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Introduction to hydrogen flow metering
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Overview
What are the challenges related to hydrogen flow metering?

= Certification process of metering systems for HRS in Europe
« How to approve HRS according to OIML R1397?
* No testing facilities in Europe for hydrogen at NWP of 700 bar
* No alternative testing method for type approval
* No testing method for on site verification of HRS

= Existing OIML R139-2014 not adapted for hydrogen dispensers

INTERNATIONAL OIMLR 139-1
I “ RECOMMENDATION Edition 2014 (E)
T Compressed gaseous fuel measuring systems
for vehicles.
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Overview of tasks MetroHyVe WP1

Organised in 5 tasks

1.
2.

Collect information on HRS design and establish basis on how HRS operate

Investigate alternative methods for type approval testing of flow meter using substitute
substances to hydrogen

Investigate the influence of pressure on the accuracy of Coriolis meters using water

Develop 4 independent mobile gravimetric standards to deliver traceability to HRS up to 700
bar

Develop uncertainty budgets for type approval testing, periodic verifications and gravimetric
standards

Expected outcomes

1.

2.
3.
4

Methodologies for testing and calibrating hydrogen flow meters
Traceability chain for hydrogen flow metering
Field testing of HRS

Good practice guide for type approval procedure
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Flow metering

Operation of HRS 1) Connect and lock the nozzle
2) Optional: IR communication link
UPSTREAM REFUELLING STATION Shell Hydrogen Study © Shell between car and dISpenser
| Tank- Volume & Temperatur &
Pressure

L (T

Electrolyser Low-Pressure Storage ~ Compressor High-Pressure Storage  Precooling Dispenser

3) Pressure pulse (determine tank
volume & leak test)

4) Fillling according to protocole «SAE
J2601»
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Flow metering
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Measuring system
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Uncertainty sources:
= Flow meter: behaviour as a function of pressure and temperature

= Dead volume between flow meter and transfer point: pressure changes in the line after the
flow meter between fills affect the measured value by the flow meter

= Depressurization losses after fill




Flow metering
How to approve a HRS according to OIML R139?

= Flow meter: test with substitute substances (non-flammable gase \dily available to
testing labs instead of 700 bar hydrogen and perform tempe-~ el

= [|nitial verification and on site verification: on site witk development of

NMI
CESAME 4.2 kg Rental from Air Liquide
JV 4.2 kg Ready, certification ongoing
METAS : ' 2.8 kg Ready, field tested

VSL Not included 3x52L 6 kg Des'gnnzii?r}]’é Tr?rc)ge4t2(t))fgup and
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Design of gravimetric systems

= Display of dispenser in mass (kg), delivered mass
= Experience with gravimetric systems used for CNG (Compressed Natural Gas)

= Requirement of 1/5 of MPE (0.3% to 0.4%)

Table 1 - MPE values

MPE for the MPE for the complete measuring system
meter [in %_of the measured quantity value]
- ops
Accuracy class E:; e 0{3 ;ﬂe at type evaluation, In-service inspection
ASUT .
uantity value) initial or subsequent under rated operating
q - verification conditions
For general application 1.5 1 1.5 2
2 1.5 2 3
For hydrogen only -
4 2 4 5
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Design of METAS field test standard
2aaigr, @ 7ompa [ e fiooe o7 o
1.44 kg H, @ 70 MPa inserted in tank P

300 kg scale
0.1 g resolution

i

Medium pressure %4" tubing, NPT
and FK series fittings and valves
In 316-stainless steel
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Design of METAS field test standard

Environment with explosive ESD Plastic frame can

ESD plastic frame to e .-
atmosphere - certification be moved for better

protect the scale from
the environment, acts air circulation
like a greenhouse No Fonjpmusumaies g
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Design of METAS field test standard

Dzl-l Pressure reducing valve *#  Optional

K] Needle valve #% Ready for read-out

W Check valve to blower Ve ntl n g I | ne

FRAME: positioned on scale

{ Dispenser- }
inlet 700 bar 3
\—/_\. - PRS-
Nipple w. intergr. check-valve

Coriolis Master meter

H,-Tank 1, Vol = 36L —= ]

S V-7
Ly V-1
IXV—E
(e p-2

H:- Tank 2, Vol = 36L
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Design of METAS field test standard

(P> Flow meter (Rotameter) [e]  Ballvalve Dr’:l-l Pressure reducing valve #  Optional

er (Coriolismeter) K] Needle valve [ Diffusor #% Ready for read-out

Bnsmitter [>T<] Shut- Off valve [I% Actuator

Inlet line connected 10 . =t
hydrogen dispenser trermameter (110 sl \/enting line

t
FRAME: positioned on scale ‘
cuzT

H;- Tank 1, Vol = 36L

H- Tank 2, Vol = 36L




13

Measurement method

Mass after and before fill

\
My, = My, — My * before: disconnect all cables and hoses from the frame
and lower the HFTS on the scale
. ] WEIgh o after: Lift the HFTS and connect all cables and hoses
Thermal expansion pressure expansion empty tank )
... hegligible 0.92L @ 70 MPa
\ \
Vienk = Vo (1 +3-a-AT)- (1 + A1-AP) * before: connect gas source
e during: monitor and record data
o after: disconnect gas source
Scale readings )
My, = (W, —W;) - (1 — P_o) » before: disconnect all cables and hoses from the frame )
— o and lower the HFTS on the scale

A P1
+V, - o (1 4+ AAPy) — paivq * (1 + _ * during: wait until scale reading stabilises and record value
OAP[F;‘T?-E V( ( 2)' ratrd WEToaR{VIIM - after: Lift the HFTS from the scale, connect all sensors
frame " \Pairz ~ Pair tank and connect the vent stack to blow down the gas
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Laboratory tests with N, @ -40°C

Pressure (MPa)

—Pressure in tank

05 ) +T in tubing
=T N tank
——T around scale
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Temperature increase in tank due to
compression heating

Tubing temperature below freezing point
of water during fill

Temperature around scale is constant
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 Temperature profile around scale after fill
with a closed housing
» Heat transfer from tank to air
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Laboratory tests with N, @ -40°C
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« Cold gas freezes humidity on pipes

e Ice is not part of mass of dispensed gas

o Scale reading profile after fill shows melting
and evaporation of ice

o Better air circulation accelerates loss of
mass




Uncertainty budget

Uncertainty | Nominal u(x;) Contribution
component value % %
Initial mass 150.0000 kg 47-107* 40.5
Final mass 151.0000 kg 47-107* 40.5

Tank volume 0.120 m° 4.17 0.16

Frame 0.070 m? 7.14 <0.1
volume
Initial air 1.1500 kg/m? 0.15 8.9
density
Final air 1.1500 kg/m’? 0.15 9.0
density
Initial tank 0.10 MPa 20 <0.1
pressure
Final tank 35.00 MPa 0.057 <0.1
pressure |
Pressure 2.2-10710 10 0.93
coefficient Pa’!
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Expanded uncertainty for the gravimetric
method: 0.22 %

Contribution from icing and condensation
can be minimised if we wait long enough:
1 g spread (k=1)

Expanded uncertainty for measurements
In the field: 2.5 g for 1 kg (0.25%)

Required uncertainty of 0.30% is achieved
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Field results
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® Full filling (20-700) bar, Master
in HRS

A Full filling (20-700) bar, HRS
meter

® Patrtial filling (20-350) bar,
Master in HRS

A Patrtial filling (20-350) bar, HRS
meter

® Partial filling (350-700) bar,
Master in HRS

A Patrtial filling (350-700) bar,
HRS meter

® Full filling (20-700) bar, Master
in HFTS

A Full filling (20-700) bar, HRS
meter

® Partial filling (20-350) bar,
Master in HFTS

A Partial filling (20-350) bar, HRS
meter

® Patrtial filling (350-700) bar,
Master in HFTS

A Patrtial filling (350-700) bar,
HRS meter

17

|

METROLOGY @y iﬁh
HYDROGEN VEHICLES P 3




Available resources

www.metrohyve.eu

METROLOGY

= Report

Presentations

= Publications (more to come)

FLOMEKO2019

18" International Flow Measurement Conference
Portugal | Liskbon | LMEC | 26-28 june 20013
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REPORT:

Al.1.2: Public report on operating
conditions and uncertainty sources of a
Hydrogen Refuelling Station(HRS)

EMPIR H -~

This project has received funding from the EMPIR programme
co-financed by the Participating States and from the European
Union's Herizon 2020 research and innovation programme,

www.met H]|'|Y\.-'E'.E.‘ll’

Design of gravimetric primary standards for field testing

of hydrogen refuelling stations

M. de Huu, M. Tschannen, H. Bissig

Federal Institute of Metrology METAS, Lindenweg 50, 3003 Bern-Wabern, Switzerland
E-mail (corresponding author): marc.dehuu@metas.ch
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Marc de Huu

THANK YOU

Marc.dehuu@metas.ch

+41 58 387 0267
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https://hydraite.eu/
http://www.metrohyve.eu/
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