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SUMMARY

This report describes the results from the inter-comparison of the bell prover facilities of 12
national flow laboratories in Europe.  The organisations taking part in the project were, NEL
(UK), EAM (Switzerland), IMGC (Italy), BEV (Austria), CMI (The Czech Republic), OMH
(Hungary), PTB (Germany), FI (Denmark), NMi (The Netherlands), MAE (Belgium), GUM
(Poland) and UME (Turkey).  The project was registered with EUROMET as Project
Reference No 425.

An Instromet G16 rotary gas meter supplied by NMi, the Netherlands, was used as the
transfer meter.  The meter was calibrated at 4 flowrates, 0.4 l/s, 0.8 l/s, 1.2 l/s and 1.6 l/s.

The inter-comparison demonstrated that agreement between the mean values of all
laboratories of ±0.25 per cent was achieved.

All the data supplied by the participating laboratories and a full analysis of the data is
contained in a CD-ROM.  NEL Report No 305/99.
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Date:  1 March 2000
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1 INTRODUCTION

This report describes the inter-comparison of bell prover facilities between 12 laboratories
throughout Europe.  The aim of the project was to ensure that there is good agreement
between national laboratories.  All the laboratories participating are members of EUROMET.
The project was registered with EUROMET as Project Reference No 425.

The transfer meter was circulated in the following order:

NEL United Kingdom November 1997,
EAM Switzerland   January 1998,
IMGC Italy February 1998,
BEV Austria March 1998,
OMH Hungary May 1998,
CMI The Czech Republic June 1998,
PTB Germany September 1998,
FI Denmark February 1999,
NMi The Netherlands April 1999,
MAE Belgium June 1999,
GUM Poland September 1999,
UME Turkey October 1999, and
NEL United Kingdom November 1999.

This report summarises the results and gives an overview of the laboratories and test
methods.  The full list of tables of results and associated figures is given in the report for
reference but only the relevant inter-comparison graphs are included in this summary.  All the
tables and figures referenced are available in Microsoft Excel format in NEL report number
FC 305/99 – Inter-comparison Work for 1996-1999 Flow Programme.  This is available from
NEL as a CD-ROM.  This CD includes this report and also includes the reports of all other
inter-comparisons carried out within the 1996–1999 flow programme.

2 TRANSFER STANDARD

The transfer meter used was an Instromet G16 rotary gas meter, which was supplied by NMi,
the Netherlands.  The meter had the following characteristics:

Serial No:  305382

Minimum flowrate:  0.35 m3/h

Maximum flowrate:  25 m3/h

Maximum pressure:  16 bar

K-factor:  42773.4 pulses/m3

The meter was of the special type with “narrow tolerances” to ensure a minimal leakage gap.
The meter is described in more detail in Reference 1.
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3 DETAILS OF FACILITIES

The information below is reproduced from data provided by the individual laboratories.

National Engineering Laboratory (NEL) – UK

The National Engineering Laboratory (NEL) is an industrial research organisation concerned
with many areas of mechanical engineering research.  Within NEL, Flow Centre is the holder
of the UK National Standards for flow measurement.  Facilities exist for calibration and
research involving, water, oil, gas and multiphase flow.  All the measurement components are
fully traceable to primary national standards and most are accredited by United Kingdom
Accreditation Service (UKAS).

Bell prover: 0.142 m3  (5ft3)
Calibrated volume: 0.142 m3  (5ft3)
Displacement measure: encoder/pulses
Flow range: 0.5 – 32.4 m3/hr

Swiss Federal Office of Metrology (EAM) – Switzerland

The Swiss Federal Office of Metrology (EAM) is the holder of the National Standards for
flow measurement for Switzerland.

Bell prover: 10 m3

Calibrated volume: 10 m3

Displacement measure: electro-optic ruler
Flow range: not given

Istituto di Metrologia “G. Colonnetti” (IMGC-CNR) – Italy

IMGC is the national measurement institute in Italy responsible for National Standards of
thermal and mechanical quantities, including gas volume and flowrate measurement.  The
prover used in this inter-comparison is a medium sized unit between two piston provers
(1.0 m3 and 0.003 m3 capacity)

Bell prover: 0.142 m3 (5ft3)
Calibrated volume: 0.142 m3  (5ft3)
Displacement measure: encoder/pulses
Flow range: 0.012 – 25m3/h

Bundesamt fur Eich und Vermessungswesen (BEV)– Austria

BEV is the holder of the National Standards for flow measurement for Austria.

Bell prover: 0.5 m3

Calibrated volume: 0.5 m3

Displacement measure: photoelectric beam/pulses
Flow range: not given
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National Office of Measurement (OMH) – Hungary

The National Office of Measurement is the holder of the National Standards of measurement,
including flow, for Hungary.

Bell prover: 0.5 m3

Calibrated volume: 0.1 m3

Displacement measure: pulses
Flow range: up to 64.8 m3/hr

Czech Metrological Institute (CMI) – The Czech Republic

CMI is the holder of the National Standards of flow measurement and the bell prover used in
this project is the primary standard for gas flow in the Czech Republic.

Bell prover: not given
Calibrated volume: not given
Displacement measure: electro-optic ruler/pulses
Flow range: 4.0 – 400 m3/h

Physikalisch Technische Bundesanstalt (PTB) – Germany

PTB is the National Standards laboratory for Germany and the bell prover used in this inter-
comparison is the primary standard for gas flow measurement in Germany.

Bell prover: 1 m3

Calibrated volume: 1 m3

Displacement measure: electro-optical/pulses
Flow range: 2.02 – 60.01 m3/hr

Force Institute (FI) – Denmark

Force Institute is one of the National Standards laboratories for Denmark and the holder of
the national standard for flow measurement.

Bell prover: not given
Calibrated volume: not given
Displacement measure: electro-optical ruler/pulses
Flow range: 4 – 10 m3/h

Nederlands Meetinstituut (NMi) – The Netherlands

NMi is the national laboratory for flow measurement in The Netherlands.

Bell prover: 0.5 m3

Calibrated volume: 0.1 m3 & 0.03 m3

Displacement Measure: Discrete optical/electronic pulse per volume
Flow range: 0.1 – 60 m3/h
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Ministere Des Affaires Economiques (MAE) – Belgium

Ministere des Affaires Economiques, Division Metrologie, is responsible for legal metrology
in Belgium.

Bell prover: 0.2 m3

Calibrated volume: 0.2 m3

Displacement measure: pulses
Flow range: not given

Central Office of Measures (GUM) – Poland

GUM is the National Standards laboratory for Poland.

Bell prover: 0.2 m3

Calibrated volume: 0.2 m3

Displacement measure: electro-optic rule/pulses
Flow range: 0.045 – 18 m3/h

Ulusal Metroloji Enstitusu (UME) – Turkey

UME is the national metrology laboratory for Turkey and the bell prover used in this project
is the primary standard for Turkey.

Bell prover: 0.28 m3

Calibrated volume: 0.28 m3

Volume measurement: encoder/pulses
Flow range: 0.2 – 85 m3/h

4 TEST PROCEDURE

The meter was installed according to the laboratories, normal practices.  The meter was
calibrated against the bell provers at four different flowrates, 0.4, 0.8, 1.2, and 1.6 l/s.  This
represents 5.8% to 23% of the full scale of the meter.  One laboratory (CMI) was only able to
carry out the calibration at 1.2 and 1.6 l/s because the lower flowrates were outside the range
of their bell prover.

With the exceptions given below, air displaced from the bell prover was discharged through
the meter under test.  All laboratories used a flying-start–flying-finish method.  This involved
simultaneously triggering the pulses from the meter and the output of the bell displacement
measure at the start and finish of each test.  The volume of air passed through the meter
varied between the laboratories and ranged from 23 litres at UME to 2000 litres at EAM.

Pressure at the test meter was measured on the gas meter body, at the point marked ‘Pr’.  The
test meter temperature was measured downstream of the test meter.

The reference volume at the transfer meter was obtained by correcting the volume measured
by the bell to the conditions at the meter.  The indicated volume from the meter was
calculated from the pulses and the nominal K-factor of the meter.  The flowrate was derived
from measuring the time to discharge the bell.

Exceptions from the above practice were found at BEV and NMi.  At BEV the temperature
was measured upstream of the meter.  At NMi two counters were used: one for the pulse
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count and timing of the discrete volumes, and one for the pulse count and timing of the meter
pulses to improve the resolution by using pulse interpolation.

BEV also placed a plenum (the case of a G6 diaphragm gas meter) between the bell and the
test meter to protect against pulsations.

UME had a number of different practices.  The test meter was placed upstream of the bell.
The air was taken from a 10 bar supply through a system of pressure regulators and control
valves before passing through the test meter and filling the bell.  Temperature and pressure
were measured upstream of the meter.  The meter output was measured using a frequency
counter rather than a totaliser.

5 CALCULATION

The volume at the meter, as determined by the laboratories, was calculated from the
measured volume at the bell.

Reference Volume
BM

MB
BR TP

TPVV ×=

Indicated Volume
NOM

I K
NV =

Reference Flowrate 
t

V
Q R

R = , where t = tB or tM in some cases

Indicated flowrate
t

VQ I
I =

Reference K –Factor 
R

R V
NK =

Error (%) 100×
−

=
R

RI

V
VV

E

where

PB Absolute pressure at bell prover (Pa),

PM Absolute pressure at test meter (Pa),

TB Absolute temperature at bell prover (K),

TM Absolute temperature at test meter (K),

VB Volume at bell prover (l),

N Number of meter pulses,

KR K-factor of the meter as obtained from the test(pulses/l),

KNOM K- factor of test meter (42.7734 pulses/l),
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t Measurement time (s), and

Q Volume flowrate (l/s).

Subscripts

R Reference as determined by the laboratory

I Indicated by the meter

6 RESULTS

All the tables of results and figures are available in NEL report number FC 305/99 issued as a
CD-ROM.  Only figures and tables applicable to the conclusions are included here.  The
figure and table numbers refer to those provided in the full data set on the CD-ROM.

The mean error for each laboratory is shown in Figure 1 and the K-factor (KR) is given in
Figure 2.  No difference is seen between the two presentations as both are derived from the
same data.  Figure 2 shows that the mean K-factor for the inter-comparison is approximately
42.9 p/l against the nominal value of 42.7734 p/l.  Figure 1 indicates that the overall
agreement between laboratories is within a range of 0.5 per cent, with a mean error of
approximately 0.25 per cent.  If data from MAE are ignored, this range drops to 0.4 per cent.

The NEL results at the beginning and end of the exercise show agreement within 0.1%.  The
NMi results agree closely with earlier tests performed at NMi(1), which gave a mean error of
approximately 0.28 per cent.  This shows that the meter has been stable over this period.

All laboratories show a linearity of within 0.1 per cent except the calibrations from GUM and
MAE.  GUM has a linearity of 0.23 per cent and MAE a linearity of 0.18 per cent, both
display a falling characteristic.  Within the linearity of 0.1 per cent most curves show a slight
downward trend but some laboratories (NEL final, NMi and UME) have a small upward
trend.

Fig 1  Comparison of Mean Error of Each Laboratory
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The results from all the tests are shown graphically in Figure 3, which indicates that all the
data lies in a range of 0.65 per cent.  This is a very crowded presentation and the repeatability
is better represented in tabular form, Table 3, which gives the standard deviation of the
measured percentage error for each of the laboratories.

The standard deviation associated with the measured percentage error varies from 0.003 for
both CMI at 1.2 l/s and IMGC at 1.6 l/s to 0.185 for UME at 0.4 l/s but was generally in the
range 0.01 to 0.03 for most laboratories.

Fig 3 Error  of Transfer Meter at Each Laboratory 
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Fig 2 Comparison of Mean K Factors at Each Laboratory
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Fig. 4(Fig 16 in NEL Report No 305/99) shows, for each flowrate, the mean error recorded
by each laboratory and the 95% uncertainty band either side of that mean.  From there it can
be seen that with few exceptions the uncertainty bands span the overall mean from all
laboratories.  It can also be seen that almost all the uncertainty bands overlap by substantial
amounts.  Good agreement was therefore obtained between the participating laboratories.

Figs 1 and 4 also show that, in general, each laboratory maintains a consistent position
relative to the overall mean; for example, MAE and NEL are below the mean at all flowrates;
UME and FI are always above the mean.  This can be seen clearly in Figs 4-15 of NEL
Report No 305/99.  These trends suggest that there are some bias effects present between
laboratories.

Fig 4 Comparison of Laboratory Means and Uncertainty Bands
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Fig 4 Comparison of Laboratory Means and Uncertainty Bands
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The pressure at the test meter differed between laboratories and ranges from 8 Pa to 3818 Pa
with most of the laboratories being in the range 600 – 2000 Pa. The pressure at the test meter
and the bell was very close in all tests except those at NEL where the pressure difference was
approximately 400 Pa.  However, there is no correlation between the pressure and the
differences in the error obtained by the laboratories.

The uncertainty associated with the measurement of the error for each of the laboratories is
also given in Table 3.  The expanded uncertainty is based on a standard uncertainty
multiplied by a coverage factor k=2, providing a level of confidence of approximately 95 per
cent.  This is the figure provided by the Laboratories.

Most of the laboratories quote uncertainties of 0.16 per cent or less, but NEL, MAE and
UME claim uncertainties between 0.26 and 0.30 per cent.

TABLE 3

   STANDARD DEVIATION AND UNCERTAINTY OF MEASURED PERCENTAGE ERROR
    FOR EACH LABORATORY

Laboratory        Flowrate (l/s) Uncertainty
(%)

0.4 0.8 1.2 1.6

NEL(initial) 0.102 0.048 0.052 0.041 0.27

EAM 0.014 0.012 0.018 0.013 0.15

IMGC 0.013 0.006 0.011 0.003 0.14

BEV 0.015 0.016 0.012 0.008 0.15

OMH 0.007 0.028 0.020 0.033 0.08

CMI 0.003 0.014 0.16

PTB 0.011 0.010 0.017 0.004 0.10

FI 0.009 0.011 0.015 0.009 0.10

NMi 0.022 0.008 0.009 0.013 0.06

MAE 0.063 0.051 0.062 0.043 0.30

GUM 0.011 0.01 0.009 0.011 0.12

UME 0.185 0.115 0.038 0.075 0.26

NEL(final) 0.038 0.051 0.046 0.028 0.27
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7 CONCLUSION

1 The mean errors from each laboratory, based on all the data from the inter-comparison,
were within a range of 0.5 per cent.

2 The stated uncertainty band about the mean error from each laboratory encompassed
the overall mean from all laboratories with few exceptions.

3 The stated uncertainty bands from different laboratories generally showed large
overlaps indicating good agreement between laboratories.

4 The results, from all the individual data points in the tests, lie within a range of 0.65
per cent.

5 The mean values of the error obtained by NEL at the start and finish of the project
showed good agreement.  Additionally, the mean value of the error obtained by NMi
showed good agreement with earlier tests(1).  These observations indicate that the meter
was stable over the test period.

6 The repeatability of laboratories, as represented by the standard deviation, showed
wide variation ranging from 0.003 to 0.185.
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