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= EbsERREERFRI
BIOM B 22 51 & e LB 2% A i D &k
(Hydrogen Refueling Station, HRS)&&zEHY
B E) R SRR AE 2140 - B i
METAS (F#+:) ~ Justervesenet (#fz ) ~
CESAME-EXADEBIT (£ ) &1 TUV
SUD NEL (5[5 ) » SRk —(E
BEAGFNERTEERE WA EEZ
Y HRS fEfIEEHERE 5 FAY— 2
AEEEME(7] - EMPIR 51EE DL CESAME-
EXADEBIT # Fs il g nbids #h =0 45 B
& B 4B Z &t (HRS mobile primary
reference, HRSmpr)#[1[&E] 4 > EFFRL = feh

[HRWSZ 104 AFHHY TypelV 15
FRESRIML BEAE 70 MPa BRJ] TN FetE i =
9 ATERA - EMPIR EHEE(E A5t &
FIEETFEE METAS £ 2 U5 Rheonik
RHMO4 Hyift EaHF R TAF 2 1R/
JtE st (Master meter) » 4[I[E 5 © 55—t &
aT A Ry 78 B A 0F B €8 (Zentrum  fiir
Brennstoffzellen Technik, ZBT) il & 5 {5
MZiEst - LUNTER ZBT st - £
RERLIEE S > AN BE AN - [EE
PRaEEiER T o AR ZBT fiEsti
TEREERRREMNE  HEFREEE
R RS TR AR TR 1] -

Hﬂlﬂl
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(P2, To) EABRAAGARRE(P1, T HY ) E AH B AR

B FERLUTE MW BEHRE R - T
A Z(PT)ZRRMEN TR ERAHEED
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R AR R IR B o3 R ST A e o nh 2 554
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BE+MEREREE

mref = mrefO + mdeadvol ; :/E\:EP

Mgy =MW | S =LV 5 Hv
deadvel Z(P,T,)-R-T, “Z(B.T)-RT,
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A | BER BE gt A
HHH o EHE
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6 NRIEERAREFTE (FFEBR

M~ Ismut= s R E ST EE
ERIE

fR¥Z EMPIR 5t& > IISUEERAE
ORI 1 T B AT B FE O B AR 4B (Flow
standard) ~ Jir A HGHE « EERTRIEEE
EHEVEBLFER (1] - Maury SRELE 20
ERA S UEE A E AR > il Ay
R ZERATR BRI &M RS
SRR  MERTHENE - @R EETT
220 (Hydrogen density equation) - Z 4t &
EMEN 2 EEEEN SR NEEE
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2 35
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&g —0.5% » =4 +0.4% 5 ZBT i
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BUEfRE > ATEE (395 43) % B
S BFE o BREHE NEETYE SR 1 %
HURH SN2 RIS IERUER R - 8] 8
Ryl e S RARL IEA% - METAS B ZBT i &
sHEARFERPEERE N iR E 455
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EEAHR SR (0.7 2 1.9) kg/min H—1E
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i (0.2 2 0.3) kg/min > {RAFAE (3.7 R~ HA v Bl Rt SRS
£ 4.0) % HHHBIERZE - SFURHHES BRI E AT EMRIERE ) BIEE
REVEBM T REER L SRS SROT R IEERE O ~ BJ) -~ BIET
H S A A R I SR - 1 %~ BLEMAHEEE - Hoh TR ) EFR
RN AFPHEERE T Z A B H[EE 70 MPa > I E B2 Igus e
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7 2 EMPIR 5t BREXRANEFTIEERE N ZE/ANEEEZ(]

R IFBh 1 2 3 4 5 6 7 8 9
BB EKke) | 698 | 357 | 357 | 3.59 | 3.42 | 347 | 3.54 | 3.51 | 35
PR 1.84 | 075 | 073 | 051 | 0.49 | 0.38 | 038 | 026 | 0.26

(kg/mm)

041 | 046 | 046 | 0.48 | 0.49 | 0.51 | 0.51 | 0.58 | 0.58

iEE(%), (k 2)

#x3 SHERSEEREIRREENEREE

iz
FE & HA CEAE Byt
K IE NIST! NMIJ/AIST? KRISS? METAS*
op =
HEE
YA
LAFf 0.1to 10 0.1to 4 0.1to 4 0.1to4
kg/min
EE
LAEEET) 0.1to 70 0.1to 70 0.1to 70 0.1to 70
MPa
o THEL o THEL o THEL o THEL
. . | ® PVTt £ o LEEIE o thLiyA
/\ﬂz N . )
(LSRR o [L#gE (Sonic Nozzle ~ | (Master meter)
(Master meter) Master meter)
Max. Uss’ 0.57 % 0.30 % 0.30 % 0.30 %
U mmamen | (EREEE) | (EBIES) | (EREES)
e | OIMLRI3O-1 56 %40 2 B Bt AT A FFta Bk B 1.5 %

1. National Institute of Standards and Technology (NIST) » &[5 B8 57 A AE B Sl it 22 bt

2. HAE & WFFElw/ mE =5 1 10 4% & B 42 BT (National Institute of Advanced Industrial
Science and Technology, AIST) o

3. Korea Research Institute of Standards and Science (KRISS) » 5 [5¥][87] ZZ A2 AE R EE A FE[5E -

4. I LEtEREEERT -

5. FIEREE S BE DIETRAREE (O)KEH (U=kuc) - EHRIEEREN JZ*%EF'EEJ
W& - B A S (SHE/KAE - iEE g DL 2 BEAEE - B 95 %A EHE/KET Ol
KT k=1.96) ZHEANHEERE (Uos)2KEH o
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e 4=
J\® I\IZIEE

RIS 4EBSMII G S RET &Y
& BN N SRR EE T 2 e i
{78l - EMPIR &HIGE BN AR
JRAAEER YR #E (-0.01 2 0.39)
% » BHERZ R (026 £ 1.84) kg/min
FHAFEERE R (0.41 2 0.58) % (k=2) -
EMPIR ST EEURINANEE) R BHE
TENEAE Z1 4 (HRSmpr) 1 Fy 275 AR AE HiE
&5 e e TR B R S T P ERE Il S AR
[l FEAN A B IE - TR FRFF 48 (5§
SN 38 I BLED R > H AT HET TS
WERETE R B AR T E
Fy2 514 (reference standard)( /1] - 7B
THER AR 2 R OB T A DAt
ERIEMSWEARRER IR G5 &
B

t - BEEH

1. M. MacDonald, 2020, High-Pressure
hydrogen flow metering standards,H{ 5
https://www.tuvsud.com/en-gb/-/media/
regions/uk/pdf-files/event-documents/
flow-focus-group-apr-2024/measurement
-focus-group-4---marc-macdonald_tuv-

sud-high-pressure-hydrogen-flow-

.T.  Morioka, 2023,

metering-standards.pdf(114/10/28).

. Hydrogen Refuelling Infrastructure:

Standardisation > 2024 - H{ H https://
ukhea.co.uk/policy-shaping/hydrogen-re
fuelling-infrastructure-standardisation/

(114/10/28)

. Metrology infrastructure for high-

pressure gas and liquified hydrogen
flows, MetHyInfra Final Publishable
Report, H{H https://www.methyinfra.pt
b.de/(114/10/28)

. W. Kang, J. Shin, B. Yoon, S. Kil, S. Yim,

W. Han, U. Baek, 2022, Investigation of a
Calibration Method of Coriolis Mass
Flowmeters by Density- and Pressure-
Matching Approaches for Hydrogen
Refueling Stations, Appl. Sci, 12, 126009.
Performance
evaluation test of Coriolis flow meters for
hydrogen metering at high pressure,

Measurement 221, 113549.

. SAE J2601:2020 fueling protocols for

light duty gaseous hydrogen surface

vehicles.

. M. de Huu, R. Maury, M. MacDonald, E.

Venslovas, 2025, Comparison of



gravimetric standards for hydrogen Hydrogenrefuelling station calibration
refuelling stations, Measurement: with a traceable gravimetric standard”,
Sensors. 38, 10156. Flow Meas. Instrum. 74, 101743.

8. R. Maury, C. Auclercq, C. Devilliers, M.
de Huu, O. Biiker, M. MacDonald, 2020,
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