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THE INFLUENCES OF L/D RATIO AND INLET DIAMETER ON THE
TEMPERATURE RISE AND TEMPERATURE DISTRIBUTION WITHIN A
HIGH PRESSURIZED HYDROGEN CYLINDER DURING REFUELING

WANG Guang-xu, ZHOU Jian-qgiu, HU Shu-juan, LI Qian-feng

(College of Mechanical and Power Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: By taking the theoretical study of temperature rise within a hydrogen cylinder during a fast filling
process and the complexity of a fast filling process with real hydrogen into consideration, a high-precision
simulated model of a fast filling process had been build based upon the k-¢ turbulence model of rea gas.
Computational fluid dynamics (CFD) software Fluent 13.0 was applied to simulate the refueling process within a
filament wound composite hydrogen cylinder with aluminum liner. In order to study the effect of the length to
diameter (L/D) radio and the inlet diameter of the cylinder on temperature rise and temperature distribution,
numerical simulations were performed with different L/D radios such as 3.6 and 2.0. And to ascertain the effect of
inlet diameter, cylinders with the inlet diameters of 16mm, 40mm, and 64mm were simulated as well. The results
show that the larger ratio of L/D, the higher temperature rise within the cylinder. Similarly, the temperature rise
within alarger inlet diameter cylinder is higher than that within a smaller inlet diameter cylinder.
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Fig.1 Structure and thermodynamic model of the hydrogen

cylinder
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Fig.3 Maximum and mean temperature during the refueling
with different length to diameter ratio
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I MBI R e AE T AR, A SR L X
SR A B OB TS . 18] 6 ik T AU EE
T2 PR E 23 A1 1 0 o AT AT A HY Ho-Al AT A-
C AL St KR L ZE#E AR /N, 1 C-G A1 G-Air 225+
T (130 P W] AR T I AN A S TR o B0
—HLR I 2R PRI T AR N I A SRR B R

330~
325 -
30+
3]5 -
>\< 310+
& .
= a5l —— HAI R
20 ——AlI-C &R ZE
i ——CG ZH)=
2051 4 —— GAIr 2
m 1 1 1 1 1 1 1 ]
0.0 02 04 06 0.8 . 1.0 12 14 1€
il n) FE S xm
(@ KARLE M 1y Dy =3.6 [UMAET A2 A2 1R A
315
310}
X 305}
=
ui]
300 N
——H,-Al R
! ——AI-CZR)Z
250 4 ——CGA Sz
i —— G-AIr A2
2% 1 1 1 1 1

00 02 04 06 08 1.0
il 1m) BE B /m
(b) KAREE 1y ¢ D=2.0 [ UREE I A A 2L 23 A

K6 AFRHCAR B A OREE I A S 2B A

Fig.6 Temperature distribution on each interface of cylinders
with different L/D retio

AU AL U B AE AR TP TR I R A
e it 52 73 ) I 5 o TR kg 00 R A B AN [A) DA

038 78 7 R PO A AR PR R BIPIR LA (] 11 2
W, T A R AR 20 A 00 SRR T OB T
SRR GL. Si4h, B E 4 FilE 511
X EE VRS AT R, o v Tl P BT (1 DX 3R 1 2 P ] i
WA IR, B, EREAIEMN AR L At
Tt m A0 PR U T AT R g e T PR 4 A A R
FEA R o KA LG/ TS0 P9 1B 17
S AT R ol B (R o SR, AEAH R A E R )
T, KA N, BRG]
59, ORI R AR R )4 T J5—TJ7 1,
KA /NSO 2 FECE R N Ty, T 75 22
B IARBE ) )R R ARAIE 7S 4, XA HE
HEIAISA, 2 BRSO IR T i e 25
WAL, R ORI LA 25 A R 232 3R
Ry alio] SR
22 S#EOERZEMNRENEID
221 HAAAEIA

FE AR R R OL R, R EAR MR
P AR R IR . TR (KN — 7 AR A
FEIBRE, [N 2 RO/ 25 FE i A5 O A AU
(RIEN, MR AP R R . AT
WF S8t SO AN 7] (0 88 ELAR 6 78 A T R
JEF AT, AR SCEBEIL T 7 0 H AR 00 A
16mm(“ il D) 40mm(“ i A)+ 64mm(“Jfll C)3 F
ORI AR AE DL AR BLAR RSE S5O A% KI5y
A FAIE AW, 1.2.1 F1 1.3,
222 5o

HBEA B AR [ 1 AOAE 780 SO A
¢ ey it P55 B 78 IR TR) ) G AR e 18 7 B A
T UKL, A R R D EARA RN RN
o il B B TR D AR N, AR
JEE T v 1) AR AR At A 0 TR EE D H ARSI



232 T T

o

VL. M RIXBLGR  E EG RAE T DUAR [R] ) i
T AR, S EARNMAAOR A iR )i
FEROR, IWIMARTE AR R . Ji— i,
Bl 7RI %0, AEFE AT, RPN AR PR T,
Bt il P S RSB HT TR BB KA A, i
JTURZENe FiF. RO, fER IR B
TSy PR T, B2 e 28 s s E Y 11
B Dy 2P, X B, AU A TR TR AL
N R, ZHURNANET S, o
P BRE PRI AR A K78 R IO R, BT UL
W TR T R B

e K THK

e alls
K7 3O EARAE W AOR N Sos i B 7 S
I IR AR £ 1R it 2
Fig.7 Maximum temperature during the refueling with
different inlet diameter.

3 it

ASCHETE WA R FUSERE, IR
HOg A T EAURPOE AR, DI
5 R0 BB AT 1) 7 ORI 0 il S SO 78 S
5L T e A ), 6 IR T BRI
FET TAERIZ R

(1) ASTRI AR BT R 78 A 3 e 1) <O P i
FE ()Tt v Sl BE Ay AR R sg i A AR K 22 57 . KAR L
h 3.6 I 7SI e X ekl P TG T R, TRk
JR R dee il B X o AR R 2.0 (AU R A
JR i b i A T 5 TR T R R E LT
SRR, WO A AHXT LU S P22 o KR,
AR AR B N T 78 e R PR P

(2) X FANHBEAEAF AR, R
P SO A SR 1 S AR A LA, (i
THE RN B BRI 228 - 241k 3] 35MPa (¢
RTINS, 3 FAN RIS D AR ORI B A 2

g3k 20K BA b H i s T E AR 16mm AR
AR T e, TTRES D ARk 64mm (117
P SRR TR . AR BN 1 ELARER N 1S
TR 78 ST A FH Bk B A2

EEp e

(1] JEhERE, Bigds. F4Egise a0 R - Om M Kk e &It
FRAEIE L. E 175 4%, 2004, 21(9): 32— 36.

Zhou Haicheng, Ruan Haidong. Development of filament
wound composite gas cylinder and its standard condition
[J]. Pressure Vessel , 2004, 21(9): 32— 36. (in Chinese)

[21 =z, R, A0, B, 2288, T ERR
TREKICE 4 %) AOSEMELLEM]. st b
2 Tl iR #E, 2006: 760—836
Huang Boyun, Li Chenggong, Shi Likai, Qiu Guanzhou,
Zuo Tieyong. China materials engineering canon [M].
Beijing: Publishing House of Chemist Industry, 2006:
760—836. (in Chinese)

[3] Mohamed K, Paraschivoiu M. Rea gas simulation of
hydrogen release from a high-pressure chamber [J].
International Journal of Hydrogen Energy, 2005, 30(8):
903—912.

[4] Dicken CJB, MeridaW. Mesasured effects of filling time
and initial mass on the temperature digtribution within a
hydrogen cylinder during refueling [J]. Journd of Power
Sources, 2007, 17(165): 324— 336

[5] Dichen C J B, Merida W. Modding the trandent
temperature distribution within a hydrogen cylinder
during refueling [J]. Numerical Heat Transfer, Part A,
2008, 53(7): 1—24.

[6] Sitra P, Frédéric B, Laurent A, Katia B. Hydrogen
refueling station: filling control protocols devel opment
[J]. World Hydrogen Energy Conference 16th, 2006,
13(16): 1—8.

(71 X%, BEE R, SEhRA P < i R T[]

T E KUK T FE, 2007, 18(3): 369—373.
Liu Hao, Tao Guoliang. Study on air charging process of
quick recharge station for air powered vehicle [J]. China
Mechanical Engineering, 2007, 18(3): 369 — 373. (in
Chinese)

[8] W ZEHEMEEOMPGE R[], P EHRE
WHA, 2009, 301(3): 50—55.

An Gang. Numerical analysis of fast-filling process of
hydrogen storage cylinder for vehicles [J]. Missiles and
Space Vehicles, 2009, 301(3): 50—55. (in Chinese)

[9] Liss W E, Richards M E, Kountz K, Kriha K.
Development and validation testing of hydrogen fast-fill
fueling agorithms [J. World Hydrogen Energy
Conference 15th, 2004, 15(16): 1—5.

[10] Zhao L, LiuY L, Yang J, et a. Numerical smulation of
temperature rise within hydrogen vehicle cylinder [J].
International Journal of Hydrogen Energy, 2010, 35(15):
8092—8100.

(22 CHR[11] —[16] %655 256 171)



256

T &

2|

2
F

(10]

piezomagnetic composites [J]. Philosophical Magazine,
2008, 88(23): 2965—2977.

Huang Y, Li X F, Lee K Y. Interfacial shear horizontal
(SH) waves propagating in a two-phase piezoelectric/
piezomagnetic structure with an imperfect interface [J].
Philosophical Magazine Letters, 2009, 89(2): 95—103.
Huang Y, Li X F. Shear waves guided by the imperfect
interface of two magnetoelectric
Ultrasonics, 2010, 50(8): 750—757.
Du J K, Jin X, Wang J. Love wave propagation in

materials  [J].

layered magneto-electro-elastic structures with initial
stress [J]. Acta Mechanica, 2007, 192(1/2/3/4): 169—
189.

e —, X<, ST WIS A - R
WREHRIH SH AR LRI, TR, 2010,
27(11): 184—190.

Wei Weiyi, Liu Jinxi, Fang Daining. Effect of initial
stress on the propagation characteristics of SH wave in
periodic piezoelectric-piezomagnetic layered structures.
[J]. Engineering Mechanics, 2010, 27(11): 184—190. (in
Chinese)

Liu J X, Wei W Y, Fang D N. Propagation behaviors of
shear horizontal waves in piezoelectric-piezomagnetic
periodically layered structures [J]. Acta Mechanica
Solida Sinica, 2010, 23(1): 77 —84.

BEE, FNR, ZEEN. DRe s AR B ST IR
[3]. VL T2 B 24 4R, 2007, 29(1): 45—50.

Li Zhihui, He Xiaofeng, Li Yungang. Current status of
the research on functionally gradient materials [J].
Journal of Hebei Institute of Technology, 2007, 29(1):
45—50. (in Chinese)

[12]

[16]

INESE, FIRDY, TR, DIRERS LK B AR
WrZd il AT [J]. 12544k, 2005, 37(1): 9—14.

Sun Jianliang, Zhou Zhengong, Wangbiao. A permeable
crack in functionally graded piezoelectric/piezomagnetic
materials [J]. Acta Mechanica Sinica, 2005, 37(1): 9—
14. (in Chinese)

Du J K, Chen W C, Wang J. Love waves in functionally
graded magneto-electro-elastic material structures [C]/
Beijing: IEEE Ultrasonics Symposium, 2008: 1819 —
1822.

R4, W, WIS, R RE AR SR
o T K TR R ELT]. RBD S b, 2009, 28(4):
98—102.

Xie Genquan, Shen Zhongyuan, Hu Bangnan. Dispersion
of surface wave in a functionally graded -electro-
magneto-elastic layered plate [J]. Journal of Vibration
and Shock, 2009, 28(4): 98 —102. (in Chinese)

BET), TR DI RERR AR T SH ()],
T 4R, 2010, 31(1): 154—158.

Yu Jiangong, Su Shan. SH Wave in piezoelectric-
piezomagnetic functionally gradient plates [J]. Acta
Armamentarii, 2010, 31(1): 154—158. (in Chinese)
Singh B M, Rokne J. Propagation of SH waves in layered
functionally gradient piezoelectric-piezomagnetic
structures [J]. Philosophical Magazine, 2013, 93(14):
1969—2013.

Rokhlin S I, Wang Y J. Analysis of boundary-conditions
for elastic wave interaction with an interface between
two solids [J]. Journal of the Acoustical Society of
America, 1991, 89(5): 503 —515.

(B85 232 D)

(11]

[14]

Liu Y L, Zhao Y Z, Zhao L, et al. Experimental studies on
temperature rise within a hydrogen cylinder during
refueling [J]. International Journal of Hydrogen Energy,
2010, 35(7): 2627 —2632.

Ansys Inc. Fluent 13.0 User’s Guide [DB]. 2010: Ansys
13.0.

Liu Y L, Zhao Y Z, Zhao L, et al. Experimental studies
on temperature rise within a hydrogen cylinder during
refueling [J]. International Journal of Hydrogen Energy,
2010, 35(7): 2627 —2632.

Zhao L, Liu Y L, Yang J, et al. Numerical simulation of
temperature rise within hydrogen vehicle cylinder [J].

[15]

[16]

International Journal of Hydrogen Energy, 2010, 35(15):
8092—8100.

FH, NER, ZINR. A Bt B 758 AR -
Fluent [J]. /K& 7120 58 5k RE, 2001, 16(2): 254—258.
Li Yong, Liu Zhiyou, An Yiran. A brief introduction to
Fluent—A general purpose CFD code [J]. Journal of
Hydrodynamics, 2001, 16(2): 254—258. (in Chinese)
Zheng J Y, Ye J J, Yang J, Tang P, Zhao L, Kern M. An
optimized control method for a high utilization ratio and
fast filling speed in hydrogen refueling stations [J].
International Journal of Hydrogen Energy, 2010, 35(7):
3011—3017.



