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Energy resources accounting is a component of their rational consumption. The outdated equipment use that does
not meet the requirements for measurement accuracy is one of the main issues in natural gas metering. Therefore, the
issues of creating high-precision gas metering systems remain relevant. Gas metering units are used at various sites,
from boiler houses to gas distribution stations and points that have different requirements for metrological
performances and characterized by different operating conditions.

To improve the gas metering quality, it is necessary to control its physical and chemical parameters, such as
pressure, temperature, density, gas composition, etc. Therefore, the creation of systems for measuring the flow and
quantity of natural gas requires an integrated approach that includes recording, processing and monitoring all
necessary parameters using data transmission technologies.

The automated collection lack and information conversion from the measuring system components makes it
impossible to remotely monitor its state.

The aim of the work is a comparative analysis of existing systems for measuring the flow and quantity of natural
gas, as well as the requirements’ formulation for an automated system for measuring its parameters.

The functioning features of existing systems, their structure and technical performances are discussed in the
article. An analysis of current approaches to energy carrier accounting has been conducted.

Particular attention is paid to the requirements for algorithms for processing and converting information received
from automated systems for measuring natural gas flow rate, in addition to bringing the gas volume to base conditions
and calculating the consumed energy quantity. General requirements for such systems, which contribute to increasing
the accuracy and reliability of measurements, are formulated.

The prospects for further work are to improve an algorithm for the interaction between the measurement system

components.
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Introduction. Problem statement

There are many different serious issues in the
field of energy metering, especially natural gas. They
are associated, first of all, with the use of outdated
equipment that does not meet the requirements for
measurement accuracy, the absence of devices for
remote data transmission and built-in self-diagnostic
algorithms at metering units.

Natural gas is an important non-renewable
natural energy resource. Its extraction, transportation
and consumption must be controlled and measured
with the high precision, which requires special
attention in boiler houses, industrial plants, as well as
gas distribution stations and points.

Requirements for the organization of metering
units are standardized and clearly regulated by
legislative bodies/services and relevant regulatory
documents [1].

There are a large number of natural gas flow
control instruments that are based on different
measurement methods. But to achieve high accuracy
in flow rate determining and obtain information about

actual gas consumption, it is necessary to control its
physical and chemical parameters, such as pressure,
temperature, density, composition, etc.

To solve the issue of precise control of gas flow
and quantity, an integrated approach is used, which
involves recording, processing and monitoring all
necessary parameters using certain data transmission
interfaces [2, 3].

The automation of the collection and conversion
of information from devices and instruments, and, as a
consequence, the possibility of remote control of their
performance are increasing the overall reliability of
energy accounting.

The gas metering system configuration is
selected depending on the number of measurements,
as well as operating conditions. In this case, either a
flow meter with built-in pressure and temperature
sensors is used, or, in the case of a panel design,
separate devices and control instruments are installed.

The aim of the work is a comparative analysis
of existing systems for measuring natural gas flow
rate, their structure, technical performances and
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application features, as well as the formulation of
requirements for an automated system for measuring
natural gas parameters.

Gas metering systems’ organization

According to the [1], the gas volume must be
converted into the consumed energy quantity. Taking
this into account, the generalized structure of the gas
metering unit contains the following components:

- Measuring devices:

- primary gas flow transducer (as a part of

meter or flow meter);

- pressure sensors;

- temperature Sensors;

- gas analyzers;

- Computing devices that implement the
reduction of the consumed gas volume to base
conditions;

- Computing devices that implement the
calculation of the consumed energy quantity
based on volume value.

The basis of the natural gas parameter
measurement system is the flow transducer which is
the part of the flow meter or meter. Among the wide
variety of flow determination methods, the most
frequently used transducers for measuring gas flow are
those based on the variable pressure difference
method, tachometric methods, vortex and ultrasonic
[4, 5].

The transducer choice for a gas metering system
is determined by the operating conditions, which are
characterized by the range of changes in flow rate,
temperature and pressure of the measured medium, its
chemical composition, as well as the list, nature and
intensity of the influencing factors manifestation.

Various data transmission technologies are used
to organize remote signals transmission from different
elements of the system.

All values of the measured gas volume V are
reduced to standard conditions Vgr using the formula
(6]

Vig =CXV .
Where, C is a coefficient, the value of which is
calculated by the values of pressure, temperature and
compressibility coefficient under base and operating
conditions

C= i x& x& .

P, T Z
Where, P, T and Z are pressure, temperature and
compressibility  coefficient  respectively  under
operating conditions. Pgy, Tsy, Zsr are parameters of
the measured flow under base conditions.

Calculation and conversion of gas volumes to
standard conditions is carried out by electronic
devices.

These devices also store information and
calculate gas consumption in units of consumed
energy quantity.

Different algorithms are used to bring the
consumed gas volume to base conditions [7 — 9]:

—  The T-conversion is carried out as a function of
temperature only; in this case, only the primary
temperature transducer is connected to the
computing unit, the pressure is not measured; the
fixed pressure value, as well as, the
compressibility coefficient value is taken into
account as constants.

— The PT-conversion is implemented as a function
of pressure and temperature with a constant
compressibility factor; primary pressure and
temperature transducers are connected to the
computing unit; in this case, the compressibility
factor is considered as a fixed value calculated on
the basis of average measurement conditions and
a known gas composition.

— The PTZ-conversion is carried out taking into
account the values of pressure, temperature and
compressibility coefficient of the measured gas.
Determining the consumed energy quantity by

volume also involves the presence of various

components and functions, and is characterized by the
following design features:

— a means of determining the combustion heat
is used as a separate metering unit
component;

— without local installation of a means for
measuring the combustion heat; in this case,
a fixed value of the combustion heat signal or
a signal that is periodically updated is entered
into the computing unit.

In our country, gas metering systems are created
on the basis of volumetric and mass flow meters,
absolute and over-pressure transducers, and resistance
temperature transducers [10 — 15]. In this case,
instruments of the rotary, turbine, membrane, vortex,
and ultrasonic classes are used, as well as using the
method of variable pressure drop with a standard
narrowing device or with an averaging pressure tube.
The algorithms of the computing devices usually
provide the ability to process the signals of the
measuring transducers on several lines, as well as on a
bypass line. The characteristics of the measuring
systems are given in Table 1.

As the performances analysis result of natural
gas flow measurement systems, the following features
of their operation were identified:

— all the systems considered implement the
conversion of the measured gas volume into
consumed energy units;

— in accordance with [16], the verification period
for measuring systems is two years (for class 1.0);

— as an overall approach, energy conversion devices
are tested as a whole, by testing the functions of
the energy calculator, volume conversion [8];

— measuring systems may have the ability to replace
the primary flow transducer without loss of
measurement quality;
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— the algorithms
different  methods  for
compressibility coefficient;

— the computing capabilities of measurement
system conversion devices differ by the ability to
take into account the physical and chemical

of the computing units use
calculating  the

parameters of the gas for the precise conversion
of the consumed volume into the consumed
energy quantity (a wide or limited list of only the
necessary values).

Table 1. Performances of natural gas flow measurement systems

System name KBT-1.01A KBP-1 ®JIOYTEK - TM JAHUDJIOY
[10, 11] [12, 13] [14] [15]
Manufacturer CII «PagmipTex» CII «PagmipTex» TOB "AI1 TOB "HBII
YKPT'A3TEX" "YKPIHTEX"
Country Kharkiv, Ukraine Kharkiv, Ukraine Kyiv, Ukraine Kharkiv, Ukraine
Size Depending on the class | Depending on the
G250 G250 of the flow meter in the | class of the flow
system meter in the system
DN 80 80 = -
Oy m/h by variable pressure by variable pressure
8 1.6 drop method; rotary; drop method other
’ turbine; ultrasonic; compatible meters
vortex
Orviax, m/h 400 400 - -
Measurement range 1:50 1:250 - -
Operating 25°Ct0+55°C. | -25°Cto +55°C. -40°C to + 70 °C -40°C to + 70 °C
temperatures
Pressure loss, Pa 2500 900 - -
Bounds of the basic 0.1 Qmax £ Q < Quax | 0.05Q11x<Q< Qunax -
permissible relative +1% within + 1 %;
e€rror Qmin < Q <O'1Qmax QminSQ<O-05' Qmax i0’3 o 11,9 %.
+2 % within + 2 %.
Compressibility NX19 mod. NX19 mod. NX-19 mod, GERG-91 mod.
coefficient GERG 91 mod. GERG 91 mod. GERG-91 mod, NX-19 mod.
calculation SGERG-88, SGERG-88
AGAS, AGA8-92DC
by the chromatograph
data, or entering the
appropriate parameters
Protection class
explosion class I1 2G Ex ib ITA T4 II2G Exib IIA T4 | I1 2G Ex ib IIB T3 Gb I1 2G Ex ib I[TA T5
Gb Gb Gb
external M2 M2 M2 M2
mechanical
conditions class
external E2 E2, E2 E2
electromagnetic strength not more
conditions class than 400 A/m
protection class 1P65 1P65 1P65 IP55
"no information provided
Therefore, the automated system for measuring — calculation of the measured medium

natural gas flow rate must meet the following
requirements: /such requirements as

—  continuous operation;

40

constant/ unchangeable/ invariable measurement
range (can be provided by additional
measurement lines);

determination of pressure and temperature with a
given accuracy;

compressibility for different operating conditions
and parameters of the measured medium by
appropriate methods;

bringing the volume consumed gas volume to
base conditions;

the consumed energy amount calculation based on
the measured gas volume;
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—  high protection class from external (mechanical,
climatic, energy) influences and internal
technological factors;

— indication of measured and calculated parameters;

— indication of emergency situations;

— archive of information accumulation;

— the ability to select
o the archive depth (month, quarter, half-year,

etc.);

o the archive step (hour, day, week, month,

etc.);

— emergency log;

— the presence of a remote data transmission
interface.

The gas volume measurement accuracy is
determined by the class of the system primary flow
transducer. The authors proposed the automated
system creation using an ultrasonic flow transducer
with a complex trajectory of the measuring beam [17].

Conclusions

Information on the structure, functional
capabilities, technical performances and operating
features of natural gas flow measurement systems are
summarized.

Complex systems for measuring and monitoring
consumed gas, which are manufactured in Ukraine,
their possible designs and performances are analyzed.

General requirements for automated systems for
measuring natural gas flow rate have been formulated.

The prospects for further work are to improve an
algorithm for the interaction between the measurement
system components.
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OCOBJIMBOCTI  ®YHKHIOHYBAHHA  CHUCTEM  BUMIPIOBAHHSA  BUTPATHU
[MPUPOJHOI'O I'A3Y

OO0JIiK eHEePTeTUYHNX PECYPCiB € CKIQJ0BOIO iX paIlioHaJbHOTO CIOXXKMBaHHA. OIHOI0 3 OCHOBHHX MPOOJEM OOIIKYy
MIPUPOJHOTO Ta3y € 3aCTOCYBaHHS 3acTapijioro oOJaJHAHHS, SKe HE BiNIOBiZa€ BUMOTaM J0 TOYHOCTI BHMIpIOBaHb.
ToMy nuTaHHS CTBOPEHHS BUCOKOTOYHUX CHCTEM OOJIIKY Ta3y JIMIIAIOTHCS aKTyaJdbHUMHU. By3mu o0miKy ra3sy BCTaHOB-
JIIOIOTBCS Ha Pi3HUX 00’ €KTaX, MOYWHAIOYH BiJl KOTEJICHb 1 3aKiHUYIOYH Ta30pO3MOAUTEYMME CTAHIIIMU Ta ITyHKTaMH,
0 MAIOTh Pi3HI XapaKTEPHUCTUKH.

Jnist migBUIIEHHS SIKOCTI 001Ky TOTPIOHO KOHTPOJIIOBATH HOTO (Di3MKO-XIMIUHI MOKa3HUKH, TaKi sK THCK, TEMIeparypa,
TYCTHHA, Ta30BHH cKiaj Tomo. OTxe CTBOPEHHS CUCTEM BHMIPIOBAHHS BUTPATU Ta KUIBKOCTI MPUPOAHOTO ra3y IMOTpe-
Oye KOMIUIEKCHOTO MiAX0y, sIkuid nependaydae dikcariro, 06poOKy Ta KOHTPOIIb yCiX HEOOXiIHUX MapameTpiB i3 3acTo-
CYBaHHSIM IIEBHHUX TEXHOJIOTIH repeiayi JaHuX.

BincyTHICTh aBTOMAaTH30BaHOTO 300py Ta nmepeTBOpeHHs iH(opMaii BiJi KOMIOHEHTIB BUMIPIOBAJIBHOI CHCTEMH YHe-
MOJKITUBJIIOE TUCTAHIIIHHUI KOHTPOJb 11 CTaHy.

VYV crarTi po3rsHYTO OCOONMMBOCTI (PYHKIIIOHYBAaHHS ICHYIOUMX CHCTEM, iX CTPYKTYPH Ta TEXHIYHHX XapaKTCPHUCTHK.
IIpoBeneHo aHani3 akTyaJdbHHX IiAXOIB 10 00JIIKY €HEPTOHOCISI.

OCHOBHY yBary MpuIiJIeHO BUMOTaM JI0 aJrOpPUTMiB 0OpOOKH Ta MepeTBOPEHHsI OTpUMaHoi iH(dopMallii BiJ aBTOMAaTH-
30BaHUX CHCTEM BUMIPIOBAHHS BUTPATH MPHUPOJIHOTO Ta3y, 30KpeMa MPHUBEICHHIO 00'eMy Ta3y 10 CTaHAApTHUX YMOB i
PO3paxyHKY KiIBKOCTI criokuToi eHeprii. CHopMyIp0BaHO 3araibHi BAMOTH J0 TaKUX CHUCTEM JJIS TiABUIICHHS TOYHO-
CTi Ta JOCTOBIPHOCTI BUMIpIOBaHb.

[epcnekTrBOIO 1MONAIIBIIOT POOOTH € BIOCKOHAIICHHS aJITOPUTMY B3a€EMOJIIT CKJIaIOBUX CHCTEMH BUMIPIOBAHHSI.
KarouoBi ciioBa: npupoHuii ra3, BUTpara, BUMIpIOBaHHs, BUMIPIOBAJIbHA CHCTEMA.

Haoitiwna 0o pedaxyii
01 srcosmus 2024 poxy

Peyenzosarno
24 aicoemus 2024 poxy

@ @ ©L[1 2024 Copyright for this paper by its authors.
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

42 Bicnuk KIII. Cepia IIPU/IA/IOBY/IYBAHHA, Bun. 68(2), 2024



