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Modeling and optimization of hydrogen fast filling

process with cascade storage system
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Abstract; Due to the rapid compression and the Joule-Thompson effect of hydrogen during fast filling
process, the internal temperature of the cylinder rises sharply, which may lead to hidden safety hazards. In
this study, a mathematical model of a cascade storage system was developed to analyze the temperature rise
in hydrogen cylinders under different working conditions. Results show that the pressure switching
coefficient of the cascade storage system has a significant effect on the filling time, and the pre-cooling of
hydrogen has a significant impact on the final temperature and the states of charge (Syc) of the cylinder.
Based on these results, a multi-objective optimization algorithm was proposed to optimize the above two
controllable variables, taking filling time, energy consumption and S,c within cylinders as optimizing
objectives. The results show that the optimized method can significantly decrease the energy consumption,
improve Soc and allow acceptable refueling time.
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Fig. 1 Diagram of the cascade hydrogen refueling station

B TR T A U 4 RO Sl e R A R A R AT S SO L 2 O N TR s B B i U
o5 1K ZR GE U045 3 v A UL AL B e U0 4 30 e TR A U 2L 5 AR 0 S PR AR AR AR R E B0 R e TR



40 TR K FFHK % 45 &

ASINVE S PR R R T AR 0 TR )3k 3 H AR IR )1 (35 MPa) 8 PN BE IR 55 T 358 K ), 458 1k &<
. ESE R SRS (Soe) & X FERELE R I &SR &5 288 K/35 MPa & UIRAE FE R A
JF BE il A7 A F (D R

m.

Soc=—">» QD)
Og

K om Ve, 20 SRR N 56 MUR ZOR A AR 20 UB i S UM R K 288 K/35 MPa T I AU L.
1.2 SRmFEHESR

ARATA R T v R SR N Sk R DR i R b A et T B — 2 B 0 5 R 4 5 0 Sk
BV . T80 — B 0 &SRB, DU 52 55 28 2 B AR O Ak ik 72 78 2% RO 780 o 1y
P B[] AR 40 Ak BB i

D b f v i &k A A AR g b SRR R T E E

2) Z W 5 T N AR AR R RO TR R

3D M s S P SR IR SRy SO R 1 e e T

<

c

1.2.1 Sk AEFAE

AR (<10 MPa) — A Ay 2 B AR 55 AR AR 5 BOR Al ik . M SRR B i Sk
{10 R G 4t 9 B AL A MOIR 25 O B S B T BRI S O AR L AR AR RSO T R R i
35 MPa, il il SOMZE I D HE BT . 7 3 35 S L S0 RIR S L o AR SMAOIR S T BEHEAT 1B
TE B8 TR 40 R i BSOS Oy i 2 I () Y

PV =ZmR,T, (2)

K PV Zom (T 4 SRR E Ty AR B A I A 2055 B L o R B s R, 678 AR AR 4K
1.2.2 A4 rsitirse

HRAE AR 28 3 /L B B S A A 2L 2R (3) ~ (6) R » A K (4) R (6) 43 il R /R SR B o 35

B

SR RS S R A
P./P. > [LT (3)
k41
TR
w=cos(p {2 m) - 5) ) @
A,
PP, < [LT 5
kE+1
o
4w =C (kp, Pu)? S, (%] 7, (6)

K g BFRADRIRERE ;P N EEMEER YA E S PR REKSIETC HINE O R
p MERA R G A EE ;S HIME DALk ARSI, 7T (D3R
k=c,/cys P
K ce, o o0 HIFR QM8 TR JOE R
1.2.3 BRERETEIE
A SN TR A AE R — DRI R GE R, ERESrE TR P B A DR,
P o S JE B L R R A SO O R R R S U A S R S D R R A AR iR () TR .
My = Moy =N » (8)
KA om o P MFRERATHA LD L NFBRRE T O E R R,
R Prbi e NISTH &t N BE SR E M R R R X (O iR, b S8 o Fb 53518 R
10.51 A1 482.43 . A A EH AT ik =X (10) frs .
u=aTl —0, 9



% 10 4 B =5, F 3 Bk AR G Pt e AT A2 09 AR AR AL 11

h=u~+p/ o (10)
P w b p 53R IR B BT AU RS (A T .
B T8 SRR B A BRI RE AR AR /N AN 5 A U Bl RE RS 8 A N A 2 i AR
I EETHE A D R,

2

(EF_Q+mmC;+hJ, (11)
AP LU R E R AN A S A e R Q % A S 7 4 FL 3R BE (BRI 3,V Lk A R
A O &S G E.,

Z RN B R, AR S N Z B A R IR X (12) , AR AN R R R EE A AL AT RO N
F(13), LA AIMAH IR TR SF T IR B, AR I8 00 B WS A | g B0 &, R =X (14) 11580 & A0 BE 1l
SR

Qi =k Suu (T, = Toa) - (12)
QZ :kZ SSUI‘(TWZ\H - Tamb) ’ (13)
em AT :Ql _sz (14

R Q) Q4 BT AU ] L BE 1 B S B 1) 0 IR B IO 5 &, LR, S MR OR AR S U B
TS RE 5 AN BRI DR B S v S o 5 1 2 7% SR P BE S A1 BE 14T A3 S T A5 T s Tt s T o 53 1
F R AT O RE S SN LIRS TR 5 ¢ R SOMURE 0 L BAES L A T 3658 S0 BE IR B 51k
MG AT 225 — e A (8 ~ (1 2) i E R AR NI AN BRI R =L (15),
U. =mu JrquhsmdLJrJQld[, (15)
ENCIINE Y T W (DL R UA i e A
2 mMESENSEEL
ARG T S35 2240 P (pressure switching coefficients) B 5 SCHIPL 3 0 i 5 F2 BY T8 G #E BN &
HIFOR . BEEE S T 2 BARE AL, 4 TSR Rk
21 EAUVIMEREH
A S AR ARG I R R 3 bl UM AL P A8 S AN ot A b L 2 2 0 SO P R 3 3 T 1 B 40 R
S CP ) B T 7 15 RIS 2 1 20 T80 795 D0 30 0 2 5 1 RT3 K T R T 49 006 28 460 e Y I 5 R 0 B0 4 o5
B 266 T B A L 2 S SOR [ A0) 1 4% 1R T 0 o ek PR T A B B i 3 AS B S o R U0 B A
50 Sy T AR R T S R A5 A0 0 5 S et T4 3 4 A P g B0 T LA I i TR . H I R (P )
58 R YRR SE (P o) 5 4 BT SOR LR 1K T (P o) B HAE A0 K (16) JIT 775 » P oc 2 e 52 13 BF i) £ 7 32
L OO B NS VI IRER B R (o F) RIACEC 3 O
Py =P.i/ Paoo (16)
2.2 TAEX
Sy T SN PR 1 B 2 TR A T 2 T TR Y A SR A USRI X A S AT
T L MR o B A V8 R T SR e B 0 i e S AR U 2 (17) (18) IR
Qc=AMNhm, 17
Ah =h 4o — R cooling » (18)
R Qe MR EI T R s AR R R BT AR IS A 2%
Hr 3k (19) AR A58 VLA BT 5 1 REAE (. P €, R IR R A& I HERE R 5K
W=Qc/Cy, (19)
2.3 ZEARM®MLER
R RSB e — VIR S E T B P oo R TR 0K 0 52 B 10 12 0 BB RE S Jal B S A
B RLA HI TR ISR Soc AL B BR . L P o RFTA IR B AL BB o 85 T 2 B AR IR A B, o8
2ERIRIN R (20) QD R .



42 TR K F FIR %45 %

min[W(x),t(x)s — Soc(x) ], (20)
s.t. x € X, 2D
KP W) e (o) 23 5 32 7m Bve BEFE Je S U EE R ]
W 5] RO Ak 2 85y B IO s ELAE 3R LB/ S A B 4 e a0 A /0 3 B AR 2 R 48 R R vk
1300, S3M R X 24 B bn & A B ACE FEAT U0 15 B B 45 3 T 00, POt e Rt b 2 A B bR i
FPR AT 2 B AR /Y — 8 0T LU AL R B H AR AL =X (22) ~ (23) I .

min W(x), (22)
t(x) <ep»

s.t. <Soc(x) =€, (23)
x € X,

P B RERE W () AL BAR ¢ (o) TS o (o) 43 590 7R S e i 1] 29 R AU A S S AR 20, i
A2 5 he, =180 s3Soc IR ARME B B Je, =85% 5 X B AL B H P oo MV IR A4 BRU(E Y BT, AR 4f A6
U325 R K 9k s A 2R B 1 SR S R SN T BT P s RO Y R 152 42 0.55~0.95, A &SR
Al RBP4 2 —40 °C,

SR FH e 48 2% B30 0 x o H AR AR AR RS B A7 SR i H B R AN 2 B . M EBRA R G5 AL E T,
HRARGE W LLME R Y I AORCR S MBI mEadl. B8 X O a4k r A, Flan X (1) =[0.55,
—40 CJ, AR 0 vER A R G A S R G A8 P e MBI IR E , 76 B AW 4G 2 0 T T LTS R 58
(R REFE | I &0 18] A0 2 Y Soc (B A 3 I HE BB AT S o0 5 293 4 VR 19 HE 35 A7 2 B0 L SR 0 % I A Tk
LY HSAE S B0 L LLRERE B AKAY Z B00 0 B 0 it %o AS ) A 00 B 2 1 08 A5 2 3 S0 45 2R TR) T 00 F B e
hEH =50

L DN

Start SR BARLEBIERE, Eh)
i=1 ERASBEEE, Eh)
RACS BT Hrdil

i

X,

l

S E R ERN),
TS (8] () F1S

8S £, & So= 5,7

i=i+1

Wi
Min(W,) AT
XTI BRI,

2 RUEEREEER

Fig. 2 Flow chart of the optimization algorithm



% 10 49 OEE.F 3BRMEA LGk AR E R R A A 43

3 AR

MR N A 328 47 S0 P A SR 48 09 R 1 5 9000 i e (40 MPa) s (30 MPa) ALK (20 MPa) ,
WX G R HUE E J) 35 MPa, 140 L 0y A E AU . AT 58 1 7 ARSI UE , FF0F I8 1 P o FFIL VR IR 3 % 58
AR EZ A L 25 0 T ORI S T 2 B AR AR BT 1 315 45
3.1 EEIIE

AP ARy B, SR 5 S0 B A R AT X G B TR ASE R Y T AR . S8 RO SR U T Sk [20 ] B X
35 MPa, 150 L 1 [l 284 &0 50000 3 5250, 0 45 B R 4300 293 K AL 3 MPa., B 3 45t T I &at 72 v il
Fr=H J1 AR R S g 5 R 5 05 AT R A XS b . T LA 07 B4 L 5 S0 00 B0 09 A8 Ak e — B0, B B BT
—HME A BT T 25/ T 3 KO o ARE Y Bl B 22 R K, B TR B U N AP S AR Z K S 3R
A I A PR A P A R 1 RS e PR A AR BRI B I A P B T AL S R HL 2N TR SO
RE 2 ] (4 B 452, R T 25 IR R A~ 4E A R SRS R BE 1 P s 4, T B B A T S A T O BE R R e T
S5 B PR Ot AT T B B VIR 2 S O B T B A R T T v T R T % L I R O R R R =
S BRI R T 32V T S U A . PR R R L B e e T — Y

80 [ A%
70 ~--3CHk[20]

0 5 10 15 20 25 30 35 40
H J1/MPa

B3 mEdEPXBRBESHESER
XFREENRLE
Fig. 3 Comparison of experimental results and simulation results for

temperature rise vs. pressure increase during filling process
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Fig. 4 The variation of filling time and final temperature with Pc
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Fig. 5 The variation of filling time and final temperature with pre-cooling temperature
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Table 1 Optimized parameters and target under initial condition 2 MPa, 293 K
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