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Development of Fuel Consumption Measurement Methods for Fuel Cell Vehicles at JARI
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Measurement method Characteristics

Gravimetric method

j—
i r 1 Accuracy : within £1% error for measured value

Prives
= _. <«—Equipments : Precise blance, H, tank
,,_Q Result : Total fuel consumption

Principle : Weighing the H, tank before and after
the test

Pressure method Principle : Calculating the change in H, moles
in H, tank from equation of state

— =
"'-._T - before and after the test

§— - - o
- | s Accuracy : within +=1% error for measured value
_Q " <+ Equipments : Pressure & Temp. sensor, H, tank
¥ o

Result : Total fuel consumption
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Principle : Flow Measurement by gas flow meter
= = Accuracy : within £1% error for measured value
T <«~—— Equipments : Flowmeter

q i (Oscillation absober if necessary)
- .,._L..

Flow method

Result : Total fuel consumption
Real-time measurement

Fig. 1 Characteristics of fuel consumption measurement

method for fuel cell vehicles
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Fig. 2 Schematic diagram of accuracy verification testing system for measurement method
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Fig. 5 Gas temperature distribution in vertical cross-section
of tank by simulation
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Fig. 6 Influence of soaking time on pressure method
(calculation from tank surface temp)
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Typa Thermal LT P preee
R | G- mn | 0300 himin O HS00 ML rreny

= | SAD + | SRl =] %R0

1 ADA Ty 1 [L g ) 1 TS el W b | | 5 1 50 R e
| Samphng rate | 5 ms | 20 ms | 20 s
=50 kPa &15 kFa 520 kP3

| Pressure deon 1 S L | S0 S | O L L
-1 MPsh -1 MPRs 051 Heeh
[FIEmerange | v itweal | e bW | jon LS
~ | i e W
Them separ Fopsgo] Sl o’ i T P '||-=l|-rrw\.--'n.wd
Foke W ey .-Au. d'h.r-d'.-.d 130 1O L L P

il M0 s B nat ohin W s
i Jd- e Al e, (=t

{75 Full Scale, PO Mpacing|

I 2 i
. —t Ty e O F

Fb-mhr i
"\..n.lmuu\-l-i- .u H e

Pulsaion Sow it Cormlad fow pan

Fig. 7 Testing system capable to generate pulsating
hydrogen flow

IREYOIRIEL (Rl ORIE,SFHiiE) 25
AHERAELC fT%ﬁ%“%Fig. 8IT/RT . WREDF M E=
(/Iuiufﬁ*ﬁ MENDORBIIR > TW5

5, H)@b?)ﬂlaﬂb‘k% {5\ 3 EFRAEDE RS 2 1H
T'ﬂ?bﬁ"/*‘“(@‘?ﬁ%?r“(“%%hf:. Tabb, EIE
TWET LI L TREEDGHEALPIIRFTS
b, ZTITESFEFEERFCVEIEL, LV ENEEK
TS L CHR B xﬂ%‘ﬁ’a’:ﬁ?“%ﬂ RNy 7
7 BHERICHARAL I EE L2, Ny T v RE
RMEIEDIRENIE TN KA T2 A Fig. 91/R T, N
v 7 7 HEIN U THENRSE 2D, WIS
FREE I AE 20 EORE 2 FEOHE SRR b m W
WEMBEEZ R L2, T2, AR EOFEICH
WD TS DD 77 & RO EZ IR L, IRE) R

TR TH L Z &bz,

#5304 5775 (20084E7H)

| Thermal
0 | Flowmeter
I
'5 10
E .8
)
E Ukrasonic
: | Flowmeter
E |
==
L]
Z 2
T o, b Differirtial
5 e = " Pressure
T 0 - Flowmeter
10 1 ]

a o4 [ F. ] L2 16
Pulsation amplitude didded by average foerate

Fig. 8 Influence of oscillation on flowmeter error

[ ] L]
g

Fig. 9 Effect of silencer and buffer tank volume in reducing
pulsation

4. EHRIFEDEIL

KR FHOREE - ERM LT 2720, H
WO BB A — F15 0 b & REELH B E o
B EREREGZ B2 -7 (810 20034 ~2004
fE, 520 1 20074FE) . 20074 O ERE £ % Fig. 10
\RY. HREd L L TENERHEEOM
X RAAE B L 72K R, $RTOHEMIZB VT L
1%L TO#HMAEZY, KELTHETELZ L
wEIALL. WEEBO R 23T —
DFERZ/RLTEY, HED 1% DFHIEE =
FEH L.

72, IRENEERDRERERMEE ORI
FAZT B %2 Fig. 11K T . WEFR/NY 7 712

LY IREY BN EE S, FHIRAE QIR T & 5
Z DR S .
— 65— 367



JARI Research Journal

15
" Pressure method .
g ® Flow method Test in FY2007
£ 1.0
[
€
2 05 3 T
3 1ot of a1 02
£ oo
s
S -Q.2 -a1 -0.2
» -05 - -3 -
é. (1.4 1
5 -10
i €) (5) nodata (6) 5 (3) (11)
-15
A B c D E F G
Vehicle
Fig. 10 Relative error of measurement methods in FCV test
(10-15mode)
Absortar | Rapuaior | | Pegulaicr
I |-, ] Bl
T
LB ey
O e
& 1f3 173
. | | 1410
L LAY/ f | |
y (R o=
) BN
Trms
(a) Pulsation attenuation at 10-15mode
Absorber Regulator Regulator ; Regulator ;: Regulator
Buffer Buffer Buffer Buffer
Test cycle 10-15 HWFET  UDDS
2 i S (s it ettt el
=
8B 1 |F-~-----------f--i--o—- o
1y
ZE O
£2
g8 -1 e S
zs
I g B e e i e B e
1’4
e S i i S
Test Number = 2
-4
(b) Error of flow method
Fig. 11  Effect of ossillation absorver on flow method error

5. RERDEA

3o N7z R I EEEEL & (IS0 / TC22 /
SC21 WG2 BEEJHM OVERE - #AF) Oifim 1ZIEH
SN, FCOVERE B E B (ISO 23828 :
2008 Fuel cell road vehicles - Energy consumption
measurement - Vehicles fueled with compressed
hydrogen) & L T2008FE5SH1HIZH TSNz, K
7 T—s 2 b LIlEmEERATA2ET, H
APEREE R >TY) —=F =2y T2 M5 % EH
BRiE O EBFREAL I HAROWE) L Bl vk & <R

368 — 66 —

MkL7-. 72, KE - BEEBELETT Y 27 b
(JHFC) TESMEmo#%E %5 L, FCVOE
YRR R VEBEI L O FEFEICE BN L 72, BRI
RHE, N IEHBE X — 7 R UE RS A —
71, WFGERERE 7 IR KA S, RIFEOEHITS
FECHEIFIH ENTWD,

6. BH)IC
RFLEORFEICL Y, REER BB ORE 2%
BEIYIZEHT 5 2 DR L o7z ARBAZES ()
B AN F— - EEFMEA B OZRITICL Y
Fht L7z THERE S TR R > X 7 2385 A
AR, DKFEH S SR EE ] DO
BO—E2 T LD bDTHL. Efilchzy, F
AR CERER O - HlrE 128 { O TR
ML TR o7z, T2, ERFEREALII R I
X COBRSMO TR, TRINCEDEHRLD
DTH5AH., TIIERSHELR LN,

wRIZ, FFEL-RHITFEIIEERE e 5
bOOD, WEE B S MG A 720 1B LE DS
WL VW) FEAH L TWA, KERER LSRR
(CEEPLEL B b7z, HENE X —H ORI
TIHEIE L <, LY EELFEIEEFR TS,
Z 2 CUIFFERT T, AR A B ELO 7 — R N
T RED L TP S R 2 BT 5 Tk
REFEL, BRI Th L. METREREZARGRIER L
TWLDO T TSI E N2,

1) BHIETIZA L RFHE B E M B B 5 O R Tk
OfEr, HBJEAFZE, Vol.24, No.10, p.463-468 (2002)

2) BT | KREREE M B B 5 PR 5T T
DOES, (1) B BBl 227407 i & AR 4, No.19-03,
p.5-8 (2003)

3) TFHFMEIZ D | KFERTR i B B o O PR 7T Tk
OFGES (F2lk—imid), (fh) B Eh BR324l i 20
Jil4, No.76-04, p.13-16 (2004)

4) Kuroda, E. et al. . Development of Fuel Consumption
Measurement Methods for Hydrogen Fuel Cell Vehicles, SAE
Paper 2006-01-0217, SAE Transactions, Vol.115, Section3,
p.144-154 (2006)

5) Yano, M. et al. . Development of Fuel Consumption Measurement
Method for Fuel Cell Vehicle - Flow Method corresponding to
Pressure Pulsation of Hydrogen flow -, JSAE Paper 20077308 /
SAE Paper 2007-01-2008 (2007)

6) [E:ZGEARN R A B A B AR AR AR R TR EGET IR,
ze3cat (2001)

Vol.30 No.7 (2008.7)



	140.p1
	140.p2
	140.p3
	140.p4
	140.p5
	140.p6

