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1 Report on gas tightness testing of domestic gas
meters for hydrogen applications

For the usage of domestic gas meters with combustible gases like hydrogen, natural gas or mixtures of
hydrogen and natural gas in public grids the metrological behaviour of the gas meters has to fulfil the
requirements described in the Measuring Instrument Directive (MID). The MID requires also that a
measuring instrument shall be suitable for the application.

The tightness of a meter is required in order to obtain correct results in case of accuracy tests, but also for
an application in the grid or for durability tests, to avoid risks such as explosive gas mixtures. Due to the
different properties of renewable gases, leak tightness to one gas mixtures does not necessarily imply leak
tightness for other gases. Hydrogen molecules are smaller than those in conventional natural gas, which
can more easily result in a gas leakage. The EMPIR project NEWGASMET includes, beside metrological
investigations, also a durability test with hydrogen. In order to carry out these activities, but also for further
hydrogen leakage investigations, for instance the investigation of proper seal materials used in the gas
meter installation, a reliable gas tightness test was developed.

For the investigation of leakages, a large number of methods are usable. The EN 1779 describes methods
using mass spectrographs for helium, the bubble method and also an “overpressure method”. In this
method the MUT will be filled with an overpressure of the test gas and the pressure loss versus time will be
observed. The method allows a quantitative calculation of the leak rate. This method is quite common for
flow test rigs.

In case of the hydrogen leak testing, relatively small leaks must be detected. If a leak is detectable, it should
be clear whether or not the gas meter or its connection fittings are the leaking parts.

In order to reach this aim, PTB has developed a test stand at which the MUT (gas meter) is installed inside
a leak tight vessel filled with nitrogen. In order to fill and purge the MUT, a connection to the outside is
realised by stainless steel pipes and fittings. Only at the gas meter connections (fittings) polymer seals were
used. If the gas meter is leaking, the pressure in the vessel will increase. If the leak is outside of the vessel,
for instance in case a pressure sensor is leaking, then the increase of the pressure in the vessel will not be
proportional to the pressure decrease inside the meter.

In Figure 1 the principle scheme is shown. Besides to the pressure measurements of the MUT and the
vessel, also the temperature inside the vessel is monitored.
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Figure 1: Scheme of the PTB tightness test rig for domestic gas meters (both pressure sensors detect
absolute values)

The test arrangement allows purging of the MUT and the vessel separately. After replacing the air by
nitrogen, a safe filling of the MUT with hydrogen is possible. In order to test the vessel itself in respect to
leaks, a small overpressure in the vessel of 10 mbar to atmosphere will be applied at the beginning of the
tests. During filling of the MUT up to the maximum pressure of pabs = 1100 mbar (meter 1), a small increase
of the pressure inside the vessel (some Pa) is observed because of the dimensional expansion of the MUT.

Picture 1 shows the vessel and the equipment used for the data acquisition and for checking the installation.
It should be mentioned that installations which are leak tight with air may show unacceptable leakages with
hydrogen, due to the smaller size of the hydrogen molecules. This is why a sensitive hydrogen sniffer was
used for the localisation of possible leaking points, typically occurring at fittings and connections. Inside the
vessel, in the back of picture 1, the MUT is installed. For the determination of the absolute hydrogen
pressure in the meter, a differential pressure sensor and a barometer are used. For monitoring the
temperature, 2 PT 100 are located inside the vessel (left side).
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Picture 1: Photography of the test rig of PTB.

In accordance with the gas appliance directive and with manufacturer information, a meter is regarded as
tight, if in a water bath, during 1 min not more than 2 bubbles will be observed. This shall apply for the
maximum pressure specified by the manufacturer. The size of the bubbles is not specified. In practise the
size of the bubbles may differ severely depending on the actual situation at the point where the cause of a
leak (for instance a crack in the housing) is located.
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In order to reach very low leak rates for the investigation described in the following, a bubble diameter of 2
mm was intended as criteria.

This tightness criteria Qtght,crit means, using Sl-units:
Qiight.erit = 10 ml/d, which corresponds to Qightcrit ~ 4 I/a.

This means, if such a leak exists, then in a compartment with no air exchange, an explosive atmosphere
will occur after 1 year only if the volume of the compartment is smaller than Veomp = 0.1 m3. Please note,
that the installation requirements of gas meters and other parts of a gas installation are not subject of this
report.

Assuming that the volume of the meter Vi, does not change if the meter is pressurised, the following applies
Vin = P1 = Vin " 02 + Vieak * Preak with Vieak = Qieak * trest (1)

where p;and p,are the gas densities in the MUT at the beginning and end of the leakage test and where
Prear 1S the density of the hydrogen at the conditions of the vessel which means ambient conditions in
respect to the leakage test.

Qeeak is the average volumetric leak rate, and fzst is the test time. Equation (1) may be rewritten as:
Vin - (pl - Pz) = Vieak * Preax (2)
(p1=p2) _ Lp _  Vieak (3)

Pleak Pleak Vim

In case of small leaks, the leak flow rate Q.. is proportional to the difference between the pressure in the
MUT and the ambient pressure p;.,. Hence, in equation (4) the leak flow rate is an average value. In order
to avoid an underestimation of the maximum leak rate, the difference Ap during the test time should be
small in comparison to the density p; at the beginning of the test

Ap < py (4)
Ap — Qleak (5)
Pleak ttest Vim
Ap-V,
—_m = Qleak (6)
Pleak ttest

In case of constant temperature, the density pis proportional to the pressure p. Consequently, for a meter
volume of Vm =5 | the pressure loss shall be smaller than 1,8 mbar per day if pmax is applied to the meter,
provided the temperature is constant.

The gas mass inside a MUT is not changing during a test of no leaking takes place. In case of
temperature changes of some °C the thermal expansion of a MUT is neglectable, that means the density
is not changing as well. The density is proportional to the pressure and indirectly proportional to the
absolute temperature

p~2 @

Hence, an increase of temperature in the MUT, caused by ambient temperature changes, will lead to a
pressure increase as well, which may influence test results severely. For the purpose of leak tests with a
test pressure not higher than 100 mbar above ambient pressure, the approximation p1/pieak ~ 1 is
acceptable. By using this approach, a simplified temperature correction is possible:

A_F’N(ﬂ_&).ﬂzl_&.ﬁzl_p_z.ﬂ (8)
P1 n T2/ p1 r1 T2 T, p1
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It was found that this correction is required, if the temperature change during test exceeds 0.2 °C.

After running the MUT with nitrogen for at least 5 times the volume (for avoiding explosive gas mixtures
inside the meter) the meter was carefully purged and filled with hydrogen. For this purpose, a flow rate of
roughly Q = 0.7 m%h was applied for 1 hour. The meter investigated was a domestic diaphragm gas
meter of size G4 (see EN 1359). During the procedure the pressure of hydrogen was increased and
decreased several times in order to achieve an exchange of gas in dead volumes, where only low gas
velocities occur even if a meter is used with high flow rates. Finally, the pressure inside the meter was
stabilised at roughly pmut = 1100 mbar.

Figure 2 shows the detected pressure values inside the meter. During nearly 8 days of testing the
pressure is decreasing, but the rate differs. After applying the temperature compensation, the pressure
decrease rate is considerably more stable, as shown in figure 3.
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Figure 2: Hydrogen gas pressure inside the MUT over a period of 8 days (as measured).

During the test, the temperature change did not exceed 0,4 °C. Even under these relatively stable conditions
the pressure decrease rate shows a time dependency if not corrected.
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Figure 3: Temperature compensated pressure of hydrogen inside the MUT over a period of 8 days.

The pressure inside the vessel (around the MUT) is plotted in figure 4. During the test time, a steady
increase of the pressure was observed. Hence, the leakage is clearly inside the vessel. In total, a decrease
of 6 mbar in nearly 8 days was measured inside MUT, which is lower than the criteria of acceptance (1,8
mbar per day).
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Figure 4 Temperature compensated pressure of nitrogen inside the vessel.
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Also the second meter tested, which was a static (electronic) gas meter, met the CoT. The results are

given in the appendix.

The leakage test described above was the basis for carrying out a static durability test. For this purpose,
several meters were installed in series and were connected by stainless steel pipes. Most valves and fittings
were equipped with metallic sealings. The meter sealing for inlet and outlet fittings was the same material

as used for the tests described in chapter 1.1.
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Figure 5 Test schema for static durability test
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Picture 2: Test arrangement for static durability testing.

Picture 2 shows the test arrangement for static durability testing with hydrogen in accordance to figure 4.
There are 3 independent test runs which are equipped each with a mechanical manometer. In the back of
the picture, four diaphragm gas meters are installed. In the middle, three static (electronic) gas meters are
located. In the front, two electronic volume conversion devices(EVCD) are installed. As H2 supply, a
hydrogen bottle is used. In order to apply the correct pressure level for the domestic gas meters, an
additional pressure regulator is used.
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Figure 6 Long term observation of pressure and temperature values during the static durability test.

During the static durability test, several times (marked by yellow triangles in the chart) a purging of the test
runs was carried out. Between these events, the pressure and the temperature have been measured and
documented (by the data logger). It was observed that, temperature and pressure are correlated as
described in chapter 1.3. The flow meter line 1 shows little pressure loss between the purging. In difference
line 2 shows a significant reduction of pressure. As described in chapter 1.2 during installation a sensitive
hydrogen sniffer for finding leakages was used. The sensitive sniffer detected an increased hydrogen
concentration near to one fitting. In order to meet the time schedule of tests it was decided not to sort out
this leak because the leakage was inside the limits.

In particular the results of line 1 allows the conclusion, that even after relative long times the leakage
behaviour of the used polymers (sealing of meter housing and sealing of meter fittings) does not increase
observable. This is an important result for the usability of these meters in gas grids with hydrogen.

2 Leak tightness of Conversion devices

In order to investigate the leakage behaviour of an EVCD, the same approach may be used. But the usage
of a vessel for the distinction between an installation leakage and a possible leakage of the pressure sensor
in inside the EVCD is difficult. Because of the relatively small volume filled by the gas in the pressure
transducer and the relatively big volume of the EVCD housing, a usable vessel needs to be relatively large
as well. Hence, the determination of the pressure rate inside the vessel is relatively uncertain. Such an
investigation is only advisable if the test vessel is located in a very stable temperature environment and if
a sufficiently long investigation time is planned.

This is why it was decided to take the tightness decision based only on the long-term pressure decrease

inside the test installation.

As described in chapter 1.2, it is necessary to estimate the volume of the installation Vinst for the
determination of the leak flow. There are several possibilities:
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e Determination of the gas volume Vgas which flows out of the installation after it was filled first to a
pressure near to Pmax.

e Observation of the pressure reduction in the installation if the gas is allowed to flow into a vessel of
known volume

e Estimation of the volume based on dimensional data available for all parts.

The first two options require to measure the pressure and temperature of all concerned parts at the
beginning and end of the procedure. If option 1 is used, then the flow rate and the actual pressure and
temperature at the flowmeter need to be determined continuously to calculate the total amount of gas flown
out. Option 3 is relatively uncertain if the inner volume of the parts is not available by the data sheets of the
manufacturer but for the foreseen investigation, an overestimation is acceptable.

For the described investigation approach 3 was used, because it was considered to be the most feasible
method. The main contribution of volume is given by

e the piping of hipe = 100 cm length with inner diameter of dpipe=4 MM > Vpipe= 12,6 cm?

e the mechanical pressure sensor (diameter of internal pressure capsule) dmano= 3 cm , thickness h
=5 mm = Vmano= 3,6 cm?®

¢ the volume of the gas filled parts inside the EVCD pressure sensor: diameter d = 1 cm, height h=
5mm - Veveo= 0,4 cm?®

This means that the total volume of the EVCD line shown in picture 2 is approximately Vinst= 16,6 cm3. In
order to take into account additional volumes, which are difficult to describe, for instance dead volumes
inside the fittings, the volume of the test installation was overestimated by choosing Vinst=20 cm?3.

Figure 7 shows the pressure-time dependency in the EVCD test line. The yellow triangles mark the filling
events in case the pressure in the test line was reduced to roughly 40 % of the absolute pressure after the
previous filling. This happened after 18 days in the first plotted cycle. It is quite interesting that the reduction
follows an 1-e*"tau function.
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Figure 7 Long term observation of absolute pressure values during the static durability test of the EVCD
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As shown in figure 7 a pressure reduction of 10 mbar/h is to observe after filling the test line to nearly 5 bar
which was the maximum pressure applicable at the EVCD test line. This rate is roughly the same for all
cycles plotted in figure 7 (just after filling up to 5 bar).

For the leak the following applies:

(p1=p2) — Vieak (3)
Pleak Vinst

The density p,..x is the density of hydrogen at the conditions around the installation in which the gas is
flowing via the leaks. In the described case this is the density at ambient condition. If the temperature does
not change severely and if the compressibility is neglected the density is proportional to the pressure. This
is reasonable for the described investigation because the pressure in the tests was paps < 5 bar. This means
the formula above may be written as:

(P1—Pz) — Vleak (9)
Pleak Vinst

were pieak is the ambient pressure. The leak flow rate may be calculated by

(1;1—1’2) ‘Zinst — Qleak (10)

leak test

It shall be pointed out that in case of small leakages. the leak flow rate is proportional to the pressure inside
the installation pinst , This means the leak flow rate calculated using to the formula above applies to the
medium pressure pinst = p2 +(p1-p2)/2.

As described above, a pressure loss of p1-p2 =Ap = 250 mbar during 1 day was observed if the pressure in
the installation is pinst = 4,8 bar. This means the leak flow rate is Qieak = 5 ml/ d which is inside the criteria of
acceptance. If the pressure in the installation will be increased to pinst = 6 bar, which is the maximum
pressure of the EVCD, the leak flow rate will be Qieak = 6 ml/ d which fulfils the CoT as well. An improvement
is possible by applying a sniffer which is highly sensitive to hydrogen in order to find the leaking parts. Such
sniffer a commercially available using as sensor a MISFET (see device in picture 1). Because of the very
small concentration of hydrogen some experience is needed to find a leak. In particular the air velocity
around the concerned parts needs to be sufficiently low and the reaction time has to be taken into account.
The reaction time is several seconds, which means that usually a time consuming search is needed.

3. Summary

The developed test arrangement was used successfully for the investigation of the gas tightness of
domestic gas meters filled with hydrogen at the maximum pressure. For an unambiguous judgement of the
results a temperature compensation was applied. By using a vessel for incorporating the MUT a distinction
between leakages inside and outside the vessel is possible. Further an improvement of the temperature
stability is possible. The method allows to check the sealing provisions and materials for achieving hydrogen
leak-tightness in particular at the fittings of the gas meter.

By using the pressure method, the leakage behaviour of EVCD may be investigated. In this case a volume
estimation of the gas-filled parts of the test installation is needed. By an overestimation of this volume, an
unreasonable result of leakage tests can be avoided. The method doesn’t allow to locate a leak in the
installation. For this purpose, a sensitive sniffer may be used. A commercially available sniffer based on
MISFET technology was able to detect leaks in the range Qieak = 10-3 ml/min. This did allow to find and fix
leaking connections and to meet the criteria of acceptance.

4. Appendix
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Results of meter 2

The leak investigations of domestic gas meters did concern two different meter types. The results of
meter 1 are described in the report above. In the following, the results of meter 2 are plotted, which were

tested during a period of 25 days.
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Figure A1 Absolute pressure inside the MUT (meter 2) measured by a differential pressure sensor and a
barometer.
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Figure A2: Absolute pressure inside the MUT (meter 2) after applying a temperature compensation based
on the measured vessel temperature.
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Figure A3 Temperature inside the vessel and temperature in the ambient determined by a temperature
logger
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Figure A4 Absolute pressure in the vessel around the MUT
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Figure A1 shows the absolute pressure measured inside the MUT. The MUT was filled with hydrogen with
a gage pressure of 250 mbar to the ambient which is inside the maximum pressure specified by the
manufacturer. The pressure values show relatively large fluctuations. By applying a temperature
compensation based on the measured temperature in the vessel the fluctuations may be reduced severely,
only a negative peak during day 2 and 4 and a positive peak between day 13 and 15 remain. The pressure
time dependency shows in total a reduction 5 mbar inside 25 days, which is much lower than the CoA. The
temperature plot of the average temperature inside the vessel and of the ambient show fluctuations,
because the test arrangement was located in non-climatised room with air ventilation from outside. That is
why the ambient temperature logs show relatively large daily cycles. The pressure inside the vessel
decreases during day 2 and 4 (similar to the MUT; a temperature compensation was not possible because
of missing temperature data) but during the period between day 13 and 15 no severe pressure changes
are observable in the vessel. That means the pressure peak in the MUT is probably caused by temperature
influences on the piping between the MUT and the differential pressure sensor. The pressure inside the
vessel show a clear increase until day 22 which corresponds to the pressure reduction inside the MUT
caused by the leak. Meter 2 was smaller than meter 1, that is why the increase is relatively low.

As mentioned in the introduction the maximum permissible leakage of a meter depends from the risk of
reaching a dangerous atmosphere inside the room or compartment, where the meter is installed.

The standards EN 1359 and EN 14236 require in case of a bubble test, that no bubble shall be detected
during a period of 30 s, but the bubble size is not defined. It is permitted to use test methods which provide
comparable results.

For bigger gas meters like turbine and rotary piston meters the following standards apply:

e EN12261 turbine meters

o EN12480 rotary piston meters
The leakage test shall be carried out at 1,1 times the max operating pressure and the allowable leak rates
with air depend on the diameter DN:

DN mm3/s cm3/h

50 5 18

80 8 28,8
100 10 36
150 15 54
200 20 72
250 25 90
300 30 108
400 40 144

Table A1 Maximum leak rates for Turbine meters and rotary meter

In IS0 1779 for bubble tests, the minimum detectable leakage of 104 Pa m3/s is given, which is comparable
to leak rate of

Qleak, max = 3,6 ml/h,

taking into account the conversion factor of 1 Pa m3/s = 10 ml/s .
This corresponds to a bubble diameter of roughly 4 mm in case of 2 bubbles per 30 second.
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In order to compare the influence of using hydrogen as burn gas to natural gas or methane respectively,
the values for the viscosity and lower explosion limit are of interest. In case of small leakages, the cause is
usually a small channel like a crack in the housing. It is then a Q/Ap dependency to expect, which may be
described by the law of Hagen-Poiseuille law for laminar flows

Q =kAp/n

The k-factor depends on the geometrical characteristic of the leak cause. From the point of leak testing is
not influenced by the kind of gas.

speed of lower
sound explosion
density  kin. viscosity dyn. viscosity limit
0 It n vos
kg/m3 cm?/s p Pas m/s volume %
N2 1,250 0,133 16,6 337
CHq 0,717 0,143 10,2 431 4.4
H2 0,090 0,934 8,4 1261 4

Table A2 Relevant gas data of N2, CH4 and H: for leak comparisons

Hence, in order to guarantee comparable risks in respect to dangerous concentrations, the tightness test
during the production of gas meters should be more strict than for natural gas application. In case of an
equal pressure in a line

Qnydrogen Nmtehane
= ~ 1,21
Qmethane NMhydrogen

the hydrogen leakage flow rate is about 1,21 times higher than with methane. Taking into account the
approximately 10 % lower explosion limit of hydrogen (in comparison to methane) the explosive
concentration in an ambient will be reached 1,33 times faster with hydrogen. This means, the leak flow rate
criterium for hydrogen application should be chosen at

Tleaktest = m ~ 75%
of a test method leak flow rate criterion, which is accepted for methane or natural gas application
respectively.
This comparison does not include questions in respect to ignition energy (which is severely lower in case
of hydrogen compered with methane) and the high volatility of hydrogen because of its low density.

In case of domestic gas meter production an automatised leak test with helium is state of the art. There are
different opportunities to increase the sensitivity, for instance by changing

e gas pressures inside and outside the meter under test
e Helium concentration in the used test gas
e Sensitivity of the helium sensor

Hence it should be possible to adapt alternative test methods for the more severe criteria, if meters shall
be specified for hydrogen applications.
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