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Gravimetric Method ==z

Principle: Weighing the H2 tank before and after the test

B Ry —
W=g—-g, ZDENDKRREOEBEERDD

Here, W = Fuel consumption
gl = Mass of H, tank before test, g2 = Mass of H, tank after test

 Ires
~

(=

()
Precision _/
balance ~
Before and after the test Fuel bypass line
Advantages Ef KROBBFEENE (BUMEEN)

- H2 mass is directly measured (reliability).
Disadvantages B KREV I DEHDDE

- Need to disconnect H2 tank from fuel line for weighing

1 Reference: JARI presentation



Test Equipment for Gravimetric Method

- ) ER=0rNOENS T s
Windshield 22 - | e R
' Fuel tank Precision balance

LJ

Fuel tank setting device

- setting of a tank on the center of balance
- shock absorber for tank setting

/ Vibration-proof stand ERHTRANOKE. FliR. AR

Picture from JARI presentation

Precision Balance A B
Full scale 64100 g 64100 g
Minimum reading 0.1 g (approx. H2 1.0L) 0.01 g (approx. Hz 0.1L)
Repeatability 0.1g * 0.025¢
Others Windshield, Vibration-proof stand, Fuel tank setting device
Change of H2 mass(tens g) in H2 tank(tens kg) can be measured by
precision balance. KFHEBEB+T 775)DEHRIAT&E

2



Consideration for Gravimetric method 7=...,

» Principle : Weighing a hydrogen tank before and

after a test - Simplest among 3 methods
BLEROHL. EETEEAE
» Most proven and reliable method
BEEEHMSATTEE
» Sufficiently precise balance is available.
L71-2 D # 7K E B B (RCB=0)|< X L THEERE A4
» Measurement accuracy can be specified for

expected H2 consumption in L-phase of WLTC.

EEFRERE

JAMA proposes “Gravimetric method”




Pressure Method =z

Principle: Measure pressure and temperature of H2 gas and
Derive mass of H2 from equation of state before and after a test

V P P ABRRIRICKRDENEREZEETE
W=mx—x(—L———"2_) BREFERICLYKEEEETHEL
Rz, xT, z,xT, KFEHEEZRDD

Here, W = Fuel consumption [g], m = Molecular weight of H, 2.016 [g/mol]
V= Volume of H, tank [m3], R = Gas constant 8.314 [J/mol-K]
PI =H, pressure before test [Pa], P2 = H2 pressure after test [Pa]
Tl = H, temperature before test [K], 72 = H2 temperature after test [K]
zIl = Compressibility factor at P1, T1, z2 = Compressibility factor at P2, T2

Advantages Pressure

- No need to disconnect , 9auee ; . _|FCs
H2 tank & k&5 s OBMAE | A P
] . Temp. N S
Disadvantages ' gauge @
- Difficult to measure H2 gas temp. Fuel bypass line

(Alternatively tank surface is measured)
KA KEH RBEREAHLL

(RRbY AR EBESHED) 4 Reference: JARI presentation



Test Equipment for Pressure Method Zgiz

Pressure gauge Temperature gauge

Range 0 to 16 MPa(abs) Range 10to 30 °C
Error 0.05 %F.S.(8kPa) Error 0.01t0 0.03 °C
| | & ERIE T TR
» Applicable to high press'are > Sufficient accuracjil& "
+ o TAEE

» Sufficient accuracy WLTC-L3($93km)D /KB EF30gLBTET S

RZ=8kPalE MR E D 1% E, 82 £0.03°CIX[E0.15% 4 &
8kPa of error is equivalent to approx. 1 % of hydrogen consumption 30g.

0.03°C of error is equivalent to approx. 0.15 % of hydrogen consumption 30g.
Condition: Tank Volume :47L, Initial Pressure: 14MPa, Temperature: 23°C

30g of H2 consumption is assumed for phase-L3 of WLTC

> Pictures/Tables from JARI presentation



Temperature Trend after Test auuosnizx

: : B ORERE
Tank Surface Temperature - during H2 gas discharge and soak ;4o ripo—sms)

Discharge Soak

26
« Temp. decrease during H2 discharge

* The lower part reached lower temp.
than upper part.
« Temp. increased again during soak.

OKEREEIZAVEEERT
) —OEZAVORELR (BEREICRS)

24

22

20

18

Tank surface temperature[°C]

16
47L tank 20 0 20 40 60 8 100  (H2 discharge : 30L/min, 5min)
(Length 1350cm) Time [min]

Y—O%DEEIRE (EREICHT ) _ _
Measurement Error after soak ‘ (reference: gravimetric method)

2o HEREDY— IS KR AR/
_ » Errors were reduced during soak.
= 1.5 > .
E o Soak — . Iemp. at T4-T5 showed hlgh accuracy
£ 05 — even-in-short soak-time-
2 00 | B T ————— BBREOV—IPNLECREICSHBERBOID)
& 05 o Soak after a test is needed to
2 — eliminate error due to
20 temperature measurement.
0 20 40 60 80 100
Time [min] 6

Reference : JARI presentation



Consideration of Pressure Method ===»:#)

Principle: Measure pressure and temperature of H2
tank. Calculate mass of hydrogen by using an equation

of state before and after a test.
EEARLYBZLEEHR GEYIZERE T NIX)
Easier to measure than gravimetric methods if setting
IS provided appropriately.
EREDE NI AF AL
Sufficiently precise pressure gauge is available.
AEICKDREFY—VICKYFEETRE
Error due to temperature measurement is eliminated

by soak(at least 1 hour) after a test.
L71-2 DRFEKFEE BISH L CRE ST T A

Measurement accuracy can be specified for expected
H2 consumption in phase-L of WLTC.

EREZZRE

JAMA proposes “Pressure method”.
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Flow Method =z

Principle: Measure H2 flow rate and Integrate during a test

W=\ qg(t)dtx

m
- T KRB ORBEE A, MEL KFHBRBERDS

Here, W = Fuel consumption [g]
= Integrated flow of hydrogen at normal conditions (273.15K, 101.3kPa) [L]
m = Molecular weight of hydrogen 2.016 [g/mol]

 [res
'

Flow meter ()
N - -
H2 supply l

. 71-R % ERL TEA AT AE
Advantages - Continuous measurement for series of phases
. . mEaT, EHRIROBREEEAIHET I SMLENDHD
Disadvantages - Need to examine suitable flow meter and settings

for FCV test

8

Reference: JARI presentation



Verification of Flow Meter szitons
Type Thermal Coriolis Volumetric Ultrasonic
Range 4~500 10~750 1.6~116 9~2000
g [NL/min] [NL/min] [L/min] [NL/min]
+1 [%FS] | £0.58 [%RD](500NL/min)
(~400NL/min) | £0.66 [%RD]250NL/min) | +1.07 [%RD
Accuracy | 4o [%FS] | +0.87 [%RD](100NL/min) | (£0.2 [%ER%])W] +2 [%RD]
(400~500NL/min) | £=4.49 [%RD](10NL/min)
Response 10 [ms] — — 50 [ms]
Pressure 0~0.98 0~10 0~1
Range [MPaG] [MPaG] [MPaG]
Photo

>¢1:1n super highly accurate sensor use

[%FS] :[% of Full Scale], [%RD] :[% of Reading]

Reference: JARI presentation



Characteristic of Flow Meter .-: e

RELL AR RZFHlE _
» Accuracy and response of flow meters were tested in transient flow.

_ REFCKVELGIHR (REFREFOBHEICIVIER)
» Flow meters showed different trends and different integrated values. Those

errors were reduced by re-calibration of flow meters with sonic nozzle (JARI).

—— Thermal Coriolis J 6
Volumetric = —— Sonic Nozzle X
(Reference) =~ 4
80 z
=
= 70 s 2 .,
= 2 Thermal  Coriolis
S 60 10:1) 0 - ‘
.E. 50 = Volumetric
2 T
= 40 ‘S
S s -4
= 30 =
[Ra]
20 -6
0 100 200 300 400
SampleT ime [sec] Error of integrated flow
Trend data of instant flow rate vs. gravimetric method
H%ﬁ@l}ll.io)nn% *Eﬁl)lbgo)n,s%(iilftt)

10 Figures from JARI presentation



Issue of Flow Method -FCV test ;::.

SEHEDFCVDREEI DDA THRE, —HOFCVTIERBEDBRENKEM 12
In 2004, fuel consumption of five FCVs were measured by three

methods , “Pressure”, "Flow” and “Gravimetric(as reference)”.
Flow method showed large error for two FCVs.

() Test Number

T
gﬁ 2 [ ) T a2y 1151 _____________ (16) | (13 ____
QL i i
e 0 i
L L, Lo
©
S
5 oL T LRl IRt [ -0 Pressure Method
o g Z'_ﬁ'_'_'_'_'_'_'_'_'_'_'_'_'_'_Z'_Z'_'_'_'_'_'_'_'_'_f_l'_ﬁ'_'.'_'_L'_'_'_'_'_'_'_'_'_'_'_'_'_D Flow Method |
R O e (Thermal Flowmeter)
%-m
= A B C D E
L Vehicle

Japanese 10- 15 mode tested in 2004 MERDREDKESIE

HEETIVICTIKE
Error range depends on vehicle model

Reference : JARI presentation
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Application to FCV HEADER

BHEICHRTHREZHRET A0 REL O RIND 3R Z T
» QOscillation absorber was examined to reduce error relating to FCV.

B o -
Flowmeter Regulator Silencer S 2 Q_
[Flow Method]

Oscillation absorber

Test cycle Japanese 10-15mode, US HWFET, UDDS

Test Number 2 in each test cycle

Vehicle that showed significant oscillations

FCV in hydrogen flow
Flow meter Thermal, Ultrasonic, Diff. pressure.
Pulsation absorber Silencer (volume 4L), Regulator

Reference: JARI presentation
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Error of Flow Method - FCV Test Z:*°

_ B LRI EYBE LD
» Errors were reduced by using an oscillation absorber.

Test cycle 10-15 HWFET UDDS
Silencer L L L L
Regulator L L L L

N
i

I

SNEE BN BN .
1l qJLJJu L]

2

Test Number = 2
3 == i

O Thermal & Ultra sonic [ Diff. Press.

Flow method Error
vs Gravimetric method [%]

-16%

BL. RELXHORINOEIWLTCTEENDFCVERWN-EENNE
The effect of an oscillation absorber needs to be
examined with present FCVs in WLTC.

Figure from JARI presentation



Consideration of Flow method =z=uzx

. ] [RIE: KEREZFETAILIER
Principle: Measure H2 flow rate and Integrate

during a test.
SHAIREWYNICRE TN, EA0A B A T A
If settings are provided appropriately, continuous

measurement is possible.

PAE DRSE (LT E S EROMBATL, RBYIMIIRE, oD DEFTEHRIAHR
Error depends on flow meter, FCV fuel system and
test cycle. Oscillation absorber was effective to

reduce error in some cases.
WLTCCEE DFCVEE--HEA LIS, BEICET BB EEEB S EIZELLY

Difficult to specify measurement accuracy without
testing present FCVs in WLTC.

JAMA[ZPhase 1bT EEZRELGL
(BT —2DOERMTHIERERDNILRALELY)

JAMA doesn’t propose “Flow method” in phase 1b.
(Acceptable if proposed with test data in WLTC. )
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Appendix

ENEOBRET—4
Supplement data for Pressure method

mE — V—UFME
» Temperature / Soak time

. I LR
> Error/ Soak time

15



Temp./ Soak time

2R E ) — ]

BN MKERILE

(R= x BfE)
Discharge rate and time

£

€
o
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£

£
~
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o
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[100NL/min x 5min]

[200NL/min X 5min|

Surface Temp. (°C)

Surface Temp. (°C)

Surface Temp. (°C)
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10
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14
12
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[14MPaG]|

End of discharge
13

’i‘f;_:g
\
-20 0 20 40 60 80 100
Soak time (min.)
End of discharge
|
\
-20 0 20 40 60 80 100
Soak time (min.)
End of discharge
'
f/

-20 0 20 40 60 80
Soak time (min.)

100

Pressure before discharge

Surface Temp. (°C) Surface Temp. (°C)

Surface Temp. (°C)

26
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18
T
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12
10
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10
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L 16
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End of discharge

V
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'W__...—*—‘
-20 0 20 40 60 80 100
Soak time (min.)
End of discharge
}
-20 0 20 40 60 80 100
Soak time (min.)
End of discharge
'
B
-20 0 20 40 60 80 100

Soak time (min.)

Surface Temp. (°C)

Surface Temp. (°C)

26
24
22
20
18
16
14
12
10

26
24
22
20
18
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14
12
10

2O MEE

[5MPaG]

End of discharge
V

L
-20 0 20 40 60 80 100
Soak time (min.)

End of discharge
|
i%
|
-20 0 20 40 60 80 100

Soak time (min.)

— T
— T

T3

T4
—T5
—T6
—T7

Ambient temperature: 25°C

Data :Provided by JARI
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Error / Soak time

MEDIRE ) —IHE

50NL/min X 5min

100NL/min X 5min

Discharge rate and time

BN MKERILE

(= x B

£

£
[}
X
£

£
~
_
P
o
=}
N

Measurement Error (%)

Measurement Error (%)

Measurement Error (%)

]
-

5min.soak |

20 30 40

Soak time (min.)

50

60

.\l._ ,q- 5 min. soak

20 30 40 50

Soak time (min.)

60

A 5 min. soak

10 20 30 40 50

Soak time (min.)

60

Pressure before discharge

Measurement Error (%) Measurement Error (%)

Measurement Error (%)

5 min. soak

o

10 20 30 40 50 60

Soak time (min.)

I

k, 5 min. soak
| T

0 10 20 30 40 50 60
Soak time (min.)
> 5 min. soak
0 10 20 30 40 50 60

Soak time (min.)

Measurement Error (%)

Measurement Error (%)

2O MHE

.~ 5 min. soak

0
! .
-1
-2
-3
0 10 20 30 40 50 60
Soak time (min.)
6
5
4
3 b
l— 5 min. soak
2
1
0 ",:% N
-1
-2
0 10 20 30 40 50 60
Soak time (min.)
— T
—T2
— T3
T4
—T5
—T6
—T7

Ambient temperature: 25°C

Data :Provided by JARI
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