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Foreword

This translation has been made based on the original Japanese Industrial Standard
revised by the Minister of Economy, Trade and Industry, through deliberations at the
Japanese Industrial Standards Committee as the result of proposal for revision of
Japanese Industrial Standard submitted by Japan Measuring Instruments Federation
(JMIF)/Japanese Standards Association (JSA) with the draft being attached, based on
the provision of Article 12 Clause 1 of the Industrial Standardization Law applicable
to the case of revision by the provision of Article 14.

Consequently JIS B 7556 :2003 is replaced with this Standard.
This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard may conflict
with a patent right, application for a patent after opening to the publie, utility model
right or application for registration of utility model after opening to the public which
have technical properties. The relevant Minister and the Japanese Industrial Standards
Committee are not responsible for identifying the patent right, application for a patent
after opening to the public, utility model right or application for registration of utility
model after opening to the public which have the said technical properties.
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JAPANESE INDUSTRIAL STANDARD JIS B 7556 : 2008

Procedures of calibration and testing
for gas flowmeter

Introduction

This Japanese Industrial Standard aims to secure the reliability of a calibration
result and a testing result also internationally by specifying the procedures of cali-
bration and testing and the calculation method of uncertainty and deviation for a
gas flowmeter,

1 Scope

This Standard specifies the procedures of calibration and testing and the calcula-
tion method of uncertainty and deviation for a gas flowmeter using the flowmeter
(reference standard flowmeter) with ensured traceability as a reference standard.

The calibration and testing shall be performed under the environmental condi-
tions of atmospheric pressure, normal temperature and normal humidity. Further-
more, a test gas shall be air with dry state at normal temperature and normal humidity.

In addition, this Standard does not specify the flow rate range in which calibra-
tion and test are performed and the pressure of the gas which flows into a device
under test. Furthermore, when the pressure of the test gas supplied to the refer-
ence standard flowmeter exceeds the pressure described in a calibration certificate,
this Standard does not apply.

NOTE 1 The flowmeter with ensured traceability refers to either of the following.
In any case, the uncertainty of calibration is evaluated appropriately.

a) The flowmeter with the calibration certificate published by the public
institution or the JCSS calibration laboratories except the reference
gas meter and the reference volume pipe which passed the refer-
ence equipment inspection based on the Measurement Law.

b) The flowmeter calibrated based on this Standard using the above-
mentioned flowmeter as the reference flowmeter.

NOTE 2 The gas flowmeter refers to the flowmeter for measuring the mass flow
rate, volume flow rate or integrated volume of the gas flowing in pipe-
lines and includes the flowmeters based on all the measurement prin-
ciples in this Standard.

2 Normative references

The following standards contain provisions which, through reference in this text,
constitute provisions of this Standard. The most recent editions of the standards
(including amendments) indicated below shall be applied.

JIS Z 8103 Glossary of terms used in measurement

JIS Z 8762-1 Measurement of fluid flow by means of pressure differential devices
inserted in circular cross-section conduits running full—Part 1:
General principles and requirements
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JIS Z 8762-2 Measurement of fluid flow by means of pressure differential devices
inserted in circular cross-section conduits running full—Part 2:
Orifice plates

JIS 7Z 8762-3 Measurement of fluid flow by means of pressure differential devices
inserted in circular cross-section conduits running full—Part 3:
Nozzles and Venturi nozzles

JIS 7Z 8762-4 Measurement of fluid flow by means of pressure differential devices
inserted in circular cross-section conduits running full—Part 4:
Venturi tubes

3 Terms and definitions

For the purpose of this Standard, the terms and definitions given in JIS Z 8103
and VIM and the following apply.

3.1 deviation

value expressed as a percentage (%) calculated by subtracting the indication value of
a reference standard flowmeter from the indication value of a device under test and
dividing the result by the indication value of the reference standard flowmeter

NOTE : In the edition published in 2003 (previous edition) of this Standard, the
term “deviation” was not given. Instead, the term “instrumental error”
was given and defined to be “the percentage calculated by subtracting
the real quantity from the indication quantity of the equipment under
test and dividing the result by the real quantity”. Since in International
Vocabulary of basic and general terms in Metrology/VIM, the term
“deviation” is given with the same definition as above but the term
“instrumental error” is not given, in this Standard, the term adopted will
be “deviation”, but attached with the term from the previous edition so
as to read “deviation (instrumental error)”, where appropriate, in order
to avoid the confusion.

3.2 wuncertainty

parameter, associated with the result of a measurement, that characterizes the dis-
persion of the values that could reasonably be attributed to the measurand

It is an index which shows how reliable the measurement result is and also proves
that traceability is securable.

3.3 traceability

property of the measurement result or the value of standard that can be related to
a certain standard specified normally by National Standard or International Stan-
dard through an unbroken chain in which all of uncertainty is expressed

3.4 JCSS (Japan Calibration Service System)

calibration entrepreneur registration (accreditation) system based on the Measure-
ment Law

The calibration here refers to the action which proves a connection to measure-
ment hardware (traceability of measurement) by National Standard or by the chain
of comparison with National Standard.
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3.5 calibration

work to determine a correction factor newly in order to relate the flow rate of a ref-
erence standard flowmeter with the value which a device under test indicates

3.6 testing

work to determine how much deviation (instrumental error) exists between the flow
rate of a reference standard flowmeter and the value which a device under test in-
dicates, in which the deviation (instrumental error) can be corrected or not corrected

In the case where deviation is not corrected, it refers to the work to judge whether
it is within a tolerance or not.

3.7 flow rate
In order to clarify the term “flow rate” in consideration of the characteristics of a
measuring instrument called a flowmeter, it is used as follows.

— flow rate which a flowmeter indicates (or simply indication value): value before
correction obtained by a flowmeter or indication value which a flowmeter indi-
cates

— flow rate of a flowmeter: flow rate obtained by converting the flow rate which a
flowmeter indicates into a certain state, etc.

3.8 reference standard flowmeter

flowmeter which is used as the reference standard which gives the standard value
of flow rate in calibration and testing and equipped with the calibration certificate
or the test report which clearly states the uncertainty of flow rate in calibration and
testing

3.9 device under test

flowmeter targeted for calibration and testing, which is a measuring instrument giving
a flow rate or a quantity related to it

3.10 mass flow rate
quantity of fluid moving per unit time expressed in mass

The volume of gas, even if the gas is of the same kind and mass, when the tem-
perature or pressure of gas differs, the volume of gas at that time differs. There-
fore, the value of mass flow rate can be indicated using the volume flow rate by
specifying the conditions of gas (temperature and pressure). The volume flow rate

indicated by specifying the conditions of gas in such a way is synonymous with mass
flow rate.

3.11 volume flow rate
volume of gas flowing in pipelines per unit time

3.12 integrated volume

cumulative total value obtained by adding consecutively the volume of the passing
fluid
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3.13 standard condition

measurement condition used as a reference, which is specified in order to enable a
comparison of the measurement results under different conditions as results under
the same conditions

3.14 gas flow generator

device for generating the flow rate needed in test piping with a compressor, a vacuum
pump, etc.

3.15 flow straightener

device for straightening the flow which is installed in the upstream side (inflow side)
of a flowmeter in order to extinguish or decrease the swirl flow, drift and contrac-
tion of a fluid and lessen the adverse effect on characteristics of a flowmeter

There are a tubular type, a perforated-panel type, a Ben type, etc. as construc-
tional examples.

3.16 flow rate regulator
instrument for regulating the flow rate of the flow in test piping
It has a function to regulate freely the flow rate of the flow in test piping and

maintain it stably at a constant level by the ball valve, needle valve, etc. incorpo-
rated between the gas flow generator and the test apparatus.

3.17 pressure regulator

instrument for maintaining the pressure at a setting value given beforehand by
suppressing the pressure fluctuation of test gas in pipelines in calibration and test-
ing

3.18 temperature compensator for percent scale

mercury glass thermometer in which the temperature expansion correction factor of
gas becomes 10 % at 27.3 °C when 0 °C is taken as a reference in the scale of a ther-
mometer

3.19 correction coefficient

coefficient that relates the flow rate of a reference standard flowmeter to the indica-
tion value of a device under test, which is determined by calibration

3.20 discharge coefficient

ratio between the mass flow rate when actually passing through a critical flow nozzle
(sonic nozzle) and the theoretical mass flow rate calculated from the condition of the
throat part of a critical flow nozzle (sonic nozzle)

3.21 repeatability
dispersion of two or more flow rates obtained by fixing the conditions of calibration
and testing and repeating measurements

In the case of a flowmeter, normally, the indication value fluctuates due to the
effect of a flow field. Therefore, in this Standard, the average value of data obtained
during measurement performed for a period of fixed time is taken as one measure-
ment under that condition.
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4 Equipment used for calibration and testing and its configuration

4.1 Configuration of test apparatus

The test apparatus consists of instruments such as a reference standard flowme-
ter, a gas flow generator, a device under test and piping connecting these, valves,
and measuring instruments such as a thermometer, a hygrometer, a manometer, a
barometer, and as necessary, a straightening part, a heat exchanger, etc. The ma-
terial of piping used for connection shall not be deformed, and the shape of piping
shall be such that resonance of piping is not generated by the flow and the flow does
not stagnate.

4.1.1 Effect of straight pipe length

The piping which connects a reference standard flowmeter and a device under test
requires the length which does not have the effect of the fluctuation of flow field by
one flowmeter on that by another flowmeter. Since the drift, etc. of flow generated
due to the measurement principle and structure directly affect the flow rate depend-
ing on the flowmeter, the velocity distribution is required to be uniform with respect
to the piping cross section. For such a flowmeter, the recommended straight pipe length
shall be secured for the upstream side and the downstream side of a flowmeter, re-
spectively. When the straight pipe length is specified in other standards such as JIS,
they shall be followed. Also in the cases other than that, the sufficient straight pipe
length which does not have the effect of the flow field in the upstream side and the
downstream side on the flow rate measurement shall be secured. When the sufficient
straight pipe length cannot be secured, the flow field which flows into a flowmeter shall
be made as uniform as possible using a straightening pipe, etc.

NOTE 1 Scientifically, for the straight pipe length needed to remove the strain
of a flow field, the numbers of 50d and 100d are given, taking the
piping inside diameter as d. Although they are required for the spe-
cial apparatus specified in National Standard, etc., they are not actu-
ally significant.

NOTE 2 When the straight pipe length is not sufficient, since there may be a
possibility that the effect of the flow field which flows into a flowme-
ter remains strong, the indication may not be right depending on the
kind of flowmeter.

4.1.2 Effect of mounting posture of flowmeter

For the flowmeter in which gravity is related to the measurement of a flow rate,
the mounting posture is restricted. Furthermore, also for the manometer, etc., since
they are affected by gravity depending on the structure subjected to pressure, the
mounting posture is restricted. Therefore, the test apparatus, including piping, a
layout, ete. before and behind a reference standard flowmeter, shall be configured
so that the stationary state of a flow field is maintainable and it is easy to exchange
a device under test and it can be mounted with good reproducibility.

4.1.3 Mounting position of manometer, thermometer and hygrometer

Generally, the manometer and thermometer shall be mounted on the upstream
piping of a standard flowmeter or a device under test. However, since the thermom-
eter has a possibility of disturbing the flow, when turbulence of the flow affects the
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flow rate of a flowmeter, they may be mounted on the downstream side of the flow-
meter. When humidity is measured by inserting a hygrometer into the inside of
piping, care shall be taken so that the sensor part does not form dew. In either
case, when it is difficult to judge where to mount, the standard or the operation manual
of each flowmeter shall be followed.

4.1.4 Mounting position of gas flow generator

A gas flow generator shall be used by connecting it to the most upstream side of a
test apparatus when a test gas is supplied to the test apparatus using a blower, etc.
and by connecting it to the most downstream side of the test apparatus when the test
gas is sucked into the test apparatus by a suction pump, a vacuum pump, etc.

4.1.5 Effect of pipeline between reference standard flowmeter and device
under test

The state of the flow in a reference standard flowmeter and a device under test
mounted to a test apparatus is not the same, but always fluctuates. When the ef-
fect of fluctuation of a test gas which flows through the test apparatus is large,
uncertainty may become large due to disagreement between the fluctuation of the
flow which flows through the reference standard flowmeter and that of the flow which
flows through the device under test. Therefore, unless two flowmeters affect each
other, it is necessary to make the excessive piping length and the portion in which
the flow stagnates, so-called dead space, as small as possible.

4.2 Supplying system of test gas

4.2.1 Push-in system

This system is the method of installing a blower, a compressor, a compressed-gas
cylinder, etc. as a gas flow generator on the upper part of a test apparatus (see fig-
ure 1). Although this system is available for testing of all the flowmeters and used in
general, it is easily affected by the pulsation from the gas flow generator. Further-
more, for this system, the temperature of test gas easily changes (rises). The test gas
is supplied to the test apparatus through the pressure regulator for adjusting the
pressure of test gas and the flow regulating valve for adjusting the flow rate, installed
between the gas flow generator and the test apparatus. When the supplied test gas
cannot obtain stability due to each factor such as the performance of the flow regulat-
ing valve in the piping system, or the test flow rate, a buffer tank should be provided
between the flow regulating valve and the reference standard flowmeter.

Gas flow Pressure  Plow Manometer Refegenge ManometerD .
Q {@ valve valve
Thermometer Thermometer

Figure 1 Supply method of test gas (push-in system)
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4.2,2 Suction system

This system is the method in which a suction pump or a vacuum pump is used as
a gas flow generator, and the pulsation, ete. of the gas flow generator are easily sup-
pressed and the stabilized flow can be made by preparing a flow regulating valve
between the gas flow generator and the test apparatus. This system is used for cali-
bration and testing near at the atmospheric pressure. Furthermore, in this system,
the temperature of test gas does not easily change. In this system, the downstream
side of the device under test may be in a negative pressure state. This can be avoided
by using the flow regulating valve, as shown in figure 2, which will ease the nega-
tive pressure state of the downstream side of the device under test.

Manometer Reference Manometer Gas flow
Cutoff standard Device Flowl " generator
ulto flowmeter under test re;iru ating
Atmospheric valve M\
pressure D><] |
Thermometer Thermometer

Figure 2 Supply method of test gas (suction system)
4.3 Test apparatus

4.3.1 Gas flow generator

A gas flow generator is a device which generates a flow rate in a test apparatus
so as to enable it to generate stably a flow rate as steady as possible with a blower,
a suction pump, a vacuum pump, etc. Furthermore, like a compressor, etc., when
the gas flow generator is connected to the upstream side of the test apparatus, it is
necessary to figure out a good way to make the temperature rise of the test gas by
continuous running as small as possible.

4.3.2 Reference standard flowmeter

If the conditions in 3.8 are satisfied, any flowmeter can be used as a reference
standard flowmeter.

4.3.3 Flow regulating valve

A flow regulating valve is for regulating the flow rate which flows through test
piping, and it has the mechanism which is capable of regulating arbitrarily the flow
rate which flows through test piping by incorporating a ball valve, a needle valve,
etc. between the gas flow generator and the test apparatus to keep the flow rate
stable and constant.

4.3.4 Pressure regulator

A pressure regulator is an instrument for maintaining at a predetermined set-
ting value by suppressing the pressure fluctuation of a test gas in pipelines in cali-
bration and testing. Furthermore, when the stability of pressure is not obtained by
the ratio of supply pressure and working pressure or when the pressure is affected
by the pulsation of a gas flow generator, the pressure is made to be in a stable state
by using a buffer tank having sufficient capacity to a test flow rate between the gas
flow generator and the test apparatus.
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4.3.5 Thermometer

Although, for the thermometer used for calculation of the flow rate of a reference
standard flowmeter and a device under test, the thermometer with ensured traceabil-
ity calibrated by the JCSS calibration laboratories, etc. should be used, the thermom-
eter of which the uncertainty is evaluated by performing calibration compared with
the thermometer with ensured traceability may be used.

When the flow rate obtained by calibration and testing is corrected using a ther-
mometer intended for environmental measurement, the thermometer used shall have
an ensured traceability and clear uncertainty. However, if that value of flow rate is
used and the correction of the flow rate is not performed, it is not necessary to use
such a thermometer.

Since traceability is not ensured for the temperature compensator for percent scale
which has been conventionally used and expresses the quantity of correction of flow
rate as a percent from the indication value of temperature, uncertainty cannot be
calculated. Therefore, when the temperature compensator for percent scale is used,
the thermometer of which the traceability is ensured and uncertainty can be calculated
shall be used simultaneously.

4.3.6 Manometer

The manometer to be installed in the upstream side of a reference standard flow-
meter and the device under test, used for calculation of flow rate should be a manom-
eter with ensured traceability calibrated by the JCSS calibration laboratory, etc.
However, a manometer of which the uncertainty is evaluated by performing compari-
son calibration with the manometer with ensured traceability may also be used. The
manometer may be an absolute pressure gauge, or may be a pressure gauge, and shall
be selected according to the configuration of the test apparatus. Furthermore, a dif-
ferential pressure gauge which obtains the differential pressure before and behind each
of the reference standard flowmeter and the device under test, or the difference with
atmospheric pressure may be used.

4.3.7 Barometer

Traceability need not be ensured when a barometer is used to specify the environ-
mental condition and the value of the barometer is not used for correction of the
flow rate. However, when the flow rate is corrected using the value, the barometer
shall have the ensured traceability.

4.3.8 Hygrometer

Traceability need not be ensured when a hygrometer is used to specify the environ-
mental condition and the value of the hygrometer is not used for correction of the flow
rate. However, when the effect of the partial water vapour pressure of flow rate is
calculated using the value, the hygrometer calibrated by the JCSS calibration labora-
tory, etc. of which the traceability is ensured and the uncertainty is clear shall be used.

5 Method of calibration and testing

5.1 Calibration condition and testing condition

The test apparatus and the handling of a reference standard flowmeter and a
device under test in calibration and testing shall be as follows.
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a) Mounting method of reference standard flowmeter and device under test
When the mounting posture is indicated in the reference standard flowmeter and
the device under test used as a reference, the test shall be performed according
to the indicated mounting posture. However, when the mounting posture of the
device under test has not the effect on the calibration result, testing may be per-
formed by the mounting posture made suitable for the test apparatus. Further-
more, for the flowmeter with a rotary vane, since it is easily affected by swirl flow,
it is necessary to prepare a straightening part as required before and behind it.
Furthermore, since there are some flowmeters in which the flow direction is speci-
fied, that instruction shall be followed.

b) Inspection of airtightness The reference standard flowmeter, device under
test and piping part mounted for calibration and testing shall maintain the air-
tightness evaluated beforehand with respect to test pressure. Although the
inspection may be performed under either the reduced pressure condition or the
pressurized condition, it shall be performed under the condition near that of
the actual calibration and testing.

NOTE 1 In the airtightness test, since the effect of temperature fluctuation on
pressure change is large, it is necessary to perform temperature con-
trol appropriately.

¢) Running-in In order to stabilize the testing condition, running-in shall be per-
formed until the temperature of a pipeline and a flowmeter reach equilibrium suf-
ficiently by making the test gas flow at a flow rate near the maximum flow rate
of the device under test (use the maximum flow rate of the reference standard
flowmeter, if it is equal to or greater than that of the device under test), and for
the flowmeter with a mechanical mechanism, until the mechanical mechanism
conforms to the flow sufficiently.

NOTE 2 Since the time required for running-in differs according to the con-
figuration of the test apparatus, the environmental condition and the
kind of the device under test, it should be determined in consider-
ation of the conditions of calibration and testing.

NOTE 3 When the time for running-in is not sufficient, since the indicated value
of the flowmeter may change slowly during calibration and testing,
there may be a possibility that the precise calibration and testing are
not performed.

NOTE 4 In the case of the flowmeter with a mechanical mechanism, in order
to obtain a result with sufficient reproducibility, the running-in not
only in the low flow rate region but also in the maximum flow rate
region of the flowmeter should be performed.

d) Test flow rate For the flow rate of calibration and testing, calibration and
testing shall be performed at least at two points between the use flow rates of
the device under test. When the use flow rate range is wide, the number of
points of calibration and testing shall be increased according to the range.

The number of points of calibration and testing to perform shall be deter-
mined depending on the characteristics of the flowmeter and the uncertainty to
be obtained.
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e) Number of times of measurement of calibration and testing In calibra-
tion, the measurement shall be repeatedly performed more than once under the
same condition with respect to one flow rate, and repeatability shall be checked.

In testing, the measurement shall be repeatedly performed and repeatability
shall be checked when there is no known data on repeatability, except when
the characteristics of the device under test are known.

NOTE 5 Although when measurement is performed only once in a testing, etc.,
for the evaluation of repeatability of the flowmeter, known data is
adopted, in that case, the evaluation of repeatability of the flowme-
ter may become worse than that which is actually performed.

f) Measurement of temperature For the temperature measurement of gas pass-
ing through the reference standard flowmeter and the device under test, recording
shall be continuously performed during calibration and testing at the predeter-
mined location of each flowmeter in one testing for one flow rate. When this
cannot be performed, the values shall be monitored during measurement, and
the average value obtained based on the maximum and the minimum of the
indicated value shall be adopted.

For the temperature measurement, although any of a resistance thermom-
eter, a thermoelectric thermometer, a liquid-in-glass thermometer, etc. may be
used, thermometers which are capable of ensuring traceability and calculating
uncertainty shall be used.

g) Measurement of humidity For the humidity of gas, although the measured
value obtained before and after one testing for one flow rate may be used, the
average value of measured values obtained before and after it should be used.
Although any measuring instrument of humidity may be used, measuring in-
struments which are capable of ensuring traceability and calculating uncertainty
shall be used except when there is no need to correct the measurement result
obtained by using the measured values.

h) Measurement of pressure For the pressure measurement of gas passing
through the reference standard flowmeter and the device under test, recording
shall be continuously performed during calibration and testing at the predeter-
mined location of each flowmeter in one testing for one flow rate. When this
cannot be performed, the values shall be monitored during measurement, and
the average value obtained based on the maximum and the minimum of the
indicated value shall be adopted.

The manometer which can ensure traceability and calculate uncertainty shall
be used.

i) Measurement of differential pressure The differential pressure at the up-
stream side and the downstream side of the reference standard flowmeter and
the device under test shall be measured as necessary.

When these measured values are used as the testing result of the flowmeter,
the flowmeter which can ensure traceability and calculate uncertainty shall be
used except when there is no need to correct the measurement result obtained
by using those values.
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NOTE 6 The relation between the flow rate and the differential pressure of
the gas flowmeter is useful in determining whether the operational
condition is normal or not. This relation should be measured during
testing.

j)  Environmental condition under execution of calibration and testing The
degree of the effects of the environmental conditions (temperature, humidity and
atmospheric pressure) of the location in which the test apparatus is installed
on the calibration result and the testing result of the device under test shall be
grasped and the control limits of the environmental conditions in calibration
and testing shall be determined. The environmental conditions in calibration
and testing shall be recorded and the result shall be described in the calibra-
tion certificate and the test report.

NOTE 7 It is important for confirming the reproducibility of calibration and
testing to grasp the degree of the effects of the change in time of the
environmental conditions (temperature, humidity and atmospheric
pressure) on the calibration result and the testing result of the de-
vice under test and to determine the control limits of the environ-
mental conditions in calibration and testing.

k) Check of pulsation in piping Since a rotor type flowmeter, an eddy type
flowmeter, an ultrasonic type flowmeter, etc. are subject to the effect of pulsat-
ing flow, the effect of the magnitude of pulsation of pressure generated in pip-
ing or the pulsation frequency on the device under test shall be evaluated
beforehand. When the device under test is subject to the effect of pulsation,
preventive measures shall be taken so that pulsation has no effect on the cali-
bration result and the testing result.

1) Straightening device It shall be checked that straightening is performed to
such an extent that the velocity distribution in a pipeline does not affect the
output of a flowmeter by giving each upstream straight pipe length of the ref-
erence standard flowmeter and the device under test sufficiently and if neces-
sary by installing a straightening device.

m) Flow controller and pressure regulator The installation location of a flow
controller and a pressure regulator shall be selected so that it has a minimum
effect on the reference standard flowmeter and the device under test.

n) Zero point check of manometer The zero point check of a manometer which
has an effect on the calibration result and the testing result shall be performed
before measurement or as necessary.

NOTE 8 For the zero point of an absolute pressure gauge, the changed por-
tion of the zero point should be corrected without performing the zero
point adjustment.

NOTE 9 For the zero point of a pressure gauge and a differential pressure gauge,
the zero point shall be checked in open atmospheric air, and the changed
portion of the zero point shall be corrected, or the zero point shall be
adjusted.
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5.2 Calculation method of density of gas

5.2.1 General

In order to compare the volume flow rate or the integrated volume which a refer-
ence standard flowmeter and a device under test indicate, it is necessary to set them
in the standard condition or the condition of any flowmeter. For that purpose, the
value of density in each calibration condition and testing condition is required. The
density of gas shall be calculated using the gas state equation from the measured
values of pressure, temperature, and humidity.

When the value of density is required in this Standard, the formulae given in
5.2.2 and 5.2.3 shall be used.

5.2.2 In the case of air containing moisture
The density of humid air pye: (unit: kg/m?) shall be calculated as follows using
pressure P (unit: Pa), temperature T (unit: K) and relative humidity H (unit: %).

The molar fraction of water vapour y shall be calculated according to the formula
(1).
H
—x

=100

£
fx? et eete ettt eaas (D)

where, f: partial pressure coefficient
J=1.00062+3.14x107° x PH5.6x 107 x (T —=273.15)% ++eeeeeeerereeremmmnnennnnnnnns (2)
P, . saturated vapour pressure (unit: Pa)

In(P,)=1.2811805x107° x T~ 0.019 509 874 x T +34.049 260 34—6—ﬁ@

The molar mass of air containing moisture N, using the molar fraction x ob-
tained by substituting the value calculated from the formulae (2) and (3) into the
formula (1) shall be as follows.

per = Ny X7+ N XY oo (4)
where, Ng,,: molar mass of dry air 0.028 963 4 (kg/mol)
Ng,.,: molar mass of saturated vapour 0.018 015 (kg/mol)

The density of humid air shall be calculated from the gas state equation using
the formula (4) according to the formula (5).

x P

= e oo (5)
et RxT

where, R : universal gas constant 8.314 51 (J/K/mol)

The standard uncertainty u (pwe) of pwet shall be calculated according to the for-

mula (6).
2 2
u(Pwet)=\/(Ngwe‘ Xu(P)] +[Ng“’e‘ XPXU(T)} ..................................... (6)

RxT RxT?

Documents

Document Sharing Hub
PROTECTED BY COPYRIGHT

Full document details: JIS B 7556-2008


http://www.avadocuments.com/doc/jis-b-7556-2008
http://www.avadocuments.com/doc/jis-b-7556-2008

13
B 7556 : 2008

Since the uncertainty of N, ., and P, is small enough here, it is not taken into
consideration here. Furthermore, u (P) and u (T) are the standard uncertainty of
the measured value of pressure and temperature, respectively.

5.2.3 In the case of dry air
Since the density of dry air pary (unit: kg/m?) is relative humidity H=0 (%), it is
x=0. Therefore, the formula (5) is expressed by the formula (7).

N, xP

Pay :% ............................................................................... (7

This uncertainty u (pary) shall be calculated according to the formula (8).

Ny Xe(P)Y [ Ny xPxu(T)Y
U Pay) = T + ST | e, (8)

NOTE 1 The formulae (7) and (8) are those in the special case of the formulae
(5) and (6), respectively.

NOTE 2 Under the general condition in this Standard of P=300 (kPa), T=298.15
(K) and H=50 (%), when x=approximately 0.03 is given, u ()= approxi-
mately 0.000 5 is obtained. Therefore, the uncertainty obtained by the
humidity correction of N, .. is negligible since it is small enough.

Swet

NOTE 3 Since the saturated vapour pressure Ps, calculated under the condi-
tion of NOTE 2 is approximately 2 (kPa), the uncertainty u (Psy) in
that case is approximately 0.2 (kPa), which is small enough compared
with the pressure measurement condition of 300 kPa and the contri-
bution of P to the uncertainty of density is small enough, the uncer-
tainty u (Psy) is negligible.

NOTE 4 The gas state equation is an equation which gives the relation be-
tween the density of gas and the pressure and temperature, which is
given in the form of the formulae (5) and (7) in this Standard.

5.3 Calculation method of deviation (instrumental error)

5.3.1 In the case where flow rate is volume flow rate or integrated volume
(calculation method by density correction)

The calculation method of deviation (instrumental error) can be used under any
condition to which this Standard is applied. When the flow rate which a reference
standard flowmeter indicates and the flow rate which a device under test indicates
are volume flow rate or integrated volume, in order to calculate deviation (instru-
mental error), it is necessary to convert the flow rate which both flowmeters indi-
cate into the flow rate in the same condition.

The density of gas in the state of the reference standard flowmeter is taken as ps
and the density of gas in the state of the device under test as p.

NOTE : The state of the device under test, the state of the reference standard
flowmeter, etc. mean the state of the flow which flows into the device
under test and the state of the flow which flows into the reference
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standard flowmeter. The state of flow is determined by the values of
pressure, temperature and humidity in that flow.

a) When set in the state of device under test The integrated volume Qgn of
the reference standard flowmeter in the state of the device under test shall be
calculated according to the formula (9), taking the integrated volume which the
device under test indicates as @ and the integrated volume which the reference
standard flowmeter indicates as @s.

Qo = Qx5 o (9)
)

At this time, the deviation (instrumental error) of the device under test shall
be calculated according to the formula (10).

E=Q—Q%x100(%) ...................................................................... (10)

Sn

The volume flow rate Qvs, of the reference standard flowmeter in the state of
the device under test shall be calculated according to the formula (11), taking
the volume flow rate which the device under test indicates as @v and the vol-
ume flow rate which the reference standard flowmeter indicates as Qvs.

Qus, = Qus X 25 e, (11)
Yol

At this time, the deviation (instrumental error) of the device under test shall
be calculated according to the formula (12).

E:Mxmo(%) .................................................................... (12)

VSn

b) When set in the state of reference standard flowmeter The integrated
volume @, of the device under test in the state of the reference standard flow-
meter shall be calculated according to the formula (13), taking the integrated
volume which the device under test indicates as @ and the integrated volume
which the reference standard flowmeter indicates as @s.

Ps

At this time, the deviation (instrumental error) of the device under test shall
be calculated according to the formula (14).

EZQ"T_QS-X]OO(%) ....................................................................... (14)

S

The volume flow rate of the device under test Qvn in the state of the reference
standard flowmeter shall be calculated according to the formula (15), taking the
volume flow rate which the device under test indicates as @v and the volume flow
rate which the reference standard flowmeter indicates as Qvs.
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At this time, the deviation (instrumental error) of the device under test shall
be calculated according to the formula (16).

E_Qv_nQ_%xlOO(%) .................................................................... (16)

VS

¢) When output of reference standard flowmeter and device under test are
set in the standard state When the flow rate which the reference standard
flowmeter and the device under test indicate is converted into that in a certain
standard condition, the flow rate which both flowmeters indicate can be con-
verted into the value in the standard state by substituting p in the formula (9)
and ps in the formula (11) into pn, taking the density of the test gas in the stan-
dard state as pn.

5.3.2 In the case where flow rate which flowmeter indicates is used as it is

Since this method used conventionally is a simple method, it is applicable to the
calculation of deviation (instrumental error) at normal temperature and near at at-
mospheric pressure.

E: QV _QVS X 100 +
Qus 273 1000 1000

- - Py—P
s T+P PS+ B9 (0] eerereeeeeeieeee e amn

where, @Qvs: flow rate of reference standard flowmeter
Qv : flow rate which device under test indicates

Pg, Ts: upstream pressure and temperature of reference stan-
dard flowmeter (Pa), (K)

P, T: upstream pressure and temperature of device under test
(Pa), (K)

P.s, P, : upstream water vapour pressure of device under test of
reference standard flowmeter (Pa)

NOTE 1 Since it is assumed that the flow rate Qvs of the reference standard flow-
meter is the flow rate corrected using the correction factor, the devia-
tion (instrumental error) of the reference standard flowmeter is zero.
Therefore, the clause showing the deviation (instrumental error) of the
reference standard flowmeter is not included in the formulae (10), (12),
(14) and (16).

NOTE 2 Also in the case using the formula (17), if the flow rate @vs of the ref-
erence standard flowmeter of the 1st term uses the correction factor,
it will be unnecessary to take the deviation (instrumental error) of the

reference standard flowmeter into consideration as is the case with
NOTE 1.

NOTE 3 When the flow rate @vs of the reference standard flowmeter is not cor-
rected according to the formula (17), it is necessary to take the deviation
(instrumental error) of the reference standard flowmeter into consid-
eration. Usually, since the information for calculating deviation (in-
strumental error) is described in the calibration certificate, the deviation
(instrumental error) shall be calculated based on them. Furthermore,
when K factor or correction factor is only described and the deviation
(instrumental error) as a flow rate is not described, it is necessary to
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calculate the deviation (instrumental error) of the reference standard
flowmeter based on the information on the calibration certificate again.
In any case, it is necessary to add the obtained deviation (instrumen-
tal error) of the reference standard flowmeter to the result of the for-
mula (17).

5.4 Calculation method of uncertainty factor

5.4.1 General

The factor and the calculation method of uncertainty of the flow rate which the
device under test which is calibrated and tested indicates are largely dependent on
the output form of the device under test. However, the measured values of pres-
sure, temperature and humidity serve as a factor common to all.

Here, the view of the calculation method of the uncertainty on common items is
shown.

5.4.2 Uncertainty of flow rate of reference standard flowmeter

As the uncertainty factor of the flow rate of a reference standard flowmeter, there
are uncertainty described in the calibration certificate and dispersion of the indica-
tion value caused by change of a test gas. Furthermore, when a certain flow rate within
the flow range described in the calibration certificate is used, the value interpolated
from the flow rate described in the calibration certificate shall be used. Thus, when
the value obtained by determining the interpolation function form with respect to two
or more flow rates described in the calibration certificate is used, the difference be-
tween the flow rate described in the calibration certificate and the flow rate obtained
from the interpolation function occurs. Although this is called residual, the standard
deviation of this residual (square root of sum of squares of the difference of these) shall
be calculated, and this value shall be added in the final calculation of the uncertainty
of flow rate. Namely, when the expanded uncertainty (coverage factor &) of the refer-
ence standard flowmeter is taken as uo, the dispersion (standard deviation) of the
indication value accompanied by change of flow as o1 and the standard deviation of
the residual between the function form determined based on the value of the calibra-
tion certificate and the value described as oy, the standard uncertainty of flow rate of
the reference standard flowmeter u shall be calculated according to the formula (18).

When the uncertainty described in the calibration certificate is used as it is, o»
of the 3rd term is unnecessary.

NOTE : When a polynomial is used as an interpolation function, although a
residual becomes small by increasing the order, the order should not
be increased until the function form becomes physically unnatural.

5.4.3 Uncertainty of value which device under test indicates

The uncertainty of the indication value of a device under test shall be calculated
from the standard deviation of change of the indication value during calibration and
testing. When the standard deviation cannot be calculated, the uncertainty of an
indication value shall be calculated by using the following methods.
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a) In the case of pulsed output The minimum digit of the pulse obtained from
a pulse counter shall be taken as uncertainty.

b) In the case of voltage output and current output In the case of the digi-
tal output, the minimum digit of an indicated value shall be taken as uncer-
tainty. When the voltage output and current output are measured using an
external voltmeter and ammeter, these measuring instruments shall use those
of which the traceability is ensured.

¢) In the case of visual observation When an indicated value like an analog
output is obtained by visual observation, the minimum scale value of the object
to observe visually shall be taken as uncertainty. When the indicated value
fluctuates exceeding a minimum scale, the scale width which covers the range
of fluctuation shall be taken as uncertainty.

d) In the case of time measurement The minimum digit of measurement time
obtained from timer equipment shall be taken as uncertainty.

5.4.4 Uncertainty of measured values of pressure, temperature, humidity,
ete.

The factors of uncertainty of measurement of pressure, temperature, humidity,
etc. when using a measuring instrument include the following two items.

a) Uncertainty of measurement which measuring instrument itself has When
the measuring instrument to be used has the calibration certificate, that value
shall be used. When it has not the calibration certificate, 1/4/3 of the value de-
scribed in a catalog, etc. shall be taken as the standard uncertainty of the mea-
suring instrument. In this case, the traceability of the measuring instrument shall
be able to be proved. Furthermore, when a certain guarantee period, points to
be checked of reproducibility, etc. are described in a catalog, etc., the correction
and periodic check shall be performed according to the description. Even when
nothing is especially described with regard to these, the periodic check of values
performed by a reliable method shall be required.

b) Effect of fluctuation of flow field at the time of calibration and testing
The effect of fluctuation of a flow field at the time of calibration and testing
shall be evaluated as follows.

1) The information on the upstream flow field during calibration and testing
shall be recorded continuously, and that standard deviation shall be taken
as fluctuation of a flow field.

2) The maximum value and the minimum value of fluctuation of a flow field
during calibration and testing shall be measured by visual observation, and
the value obtained by multiplying the half width by 1//3 shall be taken as
fluctuation of the flow field.

The standard uncertainty z of the measured value of pressure, temperature
and humidity shall be given according to the formula (19), taking the ex-
panded uncertainty (coverage factor &) of the measuring instrument to be
used as u( and the uncertainty due to fluctuation of a flow field during
measurement as o.
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When the accuracy described in the catalog of the measuring instrument
to be used is used as uncertainty, the formula (20) shall be used. Since a
rectangle distribution is assumed here, a=+/3 is applied.

u= (u_o) N AT P OO TPPPPPPTTI (20)

NOTE : The coverage factor £ is usually £=2, which is equivalent to reli-
ability 95 % in this case. Furthermore, in the formula (20), a is used
in place of k& since & is the divisor of probability distribution.

5.4.5 When repeat measurement is not performed

When the calibration of a device under test is performed, dispersion of the indi-
cation value in the repeat measurement of the device under test is an important
factor in uncertainty evaluation. However, in the case of testing which examines
the capability of the device under test instead of calibration, the repeat measure-
ment [5.1 e)] need not be performed. In this case, for the repeatability of the device
under test, the existing repeatability data of the same type shall be used as a rep-
resentative value. However, when there is no repeatability data of the flowmeter of
the same type, the repeat measurement shall be performed and repeatability shall
be calculated.

5.4.6 Calculation method of uncertainty of deviation (instrumental error)

When deviation (instrumental error) is obtained, although the description of un-
certainty in the report is not required, when the proof of traceability is requested
from a client, it is necessary to calculate uncertainty to submit it. On that occasion,
calculation shall be performed according to the following method.

a) Uncertainty of deviation (instrumental error) E When the flow rate of a
reference standard flowmeter is converted into the conditions of a device under
test, deviation (instrumental error) E may be calculated according to the for-
mula (10).

E:Mxmo(%)

VSn
where, Qv: flow rate which device under test indicates

Qvsn: flow rate when the flow rate of reference standard flow-
meter is converted into the conditions of device under test

The standard uncertainty w(E) of the deviation (instrumental error) £ shall
be calculated according to the formula (21).

w(E) = \ﬁ”éiv)] +[QV X(;%(S?VSH)) X100 (%) wevererrerereereeereneseresseeesenns (21)
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where, u(Qv): standard uncertainty of flow rate which device under
test indicates

u(Qvsn) : standard uncertainty of flow rate when flow rate of ref-
erence standard flowmeter is converted into the condi-
tions of device under test

NOTE 1 It is also possible to calculate two or more E values by performing re-
peat measurement and take that standard deviation as uncertainty at
that time, in which case, it is necessary to perform repeat measurement
at least five times.

b) Uncertainty of flow rate @v which the device under test indicates in
the case of correcting deviation (instrumental error) E In calculation of
deviation (instrumental error), since the flow rate of both the reference stan-
dard flowmeter and the device under test is used, both values of uncertainty
are needed.

Standard uncertainty of flow rate of reference standard flowmeter w.: formula
(18) in 5.4.2

Standard uncertainty of indication value of device under test o: see 5.4.3

The standard uncertainty u of the flow rate which the device under test in-
dicates shall be calculated according to the formula (22).

NOTE 2 The formula (22) is a general formula for calculating the standard
uncertainty of the flow rate which the device under test indicates.

¢} Uncertainty of flow rate Qv which device under test indicates when
deviation (instrumental error) E is not corrected This is a case where
the device under test is evaluated by judging whether deviation (instrumental
error) E is within the predetermined tolerance or not. The standard uncertainty
of the flow rate which the device under test indicates when deviation (instru-
mental error) E is within this tolerance +5& shall be calculated according to the
formula (23).

6 Calculation of uncertainty of correction factor of device under test and
calculation of deviation (instrumental error) of flow rate

6.1 General

Precautions for performing calibration and testing of various flowmeters using a
reference standard flowmeter and the calculation method of uncertainty and devia-
tion (instrumental error) shall be as follows. For a device under test targeted for
calibration and testing of which the output form is the same, uncertainty and devia-
tion (instrumental error) can be calculated by the method which conforms to it.

Documents

Document Sharing Hub
PROTECTED BY COPYRIGHT

Full document details: JIS B 7556-2008


http://www.avadocuments.com/doc/jis-b-7556-2008
http://www.avadocuments.com/doc/jis-b-7556-2008

