I mprovement of accuracy of natural gas metering by means of
household gas meters

Prof. Y. Pistun, Assoc. Prof. F. Matiko and Assoc. Prof. R. Fedoryshyn
L viv Polytechnic National University
12 S. Bandery St., Lviv, 79013, Ukraine
epistun@polynet.lviv.ua

The paper deals with the new technique for
calibration of the household gas meters accordimghie
working conditions in order to reduce the error sad by
non-conversion of gas volume to base conditionsappdy
this technique the studies of gas pressure andgshpe
variations in household gas meters during a yearewe
carried out, the ratio of gas volumes consumed by
household consumers during the cold and warm seasion
the year is defined. Based on the studies the geera
annual gas temperature and pressure weighed by the
consumed gas volumes are defined. Based on thaetdeig
values of gas temperature and pressure the nomalaés
of gas temperature and pressure are defined inrotde
convert the readings of the gas meters to thesanabm
values. Application of the developed technique igesy
reduction of unaccounted volume of gas and reduabid
unbalances in gas distributing companies.

I ntroduction

The amount of gas can be defined in mass units
or in volumetric units. Usually when measuring the
amount of gas and paying for the consumed gas, the
volumetric units are used. Since gas is comprassibé
same mass of gas will occupy different volume at
different temperature and pressure. Thus during the
custody transfer metering, the volume of gas isreaed
to the volume the gas would occupy at base comditio
i.e. the base temperatuilg and base pressuf®,. The
values of the base temperature and pressure deecdif
in different countries. In Ukraine and Russia thesieies
are defined by GOST 2939-63 [1]. According to this
standard the base temperattiges 20° C (293.15 K) and
the absolute base pressupg is 760 mmHg (101.325
kPa). The value of the base pressBgen Europe is the
same, and the value of base temperalyrées different
for different countriesT,=15° C orT,=0° C [2].

The result of gas volume measurement by a gas
meter is the volume of gag, which passed though the
meter at working conditions, i.e. at gas presdtrend
temperaturd in the gas meter.

Conversion of the measured gas voluwjgeto
base conditions is carried out according to thenfda

Vo=NullP T (T By B ), 1)
where V,, V,, are gas volumes at base and working
conditions respectivelyP, T are absolute gas pressure
and temperature in the gas meter at working candii
P,, T, are absolute pressure and temperature of gas at
base condition¥ is gas compressibility coefficient.

In industrial gas meters, conversion of gas
volume to the base conditions is made according to
formula (1) by means of microprocessor correctdéigas

volume. In household gas meters this correction is
usually not made.

During the work of a household gas meter the
gas pressure and temperature in the meter areetiffe
from the base pressure and temperature. That is why
systematic errors of gas metering take place.

1. Error caused by non-conver sion of gas
volume

It should be mentioned that because of the
difference between the working conditions and base
conditions the following two types of errors aregent:
methodical and instrumental.

The first one (methodical) is caused by gas
compressibility (the amount of gas in a given vodum
depends on gas pressure and temperature) andsenpre
when there is no conversion to base conditionss Thi
error is defined as follows

dm = (Vw - Vb) / Vb 100. (2)
By substituting (1) to (2) the following formula
for thed,c error will be received
e = (K1) w100 =
nc — p- Tb -
- (M - 1) x 100 3)
“\P'T,-Z, '
where Z, 27, are gas compressibility coefficients
calculated for working conditionsP( 7) and base
conditions Py, Ty) respectively.

As we can see from (3) the value &f error
depends on the base values of pressure and teomgerat
(Pp, Tp) as well as on th® andT. It also can be seen
from (3) that the range @f. error can be really large.

The calculated values @, error according to
formula (3) for base pressuRy = 101.325 kR and for
three base values of temperature being applied]ifi,[=
20° C,T, = 15° C andl, = 0° C are given in Table 1.

Table 1
Values of the,; error

Gas temperature| errordn. (%) for the base temperatufg
°C 0°C 15°C 20°C
-20.0 -7.39 -12.25 -13.75
-15.0 -5.54 -10.50 -12.03
-10.0 -3.69 -8.75 -10.31
-5.0 -1.85 -7.00 -8.59
0 0 -5.25 -6.87
5.0 1.85 -3.50 -5.16
10.0 3.69 -1.75 -3.44
15.0 5.54 0 -1.72
20.0 7.38 1.75 0
25.0 9.23 3.50 1.72
30.0 11.07 5.24 3.44




We can see from Table 1 that in the range of gas
temperatures between -20° C (273.15 K) and +30° C
(303.15 K) thed, error can be positive and negative for
all the three base temperatures.

It is obvious that gas pressuPeand temperature
T vary in working conditions and, as a consequence,
the J,, error also varies. It means that when defining the
gas volume for a long enough period of time (for
example a year) there could be some compensatithe of
Onc €rror. If gas temperaturBin the meter is equal 6,
thend,=0.

2. Unaccounted losses of gas during a year

Based on the results of our studies [3] it was
defined that the gas temperature in a household pip
reaches the temperature of ambient air at theroistaf
3 m after escaping from underground. Thus the gas
temperature in a household gas meter installeddeuis
equal to the temperature of ambient air and caim liee
range of -20° C to +30° C during a year.

To analyze the ambient air temperatures during
a year (for Ukraine) we used the data registeredhby
State Hydro-Meteorological Organization of Ukraine
during a five-year time period. Based on these data
monthly average temperatures of air for Ukraine fomd
various regions of Ukraine were defined.

The curve of average air temperatures for
Ukraine during a year based on the monthly average
temperatures is shown on Fig.l.a. Since the gas
temperature in a meter installed outside is eqoahe
ambient air temperature, the curve at Fig.1l.a deser
the average gas temperature in a gas meter imbstalle
outside. The curve of average day consumption sf ga
by household consumers in Ukraine during a year is
given at Fig.1.b.

We can see from Fig.1 that the gas temperature
is close to the base temperatufg=(20° C) only during
some part of the warm season of the year. Durirg th
whole heating season (cold season of the yearpaise
temperature in the meter is lower than the base
temperaturel, and that is why thé,. error is negative.
Thus during the heating seasaq there is a negative
systematic error of gas volume measurement whiatisle
to unaccounted volume of gasVi.s{tny. The value of
-AVios{the is defined as a difference between the gas
volume converted to base conditioWg,s{zng and the
volume of gas according to the meter readivigs {7y
(see Fig.1.b). During the heating season when the
temperature of ambient air is low and gas consuwnps
high, the unaccounted volume of gaAVpedtng IS
considerable.

During some part of the warm seasqgthe gas
temperature in the meter is also lower than thee bas
temperatureTy, that is why thej,. error is still negative
here and the unaccounted volume of g&€:dzng IS
created. During some other part of the warm seaggn
the gas temperature is higher than the base tempera
T, and thed, error is positive. As a result the excessive
accounted gas volumeAY,.s{7,s+) IS Created. Since gas
flow rate during high ambient air temperatures éyv
small, the gas volumeAV,,s{zys+) does not exceed the
unaccounted gas volume during the warm season
-AVies{tws). Thus the unaccounted gas volume during the
heating seasom\V,qs{7,¢ iS Not compensated.

The volume of the unaccounted gas losses
during a year is

AVloss (year) = AVloss(-[hs) - AVIOSS(TWS) + AVloss(-[ws+)-(4')

Based on the results of our research it was
defined that the relative value of the unaccourged
lossesAVs{year) caused be the difference between the
gas temperature and the base temperature in thateli
conditions of Ukraine is approximately 0.6% of tes
volume consumed by people where the gas meters are
installed outside.

3. Reduction of the non-conversion error

There are three ways to reduce dheerror:

1. To use the microprocessor correctors for
conversion of the gas volume to the base conditftikes
it is made for the industrial gas meters);

2. To introduce and normalize such a values of
the base temperature and pressure (individual doh e
country or group of countries) that th. error is
minimum;

3. To calibrate the household gas meters at the
previously defined average annual values of gasspre
and temperature weighed by the volumes of the
consumed gas for each country or group of countries

Let's consider the possibilities for application of
the options mentioned above.

Application of the microprocessor correctors for
conversion of the gas volume to the base conditiors
universal method providing the solution for the lgem
under consideration no matter what base values of
temperature and pressure are applied in each gountr
The only difficulty in application of this methods i
measurement of the gas absolute pressure in ther met
which is caused by the price of the absolute pressu
measuring transducers. However, for the househatd g
meters there is no need to make the correctionasf g
volume by the gas pressure (it will be shown latéhe
process of measurement of gas temperature in the ga
meter and calculation of gas volume according to
formula (1) by a special microprocessor correctr be
done easily (the corrector can be installed on ghe
meter instead of the mechanical counter). Morecuarh
a correctors can transmit the results of measurewfen
gas volume converted to base conditions to the
distributing services and the examples of such
applications are known. Though the price of the gas
meters with the microprocessor correctors toddygher
than the price of those without the correctors.

The second way of solving this problem (i.e.
introduction of the base values of temperatureaadsure
equal to the average annual values of gas pressute
temperature of the ambient air weighed by the vekof
the consumed gas in each country or group of ciesitis
implemented in a number of countries. However,tas i
shown above, this approach will not solve this pob
completely because it cannot be applied simultasigda
the gas meters installed outside and inside. ltnséaat
for Ty= 15° C the gas meters installed outside will a&et
into account the volume of consumed gas by more tha
5% and forT,= 0° C the readings of the gas meters
installed inside will exceed the real volume of somed
gas by approximately 5%.
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Fig.1. Curve of average air temperatures for Ulgaiaring a year based on the monthly average
temperatures (a) and curves of gas consumptiomgasntbsses caused by non-conversion of gas volame t
base conditions (b) for gas meters installed oetsid



It should be mentioned that by changing the
values ofT, the “virtual” gas losses will not be reduced
because it will not make any changes in operatfam lot
of the installed gas meters calibrated at anotakeevofT,,

Our proposal is to calibrate the gas meters at the
average annual values of gas pressifg; and
temperature Ty,; Weighed by the volumes of the
consumed gas. In order to do this the valueB qf T,
should be defined for each country or for group of
countries.

The following values should be defined:

- average monthly gas pressure and temperature
of ambient air;

- average gas pressure and temperature of
ambient air during the heating season (cold sea&time
year) and warm season of the year;

- average volumes of consumed gas by the
household consumers during the heating season and
warm season of the year;

- average annual values of gas pressure and
temperature weighed by the volumes of the consumed
gas in the gas meters at the place of installation.

4. Average annual values of gas pressure and
temper ature weighed by the volumes of the
consumed gasin household gas meters

To define the average annual values of gas
pressure and temperature weighed by the voluméseof
consumed gas the gas meters should be dividedviato
groups: meters installed inside and meters installe
outside the houses with heating.

As it was mentioned before, the gas temperature
in gas meters installed outside is equal to thep&gature
of ambient air. That is why the average monthly gas
temperatures in such meters are taken as equeétage
monthly temperatures of ambient air in various oagi
based on a five-year period of observation. Basethe
average monthly gas temperatures the average vafues
gas temperature during the heating season (months |
1, X, XI, XIl) and warm season (months 1V, V, WII,

VIII, IX) were defined.

To define the gas temperature in gas meters
installed inside the houses with heating the stody
variation of gas temperature in pipes upstreamuchs
meters was carried out. Based on the charactarisfic
the pipes, average flow rate of gas and average
temperature of the ambient air inside the housedh wi
heating, the values of gas temperature in the gasrm
installed inside during the heating season andndutie
warm season of the year were defined.

According to the data from the gas distributing
companies in Ukraine the ratio of the consumed gas
volumes in the household sector during the cold thed
warm months of the year is 4:1. This ratio shouéd b
taken into account when defining the average angasl
temperature weighed by the volumes of the consumed
gas Ty, in Ukraine. The value ofy,, is defined as
follows with taking into account the difference gas
consumption volumes during the cold and the warm
moths of the year

Tgas = kps X Ths + Kyps X Tys

(5)

where Tys and T,,s are average gas temperatures in the
meter during the heating and the warm season
respectively;k,<=0.8 andk,s<=0.2 are weight coefficients
defined from the ratit4/k,—=4 and from the condition of
knstkow=1 to take into account the ratio of the consumed
gas volumes in the household sector during the antt
the warm months of the year of 4:1.

The defined value of the average annual gas
temperature weighed by the volumes of the consumed
gasT,,, is equal to

+4°C for gas meters installed outside;

+12.4C for gas meters installed inside the
houses with heating.

The similar research work was done to study the
gas pressure in a household gas meter.

5. Techniguefor calibration of household
gas meters

To implement the function of conversion of the
gas volume to the base conditions in the gas métess
proposed to correct the calibration curve of a igaser
during calibration (each gas meter is calibratedthmsy
manufacturer) in such a way that in working cormai
the J,. error is minimal. For this purpose during
calibration the gas meter readings should be cteweo
the values of gas temperature and pressure clab®de
in working conditions. This is the basis of optiatibn
of household gas meters work to minimize the eafor
gas volume measurement caused by non-conversion of
gas volume to base conditions during the year.

According to the proposed technique
concepts of nominal working pressur®, and
temperatureT, of gas are introduced. These values
should be specified in the technical documentafmm
the gas meter and on the panel of the gas meterterou
from which the gas volume is converted to base
pressure and temperature. Here it is proposed ttiat
nominal values of gas pressi®gand temperaturé, are
close to the average annual values of gas pressure
and temperature weighed by the volumes of the
consumed gas:

- nominal working pressur®,, =101 325 Pa is
defined by the formulaP,=P,+P,., Wwhere the
atmospheric pressur@,= 99 440 Pa (average annual
value of atmospheric pressure in Ukraine weighethiy
volumes of the consumed gas) and the overpregsue
= 1885 Pa (average overpressure of gas in the gas
distributing networks in Ukraine);

- nominal working temperaturé, = 288.15 K
(15 °C) for gas meters installed inside the houses with
heating or7,, =273.15 K (0€) for gas meters installed
outside the houses with heating (the correctedageer
annual values of gas temperature weighed by the
volumes of the consumed gas).

During calibration of a gas meter according to
the new technique the relative error of tiih meter with
taking into account the pressure loss and temperatu
difference between the inlet of the meter and tihet iof
the reference meter is calculated as follows

5i=<Vi P Ty, P, Ty 1)

the



whereP;, T, are absolute pressure and temperature of air
at the inlet of the meter under calibratid®;, T, are
absolute pressure and temperature of air at teeafithe
reference metely, is the volume of gas according to the
readings of the reference met#f;is the volume of gas
according to the readings of the meter under catiitom.
Thus during calibration of a gas meter
according to the developed technique the calibmatio
curve is shifted in such a way that the readingshef
meter correspond to the volume of gas convertduhse
conditions which are normalized in each countrye Th
curves of thed,. error versus gas temperature for gas
meters calibrated for nominal temperatureg.of 20° C,
T, = 15° C andl;, = 0° C are shown on Fig.2. We can see
from Fig.2 that the methodical erréy, can be minimized
by taking the correct value of the nominal gas
temperature.
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Fig.2. Curves of thé, error versus gas temperature for
gas meters calibrated for nominal temperatures of
T,=20° C (0),I;,=15° C @A) and7,, = 0° C (*) at gas
pressure of 101.325 kPa

So the technique for calibration of the household
gas meters consists of the following steps:

1) Definition of the average annual values of gas
pressure and temperature weighed by the voluméseof
consumed gas (see above).

2) Definition of the nominal gas pressupg and
temperaturel, to minimize the gas losses. Conversion of
gas volume to the base conditions is done from the
nominal values of gas pressure and temperature. The
appropriate values dP, and T, are those equal to the
average annual values of gas pressure and temeratu
weighed by the volumes of the consumed gas in #% ¢
meters. It is allowed that the valuesRfand T, deviate
from the average weighed valuBg, T,,s. The nominal
values should be defined in such a way that théatien
of pressure is compensated by the deviation of eéeatpre
so that the combinedj. error is equal to zero.

3) Calibration of gas meters for nominal values
of gas pressur®, and temperaturg&, (introduction of a
shift to the calibration curve of a gas meter).

There is no contradiction between this approach
(technique) and the international normative docusjen
[4] in particular. And there is a need to introdismme
slight changes, which are prepared by us, to the
Ukrainian normative documents [5, 6, 7].

If the gas meter calibration is done at the
temperature of 20+2° C, like it is specified in EN
1359:1998 [4], then due to conversion of the gaseme
readings to the base values from the temperatut& o€
for the gas meters installed inside, or from the
temperature of 0° C for the gas meters installetdide,
thed, error is eliminated.

To eliminate the instrumental error caused by
the difference between the gas temperature in tpgra
conditions and the base temperature, the specified
calibration of the gas meter should be done exaatly
nominal temperaturd,. These values for Ukraine are
T,=15° C for the gas meters installed inside @geD° C
for the gas meters installed outside.

However, taking into account the complexity
and the price of calibration of gas meters at 154nd
especially at 0° C, as well as taking into accdbsetfact
that the value of the instrumental error usuallggioot
exceed 0.5%, there is no need to carry out caidrait
these values of the temperature. At the same time
verification of the combined value of the instrurtan
error as a function of temperature across the waige
of the gas meter working temperatures should bes don
according to clause 7.1.3 of EN 1359:1998 [4].

Conclusions

Application of the developed technique for
calibration of the household gas meters will previd a
simple way the possibility to take into account
additionally 4% of gas being consumed in the hoolkkh
sector. This volume of gas will be measured bydghs
meters (after calibration according to the new mtémphe)
and as a result will be paid for by the consumérs.
means that the significant “virtual” gas lossessealiby
non-conversion of gas volume to the base conditinns
the gas distributing companies will be eliminated.
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