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Development of New H, Refueling Method for FCV to Reduce Refueling Time
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ABSTRACT

A new refueling method was developed to shorten
the hydrogen refueling time of FCV. The conventional
method determined the pressure ramp rate according
to the ambient temperature, and the temperature to
which the supplied hydrogen is precooled to prevent
overheating when refueling did not influence the
pressure ramp rate. The new method added real-time
control of the pressure ramp rate according to the
precooled hydrogen temperature. Consideration was
also given to compatibility, so the only changes to
the hydrogen refueling station side were the addition
of a temperature sensor and software changes, and
no changes to the control and hardware on the
vehicle side are needed. Under the conditions above,
vehicle tests were performed with the cooperation of
General Motors and Mercedes-Benz, with the result
that the new refueling method enabled shortening of
the refueling time in the summer by 30% or more
compared to the conventional method and without
lowering the precooled hydrogen temperature. This
enables refueling in less than four minutes in most
cases year-round in the Los Angeles district, United
States. In addition, a State of Charge equivalent to that
of the conventional method was also secured.

1. EANDE

HByE Q@) & UTRENE, fRicehE 0, faml, K
SRIT A, KBANELEEBLTE . THIERKZLDORESR T
by, FECEKSTILOREETEH 5. kB DNEWHFTO
KREZIZE ST, ETHEOH—KR Y T Y — &KL 72,

Z DRIT, fERDEEL L D @O B & 5 >
7o V) VNG O MR EE % SR & 2= AR, BORHE it E B
#H(FCV)D & v 7IENE, 70 MPalZE 572, ZOEEK
FAREITTHET 72912, SAE 2B OEEL B
bz, KRERHERA OIS, Hilj 5 ¥ 27 NORE
Nd b, BEY 27 L1, BBORESER N ZUD>0
ZEGRIZE B (Fig. 1). B g v 2 N TOF —/3ke — b
BB 72012, KEE-40CHEIZHHAI (Lo —1) 45
(1). BREhEARZEE, Tv—279 24, k=%, /X
* Ui R&D £ v & —

% % HONDA R&D AMERICAS, INC.

V() &, HlOFNE (I OFf> b — b v 22k - Tl
ER LRSS, 2 2NIZAS EREDITEMED 720 FE T
% (IV). ZOilfEE, ANSIBRE VS0 8 5 85T LI
TRITT A S K0,

PR (T,,,) DPENE 21X, LR AZEIL, 2V
RIENOED I AT 2. Az L sy I 20—
Va3 VT =Nk — FARAE L EWRERERD, R,
F= B E(F—TIWIZLTKREZAT — ¥ 3 v ORIHEEEIZ
AMEXETWE. ZTheasBLT, AlEEIHS> 2 Ep
5, Ly 27y TF =70 (L/T)FTEGREMFHIR T 5.

ORI T E SRR EIEL, T -T2 56 HIE
LAEFTOAR, RHPIE ~EOFIERERDO K S, i
FAEHIET 5. SAE OEMERM S5 T, 20C, FRE P,
10 MPa) Th iU, 37 FRE TREN%E T T 5 (Fig. 2,
Kb EA) .



FEIERFREREMED 7= D FCV AFIKEFRIBAXDFRE

Heat
exchanger

I I
Precooling Station heat mass
warming

P =)

Gas temperature
AN
N
PN

Station|FCV

' P T
Hose : gas gas
I

Vehicle heat
mass
warming

MFM : mass flow meter

Ty : precooled gas temperature
Tqas : 9as temperature in vessel
Pgas - gas pressure in vessel

I\
Compression
heat warming

Fig. 1 Overall refueling system

3 T N
ST N

10
95 === N —
I' Too long 1 Tamb

= 8 \ refueling time | —~-LT0C |
= [y
E7 D= ! = LT20°C|
£ 6:.‘\ \l —- LT 30°C——
N — ! - LT 40°C |—
C
£
=]
[0)
o

\‘Q.S:

\-

0 10 20 30 40 50 60 70
Initial pressure [MPa]

Fig. 2 Effect of ambient temperature

L/T ®REAFROFEL, RO EVIETH 5. FH
=7y bD—=DTHLKRETH ¥ 2 (LA)HIXD
KR A T L7z& 2 A, RS 98% & 5% Dt
35CTH 7. 35C CIIAHEEER NS U L ELTL
F5720, BEMKOWE I/ O EWEEZZ ZD7
%, Honda TRBENTARABEL M OME " P e b2
ol SRR LZHLORIEFA %, MC-Formula
AR EHF T2, 2Z2TMIEL2 Y 2 NOERD
Mass 225, Cl3 & v 7 DBEFED Heat Capacity 75,
Formula 3B AH T 7L & 4 LICHIEREEEHEL
TWAZ LIZHRT 5. ARKiTIE MC-Formula 735 2
IZDWTHITT 5.

2. EEORS WV

ZlENd, BUF & B LB R AT L 72,
(1) LAMKXOEZEIZEWTE 3G TARENETT 5
(2) &4 E0EZE, L/T BB AFRX» ke LA L
0
(3)FCV ¥ 27 LI3ZHE L 50

(4)KEZF—2 3 vDON— Yz 7I3RHEEL K.
VI by 7 AR, TRNEBREO S /57— 3 ¥
7y T 5.

L/T £ FRE, WICEORIEETH 5. HIEFL,
TU Y — VKIS BB 35D ER-33C DA TRGE
LT3, FEEETEAZE FRE P> Twa (Fig. 3).
BRIZIHEIE A -33C K DKL T8, FHHMRBIZFEICIZ& 5.

L2LARKIZT L7 — L AKRBIREMET L, 8~
SHNOWRENRTH 55, KOES ABHFT LI ENTED
(Fig. 4).

Precooling temperature [°C]

0 60 120 180 240 300
Refueling time [s]

Fig. 3 Example of precooling temperature

30

S
,/770/&

1

15

25

LT

10 T T T T ‘ ‘ ‘
40 -39 -38 -37 -36 -35 -34 -33 -32
Precooling temperature [°C]

Pressure ramp rate [MPa/min]

Fig. 4 Effect of precooling temperature



Honda R&D Technical Review

Vol.27 No.2 (October 2015)

EBEOT L 7 = VAKRREIZB U C, FEEEY T4
A LIZWD B T ENTEIUL, TV o — LAKRIRE AR L
TORMEFSTEHLEHEAT.

3. V2T LDIEEE

HE 7 FCIE, FHIL TV — L ARERE»S ) T
B A LCHIEREEFR T 2 FEEEK L 7.

31. T 7 - KRR EDHBFHNIE
Fig. 1/ 7V o — L KFRE £ v Wil (T,0) # 3 &1
FHEFEZRD . A (1) TIVEERE Y Y YOl m 2 v
T, T = LRI A BT L 7. 22T il
s A L2579 TThB.
> Lo = ma-1) x 0.5(Trco + Tru-1)]

MATCo = - (1)
Zl (ma) — ma-)

3.2. FIERE/NT A —2DEA

TVL o= VKFEREDT 4 — 3y 2 HIEEND 728,
FEHAIER 1, & 7¥5 A — &2 L 7= (Fig. 5).

i, BEOYIBIES (P,,, 0.5 £7-135 MPa) 257
WA MGD T, BEDK TIES] (83.5 MPa) TR T35 £ T
ORI TH 5. 72& ZIXHEM L ¥V 7 DIKIED Py
5AMEE MWD BE, P, 6 A4 — b L7z REO @5
SIRE D & ALY, HMDRE Py P, KD ENE,
80 O NORBEPIRD. Lo T FBREENLZ NP, D
F=ARFEZE TSR0,

P, & OB L 72010%, FEHIN A& S A EE T %
72D THB. P 5 MPa LLT & 25D, # AKIEH]
DGy —2Th b, 20Ok LML A CREE DY

P final

P current
Pinitiar /

P min Sal

tfinal
tinitial Tourrent

t=0
tinar - time required to refuel from Ppi, t0 Prinar
tourrent - time measured since refueling began
tinitiar - iMaginal time before refueling began
Prinar : maximum allowed dispenser pressure
Pourrent - current dispenser pressure
Piitiar - initial pressure when refueling began
Prmin : minimum allowed starting pressure

Fig. 5 Pressure ramp rate control methodology
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