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Abstract: To investigate heat transfer limitations in metal hydride hydrogen storage systems,
numerical simulations were conducted on leaf-vein-inspired fin configurations and their
operating parameters. Three fin structures with graded fractal complexity (Type I, II, and III)
were designed with identical fin volumes. The effects of fin geometry, inlet hydrogen pressure,
heat transfer fluid velocity, and heat transfer fluid temperature on the absorption process were
systematically analyzed. The results indicate that the Type III fin improves temperature
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uniformity within the reaction bed by increasing the effective heat transfer area and enhancing
radial thermal diffusion, thereby establishing a stable radial temperature gradient. Under
identical operating conditions, the Type III fin reduced the hydrogen absorption time to 670 s,
which is 38.5% shorter than that of the Type I fin. This confirms that topological fin
optimization synergistically enhances both heat transfer and reaction kinetics. Parameter
analysis reveals the following trends: hydrogen absorption accelerates with increasing inlet
pressure up to 1.0 MPa, beyond which further pressure increases yield diminishing returns;
heat transfer fluid velocities above 1 m/s provide limited additional benefit, as heat transfer
becomes dominated by internal conduction within the metal hydride bed; although lower heat
transfer fluid temperatures enhance the thermal driving force, performance gains diminish
below 296.15 K. Therefore, near-ambient temperature operation is recommended to balance
absorption efficiency and cooling energy consumption. In summary, a multibranch leaf-vein-
inspired fin structure combined with appropriately selected operating parameters can
effectively improve heat management and hydrogen absorption performance in metal hydride
reactors, providing a practical basis for the design and operation of efficient hydrogen storage
systems.

Keywords: metal hydride hydrogen storage; leaf-vein structure; enhance heat transfer;

hydrogen storage operating parameters

Wt 3 BE PR E5 A T XU L R BRI e 5 mT A g

FEXHAE R BE I SE M AN K o (EANAE F P33 oo 1

P A R POE A, AR RRIRVH AN RE 1A 2 A9
PR ] e 4 i R 5 O, AR L R A
R AL BON— PR E B RRIR A, HAEFHOA
R R POZ A B SR . AR T RS RS E R
4 JB S ALYt S (metal hydride hydrogen storage,
MHHS) PR H A8 e P47 45 52 kS, & @ &S i M
& mEANYHEEYS R ERBEARN O
%0, — i 4B A Y (metal hydride, MH) & W
PR JZ FIURH N () P PR R GE L R, B TAEIE J
T, AR % BE RO L S I AR LS . 1
A 55 K KPR, il gk AN R T W S B g
175 ARIRFAAR T HE R BT, Fik, BT
CH NN 1F2H, RA &SI EE AR
TSN 54T 9 SR AL i R e, e A BviE B
HEEGTHSE, LGS 1R, XF
BEE AR A HE S (1,

{5 3 A8 s B s N IR EE S 21 o0 A, AT
ROR AR ANERE™, CAMFREN, BAHEA H
RN 2 (P30 BB R A RO e b R AL, M
MR EAE AR, Krishna 2095 \ 7 2 F i 5] T
FEHAR B H AL MHHS . #E—2B4ERT, &3
WM ORI AE BCE IR A HEVE R, ORS00 42 [

IIMHHS J 28 s, Tk, Ma 28008 F
5 R B A HE ML S, TR R AR 1 [F]
IR T MHHS OB 28 1)l . Ak, Gao %5E
N N B2 AN EA SIS S,
EE R — it E .. X RILFRIRY, 5@
EARANE FEA LG, 88 R HiR 52 e S AT 36 ) Ok
ZH.

TEYI Bk Z S E E R, KBRS
BRI RN e B 250, N i A FE TR R BE A
Be AN BB AL T A 203 i . Bai it 7 —Fpep
OAHERRE M BT %, MR
AR, AR SR 1A k2> 20.7% . Huang
SEPOTKTRS T A8 3 AR A 5 A G TR T AR
MZEAYEREHT TR LR, R I Ao i ik
BRI I & MERE . Krishna 2234 17—
FRC & 17 A R e (8 B MIH R 238 o B LR
B, B AR IE T 1) R N A R I O 57 1A%
PPERE. HHULTTRED, AR08 A MH PR AR B 4y
AR B, e T AR AERE, WA AR
i AR R . Rk, B A B 5 AR ORI
(heat transfer fluid, HTF)# i 2eki4s &, Ren &
PR R N A N ARG BRAh, K2 B SN e



1198 g #e F

2026 #5515 %

BT8R A0 HTE & A 4L 060 A% AR S0 72 1 e
3, A R Fr 45 R S RO e il SR R [ 3h 77
BT 5 2t — P 583

BUATHE TR, 5 A Ik 45 R BEAT RS S B
e A AR IAPERETF BRI R, (B2 JRER T3
SE IR AP e S0 IR B R 2% L A R B0, SR T 3K
ZE RN B 3 5 IR B 3 B B A A i Bh
AR R D . BeAh, SRR AR RIIRTHE
AECASEH Fr AR O ARy, X fE— @R E b
PR S S < SRR B, T 1 55 A SRR N
PR R E S F, DHRZRIR T4
PR S ML A B, W RBRIRIE S B (s ). %
IR S TR ) R IR A L . NI,
BT Mk TERFAE, Bt IR EEEL T 3 AR
R TR DA [R) A2 2% 58 )38 &6 g (TR e At R . 178 —
Pooy AL MR 289y ), B B 7 H O R
e PR 70 A P IR 5 Ry B AR SR K R AR R . T
ARG TS HTF s 5 B S5 S 5O 5,
7R 2 5 58 P S5 P R O B0 il S e AR A B
e DUy s e MHHS SR e i it S fit
BARHAR .

1 &R A% AR

1.1 REIRT

W05 A i B 3 MH S g, AR
Rigs e ivae 77 HEMTIIR L RST B B . 1%
SRR RAR, LaNi &8 &M RKIE A
B, N4 R,=25 mm. 7 z=60 mm, Rk
Zr=5 mm P AE . RNSTETAESANE, A
&5 5 0.8 MPa; KA HTF A0, WBEH
293.15 K, HTFfi#E® N1 m/s.

A, A, A A vk S5 Wl 2 s 1
RT3, RNIERNEEN; ROy oy S0 455 1
RUNST Aoy LA . BT A 38 PR R34 1.2012%
10° m%,

ANF R W HAR R ST R A s . Hd, HAN
WHEKKE, H. H,5H B R SCKKE, w,
w, 5w, N EE, ASBEIRMAE.

1.2 =HIETE

MHHS 2SS EE—E K0 T 58 RN A

B MH, - AT S0 08 D [ 7 S fi A7 L R I T 72

E1 MH X854
Fig. 1 Structure of the metal hydride reactor

H, H;|
w;y W B H,
wy H1

jeit) 7 jligitl

E2 18, 18, NEAREREESNSH
Fig. 2 Shape and control parameters of type I, II,
and III fins

|=
T

= >

#z1 BRILAESH
Table 1 Parameters of the fins

H  w  HI H H wl w
mm mm mm mm mm mm mm

1 2002 1 — - — — — — —
mo1001 1 1186 — — 042 — 135 —
m 1001 1 5 757 531 042 022 — 150

()& EE 7SS SEE AR E R
) A AR A

M(s) + 5H.(9) HMHX(S) (1)

Arf, MACRMEE S S MH ARA R MH,
AAE AT ERERITET (P T), &
RSN SHEAAAEMH R, B E (AH>
0). fEP,w T, 20T, A THEEENTE, N
MH SRR, TR (AH<O). il S 4 Ja x Z0 IR I
AR TS W IE IR o PEAN M6 26 AF HIE A 110
FIEOLT , BEE I TR HERS , R AOARE A B 3 24
P, RGERFFRERS . N TS MH R AR
D7 FAERY, $ BB A RO R BRAR AR
MH F BB 57 % ) ) 12 HLALBR 50 22 ons



¥4

ARTMNGAE Pk 017 A3 R e R i S B L A A S AP e A BRI A2 A

1199

PANIER ST e MH PRI AR BUIZIK AN 25 2 1)
FAERCT T SNLae i AR IVE S B AR 2.
*2 RENHFHAERLYESH™

Table 2 Parameters of the model®

ZH Gt il
WL B 375 4 E_J(J/mol) 21179.6
W i o 4 4 c/ls’ 59.187
EEVIIRHRE Pomy/(KG/IM?) 7164
A WA AN p,./(kg/m?) 7259
BB KI(m?) 10°
FLEGR A £ 0.5
i) AH/(J/mol) 30800
GLES AS/(J/kg) 108
SR A c,,/[(kgK)] 14890
G e g ¢, /[V/(kg-K)] 419
AR AR R /[J/(molK)] 8.314
AR R R M,/[J/(mol-K)] 2.0159x10™
GaEhER k JIWI(m-K)] 2.4
ARG E k/IW/(m-K)] 0.1815

MH Js Bz & A Tl R N 3(2) -

9
£%+V-(pgu)=—m 2)

RoF, e AMHIITLIE: p, WA T t
SR T w9 MH R 1 20 3k m a2 [
SRR BT AU

SUTHAL BRI, W p, BT R (3)-

M_ P,
Py = B ()

Ref, M, AR R P, AR A
R, NBARA RS T, WA,

TEL AU MH F P, 2O i 7
Hik, WREA).

u=--2np ()

Ko, KRIBBR: p, B DB
VA=
MH [ SLPRA 5 B <7487 89 20(5)
(1-8)Le=m (5)
Rl p e B ARIHE: mal@id ()
s

AP A JE

m= Caexp( - R"’T)ln(,iD )(psa‘Ps) (6)

LA, C, W E G E, N TG IGRE
THAMH N IRIZEE s 0o NGRS SR
P PSR, H12(7 )R
_AH AS
InP,, = RT R @)

A, AHONIEARME: ASRAZE
AR A 2 TR AEAE TP, e T 5 R
{84 th-

(PO, )y + (P, ), (U9T) = ¥ - (k9 T) + m T (@)

9

A, o, 5 kA BRI SR, %
(00, ) 5 R PR kg H13R(9). F(10) 5L

(Pe, ) = (1) (pc,) + £(pc,), (©)

ke =(1 - &)k, + €k, (10)

Ko, (pe,) ok IHBIA G £ e H A 5

G, (oc,)y k,AHAELHEEHG R,
MH i 20 R G5 0 i AU LU Ao, it

FOTERA(1). Hih, o, RICAN &85,

= (s~ Pery)

emp

w x 100% (11)

1.3 1=BYIOE

NS UE AT LR S AR AT SR, ok
T —A 5 Jemni PR 7T 8L 6 26— B4
BRI A% 25 mm. =560 mm IEIFEE
RNiE, WA FE SR E S S, R
SEAH R R0 5 1 5t 260 N &UJE N 0.8 MPa,
AN T AR IR KV 2 1A 293.15 K, il id X He i B
5 S ag P B B AT IRAIE . [ 3(a) AR T IE B
AL E r=15 mm. filin] = z=35 mm Ak, fiEE
TEFE A MH PR 5 FE il TR 3 AR (0 26 (5 A
5seib B A RAF, RS T AR AR RS R iR
G RIS [ BT FE o AR AR DL 45 SRS 32
IR R, ERFFHARFAEA RS, ik
W) AR 25 1) B 53 2 PRI ZRY (52 4 20 S B3y e g i
17 WA RS ST PR B E o BIF 7T 4 R T 34469,
146698, 229681 % 302252 3t 4 Fift X i Ky & 1t AT 1
PHE. K3(b)4ERER, UMIEE L] 146698
Ja, WESERE R T RE. BTk, AT
A JG BRI R ANV T 146689 1 90 ks $ s ik 47

Rl 7, DL DR TF 5545 SRR 1 kAN 52 A o
S o



. g om e .
1200 o B ¥ 5 O OR 2026 5 15 &
(a) 350 (2)0.014
Present work, 293 K
340+ Present work, 313 K 20.012
Jemni et al, 293 K 8 )
« 3301 Jemnietal, 313K T0.010L E:g h
D c
g S i
2320 £0.008] Fin 111
3 5
8310 2
g £0.006 -
K3 c
300 £0.0041
290 20.002}
280 L L L L L 1 1 1
0 1000 2000 3000 4000 5000 6000 0 500 1000 1500 2000
Time/s Timels
(b) 0.014 — (b)340
% 0012 / Mesh1, 302252
— Mes
® ' 330} R
E 0.010} / —— Mesh2, 229681 N Fin 1
S Mesh3, 146698 X \ E!n }il
£0.008 Mesh4, 34469 € 300l in
2 &
© 0.006 | 3
S € 310
(0]
80.004 - 2
4
T0.002H 300}
0 500 1000 1500 2000 290 . . ,
Timels 0 500 1000 1500 2000
Time/s

E3 RBEEWMIIE (a) SLIXTEL; (b) Mg TKE
Fig. 3 Model validation (a) experimental comparison;
(b) grid independence

2 #X5it#

21 BRI

ENTE /75 0.8 MPa. HTF i & I
1 m/s & 293.15 K 54F T, X1, ALY
ik 75 2 48y e I 2 PN IR S R AT X BRI AL . [ 4
R T 3P A B RE 2 . TS e B 2% 7
670 s PSSl AL, FHELIZ#HF 91090 s, M
4556 T 38.5%. X — G HIARAS R K 7E T4 A4 4
TE S5 M 2 245 P AR B B AR IR A o R SAT] 3
[H LaNig A 4 W U PR Z T FE AR 4 1 [a] A
293.15 KIRTH 2 I&AH . BB IS (R HERS, 1AL F 4%
EHE M2 Ay SE M, (EFIFEAF R IRAL T
KIE AR, R ERE H, (2 TIRE
RIHEAT -

TEE R N 2% N z=0.03 m AR A, 3R F iR 4
AN B TN o N2 H 0 S 3 B S 3 R
THADDIE, X2 AR R T AR SR R A
FSEU%, 76300 sif, TR F P25 30 W B AR T
NASFITAYSH o X2 BT RO R oy 2 %

El4 AREREKEMTREF[HOREE (a). FIERE (b)
Fig. 4 Reactor performance with different fin
structures hydrogen absorption rate (a), average
temperature (b)

PERMEIARR, 75 B 5 K (1 I B) 75 e 2R3 e 2 (1]
fEip#viE . Wi, AR A I MH PR 1%
B HTF & 03 B TAAE MH RAR 6 3 B2 . 3
A, TR o i B2 40 B JE] OR300 [X 3 )
MH PRI A IR B . FIFE, SIIAG# A AL, 1O
T P 1K 2 HO MR X S ATS AR A S s iR R . 1K
o 22 5 EHIE 7 30 e R AR 5 #u S BH 0 1) JROA %
PE, AR U LR T AR S, MH R #% &
BH 75870y, AT 3 MH PR3 B2 43 A1 3 5] . E 500
s I LS IR B 22 Ak sl K . TETRLEH R A0 IX 45k
IS B = IR . TR O Sl 4A 1y 2] B
AR AR S AT, IR P AR AL 1) 22 53 BB I
THEE S R . AN A A A Hod R p e i
L TERPBLES AFIE R T L g 12 .

16 (1 W SR o A itk — P I AIE T %4518,
N L 5 AT R E H, BT HTF A3 X ek
PR PR AR, R P 0 vy T A X3k R 1) 2 T
B0 MR X3, RIHL G A Se 5, IR 4ids
H i AR E K. 75300 s I AR 40 A I



¥4

ARTMNGAE Pk 017 A3 R e R i S B L A A S AP e A BRI A2 A

1201

100's

300s

Temperature/K
340

500 s

290

El5 MHRRFEESMH

Fig. 5 Metal hydride reactor temperature distribution

HZES, VR S L A 8 DX ) Sk P2 B S A
o X —BLG5 10 B X S B fo 41 1 R P 5 DA
K, HRNLEN AR I, S BEAG TR
AR Bk, IR HOE RS E B ) RN R
IEARSGHE, B HGIAER, W Ol R K. T
FLAR T AR R 3 AVRF IR 3 R 1l 1 i P P PR £

S GRRAG, BT, IR R 450, 1EARRFF
o, 4 S A R R A 2 TR 5 R I B 4
PERES
22 T1EB¥fR

NRGIR TS SRR B 72 1, AR
FEET S RACE A Fr ) BLAE,  EF XA R T

Reaction fraction
1

6 MHRRFSIREDHE

Fig. 6 Metal hydride reactor hydrogen concentration distribution



1202 g #e F

B HO it SO FR AT T IR AT

NIRRT 5 i A e s e s L 5
VB 775 N AE SR, FE HTF 6B 5 98 o ) oh
293.15 K21 m/s 2+, *10.6 MPa. 0.8 MPa.
1.0 MPa. 1.2 MPa /1.4 MPa3:5/4 A\ JE /) T
BEAT TR . WE T Fin, MANDE N
0.6 MPa L1 0.2 MPa [# [ & T 45 1.4 MPa i}, W&
SR RA LT, R G 58 R T 7 I TR AR A
840s. 670s. 570s. 510s 1450 s. Ak ST+
eIt T RMNIREN F, TR B E R B0, R
WHEZ RN, SRS VPRE R, WMATEH
HTF Z [ i 2, dEim i om 1 1% 45 OB 3 2
Hezh 1. RS, EJJEETHEEINE T N5l ) ek
T2, &S ST FE T IR 77 4R 0 3 A A
254 Mt (R B g w0, N /7 M 0.6 MPa 1
% 0.8 MPa K, fiff & 5€ I 8] 45 %5 170 s, M
0.8 MPa % 1.0 MPa i}, #i%i100s, {H A
JE 71 1.0 MPa 4k 4: 4 % 1.2 MPa & 1.4 MPaff,
B33 0 0.2 MPa B i B 19 i & 4 i B[] 350 % e A
60 s. XK, JYANOENHEL1.0MPa)E, K
T iR IR R A B RN N — MR E B B . 1%
LG FLR T SR B S RS PR EGARE
HZ BTG, KA me, RN EmE, &
F T I e e s I A R S AT . TR S
bR BERE, )T o n A ek U U, %
ARG KM MU R, N DR Rk
JRLAEIE 4 Bl A 4

IR HTF Jidont i S M Re 2L, EN
I % /5 0.8 MPa. HTF i & 4 293.15 K () % 1F
T, #%HEL0.2 m/s. 1.0 m/s. 5.0 m/s 33 F AR
HHHTIRT, DIR/RRIESES Sk ket 2 (a1
MEFHERFR. WE8F~, MiiiE M 0.2 m/s Ft
1.0 m/sh, fig& i aIH 690 s45%670s, ik
PErE IR T AR N A BT 2 (R R AE Y, N
I 5 A R 7 OB, A T4 RE e B X 4 2
FHI 2 A (iR BERR RS, TR SR St T AR 1 4
J1EIKEN J1. BRI, MU s gk ST 2 5.0 mis B,
WA R 670 s, ARILE— D450, RN RV
A5 PR AT TR AR I AR . IX R AR T
NEVUHEILF] 1.0 mis J5, kSRR THRE XS R G
AR SRR S TR A, Xk TR
R B, RGUME I EBEZ e s, =t

5 # A 2026 F5 15 %
(a)0.014
R0.012
3 — 0.6 MPa
©0.010} ——0.8MPa
5 1.0 MPa
50.008- 1.2 MPa
5 1.4 MPa
20.006-
()]
$0.004}
[))
o
50.002
>
T
0 500 1000 1500 2000
Time/s
(b) 350
340}
—— 0.6 MPa
—— 0.8 MPa
x 330 1.0 MPa
= 1.2 MPa
§320 \ 1.4 MPa
g
£310
'_
300
290 1 1 1
0 500 1000 1500 2000
Time/s

E7 FAREAOEATHREE (a). FIRE (b)
Fig. 7 Different inlet pressures hydrogen absorption
rate (a), average temperature (b)

] AR A TGO =R, RGiRR
Jir 52 PR 1) 128 T EH PV A% R SR 2 A 3 ) A
AR BRI, FREE MUSORA O [ B T A% 366 1) 5 52
MEL SRR RERR f1], A EETR S /MR IR C TG
B B R AL i
NTERFCHTE B g A MR 5, 8RR
[ESH G LIRS ) 2 N AE R . FEANT R T)
740.8 MPa. HTF Jii& 7y 1.0 m/s 5611 T, G
290.15 K. 293.15 K. 296.15 K. 299.15 K.
302.15 K3t 5 Ml FE #4745t . W 9 fios, 4
HTF i% /5% M 302.15 K L 3 K (1] [A] g % & 290.15 K
W, il & 58 B[R] A R4 5, 4 i 4 820 s,
750 s. 700 s. 670 s f1640 s. WA FK i HTF &
FE B AR T AR S, X% RN BRI HTF SRR 3K
THE RN B2, Wi 143K
1, BRT RN L, T RE RN
A7, HHTFRE M 296.15 K %% 293.15 K
K M 293.15 K [4 % 290.15 KItF, il SIS 8] 13 45
30s. XULBHTEIL THL T, H— PR RHTF & &
TImT TR S 2R, (HIETHIRE i e . 5 5E
FIH HTF 55 B 28 B /K P 75 BRI 178 H R



ARTMNGAE Pk 017 A3 R e R i S B L A A S AP e A BRI A2 A

1203
(2)0.014 (2)0.014
8 ES i
L0.012} 0.2 mis £0.012 290.15 K
© 1.0 m/s © | ——293.15 K
£ 0010 5.0 m/s 80-010 296.15 K
5 S | 299.15 K
£0.008| g0.008 302.15 K
7] @ L
£0.006}- £0.006
c s L
$0.004| §0-004
20.002} 20002
I
0 500 1000 1500 2000 0 500 1000 1500 2000
Timels Time/s
5340 (b)340
290.15 K
azo 0.2 m/s 330} ——293.15 K
;8 m;s « 296.15 K
« 0 mis ¥ 299.15 K
= [9) L
8320 g320 302.15 K
8 %
8310} £ 3107
qE) )
kG [
300l 300}
290 500 1000 1500 2000 2% 500 1000 1500 2000
Time/s Time/s

8 A REIHTFERE THREE (a). FIEE (b)
Fig. 8 Different HTF flow velocities hydrogen
absorption rate (a), average temperature (b)

MAGERERUA I R, A THUN [ HTF i Hak %
P =R MR L o X P AR ORUERT fil R A [
B G AN L BV A fE

gi Eprik, AwrTeEE B R, BT
FS 77 HTF ik 5 i B 25 %88 2 Hont il A PR RE Y
BRSO S N A% Ok i 2 A B e 1t
THRIE. FEIRHIE, KhMEE RS % 24U
FFAEE R EAR M, A RS 7 A
LSRRG IR B I, AEROR AR,
eI TARBE TR K, DI S
Rt se, did RemoriE, SRR N
FERH SEIBAT SR A N R At T, AT HESh
MHHS BA [ 5 i P g -5 B 5 TREIE HI A J

3 & %

(1) TIRLS 36 3 8 OK bE 3R T AR 25 4 T A 2
REJ), FEAHIF LA E 670 s 58 R A N, A7 3
F BN E) 46 95 38.5%, I S Fb R A ¥ 3 n s
ARG MH B R3S R AR TR

(2) BA 2 %oy SR AR RO AL Ay it i 1 g2

&9 AEHTFEETHRER (a). FITEE (b)
Fig. 9 Different HTF flow temperatures hydrogen
absorption rate (a), average temperature (b)

A BRRE ST, S NI R P o AT SN 2], T2
JRAERE AR R BE AL, D SR Mg (it Rk 482 A 4
IR T

(3) WA RFEN LS Th e, HAEk
Jrd 1.0 MPa JE e JHE AT TR 5E ;. HTF itk K
T 1.0 mis)a, KEEHE R A I S0E 2 1 s 2k
RIBELAN ;7L M s B BE -5 R St REAE 1 A $2
N, HTF R ik F O i .

R

[1] EHE, £, ¥#35, 5. ARG REER BN HI SRR ). iEaeRE

5 B R, 2016, 5(2): 197-203. DOI: 10.3969/). issn. 2095-
4239.2016.02.011.
HUO X X, WANG J, JIANG L, et al. Review on key technologies
and applications of hydrogen energy storage system[J]. Energy
Storage Science and Technology, 2016, 5(2): 197-203. DOI:
10.3969/j.issn.2095-4239.2016.02.011.

[21 KLOPCIC N, GRIMMER I, WINKLER F, et al. A review on metal
hydride materials for hydrogen storage[J]. Journal of Energy
Storage, 2023, 72: 108456. DOI:10.1016/j.est.2023.108456.

[3] FH, x5, BKH. KR G R AP il SRR 3% 1 e AN i
A FEEET ] fEReRH 5 EOR, 2025, 14(10): 3955-3967.
YUAN S Z, LIU Y H, ZHAO C Y. Designing a titanium-based



1204 & fE

Bo% 5 R

2026 #5515 %

hydride hydrogen storage reactor and numerical simulation of the
hydrogen absorption and desorption process[J]. Energy Storage
Science and Technology, 2025, 14(10): 3955-3967.

[4] ABR, BRI, BRfkik, 55 . i SR AR FEIUIR KR B ). fffe il

5 $ K, 2018, 7(4): 586-594. DOI: 10.12028]j. issn. 2095-4239.
2018.0062.
LILL, FAN S S, CHEN Q X, et al. Hydrogen storage technology:
Current status and prospects[J]. Energy Storage Science and
Technology, 2018, 7(4): 586-594. DOI: 10.12028/j. issn. 2095-
4239.2018.0062.

[5] Zak, AL, ZhEE, & & B A ST AR R ). fReR e 5

AR, 2021, 10(5): 1835-1844. DOI: 10.19799/j. cnki. 2095-4239.
2021.0309.
LI J, ZHANG L X, LI RYY, et al. High-pressure gaseous hydrogen
storage vessels: Current status and prospects[J]. Energy Storage
Science and Technology, 2021, 10(5): 1835-1844. DOI:10.19799/
j.cnki.2095-4239.2021.0309.

[6] Misg, Fr, BRFRE, & &AW S B ST F s ). b
TR T B AR, 2023, 31(4): 12-21.

YING Q, LI J L, DUAN B Y, et al. Recent developments in metal
hydride hydrogen storage and desorption reactor[J]. Journal of
Beijing Institute of Petrochemical Technology, 2023, 31(4): 12-21.

[71 KHAN H B, ZHANG T L. Metal hydride hydrogen storage risk
assessment: A review[J]. Journal of Energy Storage, 2025, 129:
117273. DOI:10.1016/j.est.2025.117273.

[8] T AR, FRiH, BhEEHR, 4% . MgH, I 8t 2 N8 S5 R[], fik

ARl 5HOR, 2022, 11(5): 1543-1550. DOI:10.19799/j.cnki.2095-
4239.2021.0575.
WANG W S, ZHANG X X, YAO Z K, et al. Study on reaction rate
characteristics of hydrogen storage in MgH, reactor[J]. Energy
Storage Science and Technology, 2022, 11(5): 1543-1550. DOI:
10.19799/j.cnki.2095-4239.2021.0575.

[9] KAMRAN M, TURZYNSKI M. Exploring hydrogen energy systems: A
comprehensive review of technologies, applications, prevailing
trends, and associated challenges[J]. Journal of Energy Storage,
2024, 96: 112601. DOI:10.1016/j.est.2024.112601.

[10]CHENG Y, WEI G S, MA J J, et al. Hydrogen absorption and
desorption performance study on metal hydride reactor based on
phase change material[J]. International Journal of Hydrogen
Energy, 2025, 105: 1092-1102. DOI:10.1016/j.ijhydene.2025.01.355.

[11] PAULA R, MEHLA S, BHARGAVA S. Intermetallic compounds for
hydrogen storage: Current status and future perspectives[J].
Small, 2025, 21(14): 2408889. DOI:10.1002/smll.202408889.

[12]ZHAO W L, YANG Y, BAO Z W, et al. Methods for measuring the
effective thermal conductivity of metal hydride beds: A review[J].
International Journal of Hydrogen Energy, 2020, 45(11): 6680-
6700. DOI:10.1016/j.ijhydene.2019.12.185.

[13] MUTHUKUMAR P, SINGHAL A, BANSAL G K. Thermal modeling

and performance analysis of industrial-scale metal hydride based
hydrogen storage container{J]. Intemational Journal of Hydrogen Energy,
2012, 37(19): 14351-14364. DOI:10.1016/.ijhydene.2012.07.010.

[14] KESHARI V, MAIYA M P. Design and investigation of hydriding
alloy based hydrogen storage reactor integrated with a pin fin
tube heat exchanger[J]. International Journal of Hydrogen Energy,
2018, 43(14): 7081-7095. DOI:10.1016/j.ijhydene.2018.02.100.

[15] KRISHNA K V, KANTI P K, MAIYA M P. A novel fin efficiency
concept to optimize solid state hydrogen storage reactor[J].
Energy, 2024, 288: 129789. DOI:10.1016/j.energy.2023.129789.

[16] MA J C, WANG Y Q, SHI S F, et al. Optimization of heat transfer
device and analysis of heat & mass transfer on the finned multi-
tubular metal hydride tank[J]. International Journal of Hydrogen
Energy, 2014, 39(25): 13583-13595. DOI: 10.1016/j. ijhydene.
2014.03.016.

[17]GAO W, QU Z G, GAO Z, et al. Multi-step numerical method for
the hydrogen storage performance optimisation of metal hydride
reactors[J]. Journal of Energy Storage, 2025, 133: 118000. DOI:
10.1016/j.est.2025.118000.

[18] LIU L B, ZHANG J, ZHAO G H, et al. A lightweight bionic design
for a scanner based on the 3D architecture of root system of pine
trees[J]. Structural and Multidisciplinary Optimization, 2020, 62
(1): 175-192. DOI:10.1007/s00158-019-02478-2.

[19]BAI X S, YANG W W, TANG X Y, et al. Optimization of tree-
shaped fin structures towards enhanced absorption performance
of metal hydride hydrogen storage device: A numerical study[J].
Energy, 2021, 220: 119738. DOI:10.1016/j.energy.2020.119738.

[20lHUANG P N, DONG G P, ZHONG X N, et al. Numerical
investigation of the fluid flow and heat transfer characteristics of
tree-shaped microchannel heat sink with variable cross-section[J].
Chemical Engineering and Processing-Process Intensification, 2020,
147: 107769. DOI:10.1016/j.cep.2019.107769.

[211KRISHNA K V, PANDEY V, MAIYA M P. Bio-inspired leaf-vein
type fins for performance enhancement of metal hydride reactors
[J]. International Journal of Hydrogen Energy, 2022, 47(56):
23694-23709. DOI:10.1016/j.ijhydene.2022.05.163.

[22] RAJU M, KUMAR S. Optimization of heat exchanger designs in
metal hydride based hydrogen storage systems[J]. International
Journal of Hydrogen Energy, 2012, 37(3): 2767-2778. DOI:
10.1016/j.ijhydene.2011.06.120.

[23] TONG L, XIAO J S, BENARD P, et al. Thermal management of
metal hydride hydrogen storage reservoir using phase change
materials[J]. International Journal of Hydrogen Energy, 2019, 44
(38): 21055-21066. DOI:10.1016/j.jhydene.2019.03.127.

[24] JEMNI A, BEN NASRALLAH S, LAMLOUMI J. Experimental and
theoretical study of ametal-hydrogen reactor[J]. International
Journal of Hydrogen Energy, 1999, 24(7): 631-644. DOI:10.1016/
S0360-3199(98)00117-7.



