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Abstract

The article describes the method of conducting representative research to determine the effect of pure gaseous hydrogen
and a mixture of hydrogen and natural gas (methane) on the performance and metrological characteristics of household gas
meters. The experimental research has been carried out in two stages. 84 membrane and rotary meters have been selected
for research. The main aspect of the need for such research is the safety of meters. Before the start of the tests and after
each stage, the metrological characteristics of all gas meters on the reference prover are determined. At the first stage, a set
of static tests is performed, according to which the internal and external short-term and long-term (42 days) tightness of gas
meters are checked. A prototype of the installation layout has been developed to conduct experiments on determining the
tightness. The second stage is to conduct a dynamic series of tests. Gas meters are assembled according to the developed
scheme and installed for testing on the model of the gas distribution network system. It is recommended to use a drum-
type meter as a reference gas meter. The criterion for determining the effect of hydrogen and gas meter is the established

change in metrological characteristics after the study.
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Introduction

As part of the practical implementation of the
European Hydrogen Strategy [1], the Government
and the Commission of the European Union have
identified Ukraine as one of the priority partners in
the supply of hydrogen to Europe. To this end, Gas
Transmission System Operator of Ukraine LLC has
joined the European Pure Hydrogen Alliance, which
in turn is a key element of the hydrogen strategy, to-
gether with other natural gas transportation market
operators in the European Union. The implementa-
tion of the strategy envisages a gradual transition to
hydrogen energy and, accordingly, a reduction of CO,
emissions. In fact, there is a declared desire to reduce
the impact of industry (its negative effect) on the world
climate, in other words, to application the principle of
climate-neutral economy within Europe with the hope
that this initiative will extend to the world economy. It
should be added that the implementation of the Hy-
drogen Strategy is an integral part of the European
Green Agreement [2].

In Ukraine, a scientific and practical working
group was established to study and the possibility of
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production, transportation and consumption of pure
hydrogen and / or its mixture with natural gas, which
included leading organizations interested in the pro-
ject, such as: Gas Institute, Electric Welding Institute,
Institute of Coal Energy Technologies and Institute of
Physics and Mechanics of the National Academy of
Sciences of Ukraine, Lviv Polytechnic National Uni-
versity, Ivano-Frankivsk National University of Oil
and Gas, SE “Ivano-Frankivskstandardmetrology”,
Regional Gas Company (RGC), Naftogazbudinfor-
matyka LTD [3]. Each of the participants received
a clearly defined direction for the implementation of
representative theoretical and applied studies of the im-
pact of hydrogen on the elements and materials of the
gas transmission and distribution networks in Ukraine.

Currently, in the conditions of the prototype
model of the medium and low pressure gas distribu-
tion system (test fill) of the Gas Distribution Networks
(GDN) operator, RGC specialists conducted a series of
fifteen experiments filling hydrogen gas piping system
to determine the tightness of binding pipeline networks
under pure hydrogen. Static tests were conducted at
five RGC test fills in Kharkiv, Dnipropetrovsk, Ivano-
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Frankivsk, Zhytomyr and Volyn regions. The results
presented studies indicate that the pipeline network
is not sealed when filling clean gaseous hydrogen [4].

SE “Ivano-Frankivskstandartmetrology” as a scien-
tific metrological center is engaged in conducting a set
of experimental studies to research and detect the ef-
fects of pure hydrogen gas and mixtures of hydrogen
with natural gas (methane) with different concentra-
tions of gas meters used in the domestic sector. A series
of such studies is needed to establish the possibility of
determining the volume of hydrogen mixture under the
condition of supply and, accordingly, its transportation
in the domestic pipeline system for use (combustion)
in gas appliances by consumers.

The objective of this article is to develop and prac-
tical application of methodology for determining the
impact of pure hydrogen and mixtures of hydrogen
with natural gas (methane) on the performance and
metrological characteristics of gas meters used in the
domestic sector.

In developing the methodology of research, the
authors pursued two main aspects: the first is safety
and the second is metrology proper. In terms of safety,
in this case, this issue is related to the safe use of the
gas meter when accounting for a hydrogen mixture.
That is, this stage of experiments is necessary to check
the external and internal short-term and long-term
tightness of the housing and elements of the meter
for the presence of hydrogen leaks.

In accordance with the developed methodology,
representative studies are conducted to determine the
effect of hydrogen and / or mixtures of natural gas with
hydrogen on the operation of gas meters, namely, two
stages of experiments: static tests and dynamic tests.

Before the beginning of experimental researches
and after completion of each stage (static and dynamic
tests) of experiment, according to the developed metho-
dology, first definition, and then control of change
of metrological characteristics of meters in laboratory
conditions with working environment — air.

Specialists of SE “Ivano-Frankivskstandartmetro-
logy” together with RGC determined the recommen-
ded list of gas meters used in the household sector.
The priority choice was membrane and rotor meters of
different manufacturers, in addition, no less important
criterion was the year of manufacture of the meter.
This feature is due to the fact that in Ukraine for gas
accounting in the home in some places still used gas
meters produced in 1995 and later. A total of 84 gas
meters were selected for the experiments: 78 pieces of
membrane type, 6 pieces of rotor type. In particular,
membrane-type meters of the following manufacturers
present in Ukraine were selected: Elster (BK meter),
Itron, Schlumberger (Gallus meter), Metrix (Metrix
meter), Vizar plant (BP and Vizar meters), Generator
plant (Octava meter), Samgaz plant (Samgaz meters)
and rotor meters of manufacturers: Yampil Instrument-

Making Plant (RL meter), Novator plant (RL meter).
Selected meters with size G 2.5—G 4 with an extended
measuring range and, accordingly, the value of the
minimum flow Q = 0.016 m*/h, the year of produc-
tion of meters is from 1995 to 2020.

An initial research metrological characteristic of
the meters was conducted using Universal prover for
research of gas meters (calibration certificate number
260K-04/20 of 28.12.2020). The expanded uncertainty
of measurement by the prover does not exceed 0.2%.
Experimental studies were performed in the laboratory
at a temperature of (20+2) °C.

A series of three repeated measurements was
performed for each meter with the following values
of volume flow: 9, 0.7 Q ,05Q 0250 .,
0.1 Q. , Q. . Since all meters are selected for the
experiment after operating conditions, it is advisable
to apply metrological requirements for errors in ac-
cordance with the normative document R 50-071-98
[5], ie (£3)% (in the range of volume flow rate from
Q.. to Q, inclusive) and (+3 + —6)% (in the range
of volume flow rate from Q to Q ).

From 84 meters that were tested, the following
results of metrological characteristics were obtained:
60 meters — the relative error does not exceed the per-
missible limits; 20 meters — the relative error exceeds
the permissible limits slightly; 4 meters — the relative
error in the flow Q_ is (-=100)%.

Regarding the possibility of further use of gas me-
ters and suitability for operation with an error value
(—100%), then, from the point of view of legal me-
trology, it is impossible. However, it was decided to
leave them for further experiments in order to establish
changes in metrological characteristics after performing
the entire list of experiments and the impact of pure
hydrogen and gas-hydrogen mixtures.

After determining the primary values of metro-
logical characteristics of the studied meters, we con-
duct the first stage of static tests. This stage consists
in checking the tightness of the meter housing and,
accordingly, detecting the effect of hydrogen and mix-
tures of hydrogen with natural gas (methane) on the
material from which the meters are made. Static tests
are performed by checking the external tightness of
the meters when filling the meter housing with hy-
drogen and mixtures with a value of excess pressure,
which is the maximum for meters of the domestic
sector (according to DSTU EN 1359 [6], the maxi-
mum operating pressure is 50 kPa). Hydrogen and / or
a mixture is gradually fed into the measuring chamber
of the meters from the pressure source. The value of
excess pressure is given in the operating documents on
the meters, but must be not less than 1.5 P i.e.
75 kPa excess pressure.

To conduct a series of static experiments, an ex-
perimental model of a prototype test system for the
tightness of gas meters under the action of hydrogen
gas was developed (Fig. 1). The model is necessary
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Fig. 1. Experimental model of a prototype test system for
the tightness of gas meters under the action of hydrogen gas

for a preliminary assessment of the possibility of using
sealing materials of different types to ensure tightness.

The next step is to detect the effect of hydrogen
on the material from which the membranes / rotors
and other components of the meter are made, in direct
contact with the gas. This stage of experiments is to
detect the effect of hydrogen and mixtures in direct
contact with the materials from which the meters are
made and which constructively interact with it during
the accounting (measuring membranes, sliding mecha-
nism, rotor pairs, etc.).

The stage is carried out in the mode of setting
the maximum value of excess pressure in the meter,
which is allowed according to DBN B.2.5-20:2018 Gas
supply (not more than 3 kPa) [7] or with the value
of pressure that is recommended for gas appliances
(gas stoves, columns), boilers), usually 1.1—1.3 kPa.
The tests are carried out similarly, filling the meter
housing with hydrogen and mixtures of hydrogen with
natural gas, with periodic monitoring of the values of
excess pressure every 24 hours. The tests are performed
for 42 days. The criterion for assessing the effect of
hydrogen on the gas meters is the difference between
the relative measurement errors before and after the
experiments, the determination of which is carried out
in the laboratory.

After carrying out a complex of static tests, carry
out dynamic tests in the conditions of a prototype of
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the model of gas distribution system of average and
low pressure of the GDN operator.

Dynamic tests are conducted in two successive stages:

1. Repeated, after conducting static tests, the re-
search of metrological characteristics in the laboratory.

2. Research of metrological characteristics in the
conditions that maximally reproduce the use of meters
on the site of the layout of the gas distribution system
of the GDN operator.

Test 1. At the first stage of dynamic tests, the deter-
mination of metrological characteristics (calibration cha-
racteristics) of gas meters in the laboratory with the wor-
king environment — air at a pressure close to atmospheric.

Test 2. Installation of the measuring system in the
conditions of the experimental site of the layout of
the gas distribution system is carried out by installing
successively on one pipeline different types of meters
(membrane, rotor types), shown in the scheme of in-
stalling meters on the simulation site (Fig. 2). Before
conducting experiments, the assembled circuit must be
purged with inert gas (nitrogen or other) in accordance
with the Safety Rules [8].

The experiment is carried out using hydrogen and
mixtures of natural gas (methane) with hydrogen as
a working medium. The following concentrations of
components are provided: a) 100% (H,); b) 20% (H,)/
80% (CH,); c¢) 10% (H,) / 90% (CH,).

As a reference meter, it is recommended to use
a drum-type gas meter with a predetermined calibration
characteristic in laboratory conditions with a working
medium — air. Drum-type gas meter with water valve
to meet safety requirements is installed in the measu-
ring system after the experimental meters to reduce the
effects of evaporation and saturation of hydrogen with
water vapor. To establish and regulate a stable value
of the volumetric flow rate of hydrogen, rotameter is
used. Before the start of the experiment, it is neces-
sary to record the value of gas volumes according to
the readings of the reading devices of gas meters. Start
the process of measuring the volume of the gas by set-
ting the required value of the volumetric flow rate of
0.25 @ from the value of the maximum flow rate.
The volume of hydrogen and mixture to be passed
through the meters must be at least 0.1 m?°.

At the end of the test cycle, for the tested meters
and the reference meter it is necessary to re-determine
in the laboratory their metrological characteristics in
order to establish their change under the influence of
pure hydrogen.

5 3] 7 8

Fig. 2. Scheme of installation of meters on the site of the layout of the gas distribution system (simulation site):
1, 8 — valves; 2, 7 — sensors; 3 — membrane gas meter; 4 — rotor gas meter; 5 — drum gas meter; 7 — rotameter
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Conclusion Gas meters. Methodology for determining the impact of

In order to conduct a set of representative stu-  pure hydrogen and mixtures on performance and metro-
dies, developed and approved in the prescribed manner logical characteristics of gas meters used in the domestic
RMU 001 RD/M-2021 “Recommendation. Metrology.  sector”, according to which a series experiments will do.

IIpoueaypa ouiHKM BIUIMBY BOIHIO Ta CyMillei
Ha 3MiHy MeXaHIYHHUX IapaMeTpiB i MoxuOOK
NoOYTOBHUX JIYMJIbHUKIB Tra3y
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AHoTanis

Y cTarTi onMMcaHO METOAMKY TPOBEICHHSI PENPE3eHTATUBHUX OOCHIIKEHb IIOA0 BMU3HAYEHHS BIUIMBY UKMCTOTO Ta30-
MOJAIOHOrO0 BOJHIO Ta CyMillli BOAHIO 3 TIPUPOJHUM ra3oM (METaHOM) Ha Ipale3JaTHICTb Ta METPOJIOTIUHI XapaKTepUCTUKU
MoOyTOBUX JIIUWJIBHUKIB Tady. [IpoBeneHHsI eKCriepuMeHTaIbHUX OOCTIIKEeHb nependadyeHo B ABa eramnu. st mpoBeaeHHs
JNOCiIXKEeHb BigiopaHo 84 JIIYMJIBHUKM MEMOpPAHHOIO Ta POTOPHOro TUIiB. OCHOBHMM acleKTOM HEOOXiTHOCTI MpOBEAeH-
HSl TaKUX JOCTIDKeHb € MUTaHHs Oe3IeKu JIYWJIbHUKIB TPy 00Ky Ta30BOAHEBOI cyMilli. [lepen moyaTtkoMm mpoBeAeHHS
BUITPOOYBaHb Ta TCAS1 KOXHOTO eTarny BU3HAYaloTb METPOJIOTIYHI XapaKTepUCTUKM YCiX JIUMJIBbHMKIB ra3y Ha eTaJOHHii
YCTaHOBL B JlabopaTopHuX ymoBax. Ha mepiiomy etani mMpoBOAUTLCS KOMILIEKC CTaTUYHMX BUIIPOOYBaHb, BIAMOBIAHO 10
SIKUX 3[iACHIOETHCS MepeBipKa BHYTPILIHbOI Ta 30BHIIIIHbOT KOPOTKOTEPMiHOBOI i JOBrOTEpMiHOBOI (42 JHi) repMETUYHOCTI
JIYUIBHMKIB Ta3y Ta HOro BHYTPIIIHIX eJIeMEHTiB (MeMOpaH, pOTOPHMX Tap), sIKi KOHTAKTYIOTh i3 ra3oM. [Is1 mpoBeneHHSs
€KCIIEpPUMEHTIB Ha BU3HAYEHHS T€PMETUYHOCTI PO3pOOJEHO MPOTOTUIl MAaKeTy yCTaHOBKM. Ipyruii eram mosisirae y mpo-
BElIEHHI JTMHAMIYHOI cepii BUMpoOyBaHb. JIIYMJIBHUKKM Ta3y Ta Iia’€IHyBajJbHi TPyOONpPOBOAM 30MpPAIOThCS BiMOBIAHO 10
PpO3pO0JIEHOI CXeMHU i BCTAHOBJIIOIOTHCS [UJIS1 MPOBENEHHS BUIIPOOYBaHb HA MAKETi CUCTEMHU a30pO3MONiTbUMX Mepex. Sk
€TaJJOHHUM JIYMIBHUK rasy peKOMEHJOBAaHO 3aCTOCYBATHU JIUMJIBHMK OapabaHHOIO TUIly 3 BOASIHUM 3aTBOpoM. [l Bu-
CTaBJICHHSI 3HAYeHHSI 00’€MHOI BUTpaTH Ta3y IOLIILHO 3aCTOCYBAaTH poTtaMeTp. JLocCmimKeHHS TTPOBOAATECS Ha TPhOX THUITAX
cyMmilleii, Ha YMCTOMY BOJHI Ta Ha CyMillli BOAHIO 3 TPUPOAHUM Ta3oM (METaHOM) i3 pi3HOIO MPOMOPLIEI0 KOHLIEHTpaLIii.
Kputepiem Bu3HaUYeHHs BIUIMBY BOJHIO Ha JIUYMJIBHMK Ta3y € BCTAHOBJEHA 3MiHA METPOJIOTIYHMX XapaKTepUCTUK ITiCTIs
MPOBEACHHS AOCTiIKeHb. IJIsi MPOBeIeHHsSI KOMIUIEKCY BKa3aHUX JOCHIIKEHb PO3pOOJEHO Ta 3aTBEPIKEHO METOAWYHUIA
TIOKYMEHT.

KmouoBi ciioBa: MiunIbHUK rady; BOACHb; CYMilll; METPOJIOTIUHI XapaKTEPUCTUKU.

IIponenypa oneHKH BO3IEHCTBHS BOAOPOIA U CMECH
Ha M3MEHeHHe MEeXaHWYECKMX NapaMeTpoB
M NOTPENIHOCTEl ObITOBBIX CYETYMKOB Ia3a
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AHHOTAIMSA

OrmnucaHa MeTOAMKa TPOBEICHUS MCCIICAOBAHUIA TI0 OTPEIeICHUIO BIUSIHUSI BOIOPOAA U CMECU BOJIOPOA C MPUPOTHBIM
ra3oM Ha pabOTOCIIOCOGHOCTb M METPOJIOTMYECKUe XapaKTePUCTUKN OBITOBBIX CUETYMKOB rasa. IIpoBeneHue McciaenoBaHUIA
IIPEeNYCMOTPEHO B aBa orama. st MpoBeeHNs NCCIef0BaHniA 0TOOpaHo 84 cueTunka. OCHOBHBIM aCIIEKTOM HEOOXOIMMOCTHI
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MPOBENCHNUST TAKMX MCCIEIOBAHUI SIBJSIETCS BOIPOC OE30IACHOCTU CUYEeTYMKOB. Ilepen HayasoM IpOBeIeHMsS] UCIIBITAHUIA U
ITOCJIe KaXXJIOTro 3Tala ONpeAesIsioT METPOJIOTMUECKIe XapaKTepUCTUKY CYETYMKOB Ta3a Ha STaJIOHHOM yctaHOBKe. Ha mep-
BOM 3TaIle IMPOBOAMTCS KOMILIEKC CTATMUYECKMX UCIBITAHUIA, COTIACHO KOTOPBIM OCYLIECTBIISIETCS IMPOBEPKA T€PMETUYHOCTHU
CYETYMKOB Tasza. i1 mpoBeAeHUs] 3KCIIEPMMEHTOB Ha OIpee/iecHre TepPMETUYHOCTH pa3paboTaH MPOTOTUIT MaKeTa ycTa-
HOBKU. BTopoii aTam 3akio4yaercs B IPOBEACHUMY AMHAMUYECKUX UCIbITaHMi. CYETYNKH raza COOMPAIOTCS B COOTBETCTBUM
¢ pa3paboTaHHOIM CXEMOW M YCTaHABJIMBAIOTCI Ha MaKeTe CHUCTEMBI Ta30pacIpele/IUTeIbHBIX ceTeil. B KauecTBe sTajoHa
peKoMeHayeTcsl MPUMMEHUTh cUeTYMK OapabaHHoro tuna. MccienoBaHus mpoBOASTCS Ha Tpex Tumax cMmeceil. Kpurepuem

OIIPEACICHUA BIUAHMA BOOOPOAA Ha CYETUUK ABIACTCA U3MEHCHHUE METPOJIOTUYECKUX XapaKTCPUCTUK.

KioueBble ciioBa: cueTymk rasa; BOIOpPOId; CMEChb, METPOJIOTUYECCKNE XapaKTCPUCTUKU.
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