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Abstract

The article describes the procedure for performing international bilateral comparisons of the national measurement
standards of the units of gas volume and volume flow in Ukraine and Moldova. The comparisons were carried out within
COOMET Project 684/MD/16 “Pilot comparisons of national standards in the field of gas flow”. The list of reference
standards that took part in comparisons is indicated. The range of gas volume flow, in which the comparisons were carried
out, is from 0.5 m*/h to 50 m3/h. For the flow range from 0.5 m3/h to 1 m?/h, a drum-type meter was used, and for the
range from 2 m3/h to 50 m3/h, comparisons were performed using a rotary gas meter. It is indicated that the national state
primary and secondary standards of the gas volume and volume flow units took part in the comparisons from Ukraine, while
from Moldova it was the national standard of the gas volume flow unit. A brief description of the national measurement
standards and the principle of reproduction of the gas volume and volume flow units is presented. In particular, it was
noted that the primary and secondary standards of Ukraine are built on the basis of bell-type prover, and the standard
of Moldova combines a piston and bell-type prover. The method of calculating, calculation of expanded uncertainty and
determining the degree of equivalence of the national standards of Ukraine and Moldova are demonstrated. The results of
bilateral comparisons in the form of Table 1 are presented and shown in Fig. 4. The degree of equivalence of the national
standards does not exceed 0.41, which indicates that the primary and secondary standards reproduce the gas volume and
volume flow units with declared uncertainties, and transfer standards retain their metrological characteristics throughout the

cycle of comparisons. General conclusions are drawn about the success of bilateral comparisons.
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Introduction

SE “Ivano-Frankivskstandartmetrology” as a scien-
tific metrological center, the organization-custodian
of the national primary and secondary standards of
the gas volume and gas volume flow units, regularly
participates in international comparisons within
Technical Committee TC 1.4 “Flow Measurement”
of Euro-Asian Cooperation of National Metrological
Institutions COOMET.

In the period from 2019 to 2020, bilateral com-
parisons of the measurement standards of gas volume
and gas volume flow units were carried out on
COOMET Project 684/MD/16 “Pilot comparisons of
national standards in the field of gas flow”.

Two laboratories took part in the compari-
sons — SE “Ivano-Frankivskstandartmetrology”, Ivano-
Frankivsk, Ukraine (IFDCSMS, pilot laboratory) and
the National Institute of Metrology, Chisinau, Repub-
lic of Moldova (NIM, coordinator of comparisons).
Gas flow range — from 0.5 m3/h to 50 m?/h.
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The main purpose of the comparisons was to
establish the degree of equivalence of the national stan-
dards of gas consumption and assess the calibration and
measurement capabilities of laboratories of scientific
metrological centers in the field of flow measurement.
In addition, the successful completion of international
comparisons and confirmation of the declared value
of expanded uncertainty is a prerequisite for the re-
cognition of the measurement standards that ensure
the reproduction and transfer of physical units and,
accordingly, their metrological characteristics in the
key comparison database (KCDB) of the International
Bureau of Weights and Measures (BIPM). Also, for the
standards that have been included into the KCDB and
have CMCs, it is necessary to periodically participate in
international comparisons to confirm their metrological
characteristics.

SE “Ivano-Frankivskstandartmetrology” after the
successful completion of comparisons on the Project
COOMET.M.FF-S1 219/SK-a/00 (Level A, Level B)
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Fig. 1. Appearance of the Delta S-Flow G100 (@) and EP2 (b) reference standards

received 3 CMCs in gas volume flow in the range
from 0.016 m¥h up to 1600 m*/h (UA1 — UA3). In
addition, it successfully participated and confirmed
the included CMCs in the following comparisons:
COOMET.M.FF-S3 412/UA/07, CCM.FF.K6b.2011,
COOMET.M.FF-S9 680/RU/16.

The purpose of this article is a detailed analysis
of the results of bilateral comparisons of the national
standards of gas volume flow of Ukraine and Moldova,
in particular methods of calculating the degree of
equivalence and technical base (standards) that
participated in the comparisons.

Each participating laboratory used its own
calibration procedure for the measurements. The
comparisons were carried out in accordance with
the recommendations of COOMET “Regulations on
Comparisons of Measurement Standards of COOMET
National Metrology Institutes and Designated
Institutes” [1] and the directive of the BIPM on the
implementation of key comparisons [2].

The principle of comparisons — direct transfer
of the gas volume unit from the standard of the
laboratory-participant to the reference standard.

The scheme of comparisons is circular, the
comparison standards are consistently calibrated in the
pilot laboratory (IFDCMS), in the NIM Ilaboratory
and again in IFDCMS. This is necessary to exclude
the influence of possible changes in the characteristics
of the comparison standards during transportation.

Reference standards

Delta S-Flow G100 Ne8785901001 meters manu-
factured by Actaris Gaszahlerbau Gmbh, Karlsruhe,
Germany and EP2 Ne3155828 by GMR, Skutez,
Czech Republic were used as reference standards.

Delta S-Flow is a rotary gas meter with two
three-bladed rotors, each blade of which is placed at
an angle of 120 degrees to each other and shifted by
60 degrees along the length. This design completely

avoids the resonant phenomena characteristic of rotary
meters with conventional octagonal rotors. The meter
works in the flow range from 1 m?/h to 160 m?3/h.
The appearance of the meter is shown in Fig. la. An
integral part of the measuring instrument is also the
inlet and outlet pipes with the same diameter DN =
=50 mm as the meter, which are sent to the participants
of the tests together with the meter. A prerequisite
for the normal operation of the meter is a strictly
horizontal working position of the meter on the test
equipment. The thermometer for measuring the gas
temperature is installed in the sleeve built into the inlet
pipe. The pressure transducer is connected to the “P”
output of the meter. The tests are performed without
lubricating the meter bearings with oil.

The EP2 meter is a drum meter equipped with
high-frequency and low-frequency pulse removal
sensors, it operates in the flow range from 0.016 m3/h
to 2 m*/h. Appearance of the EP2 meter is shown in
Fig. 1b. A prerequisite for the normal operation of
the meter is the control of the correct level of oil in
the meter and compliance with the temperature in the
range from 18 to 22 °C.

Standards

From Ukraine, the National state primary standard
of the gas volume and volume flow units DETU 03-
01-15 (UA1) and the National secondary standard of
the gas volume and volume flow units NDETU M-04-
2019 (UA2) took part in the comparisons (Fig. 2).
These standards are bell-type provers that reproduce
gas volume and volume flow units by forcing out
of the bell meter portion of air reduced to standard
conditions, the volume of which is clearly defined by
ensuring the stability of geometric parameters of the
meter: diameter and height. Reproduction of the gas
volume flow unit, in turn, is realized by moving the
bell meter with different values of the set speed for
a certain period of time.
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Fig. 2: a — appearance of the National state primary standard of the gas volume and volume flow units DETU 03-01-15 (UA1)
with the mounted reference standard Delta S-Flow meter; b — appearance of the National secondary standard of the gas volume
and volume flow units NDETU M-04-2019 (UA2)

In Moldova, the research was performed on the
primary standard of the gas volume and volume flow of
the Republic of Moldova Bell Piston Prover DN 400
(Fig. 3), which is a combination of a bell-type prover
and prover with reference critical nozzles.

Results

The relative error of measurement e is the dif-
ference between the measurement results of the gas
volume obtained from the comparison standard V),
and the value of the volume V, reproduced by the

.
.!|ﬂ
“

P " .
Fig. 3. Appearance of the primary standard of the Republic of

standard of the participating laboratory, reduced to V,,
expressed as a percentage. That is:
v, -V,
e, =L —£x100. (1)
VE

The basis for evaluating the successful result of
the laboratory in comparisons for the i-th value of the
flow rate is the parameter of the degree of equivalence
E. 3], which is calculated according to the following
equation:

2

Moldova Bell Piston Prover DN 400
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Table 1
Results of measurements and calculations of the degree of equivalence
Deviations from | Deviations from | The difference . Degree of
Flow K., Ukraine, K, Moldova, in results Expanded uncertainty equivalence
of results U(d)), %

eUri’ o eUri’ % di’ % ' Ei’ %o
50 0.05 0.04 0.01 0.29 0.03
40 0.04 0.00 0.04 0.29 0.12
32 0.01 0.00 0.01 0.29 0.03
25 -0.01 -0.01 0.00 0.29 0.00
20 -0.02 -0.02 0.00 0.29 0.00
12 -0.06 -0.05 -0.01 0.29 0.03
10 -0.08 -0.12 0.04 0.29 0.14
8 -0.11 -0.19 0.08 0.29 0.27
4 -0.25 -0.31 0.06 0.29 0.21
2 -0.54 -0.45 -0.09 0.30 0.30
1 0.15 0.06 0.09 0.29 0.31
0.5 0.30 0.18 0.12 0.29 0.41

* — the results of comparisons using the reference standard EP2, the remaining results — obtained using the reference standard Delta S-Flow.

The difference d, was calculated according to the
following equation:

d =e, —e

i (3)
where e, . — the relative value of the deviation of the
conversion factor of the reference standard from the
nominal value (relative error), measured on the primary
standard of the Republic of Moldova; e, — the relative
value of the deviation of the conversion factor of the
reference standard from the nominal value (relative
error), measured on the primary standard of Ukraine.

The expanded uncertainty of the d, result for
independent laboratories is calculated according to the
following equation:

Ud)=\U; +U},, @)
where U,, — expanded uncertainty of the measurement
result on the i-th value of the flow obtained at the
primary standard of the Republic of Moldova; U, —

expanded uncertainty of the measurement result on the
i-th value of the flow obtained at the primary standard
of Ukraine.

The obtained values of the degree of equivalence E,
for each value of the gas volume flow should be within
E <1, which indicates the success of the comparisons.
If the value of E>1.2 is exceeded, it can be stated
that the results of the comparisons are negative and the
values obtained during the study on the standard of the
laboratory — the participant of the comparisons need
immediate correction. If the results are found in the
interval 1<E <1.2 it is considered that there are general
non-critical deficiencies that need to be corrected.

Fig. 4 shows a graphical representation of the
results obtained using the reference standard Delta
S-Flow [4].

Conclusion

All values of the degree of equivalence for all
flows E <1, which indicates positive results of the
comparison, namely:
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Fig. 4. Graphical representation of the results obtained using the Delta S-Flow reference standard
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— reference standards have retained their
metrological characteristics throughout the cycle of
comparisons;

— the standards of the participating countries
reproduce the size of the gas volume and volume flow
units with the uncertainties declared by the relevant
laboratories;

— measurements in laboratories are carried
out under appropriate environmental conditions, in
compliance with the procedures and requirements that
are set to both standards and reference standards;

— calibration methods used by the laboratories
of the participating countries allow to obtain reliable
results with appropriate uncertainties.

JIBocTopoHHi 3BipeHHsa 3a TemMoro KOOMET 684/MD/16
“IlinoTHi 3BipeHHs HALIOHAJBHUX €TAJIOHIB BUTPATH rasy”’

0.0. Cepegiok, HO.T. lMenikan, B.A. T'ynuk, O.A. bac

Al “leaHo-®paHkiscbkecmaHOapmmemporoezisi”, 8yn. BosyuHeybka, 127, 76006, leaHo-OpaHKiecbK, YkpaiHa
alexandr.sanya@gmail.com

AHoTauis

Y crarti onucaHo mpoueaypy IMpOBEeAeHHS MiXKHApOIHWX ABOCTOPOHHIX 3BipeHb HAILlIOHAJIBHUX €TaJIOHIB OJUHUIIbL
06’emy Ta 06’eMHOI BUTpaTu razy Ykpainu ta MojmoBu. 3BipeHHs mpoBomwinch y pamkax tTeMu KOOMET 684/MD/16
“IlinoTHi 3BipeHHS HAlliOHAJTBLHMUX E€TAJOHIB OIMHUIIL 00’€My Ta 00’€MHOI BUTpaTHU Ta3y”. 3a3HauyeHO IEpENliK eTaJoHiB
MOPiBHSHHS, SIKi Opayiv y4acTh y 3BipeHHsX. Jliana3oH 00’€MHOI BUTpaTH rasy, B IKOMY MPOBOJIUIUCH 3BipEHHSI, CTAHOBUTh
Bix 0,5 mo 50 m/rox. [dns miamasony Butpatu Bim 0,5 mo 1 M?/rom 3acTocoBaHO JTUYMIBHUK 0apaOGaHHOIO THUILy, a IS
nianmazoHy Bim 2 mo 50 m3/rox 3BipeHHST MPOBOIWINCH i3 3aCTOCYBaHHSIM POTOPHOTO JIiUMJIbHMKa Tazy. BkazaHo, 110 Bix
YkpaiHu y 3BipeHHSX Opajiyi ydyaThb Hal[iOHAJbHUM OepXKaBHUM MEPBUHHUI Ta BTOPUHHUI €TaJIOHM OJUHUIL O0’€My Ta
00’eMHOI BUTpaTu rady, B CBOIO 4epry, Big MoJjgoBu OpaB yyacTb HalliOHaJILHUI €TajloH BUTpaTu rasy. [logaHo KOpOTKuii
OIMKMC HalLliOHAJIbHUX €TaJIOHIB i MPUHIMIM BiITBOPEHHS OAMHUIIL 00’€My Ta 00’€MHOI BUTpaTH raszy. 30Kpema, 3a3Ha4eHo, 110
MEPBUHHUI Ta BTOPUHHUI €TaIOHU YKpaiHu MoOya0BaHi Ha 6a3i yCTaHOBOK JA3BOHOBOTO THILy, a €TaloH MoiaoBu 00’ eaHye
B c00i yCTaHOBKY ITOPILIHEBOIO Ta A3BOHOBOro TUMIB. [IpoaeMOHCTPOBAHO METOAMKY MPOBEACHHSI OOUMCIIEHb, PO3PAXYHKY
PO3LIMPEHOI HEBU3HAUYEHOCTI Ta BU3HAYEHHS CTYIEHSI €KBiBaJEHTHOCTI HaIliOHAJIbHUX €TaJoOHIiB YKpaiHu Ta MojnoBu,
a TaKOX HaBeIeHO pe3yJbTaTU ABOCTOPOHHIX 3BipeHb. CTYIiHb €KBiBaJIGHTHOCTI HAILliOHAJBbHUX €TAJIOHIB HE IEPEBUIIYE
0,41, 10 CBiMYUTH MPO Te, IO TIEPBUHHI Ta BTOPUHHI €TAJIOHU BiITBOPIOIOTH OMWHUII 00’€My Ta 00’€MHOI BUTpPATH Ta3zy i3
3a/IeKJIapOBAaHMMM HEBU3HAUYEHOCTSIMU, a €TAJIOHM TepelaBaHHs 30epiraloTb CBO1 METPOJIOTiUHI XapaKTepUCTUKU MPOTITOM
yCbOTO LIMKIY 3BipeHb. HaBeneHo 3arajibHi BUCHOBKM, B SIKMX 3a3HAQY€HO IPO YCIIILIHICTb ABOCTOPOHHIX 3BipeHb.

KmouoBi cioBa: 3BipeHHs; HalliOHaJbHi €TaJIOHU; €TaJOHM ITOPiBHSIHHS; BUTpaTa Ta3y; HEBM3HAYEHICTb; CTYIiHb
eKBiBaJIEHTHOCTI.

JIByxcToponnue camyennsa no teme KOOMET 684/MD/16
“IInnoTHble cMYeHUs] HAMOHAJIbHBIX TAJIOHOB pacxoja ra3a”

0.0. Cepeptok, FO.T. MNenukaH, B.A. l'ynuk, A.A. bac

I'T1 “UNsaHo-®paHKosckcmaHOapmmempornoeusi”, yn. BosduHeukas, 127, 76006, WeaHo-®paHKosck, YkpauHa
alexandr.sanya@gmail.com

AHHOTaIMSA

B crathe ommcana mipolenmypa MpPOBENCHUS MEXIYHAPOMHBIX OBYCTOPOHHUX CIWYEHWI HAIMOHATBHBIX 3Ta-
JIOHOB enMHUIl oObeMa M oO0beMa pacxoma rasza YKpauHbl U MomnoBbl. CauyeHUs MPOBOAWIMCH B paMKax TEMbl
KOOMET 684/MD/16 “IluioTHble CAMYEHMS HALMOHAIBHBIX 3TAJIOHOB €IVHUIl 00beMa M OOBEMHOIrO pacxoma rasa”.
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[IpencraBieH nmepeyeHb 3TAJOHOB CpaBHEHUSI, MPUHUMABIINX YYacTHe B CIMUEHUSIX. YKAa3aHO, UTO OT YKpauHbI B CIIMYCHUSIX
MIPUHUMAJIU YJacTUe HAIlMOHAIBHBINA TOCYIapCTBEHHBIN TTEPBUYHBI W BTOPUYHBIN 3TAJOHBI €MUHUII 00beMa U 0OBEMHOTO
pacxoma raza, B CBOIO odepenb, OT MOJIOBBI MPUHMUMAJ YJ4acTHE HAIlMOHAJIbHBIA 3TaJIoH pacxoma rasza. I[lpemcraBiieHO
KpaTKoe ONMCaHWe HAIIMOHAJIBHBIX ITAJIOHOB W TMPUHIIAI BOCIPOU3BENEHUS] EIWHUIl 00beMa M OOBEMHOIro pacxoia
raza. OTMEYeHO, YTO MEPBUYHBINM M BTOPUYHBIN 3TAJOHBI YKpPaWHBI IMOCTPOCHBI Ha 0a3e YCTAaHOBOK KOJOKOJIbHOIO THIIA,
a aTajloH MoJIOBEI 00benuHsIET B ce0e YCTAaHOBKY IOPIITHEBOTO M KOJIOKOJBHOTO TUIIOB. [IpomeMoHCTpupoBaHa MeTOIKa
MPOBENEHUsI BBIUMCICHUM, pacyeTa paclIUPEHHON HEOMNpeAeJeHHOCTM M CTEeNeHU SKBUBAJEHTHOCTUM HallMOHAJIbHBIX
3TAJIOHOB YKpauHbl ¥ MOJIOBBI, a TaKXKe MPUBEICHBI PE3yJBTaThl ABYCTOPOHHMX clWdeHMil. CTeleHb 3KBUBAJICHTHOCTH
HalMOHAJIbHBIX 3TaJIOHOB He TpeBbiiiaeT 0,41, 4YTO CBUAECTEAbCTBYET O TOM, YTO MEPBUYHbIE M BTOPUYHBIE 3TAJTOHBI
BOCTIPOM3BOASAT €IVMHUIILI 00beMa U OOBEMHOTO pacxola rasza ¢ 3aIcKJIapUpPOBAHHBIMU HEOIPENEICHHOCTIMU, a 3TaJOHBI
CPaBHEHMUSI COXPAHSIIOT CBOM METPOJIOTMUECKHE XapaKTepUCTUKM Ha TMPOTSKEHWM BCEro LMKJIA CAMYEHMUIA.

KmoueBbie ciioBa: CJIMYECHMA, HAIMOHAJIbHbBIC STAJIOHbI; 3TAJIOHbI CpPAaBHEHUA, pacXo/ ra3a, HEOIPEACJICHHOCTb, CTECIICHb
OKBUBAJICHTHOCTHU.
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