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INVESTIGATING THE DEPENDENCIES OF ROTARY GAS
METERS ERROR ON FLOWRATE FOR DESIGNING
THE ADAPTIVE MEASUREMENT SYSTEM

O. Ilicmyn, ®@. Mamixo. JIocnif:keHHsl 3a/1e:KHOCTeli MOXHOKH POTOPHHUX JiYMIBLHUKIB rasdy Bii BATpaTH 3 MeTOI0 peani3amii
aJlaNTHBHOI CHCTeMH BUMIpOBaHHA. Y 1iii poOOTi BHKOHAHO JAOCIIZIKCHHs NOXHOKM BHUMIDIOBAHHS BHTPATH Ta3y 3a JOIIOMOIOO
POTOPHMX JIIYMJIBHUKIB Ta3y Ha OCHOBI pE3yNbTAaTiB EKCIICPUMECHTAIBHHMX JOCHII/UKCHb METPOJIOTIYHUX XapaKTEPUCTHK POTOPHUX
TYMIBHHKIB Ta3y, OTPHMAHHX IIJ 4Yac X IepioAMYHOi MeTpoloriuHoi mepeBipku. 3a pe3yilbTaTaMy CTATUCTHYHOI OOpOOKM 3HAa4YeHb
HNOXHOKH POTOPHHX JIYMJIBHHKIB Ta3y, OTPUMAHMX MiJ Yac IX METPOJOriuHOi IepeBipKH, BU3HAUCHI yCepeIHEHI 3HAuYeHHs MOXUOKHU Ui
KOKHOT'O I1ePEBiPIOBAHOrO 3HAYCHHS BUTpaTH. TaKUM YHHOM OTPHMAHO 3aJI©KHOCTI yCepeIHEHOI MMOXHOKHU JTIYMIBHUKA BiJl BUMIPIOBAHOTO
3HAYEHHS BHUTPATU VIS Pi3HUX THUIIOPO3MIPIB POTOPHHUX JIYMIBHHUKIB Ta3y. J{as KOXKHOI OTPHUMAHOI 3aJeKHOCTI OOYMCIICHO 3HAYCHHS
CepeIHbOKBAAPATUYHOIO BIIXMIICHHS YCEPEIHEHOr0 3HAYCHHs MOXUOKH, SKe MiITBEpKYE aJeKBAaTHICTh OTPHUMAHMX 3ajexHoctei. s
OIiHIOBaHHS IHTErpajbHOi CHCTEMATUYHOI MOXMOKM JIYMIBHUKIB KOXKHOTO OKPEMOro THIIOPO3MIpY 3a TPHBAIMH Mepioj eKCIuTyaTarlii
BHM3HAUEHO cepefHio 3BaxkeHy moxuOky 3a JJICTY OIML R 137-1-2:2018, a Takox cepeJHe 3HAUCHHS MOXUOKM BUMIpPIOBaHHS 00’ €My Ta3y
MPOTATOM POKY 3a 3alpOIIOHOBAHOK aBTOPaMH MeETOJIHKO0. HasBHICTB 3amexHocTeld TMOXHOKM JiYMIBHHKA Ta3y BiJ BHMIipPIOBaHOTO
3HAYCHHS BUTPATH 1€ MOXJIMBICTh BHAUINTH HEBIIyYeHY CHCTEMATHYHY CKJIAJOBY NMOXHOKU IS JOBUIBHOTO BHMIipIOBAHOTO 3HAUCHHS
BUTpaTU. Peanizawlis Takol 3aJeXHOCTI B MpPOrpaMHOMY 3a0e3NeucHHI OOYMCIIIOBaYa BHUTPATH JIA€ MOMIIMBICTH PO3POOHMTH aJalTHBHY
CHCTEMy BHMIPIOBAaHHS BHTpPAaTH Ta 00’eMy rasy, siKa 3JIiHCHIOE KOPEKTYBaHHS BHMIpIOBAHOTO 3HAUYCHHS BUTPATH i3 BPaxyBaHHIM
HEBWJIYYCHOI CHCTEMATHYHOI MOXMOKH BMMIipIoBaHHS BUTpaTH. LIIsIXOM iHTErpyBaHHS CHCTEMAaTHYHOI ITOXMOKM BHMIPIOBaHHS BHUTpPAaTH B
Takiit cuctemi GOPMYIOTh apXiB 3HAUCHb CUCTEMAaTHYHOI MOXHUOKM BHUMIipIOBaHHs 00’eMy ra3zy. HasiBHiCTb y apXiBi 004MCIIIOBaya 3HAYCHHS
CHCTEMaTHYHOI NOXHOKH BUMIPIOBaHHS 00’ €My Ta3y Ja€ MOXJIMBICTh aHAII3yBaTH 10 IIOXHOKY Ta pO3pOOIIATH 3aX0IH UL i YCYHEHHS.

Kniouosi cnoea: pOTOpHHIT JIYMIBHHK Ta3y, BUTpaTa rady, CHCTEMAaTH4YHa ITOXHOKa, METPOJIOTIYHA IIepeBipka, aJalTHBHA CHCTEMa
BHUMIpPIOBaHHS

O. Pistun, F. Matiko. Investigating the dependencies of rotary gas meters error on flowrate for designing the adaptive
measurement system. In this paper, the error of gas flowrate measured by rotary gas meters was investigated based on the results of
experimental studies of the metrological characteristics of rotary gas meters obtained during their periodic metrological inspection.
According to the results of statistical processing of rotary gas meters errors obtained during their metrological verification, the averaged
errors for each verified flowrate were determined. In this way, the dependencies of the averaged meter error on the measured flowrate for
various types of rotary gas meters were obtained. For each obtained dependence, the root mean square deviation of the averaged error was
calculated, which confirms the adequacy of the obtained dependencies. To evaluate the integral systematic error of meters of each individual
type over a long period of operation, the average weighted error was determined according to DSTU OIML R 137-1-2:2018, as well as the
average measurement error of gas volume during the year according to the methodology proposed by the authors. The presence of the
dependencies of gas meter error on the measured value of the flowrate makes it possible to isolate the unexcluded systematic error for every
measured flowrate. The implementation of such a dependence in the flowrate computing software makes it possible to develop an adaptive
system for measuring gas flowrate and volume, which corrects the measured value of the flowrate considering the unexcluded systematic
error of the flowrate measurement. By integrating the systematic error of flowrate measurement in such a system, an archive of the
systematic errors of gas volume is formed. The presence of gas volume systematic errors in the computer archive makes it possible to
analyze this error and develop measures to eliminate it.

Keywords: rotary gas meter, gas flowrate, systematic error, metrological verification, adaptive measurement system

Introduction

Gas meters are widely used to measure the flowrate and quantity of fluids. Rotary gas meters are
common for natural gas flowrate measurements. These devices are known for their high accuracy,
wide measurement range, and low sensitivity to distortions of the flow kinematic structure. The design
of rotary gas meters is based on the dependence of the rotation frequency of the rotors on the gas vol-
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ume passed through the meter [1]. However, the mechanism of the rotary meter, which is in the gas
flow (rotors, rotor mounting bearings) is sensitive to contamination. When measuring the gas flowrate,
which contains dust, moisture, particles of oil and oil fuel, and paraffin particles, contamination of the
rotary meter’s internal surfaces leads to a change in its metrological characteristics. From the prelimi-
nary analysis carried out by the authors [2], it is known that the change in the measurement error of the
meter is especially significant in the range of low gas flowrate Therefore, it is relevant to investigate
the error of rotary gas meters in the whole range of gas flow measurements. The dependence of the gas
meter error on the measured flowrate makes it possible to determine unexcluded systematic errors and
systematic errors of flowrate measurement. Such a dependence is the basis for the development of an
adaptive system for gas flowrate and volume measurement, which takes this dependence into account
during the measurement process and makes it possible to determine the systematic error of the gas
volume measurement during a certain measurement period. Since systematic errors in gas volume
measurement are the main reasons for gas volume imbalance, the use of an adaptive flow measure-
ment system makes it possible to identify the causes of gas volume imbalance and reduce it [2].

Analysis of recent publications

Based on the results of the analysis [2, 3], during the operation of industrial gas meters, the authors
discovered the following additional volume measurement errors: the additional error in gas volume meas-
urement under operating conditions caused by the deviation of the working pressure from the gas pressure
during meter calibration (metrological verification); the additional error of gas volume measurement under
operating conditions caused by the deviation of the working temperature from the gas temperature during
meter calibration (metrological verification); the additional error of gas volume measurement under operat-
ing conditions caused by a change in the calibration characteristic of gas meter obtained using air during its
application to measure the volume of natural gas; the additional error of measuring the gas volume under
operating conditions caused by meter contamination and the corresponding change in the pressure drop on
the meter; the additional error of measuring the volume of gas under operating conditions caused by the
incorrect installation of the meter and the occurrence of mechanical stresses in the meter constructive ele-
ments; the additional error of gas volume measurement under operating conditions caused by the reduction
of straight sections of the measuring pipe upstream and downstream the meter and the distortion of the flow
kinematic structure upstream the meter; the additional error caused by wearing and tearing of the tachomet-
ric gas meter mechanism during its operation.

In [4, 5, 6] the authors have shown that the means for measuring gas flowrate and volume, which
operate at the inlet and outlet flows in gas transportation or gas distribution networks, can have sys-
tematic errors in gas volume measurement. These systematic errors form gas volume imbalances.

The main error of the measuring device, particularly the gas meter, is determined during its cali-
bration and metrological verification using reference flowrate measuring facilities [6, 7]. The limits of
the basic error are determined by the relevant regulatory documents, for rotary gas meters by the
standard DSTU EN 12480:2019 [8]. However, meters whose metrological characteristics meet the re-
guirements of the relevant regulatory documents, particularly the standard [8, 9], may also have unex-
cluded systematic components of flowrate measurement errors. These components can reach large
values during the application of gas metering systems in the conditions of changes in gas flowrate
within wide limits, especially during the operation of gas meters in the range from minimum to transi-
ent flowrate [7].

In [10, 11], an analysis of the change in the basic error of rotary gas meters RG-100, RG-250 was
carried out and it was confirmed that their basic error is correlated with the registered gas volume, es-
pecially for the range from the minimum to the transition value of the flowrate. However, this research
did not investigate the dependence of the error of rotary gas meters on the measured flowrate.

The purpose of the work is to investigate the dependence of the error of rotary gas meters on the
measured value of gas flowrate based on the statistical processing of the results of their metrological
verification and to develop the dependencies for use in adaptive systems for measuring the flowrate
and volume of natural gas.

Study of the dependence of rotary gas meter error on the measured value of gas flowrate

A change in the metrological characteristics of rotary gas meters is caused by the mechanical wear of
moving parts, contamination of the meter’s internal surfaces, and changes in the characteristics of lubricat-
ing materials. To control changes in the meter’s metrological characteristics, periodic metrological checks
are carried out according to the requirements of regulatory [9] and operating documents.
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According to the requirements of regulatory and operating documents, metrological inspection of
rotary gas meters is performed after their cleaning and washing [9]. So, the additional systematic error
resulting from the contamination of gas meters is eliminated. Since the meter is dismantled from the
place of operation and installed on the flowrate measuring facility in the laboratory, the additional er-
ror due to mechanical stresses in the meter body is also eliminated. Thus, during the next metrological
inspection of the gas meter, its main error is investigated, considering the additional systematic error
caused by the wear of the mechanical rotating elements of the meter.

In this work, the investigation of the measurement error of the gas volume under operating condi-
tions, considering the additional error due to the wear of the mechanism of tachometric industrial gas
meters, is carried out based on the results of experimental studies of the metrological characteristics of
industrial gas meters, obtained during their periodic metrological inspection.

The database on metrological verification of gas meters includes the protocols of verification of
meters at the reference facilities in the laboratories of four gas distribution companies. Therefore, a
database of checking protocols of industrial gas meters (545 protocols) obtained in the laboratories of
four gas distribution organizations was formed.

During the processing of the experimental data, filtering was applied, and meter verification pro-
tocols were removed, for which the value of the flowrate measurement error indicates a complete met-
rological failure of the meter, i.e. it exceeds the permissible value by 10-100%. Based on the filtered
database of protocols for each of the checked flowrate values Qmin, 0.2Qmax, 0.5 Qmax, Qmax, @ Set of
gas meter errors D = {§;;} is formed. Based on the results of the processing of the set of errors D, the
average statistical meter error was determined for each verified flowrate, and the average dependence
of the gas meter error on the flowrate was built for each standard type of rotary gas meter.

Rotary gas meters RG-100, RG-K-100

95 protocols (gas meter error sets) were included in the sample. The set of errors for each tested
flowrate value is considered as a set of values of a random variable. According to the results of the
analysis of the histograms of the error distribution for each of the tested flowrate (see Fig. 1), it was
determined that the error distribution is close to the asymmetric normal [12]. Therefore, processing
methods and statistical characteristics of the normal distribution law can be applied to such a sample.
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Fig. 1. Histograms of error distribution for gas meters RG-100, RG-K-100: a — for flowrate Q s; b — for
flowrate 0.5Q max; ¢ — for flowrate 0.2Q may; d — for flowrate Qumin
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Fig. 2 shows the dependence of the error of the meters RG-100, RG-K-100 on the measured
flowrate. The curve of the average error of the meters RG-100, RG-K-100 is plotted with a solid line.
The average error of the meter, which characterizes its operation over a long time, can
be obtained as a weighted average error, determined according to the requirements of OIML
R-137 [13]:
n

Z((Qi /Qmax)‘Si)

Swme == , 1)

n

Z(Qi /Qmax)

i=1
where n is the number of checked flowrate points in the range from Qi t0 Qmax (here n = 4); Q; is the
flowrate, at which the relative error &; of the meter is determined; if the flowrate Q; > 0.9Q may, then
the value of the weighting factor Q;/ Qmax is equal to 0.4; Qax is the maximum flowrate at which the
meter error is normalized.

The value of the weighted average error for meters RG-100 calculated by formula (1) is

SWME = -0.36%.
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Fig. 2. Dependence of the error of the gas meters RG-100, RG-K-100 on the measured flowrate

The meaning of the weighted average error can be explained as follows. Under the condition of
the correct choice of the standard type of the gas meter, during the heating period (6 months) it regis-
ters a gas flowrate close to the nominal one Q,, and during the summer period a flowrate
(0.2Qmax + Qmin)/2. The total amount of gas registered by the flow meter for the year:

0.2Quax + Qi
V =Qn Theat + maé T,

sum (2)

where Ty and T are the duration of the heating and summer periods, respectively.
Absolute systematic error of gas volume measurement by meters during the year:

oh 0.2Qmmax + Qmin O
AV = .Zheat T + max min  “sum T _ 3
Qn 100 heat 2 100 sum 3)
The value of the gas meter error, which corresponds to the nominal flowrate Q, and the error &, for
the flowrate (0.2Qmax + Qmin)/2, should be determined by the curve of the averaged error (see Fig. 2).
Then the averaged relative systematic error of gas volume measurement per year is determined:

Say = AV—V :100%. 4)

The relative systematic error of gas volume measurement by the meter RG-100 per year, obtained
by formulas (2)-(4) is equal 6., = —0.37%.

Therefore, the average value of the systematic relative error of the meters RG-100, RG-K-100,
which characterizes the difference between the registered gas volume and the real gas volume passed
through the meter during the year equals 6 = —0.37%.
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Rotary gas meters RG-250, RG-K-250

59 protocols are included in the sample. Based on the results of the analysis of the histograms of
the error distribution for each of the tested flowrates (see Fig. 3), it was determined that the error dis-
tribution is close to normal. Therefore, processing methods and statistical characteristics of the normal
distribution law can also be applied to the analysed sample.

Fig. 3 shows the dependence of the error of the meters RG-250, RG-K-250 on the measured
flowrate. The curve of the average error of the meters RG-250, RG-K-250 is plotted with a solid line.

The average value of gas meter error, which characterizes its operation over a long time, obtained
according to OIML R-137 [13] is equal to dywme = —0.25%.

Considering that the nominal meter flowrate is about 0.7Q ., the error characterizing the gas
meter operation in the whole range of flowrate during the year was calculated by the formulas (2)-(4)
and it equals 64, = —0.23%.

Thus, the average systematic relative error of the meters RG-250, RG-K-250, which characterizes
the difference between the registered gas volume and the real gas volume that passed through it during
the year, is equal 6 = —0.25%.
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Fig. 3. Histograms of error distribution for gas meters RG-250, RG-K-250: a — for flowrate Q s; b — for
flowrate 0.5Q ax; ¢ — for flowrate 0.2Q may; d — for flowrate Qmin
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Fig. 4. Dependence of the error of the meters RG-250, RG-K-250 on the measured flowrate
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Statistical processing of errors of rotary meters of other types was performed in the same way as
for rotary meters RG-100, RG-K-100, RG-250, RG-K-250. The results of statistical processing of the
error of RG-type meters are presented in Tables 1, 2.

Table 1
Averaging the error of industrial rotary gas meters of RG type
Averaged error (%) for flowrate Average Weighted
Type of gas meter _ annual error | average error
Qmax 05Qmax 02Qmax len 5av’ OA) d[\/ME , %
RG-40, RG-K-40 -0.79 —0.85 —0.66 -1.37 —-0.86 —0.82
RG-100, RG-K-100 -0.22 -0.34 —0.50 -1.00 -0.37 —0.36
RG-250, RG-K-250 -0.032 -0.11 —0.48 -1.32 -0.23 —0.25
RG-400, RG-K-400 -0.23 -0.27 —0.70 -1.79 -0.43 —0.45
RG-600, RG-K-600 -0.24 0.21 —0.13 -1.02 —0.06 —0.05
Table 2
Root mean square deviation of the average error of industrial rotary gas meters of RG type
Number of Root mean square deviation of the average error (%) for the
Type of gas meter protocols in the flowrate
Sample Qmax O-5Qmax 0-2Qma>< Qmin
RG-40, RG-K-40 13 0.06 0.08 0.08 0.07
RG-100, RG-K-100 95 0.05 0.06 0.05 0.09
RG-250, RG-K-250 59 0.07 0.07 0.06 0.07
RG-400, RG-K -400 40 0.08 0.06 0.08 0.12
RG-600, RG-K-600 13 0.36 0.24 0.17 0.14

Dependencies of the error of each type of me-
ter on gas flowrate according to Table 1 are pre-
sented in Fig. 5.

The dependencies of the meter error on the
flowrate presented in Fig. 5 make it possible to cal-
culate the value of the unexcluded systematic error
of the flowrate measurement for every flowrate.
Therefore, the prerequisites have been created for
the development of an algorithm for correcting the
results of flowrate measurement, considering its
systematic error. Implementation of such an algo-
rithm in the flowrate computer software makes it
possible to develop an adaptive measurement sys-
tem and increase the accuracy of gas flowrate and
volume measurement.

Conclusions

According to the results of statistical processing of the errors of the rotary gas meters obtained
during their metrological verification, the averaged errors for each verified flowrate were determined.
In this way, the dependence of the averaged error of the meter on the measured flowrate for different
standard types of rotary gas meters was obtained.

The presence of the dependencies of the error of the gas meter on the measured flowrate makes it
possible to determine the unexcluded systematic error for every measured value of the flowrate. The
implementation of such a dependence in the flow computing software makes it possible to develop an
adaptive system for measuring gas flowrate and volume.

The adaptive system calculates the unexcluded systematic error of the flowrate for the real-time
measured flowrate and makes correction of the measured flowrate considering the unexcluded system-
atic error. If the dependence of the meter error on the flowrate is developed based on a small sample (a
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-2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Fig. 5. Dependence of the average error of RG-type
meters on the measured flowrate
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small amount of data on meters metrological verification), the correction of the measured flowrate is
not performed, and using the unexcluded systematic error of the flowrate measurement, the systematic
error of gas volume measurement is calculated. The systematic error of the gas volume measurement
is recorded in the computer archive together with the measured gas volume. The presence of the sys-
tematic error of gas volume measurement in the computer archive makes it possible to analyse this
error and develop measures to eliminate it.
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