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European foreword 

This document (EN 12405-3:2015) has been prepared by Technical Committee CEN/TC 237 “Gas 
meters”, the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by June 2016, and conflicting national standards shall be 
withdrawn at the latest by June 2016. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent 
rights. 

EN 12405 consists of the following parts: 

— Part 1: Volume conversion (and its amendments EN 12405-1:2005/A1:2006 and 
EN 12405-1:2005+A2:2010 to allow the harmonization of the standard with the Measuring 
Instruments Directive 2004/22/EC); 

— Part 2: Energy conversion; 

— Part 3: flow computer (this European Standard). 

In the preparation of this European Standard, the content of OIML Publication, “Recommendation 140 – 
measuring systems for gaseous fuel”, has been taken into account. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, 
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Turkey and the United Kingdom. 

Full document details: BS EN 12405-3:2015

http://dx.doi.org/10.3403/02609020U
http://www.avadocuments.com/doc/bs-en-12405-3-2015
http://www.avadocuments.com/doc/bs-en-12405-3-2015


BS EN 12405-3:2015
EN 12405-3:2015 (E) 

6 

Introduction 

A high accuracy volume conversion device can be needed depending of the intended use. EN 12405-3 is 
established in order to meet severe requirements concerning accuracy and related functions. 

For the purpose of this European Standard, functions are described, although these functions can be 
physically located in different components (e.g. calibration curve programmed in the measuring 
equipment itself or in the calculator). 

Four main categories of functions are described to achieve data processing: 

— Sensor signal Acquisition functions: to process signals from physical quantity provided by sensors 
and transducers to measurands; 

— Sensor functions: to convert measurands to correct measurements, mostly based upon calibration 
results and filtering procedures; 

— Metering functions: to calculate derived values such as volume, calorific value, compression factor 
etc. based upon international standards and formulas and to take care of the supervision and 
monitoring for the purpose of high accuracy and substitution values; 

— Long Term Data Storage functions: to keep all relevant information necessary to construct or 
reconstruct calculated values: 

— for later legally relevant purposes (e.g. the conclusion of a commercial transaction); 

— for back up of the relevant data. 
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Figure 1 — Description of the functionalities of the flow computer calculator 

Modular and global approaches 

In the modular approach, the flow computer is an assembly of separate associated measuring 
instruments and a calculator, which are verified separately. Each instrument is verified according to its 
testing procedure, using the indication available on the calculator or on the associated measuring 
instrument itself. In this case, the indication shall correspond to the indication of that measuring 
instrument, which is directly performing volume conversion. The verification of the functions consists 
in verifying the calculation concerning each characteristic quantity of the gas and/or the calculation for 
the volume conversion. 

In case of external communication, sufficient resolution of required data is ensured during data 
transmission. 

The associated measuring instruments are validated for or with a type calculator in order to ensure the 
interoperability of the association. 

CVDD is covered in EN 12405-2. 

In the global approach, the flow computer is tested as a package including the calculator and its 
associated measuring instruments and functions. 

The testing procedures are given in Annex A. 
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1 Scope 

Part 3 of this European Standard specifies the requirements and tests for the construction, 
performance, safety and conformity of flow computers (FCs) used to meet the metrological and 
technical requirements of a high accuracy volume conversion device. 

They are used to determine volume of fuel gases, including those of the first and second families 
according to EN 437. 

For the purpose of this European Standard, only flow computers that are intended to operate with 
ultrasonic meters according to ISO 17089-1 or gas turbine meters conforming to EN 12261 are 
considered. 

For the purpose of this European Standard only classification classes E2 and M1 are considered for the 
flow computer calculator. 

FCs are equipped with external separate transducers for pressure and temperature which may be 
approved separately. 

The provisions concerning pressure and temperature transducers are given in Annex B and C. 

Requirements and tests are given for energy calculator in EN 12405-2. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 

EN 437, Test gases — Test pressures — Appliance categories 

EN 1776, Gas supply systems — Natural gas measuring stations — Functional requirements 

EN 12261, Gas meters — Turbine gas meters 

EN 12405-1:2005+A2:2010, Gas meters — Conversion devices — Part 1: Volume conversion 

EN 12405-2, Gas meters — Conversion devices — Part 2: Energy conversion 

EN 55011, Industrial, scientific and medical equipment — Radio-frequency disturbance characteristics — 
Limits and methods of measurement (CISPR 11, modified) 

EN 60068-2-1, Environmental testing — Part 2-1: Tests — Test A: Cold (IEC 60068-2-1) 

EN 60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat (IEC 60068-2-2) 

EN 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h 
cycle) (IEC 60068-2-30) 

EN 60068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shocks, primarily 
for equipment-type specimens (IEC 60068-2-31) 

EN 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and 
guidance (IEC 60068-2-64) 

EN 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state 
(IEC 60068-2-78) 
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EN 60068-3-1, Environmental testing — Part 3-1: Supporting documentation and guidance — Cold and 
dry heat tests (IEC 60068-3-1) 

EN 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements (IEC 60079-0) 

EN 60079-7, Explosive atmospheres — Part 7: Equipment protection by increased safety "e" (IEC 60079-7) 

EN 60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety “i” 
(IEC 60079-11) 

EN 60079-25, Explosive atmospheres — Part 25: Intrinsically safe electrical systems (IEC 60079-25) 

EN 60529, Degrees of protection provided by enclosures (IP Code) (IEC 60529) 

EN 60751, Industrial platinum resistance thermometers and platinum temperature sensors (IEC 60751) 

EN 60947-5-6, Low-voltage switchgear and controlgear — Part 5-6: Control circuit devices and switching 
elements — DC interface for proximity sensors and switching amplifiers (NAMUR) (IEC 60947-5-6) 

EN 60950-1, Information technology equipment — Safety — Part 1: General requirements (IEC 60950-1) 

EN 61000-4-1, Electromagnetic compatibility (EMC) — Part 4-1: Testing and measurement techniques — 
Overview of IEC 61000-4 series (IEC 61000-4-1) 

EN 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques — 
Electrostatic discharge immunity test (IEC 61000-4-2) 

EN 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniques — 
Radiated, radio-frequency, electromagnetic field immunity test (IEC 61000-4-3) 

EN 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement techniques — 
Electrical fast transient/burst immunity test (IEC 61000-4-4) 

EN 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques — 
Surge immunity test (IEC 61000-4-5) 

EN 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniques — 
Section 6: Immunity to conducted disturbances, induced by radio-frequency fields (IEC 61000-4-6) 

EN 61000-4-8, Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement techniques — 
Power frequency magnetic field immunity test (IEC 61000-4-8) 

EN 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement techniques 
— Voltage dips, short interruptions and voltage variations immunity tests (IEC 61000-4-11) 

EN 61000-4-29, Electromagnetic compatibility (EMC) — Part 4-29: Testing and measurement techniques 
— Voltage dips, short interruptions and voltage variations on d.c. input power port immunity tests 
(IEC 61000-4-29) 

EN 62054-21, Electricity metering (a.c.) —Tariff and load control — Part 21: Particular requirements for 
time switches (IEC 62054-21) 

EN 62262, Degrees of protection provided by enclosures for electrical equipment against external 
mechanical impacts (IK code) (IEC 62262) 
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EN ISO 6976, Natural gas — Calculation of calorific values, density, relative density and Wobbe index from 
composition (ISO 6976) 

EN ISO 12213-2:2009, Natural gas — Calculation of compression factor — Part 2: Calculation using 
molar-composition analysis (ISO 12213-2:2006) 

EN ISO 12213-3:2009, Natural gas — Calculation of compression factor — Part 3: Calculation using 
physical properties (ISO 12213-3:2006) 

EN ISO 15970, Natural gas — Measurement of properties — Volumetric properties: density, pressure, 
temperature and compression factor (ISO 15970) 

IEC 61520, Metal thermowells for thermometer sensors — Functional dimensions 

ISO 17089-1, Measurement of fluid flow in closed conduits — Ultrasonic meters for gas — Part 1: Meters 
for custody transfer and allocation measurement 

ISO/IEC/IEEE 60559, Information technology — Microprocessor Systems — Floating-Point arithmetic 

3 Terms, definitions and symbols 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1.1 
absolute pressure 
value of the pressure of the gas relative to vacuum 

3.1.2 
associated measuring instrument 
instrument for measuring certain quantities which are characteristic of the gas, e.g. temperature, 
pressure, or calorific value, whose indications are used by the calculator with a view to making a 
correction and/or a conversion 

Note 1 to entry: For the purpose of this European Standard, when dealing with the ECD in modular approach, 
the VCD and CVDD are considered as associated measuring instrument. 

3.1.3 
base conditions 
fixed conditions used to express the volume of gas independently of the measurement conditions and 
the superior calorific value 

Note 1 to entry: The pressure base for both volumetric metering and combustion is always 1,01325 bar. The 
temperature is specified. 

EXAMPLE Temperature of 273,15 K and absolute pressure of 1,013 25 bar or temperature of 288,15 K and 
absolute pressure of 1,013 25 bar. 

3.1.4 
calculator 
electronic device that receives the output signals from measuring and data acquisition systems, e.g. 
associated gas meter or transducers, and processes them 
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3.1.5 
calorific value determining device 
CVDD 
associated measuring instrument for determining the calorific value of gas 

Note 1 to entry: For the purpose of this European Standard, the CVDD is described as a gas chromatograph (GC) 
because of the needs of using the gas composition for checks and calculations. 

3.1.6 
compression factor 
parameter which indicates the deviation from the ideal gas 

3.1.7 
conversion factor 
factor equal to the volume at base conditions divided by the corrected volume, or if there is no gas 
meter error correction, equal to the volume at base conditions divided by the volume at measurement 
conditions 

3.1.8 
conventional true value 
value attributed to a particular quantity and accepted, sometimes by convention, as having an 
uncertainty appropriate for a given purpose 

3.1.9 
corrected volume 
volume at measurement conditions corrected for the error curve of the gas meter 

3.1.10 
correction 
value added algebraically to the uncorrected result of a measurement to correct the systematic error 

3.1.11 
correction factor 
numerical factor by which the measured volume is multiplied to correct it to compensate the error 
curve of the gas meter 

3.1.12 
display 
element or assembly of elements of the indicating device on which the results of measurement and 
memorized values are displayed 

3.1.13 
disturbance 
influence quantity having a value within the limits specified but outside the specified rated operating 
conditions of the measuring instrument 

Note 1 to entry: An influence quantity is a disturbance if the rated operating conditions for that influence 
quantity are not specified. 

3.1.14 
durability 
ability of an instrument to maintain its performance characteristics over a specified period of use 
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3.1.15 
energy conversion device 
ECD 
energy conversion device calculates, integrates and displays energy using volume at base conditions 
and the calorific value or the gas composition 

3.1.16 
environmental class 
class referring to climatic, i.e. ambient temperature and humidity, mechanical and electromagnetic 
conditions 

3.1.17 
error of conversion 
difference between the conversion factor C displayed by a conversion device and the conventional true 
value of the conversation factor CCT expressed as a percentage of the conventional true value of the 
conversion factor 

3.1.18 
error of indication 
indication of a measuring instrument minus the (conventional) true value of the corresponding input 
quantity 

3.1.19 
flow computer 
FC 
high accuracy gas-volume conversion device associating measuring instruments with a calculator 
integrating data processing and monitoring functions 

Note 1 to entry: More information on functions can be found in the introduction. 

3.1.20 
gas-volume conversion device 
VCD 
device that computes, integrates and indicates the volume increments measured by a gas meter if it 
were operating at base conditions, using as inputs the volume at measurement conditions as measured 
by the gas meter, and other parameters such as gas temperature, pressure and gas composition 

Note 1 to entry: The conversion device can also compensate for the error curve of a gas meter and associated 
measuring transducers. 

Note 2 to entry: The deviation from the ideal gas law can be compensated by the compression factor. 

3.1.21 
gauge pressure 
value of the pressure of the gas relative to the ambient atmospheric pressure 

3.1.22 
global approach 
approach ensuring that the performances of the conversion device are verified and approved with a 
completely integrated package including the calculation, the associated measuring instruments and 
other functions 
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3.1.23 
HF 
high frequency pulse generator in accordance with EN 60947-5-6 

Note 1 to entry: If the meter is fitted with a high frequency output, the high frequency signal at Qmax is in the 
range of 0,3 kHz to 5 kHz. 

3.1.24 
indicating device 
part of a measuring instrument that displays an indication i.e. alphanumeric string 

3.1.25 
influence factor 
influence quantity having a value within the specified rated operating conditions of the measuring 
instrument 

3.1.26 
influence quantity 
quantity that is not a measurand but that affects the result of the measurement (e.g. ambient 
temperature) 

3.1.27 
maximum operating pressure 
MOP 
maximum pressure at which a system can be operated continuously under normal conditions 

Note 1 to entry: Normal conditions are: no fault in any device or stream. 

3.1.28 
maximum permissible error 
MPE 
extreme value of the measurement error, with respect to a known reference quantity value, permitted 
by specifications or regulations for a given measurement, measuring instrument or measuring system 

Note 1 to entry: Generally the two extreme values are taken together and are termed “maximum permissible 
errors” or “limit of error”. 

Note 2 to entry: The term “tolerance” should not be used to designate “maximum permissible error”. 

3.1.29 
measurand 
particular quantity subject to measurement 

3.1.30 
measurement conditions 
conditions of the gas, the volume of which is measured at the point of measurement (e.g. the 
temperature and the pressure of the gas) 

3.1.31 
measuring interval 
time interval in which a consumption of gas is determined by the meter 

Note 1 to entry: To each measuring interval belongs a single value. 
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3.1.32 
measuring transducer 
transducer device, used in measurement, that provides an output quantity having a specified relation to 
the quantity 

3.1.33 
measuring or working range 
all of the measurand values within which the measuring device error is supposed to be included, 
between specific limits 

Note 1 to entry: The URL (Upper Range Limit) sets the device's measurement uncertainty. It may be understood 
to be the full range. 

3.1.34 
modular approach 
approach in which the performances of the associated measuring instruments and the calculator, in 
which data from the associated devices are processed, are verified and approved separately 

Note 1 to entry: The conditions for the matching of the associated measurement instruments are verified 
appropriately. 

3.1.35 
overload of pressure 
maximum pressure to which the transducer may be submitted without durable alteration of its 
metrological characteristics: it is set in accordance with the maximum allowable pressure 

3.1.36 
precision 
closeness of agreement between indication obtained by replicate measurements on the same or similar 
objects under specified conditions 

3.1.37 
rated operating conditions 
values for the measurement and influence quantities making up the normal working conditions of an 
instrument 

3.1.38 
reference conditions 
set of reference values or reference ranges of influence factors prescribe for testing the performances of 
a measuring system or a device or for inter comparisons of the results of measurements 

3.1.39 
repeatability 
measurement precision under a set of repeatable conditions of measurement 

3.1.40 
Reynolds number 
Re 
dimensionless parameter expressing the ratio between the inertia and viscous forces 

Note 1 to entry: Reynolds number is expressed in the meter upstream pipe 

DNμπ
ρQ

μ
ρDNw

Re
i

ii

i

ii
i

4
==  (1) 
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3.1.41 
secured communication 
communication, physical or not, between elements of a measuring system ensuring that information 
transferred from one of these elements to another one may not be tampered with by the user, by 
external influences or by fault of the system 

Note 1 to entry: This is ensured by providing sealing devices and/or checking facilities. 

Note 2 to entry: WELMEC Guide 7.2 provides guidance with application of MID for software-equipped 
measuring instruments. 

3.1.42 
sensor 
element of a measuring system that is directly affected by a phenomenon, body, or substance carrying a 
quantity to be measured 

3.1.43 
setting of clock 
adjustment of the clock by a time difference which is larger than a certain limit 

3.1.44 
signal 
message made up of data or information that enables the data or information to be conveyed from one 
apparatus to another 

Note 1 to entry: It may take many forms broadly classed as analogue or digital. 

Examples are shown in Table 1 

Table 1 — Electronic interface descriptions 

Measurand 
representation as: 

Example Transmission between 
devices 

Conversion 

Proportional quantity, 
analogue signals 

Analogue value 

Voltage 

Current 

Frequency 

Analogue Analogue-to-digital 
conversion 

Proportional quantity, 
digital signals 

Pulses 

NAMUR-Sensor 

Reed-Contact 
Digital Counting 

Coded (Binary) 

Data protocol 

HART- Protocol 

Modbus - Protocol 
Coded (e.g. digital) Decoding 

3.1.45 
superior calorific value 
gross calorific value 
amount of heat which would be released by the complete combustion in air of a specified quantity of 
gas, in such a way that the pressure at which the reaction takes place remains constant, and all the 
products of combustion are returned to the same specified temperature as that of the reactants, all of 
these products being in the gaseous state except for water formed by combustion, which is condensed 
to the liquid state at this specified temperature 

Full document details: BS EN 12405-3:2015

http://www.avadocuments.com/doc/bs-en-12405-3-2015
http://www.avadocuments.com/doc/bs-en-12405-3-2015


BS EN 12405-3:2015
EN 12405-3:2015 (E) 

16 

Note 1 to entry: In the following parts of this standard, the term calorific value (CV) is used to mean superior 
calorific value. 

Note 2 to entry: The condensation heat and combustion heat depend directly upon the temperature and 
pressure; consequently the energy at base conditions is considered. The temperature to which the products of 
combustion are returned, need not necessarily be the same value upon which the volume conversion is calculated. 
The standard base conditions of temperature, pressure and humidity (state of saturation) to be used for 
measurements and calculations carried out on natural gases, natural-gas substitutes and similar fluids in the 
gaseous state are in accordance to EN ISO 13443. 

3.1.46 
synchronization of clock 
adjustment of the clock by a time difference which is smaller than a certain limit 

3.1.47 
time interval 
interval in which the measurement of gas quantities is determined 

3.1.48 
uncertainty (of measurement) 
parameter, associated with the result of a measurement, that characterizes the dispersion of the values 
that could reasonably be attributed to the measurand 

3.1.49 
volume 
volume without specifying whether it is a corrected volume at measurement conditions or an 
uncorrected volume at measurement conditions 

3.2 Symbols and subscripts 

The symbols and subscripts used in this European Standard are listed in Table 2. 

Table 2 — Symbols 

Symbols Represented quantity Units 
V volume m3 
C conversion factor - 
Cf correction factor - 
Cc calculator conversion - 

CCT conventional true value of the conversion factor - 
Co line coefficient - 
D pipe diameter m 
Q volumetric flow rate m3/h 

F(Q) correction functions for flow rate - 
F(Re) correction function for Reynolds number - 

HS superior calorific value MJ/kg, MJ/m3, kWh/kg or kWh/m3 
imp volumetric pulse at measurement conditions - 
Pop actual working pressure of the meter at the line bar or MPa 

Ptest 
pressure of the meter flow calibration at laboratory, 

fixed in the calibration certificate 
bar or MPa 
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Pmin minimum absolute gas pressure bar or MPa 

Pmax maximum absolute gas pressure bar or MPa 

Q1 
minimum flow rate, at Ptest, fixed in the 

calibration certificate (for one or two Ptest) 
m3/h 

Qn maximum flow rate, at Ptest, fixed in the 

calibration certificate (for one or two Ptest) 
m3/h 

Qmin minimum meter flow rate, fixed by the manufacturer m3/h 
Qmax maximum meter flow rate, fixed by the manufacturer m3/h 
Re Reynolds number - 
Re1 minimum Reynolds number at Ptest, obtained for Q1 - 
Ren minimum Reynolds number at Ptest, obtained for Qn - 
Reop Reynolds number calculated at operating conditions - 

p absolute pressure at measurement conditions bar or MPa 
T absolute temperature at measurement conditions K 
t ambient temperature °C 
Z compression factor of the gas at measurement condition  - 

Unom nominal supply voltage V 
e error on the measurement % 
ec total conversion factor error % 
ef error on the calculation of conversion factor % 
ep error on the pressure measurement % 
et error on the temperature measurement % 
n number of impulse - 

fnom nominal supply frequency Hz 
w gas velocity m/s 
ΔV volume increment m3 
δ continuous function of the meter error % 
ρ density of the gas kg/m3 
µ dynamic gas viscosity Pa.s 

Subscripts   
m measurement conditions 
i test point (from a calibration bench) 

corr corrected 
amb ambient 

b base conditions 
CT conventional true value 
OP operating condition 

min minimum 
max maximum 

n number of time intervals 
τ time interval 
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3.3 Abbreviations 

CV Calorific Value 
CVDD Calorific Value Determination Device 
DN Nominal Diameter 
GC Gas Chromatograph 
FC Flow Computer 
GTM Gas turbine meter 
MOP Maximum operating pressure 
MPE Maximum Permissible Error 
USM Ultra sonic meter 
VCD Volume Conversion Device 

3.4 Environmental classification for flow computers 

3.4.1 Climatic conditions 

Climatic conditions depend on the temperature and humidity. Appropriate ranges are defined in 5.2. 

3.4.2 Mechanical conditions 

Class M1: this class applies to instruments used in locations with vibration and shocks of low 
significance, e.g. for instruments fastened to light supporting structures subject to negligible vibrations 
and shocks transmitted from local blasting or pile-driving activities, slamming doors, etc. 

Class M2: this class applies to instruments used in locations with significant or high levels of vibration 
and shock, e.g. transmitted from machines and passing vehicles in the vicinity or adjacent to heavy 
machines, conveyor belts, etc. 

3.4.3 Electrical and Electromagnetic conditions 

Class E1: this class applies to instruments used in locations with electromagnetic disturbances 
corresponding to those likely to be found in residential, commercial and light industrial buildings. 

Class E2: this class applies to instruments used in locations with electromagnetic disturbances 
corresponding to those likely to be found in industrial buildings. 

4 Principle of measurement 

4.1 General 

The volume conversion performed by a FC is always a function of pressure, temperature and deviation 
from the ideal gas law, based upon a live calculation using pressure, temperature and gas composition. 

The source of information for volume and flow rate can be of different types of technologies (HF pulse 
emitter, serial link communication, etc…). It shall be specified by the manufacturer. 

The compression factor calculation shall be carried out according to EN ISO 12213-2 or 
EN ISO 12213-3. The CV calculation shall be carried out according to EN ISO 6976. 

The general principles for calculation are the following: 

Full document details: BS EN 12405-3:2015

http://dx.doi.org/10.3403/01322010U
http://dx.doi.org/10.3403/01322034U
http://dx.doi.org/10.3403/30125258U
http://www.avadocuments.com/doc/bs-en-12405-3-2015
http://www.avadocuments.com/doc/bs-en-12405-3-2015


BS EN 12405-3:2015
EN 12405-3:2015 (E) 

19 

∑
=

=
nτ
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i,mm VV
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  (2) 

where 

Vm is the incremented volume at measurement conditions; 

Vm,i is the volume increment at measurement conditions; 

τ is the summation time period (time interval). 

[ ]∑
=

=
nτ

τi
i,mfcorr V.CV
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  (3) 

where 

Vcorr is the incremented corrected volume at measurement conditions; 

Cf is the correction factor according to flow rate or Reynolds number. It is described as F(Q) or 
F(Re) in the document (see 4.2.2.4). 
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 (4) 

where 

Vb is the incremented volume at base conditions; 

C is the conversion factor given by the relationship: 

Z
Z

T
T

p
pC bb

b

=  (5) 

For energy determination, see EN 12405-2. 

In order to obtain a high accuracy device, the device has a number of correction- and monitoring 
functions. 

The conversion factor shall be recalculated at time intervals not exceeding 30 s. The FC calculator 
should be able to treat a sampling of input measurements (P, T) at time intervals not exceeding 5 s. 

4.2 Correction functions 

4.2.1 General 

The purpose of error correction is the significant reduction of the systematic errors. The FC shall 
provide correction at least for the following quantities: 

— pressure, 

— temperature, 

— volume at measuring conditions. 

Attention should be paid to the volume correction that could be already included in the flow rate 
calibration of the gas meter. 

The requirements and testing of meter error correction are described in Annex D. 
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4.2.2 Correction of the volume at measurement conditions 

4.2.2.1 General requirements 

The correction of the meter measurement errors shall be carried out by devices receiving signals 
(volume conversion devices, FCs etc.) and shall refer to the indicated volumetric flow rates or volume 
increments. 

The calculator shall include an error correction. The application of the error correction of the meter 
remains optional. 

The error correction shall be applied only for the meter generating HF pulses and/or digital coded 
signals. For HF pulses, the correction shall only be applied if the gas meter produces at least 10 pulses 
per second at Qmin. For digital coded signals, the correction shall only be applied if: 

a) the data resolution is sufficient by application of at least 32 bits floating point format according to 
ISO/IEC/IEEE 60559, and 

b) the update period is performed at least every second, and 

c) the transfer rates on serial interfaces are at least 4 800 bits per second. 

The gas meter errors shall be obtained from test calibration results (or test points) and treated as a set 
of data for the calculator. They shall be used for the determination of a continuous error function δ(Q) 
or δ(Re) applied in error correction procedure. 

Calibration of the gas meters (pressure and type of the gas used) shall be done on the basis of its 
intended use and according to EN 12261 for turbine gas meters or according to ISO 17089-1 for USM. 
For the application of an error correction, the turbine meter behaviour shall fulfil the preconditions 
described in EN 12261. 

During a gas meter calibration, the errors of the gas meter are determined at calibration points, e.g. for 
arbitrary calibration point “i” the error is defined as: 

ei = 100 (Qi-QiCT)/ QiCT (6) 

where 

ei error of gas meter [%], determined as a function of the flow rate Qi; 

Qi volumetric flow rate [m3/h] at flowrate “i” – the indication of the gas meter; 

QiCT conventionally true value of volumetric flow rate at “i” (determined on the basis of 
measurements of the calibration facility reference flow meter). 

4.2.2.2 Gas meter error curve e(Qi) 

The errors of the tested meter shall be determined at a minimum of 6 values of flow rates according to 
EN 12261 for turbine meters or ISO 17089-1 for ultrasonic meters. The distribution of errors is 
described as a function e(Qi). 

Other parameters, like pressure, can significantly affect the meter error curve. By using error curve 
expressed as e(Rei), (called as the “Reynolds calibration”) the gas velocity, density and viscosity are 
taken into account. 

The Reynolds number calibration can be developed on a basis of a calibration results e(Qi) obtained for 
one or more values of calibration pressure. The number of calibrations performed in various pressure 
values depends on the gas meter foreseen line pressure range. The number of the pressure calibrations 
needed is specified in EN 12261 and ISO 17089-1. 

Full document details: BS EN 12405-3:2015

http://dx.doi.org/10.3403/02570567U
http://dx.doi.org/10.3403/30169641U
http://dx.doi.org/10.3403/02570567U
http://dx.doi.org/10.3403/02570567U
http://dx.doi.org/10.3403/30169641U
http://dx.doi.org/10.3403/02570567U
http://dx.doi.org/10.3403/30169641U
http://www.avadocuments.com/doc/bs-en-12405-3-2015
http://www.avadocuments.com/doc/bs-en-12405-3-2015


BS EN 12405-3:2015
EN 12405-3:2015 (E) 

21 

In this transformation, composition of gas, pressure and temperature values measured during 
calibration shall be taken into account. 

The Reynolds number for each calibration point Qi shall be calculated according to the following 
formulae: 

Rei= wi DN ρi/µi [dimensionless]  (7) 

where 

w gas velocity at the gas meter inlet cross section [m/s] 

wi=Qi/A (8) 

where 

Qi volumetric flow rate through the gas meter at point ”i” [m3/s] 

A = π DN2/4 gas meter cross section area [m2] 

where 

DN nominal diameter of the gas meter upstream pipe [m] 

The Rei number expressed as a function of flow rate Qi equals to (after substitutions): 

Rei=4 Qi ρi/ π DN µi  (9) 

where 

ρi density of the gas used in calibration, [kg/m3] 

  at each calibration point “i”. 

µi dynamic gas viscosity [Pa.s] 

  at each calibration point “i”. 

For more information on viscosity calculation, see [11] and [12] in bibliography. 

4.2.2.3 Gas meter definite and continuous error function δ(Q) or δ(Re) 

The errors specified at the calibration points δ(Qi) or δ(Rei) shall be used to determine an approximate 
error curve of the errors between the points. 

The definite and continuous error function δ(Q) or δ(Re) can be determined by: 

— a linear interpolation (straight lines between neighbouring points), or 

— a polynomial approximation defined by a set of coefficients or calculated by FC based upon the 
calibration points. 

In case the calibration of the meter has been performed for more than one test pressure value, an 
approximation function shall be applied. 

As a criterion of matching the approximation function, the requirement of the “least square fit” should 
be applied. 
NOTE See OIML R137 for more information. 
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The error function δ(Q) or δ(Re) shall be declared by the manufacturer of the calculator, during initial 
configuration, and indicated by the calculator. 

4.2.2.4 Correction procedure of the gas meter errors 

The correction of errors of the measured flow rates being in limits of application (see 4.2.2.5) shall be 
carried out according to the following formulae: 

Qcorr = Q F(Re) [m3/h]  (10) 

or 

Qcorr = Q F(Q) [m3/h]  (11) 

where 

Qcorr corrected volumetric flow rate [m3/h] 

Q uncorrected volumetric flow rate, calculated from: 

Q = n k [m3/h]  (12) 

where 

n the number of impulses received from the gas meter over time [h−1] 

k - weight of one impulse [m3] 

The correction of errors of the measured volume increments, shall be carried out according to formulae: 

ΔVcorr = ΔV F(Re) [m3]  (13) 

or 

ΔVcorr = ΔV F(Q) [m3]  (14) 

where 

ΔVcorr corrected increment of volume [m3] 

ΔV uncorrected increment of volume [m3] 

ΔV = n k [m3] (15) 

where 

n number of impulses received from gas meter, usually in short period of time, 

  in which the flow rate can be treated as unchangeable and its average value is equal to “Q” 

k as above 

F(Re), or F(Q) correction factor, as below 

The correction factor F(Re) is determined as: 

F(Re) = 100/(δ(Re) + 100) (16) 

where 

δ(Re) error calculated for current value of Reynolds number 
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The Re number value shall be calculated for currently measured flow rate Q (calculated according to 
Formula (12), and currently determined gas density and viscosity (for currently measured gas 
composition, pressure and temperature). The formulae used to calculate current value of Re number are 
specified as Formula (7) or Formula (9). 

The correction factor F(Q) is determined as: 

F(Q) = 100/(δ(Q) + 100)  (17) 

where 

F(Q) – correction factor calculated for currently measured flow rate Q 

δ(Q) – error calculated for currently measured flow rate Q 

4.2.2.5 Limits of error correction application 

The area where the error correction can be applied (flowrate, Reynolds number, pressure) shall be 
defined. The FC shall control the error correction limits. 

Outside this area, the error correction should not be applied (correction factor is 1 or the last 
correction). No correction shall be applied above Qmax and below Qmin. 

An extrapolation within this area may be applied under conditions that can be found in Annex E. 

4.2.3 Temperature and pressure correction of USM body dimension 

During flow calibration (see ISO 17089-1), all systematic errors are brought down to zero by 
determining and then applying the meter flow calibration factor. From that moment onwards, the 
meter’s reference conditions of pressure and temperature are those as encountered during the dynamic 
calibration. 

In general, the pressure and temperature during calibration will be different from those encountered 
under operating conditions. Any subsequent change in temperature or pressure will alter the physical 
dimensions of the meter and, if not corrected for, will introduce a systematic flow measurement error. 

The error of the meter due to change in temperature or pressure, shall be corrected by mathematical 
equations as described in ISO 17089-1. 

4.2.4 Temperature and pressure measurement correction for conversion 

The calculator shall be able to take the calibration results of the temperature and pressure transducers 
into account before the application of the conversion functions (e.g. Resistance at 0°C for Pt100Ω as in 
EN 60751), as far as they are not taken into account by the transducer itself. The installation should be 
carried out following the guidelines of the manufacturer and corresponding standards (e.g. 
EN ISO 15970). 

5 Rated operating conditions 

5.1 Specified field of measurement 

5.1.1 General 

The field of measurement of the complete instrument shall be specified by the manufacturer. 

5.1.2 Specified measurement range for gas pressure 

The transducer shall be calibrated over the measuring range which shall be at least: 
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