise in the
level of 2|m, and where the volume fiow-rate of water is
required.

The example considers only the sources of error listed in 8.1
and uses vplues of uncertainty for these sources of error which
are characteristic of a high accuracy flow-rate measurement
facility. It hould be emphasized, however, that, in any par-
ticular casg, calculation shall be carried out separately Since
other sourges of error may exist and the values of ungertainty
corresponding to any given source of error may vary.

8.2.2.1 Slystematic errors

It is assunped that the procedures ‘outlined in ISO 5168 have
already been carried out in orderto provide the values of
systematic|uncertainties which-are used below.

The systerpatic uncertaipty due to the tank, (eg)y, has been
estimated in this particular case as = 2 dm3in each of the two
volume mgasurements, and thus

2 x 1073

8.2.2.2 Random errors

The confidence limits, at the 95,%- confid¢nce level, of the
distribution of the level-volume calibration [points about the
best-fit curve are characteristically + 0,05 %, and thus

(eR)
N/ ';V: + /2.5 0,06 % = + 0,07|%

The randomruricertainty due to the diverten system, (eR)p, is
characteristically + 10 ms, and thus

(egly” 10 x 10-3

= £ 0,026 %
t 40

8.2.2.3 Calculation of the overall uncertainty

The relative systematic uncertainty, Eg, [of the flow-rate
measurement (see 8.2.1) is

Eg = + /10,0352 + (0,014)2 + (0,0045)2 + (0,062 5)2
=+ 0,073 %
NOTE — It may be noted that this value wduld not be altered

significantly if the systematic uncertainties due tq the gauge and the
timer were ignored.

The relative random uncertainty, (ERlgs, |in the flow-rate
measurement (see 8.2.1) is

A/ (0,97)2 + (0,025)2 %
0,074 %

(Egles = *
+

Thus the flow-rate measurement result may [be presented as

\/_2_ (E‘s \ b 2 4N N2 0
=T VZ = L U,00J /0
vV 8

The systematic uncertainty due to the gauge, (eg),, in each of
the two level measurements (taken with a hook gauge in a
stilling well) characteristically has a value of + 0,2 mm, and if it
is assumed that the height-volume relationship is linear,

8 02x10-3
iﬁx?xT:iO,O14%

av (eg), N
az VvV

8
qy = % = 0,2m3/s

with

ES=

-+

0,07 %
(Eplgs = + 0,07 %

The uncertainties are calculated in accordance with ISO 5168.

1"
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8.3 Presentation of results b) Flow-rate g = ...

The following equation (ERlgs = * oq3 % Eg = +6q4 %

dg \2 [oag \? '+ aq
e, = —e +|—e + ... —e
7 axy ! »Xo 2 oxy k
where dq/ dx,, 0q/dx,, ..., dq/dx, are partial derivatives (see

ISO 5168), should preferably be calculated separately for any . .
o . ponents, since the value of (eglggs or (ER)gs shall be given. In
uncertainties due to the random and systematic components of X .
I X R this case, the flow-rate measurement shall be presented in one

error. By denotin ST TheToTOWING TormsT
flow-rate measurement from these two sources by (eg)gs and eg 9 '
respectively, when expressed in absolute terms, and by (Eg)gg ) ... *+ 0gs

c) Flow-rate g =
and Eg when exprgssed as percentages, the flow-rate measure-

An alternative, though less satisfactory, method is to combine
the uncertainties arising from random and systematic errors by
the root-sum-square method. Even then, however, it is
necessary to evaluate (Eg)gs (see 8.2.1) for the random com-

)2] 172 Uncertainties calculated in accordance with ISO 5168.

ment shall then b¢ presented in one of the following forms: (erlos = g,
a) Flow-rate § = ... Uncertainties calculated in accordance with 1ISO|5168.
d) Flow-rateq = ... * dqgp.%

(ER)95 = idq:; %
Uncertainties dalculated in accordance with ISO 5168.
Uncertainties caleulated in accordance with 1ISO|[5168.
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Annex A

Corrections to the measurement of filling time

(This annex forms an integral part of the standard.)

Experience has shown that for a well-designed system the
switching error for one start-stop cycle of the diverter may cor-
respond to i i =
dent on the flow-rate, the velocities of traverse in each direc-
tion of the|diverter tip through the liquid stream, and the exact
location of|the timer actuator with respect to the liquid stream
emerging ffom the nozzle slot. The switching error shall not be
assumed 4| priori to be insignificant, but shall be evaluated by
experimental tests, using one of the procedures described in
clauses A.f| and A.2.

A.1 Static gauging method

A.1.1 Method 1

A steady flow-rate is established using the control valve and a
standard tg¢st run is made to determine the flow-rate. Then a
series of short flows, or bursts of flow (as many.as 25 bursts),
is deflected into the volumetric tank without resetting the timer
or the levgl gauge to zero; the flow-rate is then determined
from the gum-total volume and sum-total time. To complete
the run, a second standard determination is made of the steady
flow-rate, @§nd the average of the two normally measured flow-
rates is compared with the sum-total flow-rate determination.

If the sum{total volume for n bursts is about equalto that of a
standard riin, it can be shown that the average.timing error A¢
due to timer control for one cycle is almast\equal to

n n
> oS
At 1 |g 1 2N

t A=119" (VA

1

where

(V4= V})/t , isthe average flow-rate determined by the nor-
mal prdcedure;

A similar method may be used for calculating the volumetric
error introduced by valve operation for the method described in
D.3, annex D

A.1.2 Method 2

The following alternative method. of setting [the diverter timer
actuator may also be used.

First, set the normal_flow-rate control mechanism of the
hydraulic circuit to give a flow-rate close to the maximum flow-
rate capability of the 'system, with a good qyality flowmeter in
the circuit. Ran the system in this state for several hours,
during which time take many successive measurements of
flow-rate_using different diversion times. Supgested times are
as follows" ““normal”’, and 20 %, 10 % and b % of ““normal’’.
The_highest number of tests is required at thg 5 % of “‘normal’’
{orfong) time interval, with the lowest number of tests at the
“normal” diversion time. During each of|these tests, the
average reading on the flowmeter shall bg recorded as ac-
curately as possible.

The results obtained shall be transferred to the following equa-
tion, in which At is the required timing errpr of the diverter
system:

a1\ le-2 - -0
Iy 176} Q

where

t, is the diversion time for a particular ‘{short” test;

q

tq is the diversion time for a “normal” |ength test occur-
ring nearest chronologically in the testing sequence to the
test chosen above;

n

n
2 AV; Z t; is the flow-rate determined from the sum-
1

1
total volume and sum-total time for n bursts;

q and g’ are the flow-rates during the normal runs and
during the n bursts respectively, as measured by a self-
contained flowmeter in the flow circuit; the correction g/q’
takes into account flow-rate variations, if any, between the
measuring runs.

After this procedure has been repeated over a wide range of
flow-rates, it will be possible, on any further measurement, to
correct the measured filling time by the value of Af determined
thus.

q—is—the—flow-rate—ecaleulated—for—a—particular diversion
time, tq ;

Q is the flow-rate calculated for a ““normal” diversion
time, ¢, occurring nearest chronologically in the testing se-
quence to the test chosen above;

q_t is the average reading during the time ¢,;

Q, is the average reading during the time (.

The values obtained for the right-hand side of this equation
shall be plotted against (1/¢; — 1/tg), as shown in figure 7.
The points should define a straight line of gradient A¢ which
passes through the origin.

13
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If a significant value of At is obtained, the diverter timer ac-
tuator should be adjusted to minimize the value of the error as
shown by repeated testing.

The procedure shall be repeated at a few lower flow-rates to
ensure that the value of At obtained is not significantly depen-
dent on the flow-rate. If significant changes in the At value are
obtained, it will be necessary to improve the operation of the
diverter system or to introduce a variable correction time At to

be applied to the

diversion time.

The circuit shown in figure 9 may be used to determine the cor-
rection At due to the switching time difference of the diverter.
The switches Ky and K, are in the T, position to measure the
switching time 77, when the flow is switched from by-pass to
the tank. Displacement of the beam A, rigidly connected to the
diverter control (e.g. the lever of a spring mechanism), closes
contacts 2 and 6, thus actuating the electronic timer. Closing
contacts 1 and 4 stops the timer. Switches K; and K, are in the
T, position to measure the switching time ¢,. Displacement of
the beam B closes the contacts 1 and 3, thus actuating the
timer, which stops when contacts 2 and 5 close.

A.1.3 Method
The following me
starts or stops thd

specified in 5.2.

Figure 8 illustratg

3

thod may be used when the diverter either
timer under conditions different from those

s the filling of a volumetric tank when the

flow-rate is measyired using a diverter system. The timer may

be started at var
points 5 or 8.

Sections 1 — 2 A
durations of the ti
flow is switched
"by-pass to tank’

Section 3 — 6 r¢
rate.

Sections 2 — 9 a
tions in the flow-

liquid to the tank

Section 9 — 12 sh
ing installation.

Sections 1 — 2, 9

ous points such as 1 or 4, and stopped at

-3 —4and5 — 6 — 7 — 8 represent the
ansient movements of the diverter when the
o and from the measuring tank (time ¢ for
and time ¢, for “tank to by-pass”).

presents the filling time with a steady flow-
hd 12 — 7 represent, respectively, the varia-
rate through the diverter when diverting the

and to the by-pass.

ows the actual flow-rate through the measur-

— 10, 11 — 12 and 7 — 8 represent the idle

travel of the diventer.

Gradient of mean line = At

Take a series of 10 measurements of the diyertey switching
times ¢ and f,. Then determine the mean vallies; and 1, from
which the correction At = ¢, — f, is calculated.

A.2 Dynamic gauging méthod
The level measuring systemin“the volumetric tank|is used to
control the starting and stopping of the timer. Such a system
has a characteristic systematic error due to the swifching time

difference of the level sensors.

Figure 10 is based on the assumption that level sen$ors switch
the timer only when submerged by the rising liquid].

In figure’ 16
{5 is the actual filling time of the volume V;
ty, is the measured filling time of the volume 1;

liow is the switching delay for the lower level sensor (timer
is started at 1");

typ is the switching delay for the upper level sehsor (timer
is stopped at 2’).

IS
t
| &
1| x
S X
|
o A
- x

X XX \XA xx X
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P

1 1 §
(E -‘f—d)[SW

Figure 7 — Graph with plotting of results of diverter timer actuator tests, as given in A.1.2
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Figure 9 — Diagram of system for measuring the switching time and switching time difference of the diverter

15


https://standardsiso.com/api/?name=f78bb41deb5f485f76f0092e8517b0ac

1ISO 8316 : 1987 (E)

It is clear that:

lac = low =

from which

tac = tm + (1
thus
At = (tlow —

is the correction t

16

inW

Figure 10 — Graph of volume collected against time at constant flow-rate

ol IUD
w — lup)
up)

b the measured filling“time of the tank.

The switching time difference of the level sensd
evaluated using one of the following methods:

a) the level sensors are set at the same level an
liquid is used to trigger them both simultaneous

b) the level sensors are both driven down t
contact the static liquid.

The timer is used to measure any time differenc
points 1° and 2’ (which in these cases, should coi
hence to measure At directly.

Alternatively, method 2 described in A.1.2 may b
determine Ar.

rs can be
I the rising
\&

bgether to

b between
hcide) and

e used to
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Annex B

Density of pure water
at standard atmospheric pressure of 101,325 kPa

(This annex does not form an integral part of the standard.)

Table 2
Temperature Density Temperature Density
°C kg/m3 °C kg/m3
0 999,84 18 998,59
2 999,94 20 998,20
4 999,97 22 99,77
6 999,94 24 997,30
8 999,85 26 996,78
10 999,70 28 996,23
12 999,50 30 995,65
14 999,24 32 995,03
16 998,94 34 994,37

Annex C

Example of a volumetric flow-rate installation
using the dynamic gauging method

(This-anrex does not form an integral part of the standard.)

Figure 2 shows details ofjan/installation using the dynamic These diminish the cross-sectional area of tHe chamber in the
gauging mgthod. level indication zones. Each displacemer|t device has a

longitudinal channel to locate the sensing elements of the level
The measufing chamber is a vertical cylinder of reduced height gauge which control the timer.

located in, pndrigidly fastened to the bottom of, the measuring
tank filled yith.liquid.

During the operation of such an installation, the wall of the

The working liquid which is under pressure in the storage tank measuring chamber is under double-sided pressure. This
is fed by a pump to the flow stabilizer. Then the liquid goes reduces any deformation of the chamber thus making any
through the test run to the outer annulus of the measuring change in volume minimal. The difference in pressure between
tank, and then to the measuring chamber over its upper wall. the flow stabilizer and the tank shall not exceed the maximum

head lift of the pump. This will allow the use of a low-pressure
Displacement devices are situated in the measuring chamber. pump when working at high pressure.

17
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D.1

Annex D

Example of a volumetric flow-rate installation
using the standing start and finish method

(This annex does not form an integral part of the standard.)

Principle

very rapid filling of the tank) to disperse through the

open vent

Figure 11 shows
standing start and

Liquid is pumped
valve, into a volu

illustrated in fig
downstream of thg
cavitation.

The volumetric t4

letails of a volumetric installation using the
finish method.

hrough the flowmeter under test, via a stop-
etric tank. A typical design for such a tank is
ure 12. The stop-valve shall be sited
b meter under test to reduce the possibility of

nk is calibrated using a graduated delivery

vessel for filling sp that the reading of the liquid level in the

sight tube can be
tank. The final vol
scale alongside |
allowed for any erf

related to the actual volume of liquid in the
Lime is obtained by reading from a graduated
his sight tube. Sufficient time should be
trapped air (this may occur especially during

at the top of the tank before taking readings. The,zq
established by allowing the tank to drain initially-to'a
and then by opening valve C (see figure 12)_to"a

ro point is
major weir
minor weir

situated inside a sight glass, thus establishing a conptant posi-

tion at the start of each test.

Again sufficient time should be_allawed for the tes
drain from the interior walls of ‘the volume tank. (9
are not therefore normally “used with viscous oild
calibration liquid shall have, a viscosity similar to {
liquid with which the/voldmetric tank is subsequs
used.)

The flow-rate as\indicated by the meter during the {
compared tocthe calculated mean flow-rate obtaine
readings a@f;volume of liquid in the measuring tan
with the\filling period measured by the timer (see 4

Volumetric tank

t liquid to
uch tanks
, and the
hat of the
ntly to be

lest is then
H from the

together
1.1).

Flow ————

Flowmeter

Pump

Stop-valve

Figure 11 — Schematic diagram of a volumetric installation using the standing start and finish method
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