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ABSTRACT

To reveal heat transfer mechanism of metal
hydride hydrogen storage reactor (MHHSR)
efficiently and accurately. Meyer wavelet finite
element model (MWFEM) is built integrating MWSF
to conventional finite element model, which can
effectively implement heat transfer analysis of
MHHSR. Firstly, heat transfer models of MHHSR is
established, which contains governing equations of
metal hydride bed, governing equations of heat
exchange fluid, and corresponding heat transfer
boundary conditions. Secondly, MWSF is considered
as interpolation function to build MWFEM. Finally,
MgH, reactor is selected as object to conduct heat
transfer analysis, effect of hydrogen supply pressure,
heat exchange fluid temperature, heat exchange fluid
velocity and porosity on heat transfer law of MgH2
reactor are achieved by proposed MWFEM,
conventional finite element model, B-spline wavelet
finite element model, Daubechies wavelet finite
element model and experiment. Heat transfer
mechanism of MgH» reactor is acquired, results offer
significant basis for optimal design of MgH, reactor,
accuracy and efficient of proposed MWFEM are
validated.
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INTRODUCTION

Hydrogen belongs to a new clean energy, which
is in an critical role of future energy system.
Hydrogen energy has big ignite and can be accessed
conveniently. Generally, Hydrogen can be stored as
gas, liquid and solid, which fits various working
environments. Hydrogen can be applied in fuel cell
and nuclear fission fusion. Hence, it is necessary to
enhance hydrogen utilizing quality. Hydrogen storage
is an important problem of using hydrogen energy, it
is significant to conduct hydrogen storage research.
Hydrogen storage generally concludes high pressure
gas storage, low temperature liquid storage, physical
adsorption  storage, organic liquid storage,
coordination compound storage, and metal hydride
storage. High pressure gaseous storage is simple, but
it has shortcomings such as low storage efficiency,
high storage capacity, high cost, worse security, and
multiple energy expend. Low temperature liquid
storage has shortcomings of multiple energy expend
and big fluctuation. Physical adsorption storage is
disturbed by environment significantly. Organic
liquid storage expends excess heat and cost, it is
three phase mixed storage method, which requires
more complicated reactor. Coordination compound
storage is efficient, but it has bad reversible hydrogen
absorption capability, therefore it is difficult to
achieve application. Metal hydride storage has
advantages of big storing density, mild using
environment, perfect cycle performance, so it is a
effective hydrogen storage means. Hydrogen
absorption process of metal hydride is a reversible
reaction with strong thermal effect and mass transfer,
it is important to conduct heat transfer analysis of
MHHSR.

So far, heat transfer analysis of MHHSR has
been concerned by some scholars. Atef et al.(2022)
analyzed heat and mass transfer law of a metal
hydride reactor, and put forward thermal supplier
measurements. Rahul and Sharad (2021) revealed
heat transfer rules of metal hydrogen reactor based on
ANSYS, and effect of nanofluid on heat transfer rate
of reactor is gained. Maxim D. Nashchekin et al.
(2020) analyzed heat transfer enhancing laws of a
metal hydrogen reactor . Tao and Xu (2022) revealed
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heat transfer rules of a MHHSR, and put forward
optimal design means of reactor [4]. Sayantan and
Muthukumar (2023) conducted heat transfer
experiment of MHHSR. According to available
research achievements, heat transfer analysis has
played critical role in enhancing performance of
MHHSR.

Hear transfer process of MHHSR belongs to a
typical nonlinear problem, a proper method should be
chosen to enhance analysis precision and efficiency.
Wavelet finite element method (WFEM) is developed
by combining traditional finite element method and
wavelet transform. Based on multiple resolution
ability of wavelet transform, analysis precision and
efficiency of wavelet finite element model can be
improved without refining mesh. Zuo et al. (2022)
developed a B-spline WFEM that was applied to
analyze thermo-mechanical coupling mechanism of
composite plate. Joglekar (2020) developed a WFEM
that could analyze nonlinear frequency mixing in
Timoshenko beam with breathing crack accurately.
Miguel et al. (2022) deveoped a WFEM that analyzed
electromagnetic device performance efficiently. As
seen from existing achievements, WFEM has
significant superiority in dealing with nonlinear
problem. To further enhance analysis effectiveness,
Meyer wavelet is chosen to establish MWFEM
because it has many merits, such as quick attenuation
velocity, and narrow spectrum. Meyer wavelet has
been applied in many fields. Zulqurnain et al. (2021)
developed a fractional Meyer wavelet neural network
model, which has better performance according to
comparative analysis results. Wu (2019) developed
Meyer wavelet transform with edge angle tracking
capability for image edge procession. So this research
aims to establish MWFEM that is applied to heat
transfer analysis of MHHSR, which can improve
analysis precision and efficiency.

HEAT TRANSFER MODEL OF
MHHSR

Heat transfer between heat exchange fluid and

bed in MHHSR is complex, to simplify
computational model, following hypotheses are
suggested:

Hypothesis 1: Heat properties of metal hydride
and hydrogen are stable.

Hypothesis 2: Local heat balance in metal
hydride reaction bed is effective.

Hypothesis 3: Upper and lower end surfaces of
hydrogen tube and reactor are insulated.

Hypothesis 4: Fluid is incompressible.
Governing equations of metal hydride bed

Mass conservation equation of hydrogen is

formulated by (Shafiee and McCay, 2016)

apH2
ot

+V - (py i) =—M (1)
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where 7 represents porosity, 0,  represents

density of hydrogen, ﬁHz represents velocity of

hydrogen, M represents hydrogen mass absorbed
or released.

Mass conservation equation of metal hydride
bed layer is formulated by

L @)
ot

where 0, represents density of metal hydride.
Energy conservation equation is formulated by
(pC, )

+szc i, VT =V-(AVT)+M AA4H

H,

€

represents effective volumetric heat

P

where (pCp ),

temperature, C
p.H2

capacity, T represents

represents specific heat capacity of hydrogen, /16

represents effective thermal conductivity, AH

represents enthalpy, M n, Tepresents molecular

weight of hydrogen.
Where effective volumetric heat capacity is
calculated by

(pC,). =, C i +(1-7)p,C “4)

Effective thermal conductivity is calculated by

A=y, +(1-1)4, (5)

where /1H2 represents thermal conductivity of

hydrogen, A,, represents thermal conductivity of

metal hydrogen bed layer.
Hydrogen absorption equilibrium pressure is
computed by (Bai et al., 2022)
AH |1

( )
_Z¢ 7hm eR T 303 (6)

where ¢1 represents  hydrogen  absorption

equilibrium pressure polynomial parameter, %,

represents ratio of hydrogen to metal atom, R
represents standard gas constant.
Hydrogen desorption equilibrium pressure is
computed by (Jiang et al., 2023)
AH 11

p Z¢ 7 .e R T 303 (7

Governing equatlon of heat exchange fluid
Continuity equation of heat exchange fluid flow is
formulated by (Malleswararao et al., 2022)

Vii =0 (8)

where U ; represents velocity of heat exchange
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fluid.
Energy conservation equation of heat exchange
fluid is formulated by (Saucedo et al., 2022)

oT, ~
(pC,), - (pC )i, VT, =V-(A,VT,)O)
where (pC » )f is volumetric heat capacity of heat
exchange fluid, 7’ ; Tepresents temperature of heat

exchange fluid, A4 , Tepresents thermal conductivity

of heat exchange fluid.
When Re is less than 2300, heat exchange fluid
flow is described based on Navier-Stokes equation:

pii Vi, =V [y, (Vii, +(Vii,)' )~ VP,) (10)
where p ; Tepresents density of heat exchange fluid,

M, represents temperature viscosity of heat

exchange fluid, Pf represents pressure of heat
exchange fluid.

When Re is larger than 10000, heat exchange
fluid flow is described based on k& —& model :
Py Vi, =V -[(t, + (Vi +(Vii ) 1= VP, (11)
where (i, is turbulence viscosity.

Turbulence  kinetic
formulated by

energy equation is

it Vk =V -[(ut, + EDVE 4 44, [V, (Ve + (V)= p oy

Oy
(12)
where k represents turbulence kinetic energy, O,

represents Prandtl constant, /' is computed by

3 k3/2

w=C (13)
4L,

where C P represents  constant, LT represents

turbulence length.
Turbulent energy dissipation rate equation is
formulated by

2
Py Y 9=V [ty +EDV g1+ Cy T Vit (Vuy + (Vi ) )]=Copy £

w (14)

where C(p1 and C(p2 represent constants, O,

represents Prandtl constant of turbulence energy
dissipation rate.
Boundary condition

End surface of MHHSR insulating wall has no
heat exchange, and boundary conditions are listed as
follows (Aydin et al., 2022; Li et al., 2023)
oT, .
— =0, i=s,w, f (15)
on
subscript “s” represents

where
subscript “w” represents heat

metal hydride,
exchange pipe,
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subscript “f” represents heat exchange fluid.

OP,

H.

2 =0, 16
o (16)
o =0 (17)
on

Hydrogen inlet boundary conditions are as
follows:
Hydrogen absorption stage:

Pszf;, VT-n=0 (18)
Hydrogen desorption stage:
PHz:Pd, VT-n=0 (19)

Boundary conditions of inner wall of MHHSR
are as follows:

or,
ﬂfa_nzhf’i(rf —TW) (20)
oT,
ﬂWa—l;:hf’i(Tw —]}) (21)

where h i fepresents convective heat transfer factor

of heat exchange fluid inside heat exchange pipe.
Boundary conditions of outer wall of heat
exchange pipe are as follows:

oT.
A—==h, (T -T 22
s an f,e( s W) ( )
oT,
ﬂ“w 7 = hf,e(T:v _T;) (23)
oT,
/1Wa—n“:h_f(7; -T,) (24)
where hf’e represents convective heat transfer

coefficient of heat exchange fluid outside heat
exchange pipe.

Inlet boundary conditions of heat exchange
fluid are:

u, =u, =0, u, =u

T, =T, @5

Outlet boundary conditions of heat exchange
fluid are (Lesmana and Aziz, 2023):

in

Pf:0, V-(/ifVTf):O (26)
Outlet boundary condition of MHHSR is
formulated by
oT
A—=h(T,~-T) 27)
" On
T
2, e o1 -1) 29
n

where ha represents convective heat transfer factor

ofair, T, represents environmental temperature.

CONSTRUCTION OF MWFEM



Meyer wavelet scale function (MWSF) is
formulated by (Zhang, 2022)

1 |a)|S2—7r
3
7 ={cosE 521y ZE o) 2229
2 3
0 |a)|24—ﬂ
3
It meets following conditions:
7 (2w) = HoW (o) , H) is 2r

periodic function. Z| v(w+ 2/c7r)|2 =1.

keZ
Where  §(X)
S-shaped function, which is formulated by

- c(x)
§=———"—— (30)
c(x)+c(l—x)
where @(x) represents continuous function on
c(x)=0,
x>0, c(x)>0, c(x) isformulated by
1

represents  fully  smooth

(—0,00), when x<0, and when

C(X): Be x X > 0 (31)
0 x<0
where B#0 , neN" , neN' |,
c(x)e C*(R).

MWSF is combined with conventional FEM to
construct MWFEM through using it as interpolating
function. 2D scale function on tensor product space is
formulated by (Fu et al.,2021)

=4 ®9, (32)
where & represents Kronecker signal, ¢ and ¢,

are formulated by

=[5 (5.7 (&), (O] (33)

=, (D (1), W, (D] (34
where l/7f (7) represents 1D spatial MWSF at m

order and k scale. &

coordination.
Temperature of MHHSR is formulated by

07~ @b =277} (W} ()b, (35

+m=2

and y are local

where be represents Meyer wavelet factor column

: 5b2k +m=2 ] .
Thermal conductive equation of MHHSR is
formulated by

00 0%0
ot ”"(arz r Or

vector, Ee I[EO b,

1
20,59,

p hsr chsr
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where p, = represents density of MHHSR, ¢,

represents specific heat capacity of MHHSR, k]

represents thermal conductivity of MHHSR.

The variation equation of temperature field for
equation (36) based on Galerkin method is derived,
which is formulated by

ﬂk 00, el OQ oH

2 % oy o cth )d-fdy [ﬂk Qy

(37
where Qij represents weight function, which is
calculated by

0,=V,(EW,(1) =9, (38)

Following MEWFEM is obtained through
substituting equations (35) and (38) into equation (37)
(Joglekar, 2021).

Hb+Cbhe = 39)
where H° represents element heat capacity matrix,

C° represents element heat conduction matrix, L’
represents element load column vector.

_J..[phwchvrQ Qydédy (40)

A/Ik

(41)

Hkh 0Q; g oQ; aQ/A

0% o

Element heat capac1ty matrix, element heat
conduction matrix, and element load column vector
in physical space can be obtained through
transforming element balance equation from Meyer
wavelet coefficient space to physical space.

Temperature vector of Meyer wavelet finite
element is represented by

0¢=M°b° (42)
where M* :]\Zf ®M§, in which
M{=[(E).4(E) 45y, )] (43)
M= (1)1 8,7, )T (49)
b =(M°)"6° (45)
Then, superposition of element matrix and
treatment of boundary conditions are carried out, and

total MWFEM with the element node temperature as
unknown variable is obtained, which is formulated by

HO+CO=L (46)

)dfd +jh Q,Q,dl

HEAT TRANSFER MECHANISM
ANALYSIS OF MHHSR

A cylindrical MgH, reactor is as research
subject to conduct heat transfer analysis by MWFEM.
Eight cylindrical thermal conductivity oil layers with
same size are arranged in MgH, reactor, a circular
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thermal conductivity oil layer with same material is
arranged outside MgH, reactor, thermal conductivity
oil is in a flowing status. Main material of MHHSR is
magnesium powder, H, enters from middle of
MHHSR. Diagram of MgH, reactor is as shown in
figure 1.

O wn @

R=3.5mm

Fig.1 Diagram of MgH, reactor.
General chemical reaction equation for
hydrogen desorption stage of MgH, is formulated by
MgH,—Mg+H, (47)
Performance parameters of Mg and H, are listed
in Table 1.
Table 1. Main physical parameters of Mg and H,

Parameter Mg H,
Density/kg.m 1740 0.0838
Molecular weight/kg.mol™! 0.024 0.002
Thermal conductivity/W.m'K"! 155.7 0.127
Specific heat capacity/J.kg'K! 102.5 14283
Saturated metal hydride density/kg.m™ | 1545

Metal hydride particle diameter/ b m 22.6

Hydrogen absorption rate constant/s’ | 2.9x10%

Hydrogen  absorption  activation | 124000
energy/J.mol’!

Standard gas constant/J.K'.mol! 8.314
Reaction enthalpy/J.mol! -75000
Porosity 0.31

To check performance of proposed MWFEM,
experimental results of MHHSR studied by Chaise et
al. (2010) were used to test proposed model. To
decrease error caused by mesh in numerical
simulation, it is necessary to check mesh
independence to cut down impact of mesh on analysis
error. To thoroughly reflect reliability of MWFEM
and scientificity of mesh partition, analysis result in
hydrogen absorption stage at different meshes are
applied to confirm its relative change rate } that is

computed by
Z: ’ ebm _ebn ‘ XIOO%

bm

(43)

where ebm represents numerical simulation result
with mesh m ; ﬁhn represents numerical simulation

result with mesh 7.
Number analysis of MgH, reactor bed
temperature in hydrogen absorption stage under
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Circular thermal conductivity oil

varioust mesh number is implemented, and mesh
independent check curve is acquired that is illustrated
figure 2. As seen from figure 2, when mesh number is
over 59830, relative change rate of MgH> reactor bed
temperature is less than 0.1%, and keeps a unchanged
state, therefore optimal mesh number is taken as
59830 for balancing analysis precision and capability

of computer.
1
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04+
02+

ol ‘ ‘ |

0 05 1 15 2

x10°

Fig.2 Mesh independent inspection curve of MgH,
reactor bed temperature.

In addition, TFEM, B-spline wavelet finite
element model (BSWFEM) and Daubechies wavelet
finite element model (DWFEM) are also applied to
conduct heat transfer analysis of same MHHSR.
Mesh number of different models is listed in Table 2.

Table 2. Mesh number of different models.

Relative change rate of MgH: reactor bed temperature/C

Mesh number

Model Number of elements
TFEM 130495
BSWFEM 66893
DWFEM 62034
Compared results of MgH, reactor bed

temperature in absorption procession where initial
and set-point conditions are 300°C and 0.77MPa are
listed in Table 3. Where TC1 and TC2 are testing
points that are shown in Figure 1. As seen from Table
3, analysis error of TFEM ranges from 5.12% to
5.98%, analysis error of BSWFEM ranges from
2.69% to 3.69%, analysis error of DWFEM ranges
from 2.20% to 3.01%, and analysis error of MWFEM
ranges from 1.36% to 1.69%. Compared results
illustrate that proposed MWFEM has higher precision
than other models on MgH, reactor bed temperature.
Analysis precision of TFEM is lowest among four
models. Analysis precision of BSWFEM and
DWFEM is relatively close, and is between that of
MWFEM and TFEM.

Table 3. Compared results of MgH, reactor bed
temperature in absorption procession.

Tes Ti Tes TFEM BSWFEM DWFEM MWFEM
tin | me | ting
g | /mi | val | Simul | Erro | Simul | Er | Sim | Err | Simu | Err
poi n ue/ ation /% ation | ro | ulati | or/ | latio or/
nt C result/ result | 1/ on % n %
C /C % | resul resul
t/°C t/°C
TC | 10 | 331 | 348.8 | 525 | 3427 | 3. | 339. | 24 | 336. | 1.6
1 4 4 5 4 9 6
1
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20 | 342 | 3622 | 575 | 3532 | 3. | 351. | 2.5 | 347pressure, the better the reaction proceeds, and the
S5 ; 4 6 5bettef the reaction, the more heat will be released,
" . .
30 [ 355 | 3735 | 502 [ 3667 | 3. | 364 | 2.6 | 3eqcyviting in an increase in temperature. Moreover
3 2l 6 ) 3 MWEEM solution is closer to testing value than
1 THEM gnd DWFEM, better precision of MWFEM is
40 | 362 | 3816 | 527 | 3747 | 3. | 372. | 2.6 | 368ldo halldated.
5 3 2 7 6 S ‘
7 % * Testing value
50 | 364 | 3838 | 527 | 3753 | 2. | 373. | 24 | 369. | 1. £ cwo " owien
6 91 6 | 7 9 5% Teew
3 ;:N 630 -
=) e
60 | 368 | 389.6 | 5.81 | 3781 | 2. | 376. | 2.3 | 373. 1. = - '
2 6 7 1 2 € oo o
9 g T
TC | 10 | 329 | 3493 | 598 | 3413 | 3. | 338. [ 27 | 334. | 1. £°° i
2 6 5 6 3 2 (- -
5 g 600
20 | 340 | 360.1 573 | 3524 | 3. | 349. | 2.5 | 345. 1. 2 st
6 4 2 2 5 4 0.4 06 08 1 12 14 1.6
6 Hydrogen absorption pressure/MPa
30 | 336 | 3543 | 523 | 3462 | 2. | 344 | 22 | 341518 13 Maximum temperature of MgH> reactor bed
7 8 1 0 6 6 | with  different hydrogen absorption
2 pressure.
40 1 3311 3504 | 570 | 3432 1 3. | 340. | 27| 336. | L4 fhximum temperature of MgH, reactor bed is
5 5 5 1 2 % . . .
3 calculat¢d with various hydrogen heat exchange fluid
50 | 325 | 344.6 | 5.90 | 3374 | 3. | 335. | 3.0 | 33cfempeyafures based on different models, and analysis
4 6 2 1 5regulfs pre illustrated in Figure 4. As seen from
o319 Tosa T8 13313 39 5 T35 324Fi ure 4 when heat exchange fluid temperature rises
8 : ‘ el 3G p frq n{(')§93K to 333k, maximum temperature of MgH>
0 reactor ped increases from 590K to 630K. Strong

Computation time of different models is listed
in Table 4. As seen from Table 4, computation time
of WMFEM is less than that of other models,
therefore proposed WMFEM has higher computation
efficiency than other models.

Table 4. Computation time of different models

Model Computation time/s

TC1 TC2
TFEM 178.43 183.2
BSWFEM 88.62 89.06
DWFEM 86.53 87.94
WMFEM 46.78 47.32

Hydrogen supply pressure, heat exchange fluid
temperature and heat exchange fluid velocity are
main parameters of MgH2 reactor. Temperature of
MgH?2 reactor bed with different different operation
parameters is obtained based on different models
respectively.

Maximum temperature of MgH, reactor bed is
calculated with different hydrogen absorption
pressures based on different models, and analysis
results are illustrated in Figure 3. As seen from
Figure 3, maximum temperature of MgH?2 reactor bed
is proportional to hydrogen absorption pressure,
when the pressure increases from 0.4MPa to 1.6MPa,
MgH2 reactor bed maximum temperature increases
from 591 K to 631 K, and average basic temperature
of MgH2 reactor bed body increases by 40 K. The
reason for this phenomena is that the higher the

exothermic effect exists in hydrogen absorption
process, when heat exchange fluid temperature is low,
it can quickly exchange heat with MgH, reactor
inside. Furthermore, MWFEM also acquires higher
precision than other model.

650 - T T T T T T

X
s} = Testing value|
L ——MWFEM
5 6407 ~°-DWFEM
e - -TFEM
o s o
N 630 - : —
s ) P -
g . o //f/
o 6201 7 e
2 L
[9]
S 610 o S
£ e
E o
£ 600 /
x 7
& o
=
590 !

270 280 290 300 310 320 330 340
Heat exchange fluid temperature/K

Fig. 4. Maximum temperature of MgH2 reactor bed
with  different heat exchange fluid
temperature.

Heat exchange fluid velocity can affect
turbulence characteristics of fluid, and affect heat
transfer process of MgH, reactor bed. Maximum
temperature of MgH, reactor bed with different heat
exchange fluid velocity is obtained based on different
models, which is shown in Figure 5. As seen from
Figure 5, maximum temperature of MgH, reactor bed
increases with increase of heat exchange fluid
velocity. When heat exchange fluid velocity is less
than 1m/s, increasing rate of maximum temperature
of MgH, reactor bed is big. When heat exchange
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fluid velocity is larger than 1m/s, increasing rate of
maximum temperature of MgH> reactor bed is low.
The main reason is that when heat exchange fluid
velocity is larger than 1m/s, heat exchange fluid is in
a completely turbulent status, and at this time, heat
exchange fluid can quickly remove the reaction zone
from the reactor. If heat exchange fluid velocity
increases continuously, although it can enhance
turbulence degree of heat exchange fluid, heat
exchange fluid velocity control steps of heat transfer
performance at this time are heat transfer rate near
the heat exchange tube and rate at which heat is
transferred to heat exchange fluid through wall of
heat exchange tube, at this time, exchange fluid
velocity has little effect on overall heat transfer
performance of MgH> reactor.
635 T T

630

625 g}

/,’;//"// . = Testing value:
L e —+ MWFEM
. y ° DWFEM
6151 v = TFEM

610 v

605 /°

@
[S]
=]

600~ //

595,/

Maximum temperature of MgH2 reactor bed/K
AN

590 - L L L L I J
0.4 0.6 0.8 1 12 14 16 1.8

Heat exchange fluid velocity/m.s'1

Fig. 5. Maximum temperature of MgH, reactor bed
with different heat exchange fluid velocity.

Porosity is an important parameter for MgH,
reactor, effect of porosity on heat transfer
performance of MgH, reactor is analyzed based on
different models, and analysis results are shown in

Figure 6.
600

s = Testing value
—+—MWFEM
5900, . -°-DWFEM
\\{\ . =-TFEM

X
3
@
o)
S
3
3 \s
Nggol o
T BN
S 5701 \
@ AN Tu
2 560 - \-\\\, -
£ o
g S
o
E 550+ L
£ .
x
@
S 5400 , \ \ , |
01 015 02 025 03 035 04 045 05

Porosity

Fig. 6. Maximum temperature of MgH, reactor bed
with different porosity.

As seen from Figure 6, maximum temperature
of MgH, reactor bed decreases with increase of
porosity, main reason for this phenomenon is that the
larger the porosity is, the easier it is for heat to
diffuse, therefore increasing porosity properly can

-639-

effectively enhance heat transfer capability of MgH»
reactor. When porosity is low, change rate of
maximum temperature of MgH?2 reactor is large. The
main reason for this phenomenon is that MgH,
powder has a good continuity when porosity is small.

CONCLUSIONS

Metal hydride hydrogen storage is a reversible
reaction with strong heat transfer, to overcome high
analysis cost and big dissipation error of TFEM on
heat transfer analysis of MHHSR, MWFEM is
deduced through combing MWSF and TFEM. MgH»
reactor is used as research object to carry out heat
transfer analysis based on MWFEM, TFEM, B-spline
wavelet finite element model, Daubechies wavelet
finite element model and experiment. Optimal mesh
number of Meyer wavelet finite elements is taken as
59830 based on mesh independent analysis.
Compared results of MgH, reactor bed temperature in
absorption procession show that proposed MWFEM
has higher analysis precision than other models on
MgH, reactor bed temperature in absorption
procession, and proposed WMFEM has higher
efficiency than other models. Effect rules of
Hydrogen supply pressure, heat exchange fluid
temperature and heat exchange fluid velocity on heat
transfer of MgH» reactor are acquired. When pressure
increases from 0.4MPa to 1.6MPa, MgH, reactor bed
maximum temperature increases from 591 K to 631
K. When heat exchange fluid temperature rises from
293K to 333k, maximum temperature of MgH,
reactor bed increases from 590K to 630K. heat
exchange fluid temperature rises from 293K to 333k,
maximum temperature of MgH, reactor bed increases
from 590K to 630K. Moreover, effect law of porosity
on heat transfer of MgH2 reactor is also acquired,
results illustrate that maximum temperature of MgH,
reactor bed decreases with increase of porosity, when
porosity is low, change rate of maximum temperature
of MgH, reactor is large. Analysis results show that
proposed MWFEM is a better means for heat transfer
analysis of MHHSR, analysis results can offer
theoretical basis for optimal design of MHHSR. The
influence of the heat transfer of the column material
characteristics should be analyzed in depth future.
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NOMENCLATURE

C,, specific heat capacity of MHHSR

C .. Tepresents specific heat capacity of hydrogen
P,y

C ol and C 2 constants

C°¢ element heat conduction matrix

ha convective heat transfer factor of air

h 7. convective heat transfer factor of heat exchange

fluid inside heat exchange pipe
hfe convective heat transfer coefficient of heat

exchange fluid outside heat exchange pipe
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H°® element heat capacity matrix
AH enthalpy
k,,, thermal conductivity of MHHSR

L’ element load column vector
M hydrogen mass absorbed or released
M i, molecular weight of hydrogen

U y, Velocity of hydrogen

U, velocity of heat exchange fluid.
Pf pressure of heat exchange fluid
Ql.j weight function

R standard gas constant
S(x) fully smooth S-shaped function

T temperature
T, represents environmental temperature.

T ; temperature of heat exchange fluid,

T porosity

Pu, density of hydrogen

P, density of metal hydride

Py density of heat exchange fluid

P, density of MHHSR

M, temperature viscosity of heat exchange fluid
(pC,), effective volumetric heat capacity

(pC » )  volumetric heat capacity of heat exchange
fluid

ﬂe represents effective thermal conductivity

A r thermal conductivity of heat exchange fluid

;LHz thermal conductivity of hydrogen

;Lbz thermal conductivity of metal hydrogen bed
layer
¢l. hydrogen absorption equilibrium pressure

polynomial parameter
& and y are local coordination

V4 Tatio of hydrogen to metal atom,

o, Prandtl constant of turbulence energy

dissipation rate
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