SEBHA UNIVERSITY CONFERENCE PROCEEDINGS, VoL.03 No. 3 2024
DOI: 10.51984/sucp.v313.3751

The Sixth Conference for Engineering Sciences and Technology (CEST-6)
Conference Proceeding homepage: https://cest.org.ly

4,83 o Apceigl) o glall Guabad) paigall 6§E”“
r

Dynamic Study of Hydrogen Absorption in Metal Hydride-based Storage Systems
*Fawzi Ali Elhamshri, Abdulmajed Rajeb Alagta

Chemical Engineering Department, Faculty of Engineering - Algaraboli, ElImergib University

Keywords: ABSTRACT

Metal hydride The paper is described an analysis of using Metal Hydride (MH) in hydrogen storage systems during
Hydrogen Storage charging process . A 3-D partial differential equations algebraic model is employed to describing the
Absorption, kinetic reaction of hydrogen charging into different MH beds (LaNia.7sAuo.25, and LaNis). A software
Kinetics reaction simulation is discussed and created for MH reactor configurations equipped with and without heat
Heat pipe pipe. The COMSOL 5.2a Multi-physics software was used for this simulation by solving

simultaneously the energy, mass-momentum, and kinetic differential equations of conservation. The
reaction kinetic of hydrogen is analyzed depending on some parameters including: (reactor design,
hydrogen inlet pressure, cooling temperature and convective heat transfer coefficient). The results
showed a good compatibility between the software simulations and the experimental work for LaNis
previously published by the authors. This is sensibly where the value of error was less than 8%, this
confirm the efficiency of model to captured the key experimental trends. The maximum charging
capacity is recorded in case of LaNis, while the fastest charging duration time is recorded for
LaNis7sAlo2s. Each MH materials has different hydriding process depending on it’s thermo-
physical properties. The hydrogen charging into MH systems inside the visuals is exothermic
reaction associated with a high inner temperature achieved, and high heat energy release.
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1. Introduction
The reduction of fossil fuel resources and its energy consumption energy sources [1]. Hydrogen (H2) considered being the best
contamination have make a obvious request for substitute of new clean alternative energy to fossil fuels due to its great calorific worth and
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being economically. However, all the studies on hydrogen energy
have shown storage problem. Recently, Hz stored in different forms
(including: compressed gas, cooling liquid, and solid in porous
medium of metal hydrides). Charging of Hz in a porous media of MH
is a complex multi-physics problem concern heat transfer and reaction
kinetics, conjugated with compressible gas flow. Therefore, reducing
thermal resistance of the storage system becomes a crucial issue for
the vessel design. ABs inter-metallic compounds including LaNis, is
well-advised very likely for these applications [2]. Experiments
showed that hydrogen reaction can be improved intensively by
enhancing the heat transfer of canisters [3-6]. There

are several numerical works on different aspects and designing
parameters of the Metal Hydride Reactors (MHRs) [6-10]. In H2
charging process into MH materials, different cooling systems are
employed to increase the charging capacity. Recently, heat pipe is
employed in Hz charging process to over come the leak damage at heat
exchange pipes, which caused to spoilage MH [4, 5, 10].

Heat pipe cooling system is used in present study to investigate, and
comparison of Hz storage into different MH beds (LaNia.7sAi0.25, and
LaNis). A 3-D partial differential equations model is employed to
describing the kinetic reaction of Hz charging in the specific MH beds.
A software simulation is created for MH reactor configurations
equipped with and without heat pipe. The COMSOL 5.2a Multi-
physics software is used for this simulation by solving simultaneously
the energy, mass-momentum, and Kinetic differential equations of
conservation.

2. Numerical model

3-D axis-symmetrical and time dependent algebraic model are used
for two MHRs configurations (see figure 1 and table 1). The model
assumptions are:

Gas/solid thermal equilibrium,

H: is considered as an ideal gas,

The solid phase is isotropic and has a uniform porosity,

Natural convection is effected onto vessel walls,

Radiation is negligible.

Van’t Hoff Law is considered for the reaction process.
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Fig. 1. Schematic diagram of MHRs

a) without heat pipe b) with heat pipe
In this study, consider LaNis and/or LaNis.7sAi02s in MHR for
numerical study on hydrogen absorption which that has been
expressed below:

20°C
LaNis + 3H, «— LaNisHg + Q

20°C
LaNi4.75A10.25 + 3H, «— LaNi4.75Al10.25H¢ + Q

The heat generated during the Hz charging process is removed from
the reactor by heat pipe. The cooling level has substantial impact on
charging because hydrogen absorption takes place depending on the
vessel temperature. Cooler vessels have higher absorption rate and
shorter filling time. Table 1 shows important geometrical parameters
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for designated MH reactor configurations which have been applied in
the simulation. Table 2 shows the physical properties used for
algebraic model simulation.

Table 1. Geometrical parameters of the reactor [5]

Parameter Value

Reactor diameter 29 mm

Tube height with metal hydride 36 mm
Tribune free height 24 mm

Heat pipe internal diameter 4 mm

Heat pipe external diameter 6 mm
Heat pipe section outside the reactor 190 mm
Total heat pipe length 250 mm

Reactor wall thickness 3mm
TC1 thermocouple position 5.1 mm
TC2 thermocouple position 17.9 mm
TC3 thermocouple position 35.8 mm

Table 2. Constantly used parameter values in analyzes [10]

Parameter LaNis value
(e) Metal hydride porosity 0.5
Diffusion coefficient (H,) m%s 50*10°
H, initial concentration g 0
Storage tank initial pressure Bar 1
Reaction rate constant (Absorption) 1/s 59.187
Activation energy - Absorption J/mol 21179.6
Reaction enthalpy J/mol 30800
Reaction entropy J/mol 104.5

Reaction hysteresis 0.2
Metal hydride saturation density kg/m® 8394
Metal hydride thermal conductivity W/(m-K) 1.32
Metal hydride specific heat value J/(kg-K) 419

Storage tank material density (steel) kg/m?® 7800
Storage tank material thermal conductivity (steel) 80
W/(m-K)
Storage tank material specific heat value (steel) 2000
JI(kg-K)
H, inlet temperature °C 20
H, system pressure (Bar) 3
Time step (s) 5
Total simulation time (s) 5000

A software simulation is created for MH reactor configurations
equipped with and without heat pipe. The COMSOL 5.2a Multi-
physics software is used for this simulation by solving simultaneously
the energy, mass-momentum, and kinetic differential equations of
conservation. The main equations used are:

(p. Cp)e o + (pg-Cpy)-9,.VT

E”ergy _ = V. (k. VT) + m.[AH
equation; _T (Cpg _ CPS)]
Hydride mass 1 (Ps)
balance; -2 -
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law: R,. T Ry
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Kinetic m = Cg4.exp [_ ﬁ .In [P_g] . (pss — Ps)
equation g ed

3. Results and Model Validation

The resulting simulation findings and the experiments findings are
compatible with using the same methodology as in simulation and
presented in a previous work by the authors [5, 10]. Figure
(2)demonstrated a strong correlation between the software simulations
and the experimental work, this is a clearly observed in temperature
vs. time maps from the thermo-couple (TC3) placed at the reactor
bottom (35.8mm). For both experimental and algebraic model, the
temperature variables yield results that are almost identical. But then,
it is found that the getting charge time is longer in experimental work
than in modeling work. It is envisaged that some losses will occur at
the hoses during the suction and charging procedures in the
experimental work. Figure 3 illustrates the measured and projected
hydrogen capacities. Evidently, the numerical results are in
satisfactory accord with the experimental data.

As illustrated in Fig. 4b, the LaNis material achieves the largest
quantity of hydrogen mass to be held under the specified working
conditions, while the LaNia7sAlo2s material achieves the minimum
values. In general, the LaNis. material has the longest hydrogen
absorption period, while the LaNi4.7sAlo.2s material has the lowest.

It is evident from analyzing the modeling study's results that LaNis
material should be chosen in order to store the greatest possible
amount of hydrogen mass. In this instance, you should be aware that
it will take longer to obtain the maximum mass of hydrogen. However,
if you require the mass of hydrogen in a short amount time, and the
quantity is not important you should use LaNia.7sAlo.2s.

U]

@)

a)
,§ 2.0 . v v v
= 18} B
£ 16} — — — —
S 14} <
E 12} 3
« Experimental Data
3 1.0 —e— Simulation Data g
@ 0.8 |Reacter w/o heat pipe 7
£ 06 P = 10 bar 2]
= {h = 1000 Wim* “C
s 04 [Te=20°C 1
= 0.2F R
E o'o A L L A
0 1000 2000 3000 4000 5000
Time (s)
b)
_ 2.0 v v v v
g 18§ R
g 16} - - - - - E
E 1.4} g
3 12r «— Experimental Data 5
2 1.0 —e— Simulation Data R
$ , ‘
w Reactor with heat pipe y
g 06 P = 10 bar 5
pot h = 1000 W/im* “C
& 04 Te=20°C 1
= o02F -
227 : A . ;
0 1000 2000 3000 4000 5000
Time (s)

Fig. - 3. Time evolution's of the absorbed hydrogen amount under 10

a) bar hydrogen pressure supply by both experimental and
120 v v i i i i i i
PR simulation studies a) Wlth_ no heat pipe, b) with a heat
100 —e— Experimental Data | pipe.
Reactor w/o heat pipe
— P =10 bar
c 8o h = 1000 W/im? "C ] 120 v
g ch =207 e w/o heat pipe
& 60 E 3% h = 1000 W/im’ K|
a 100 .T‘ —— with heatl pipe Te =20 °C -
.S 40 4 P =10 bar
S 80 dp=002mm | .
20 - <
1 @
=
° 4 i . . T 60
0 1000 2000 3000 4000 5000 &
Time (s) E 40
= La Nig 75 Alg 25
b)
420 i} . i} i} 20)
—a— Simulation Data
100 —e— Experimental Data i 0 i A i A
Reactor with heat pipe 0 200 400 600 800 1000
-~ P = 10 bar
£ 80 h = 1000 W/m* “C . Time (s)
5 4 [fen 2070 Fig. —4. The fluctuation in interior temperatures over time in MHRs
5 i 7 with or without heat pipes.
E 40 b R 25 - T T T
20 b =
2
o ai . . . 3
0 1000 2000 3000 4000 5000 2
<}
Time (s) .S
Fig. - 2. The temperature histories at 35.8mm from the bottom. p- o L e e
a) With no heat pipe, b) with a heat pipe. ‘é Pos
c 4
2 h = 1000 W/m* K|
S 05 Te=20°C
£ P =10 bar
dp = 0.02 mm
0.0 A A A A
0 200 400 600 800 1000
Time (s)
CAS Vol.03 No. 3 2024 127



Dynamic Study of Hydrogen Absorption in Metal Hydride-based Storage Systems Elhamshri & Alagta.
Fig. (5) The quantity of hydrogen mass varies time depending on
whether the MHR contains a heat pipe or not.

4. Conclusion
In the Hydrogen charging process, a large amount of heat energy is
released in a short period of time. To achieve an effective
charging process, heat must be evacuated from the system efficiently
and fast. Upon analyzing all of the results and graphs, the model was
compatible with earlier experimental results provided by the authors.
This is sensibly where the value of error was less than 8%, this confirm
the efficiency of model to captured the key experimental trends. In
contrast, the MHR design which has a heat pipe performs better than
the other configuration that was tested in terms of both charging time
and storage capacity. As a result, the model can be applied to improve
the performance and designs of MHRs.

5. References

[1]- McManus M. C. (2012) "Environmental consequences of the use
of batteries in low carbon systems: The impact of battery
production,” Applied Energy, vol. 93, pp. 288-295.

[2]- Srivastava S. and Srivastava O. (1999) "Hydrogenation
behaviour with regard to storage capacity, kinetics, stability and
thermodynamic behaviour of hydrogen storage composite alloys,
LaNi5/La2Ni7, LaNi3," Journal of alloys and compounds, vol.
290, pp. 250-256.

[3]- MacDonald B. D. and Rowe A. M. (2007) "Experimental and
numerical analysis of dynamic metal hydride hydrogen storage
systems," Journal of Power Sources, vol. 174, pp. 282-293.

[4]- Chung, C., S.-W. Yang, C.-Y. Yang, C.-W. Hsu, and P.-Y. Chiu,
(2013) "Experimental study on the hydrogen charge and
discharge rates of metal hydride tanks using heat pipes to
enhance heat transfer," Applied energy, vol. 103, pp. 581-587.

[5]- Elhamshri F. A. and Kayfeci M. (2019) "Enhancement of
hydrogen charging in metal hydride-based storage systems using
heat pipe," International Journal of Hydrogen Energy, vol. 44,
pp. 18927-18938.

[6]- EImas, U., Bedir F. and Kayfeci, M. (2018) "Computational
analysis of hydrogen storage capacity using process parameters
for three different metal hydride materials,” International
Journal of Hydrogen Energy, vol. 43, pp. 10741-10754.

[7]- Muthukumar P., Maiya M. P., and Murthy S. S. (2005)
"Experiments on a metal hydride-based hydrogen storage
device," International Journal of Hydrogen Energy, vol. 30, pp.
1569-1581.

[8]- Askri F., Salah M. B., Jemni A. and Nasrallah S. B., (2009)
"Optimization of hydrogen storage in metal-hydride tanks,"”
International journal of hydrogen Energy, vol. 34, pp. 897-905.

[9]- Yen T.-H., Chen B.-H., and Chen B.-D. (2011) "Numerical
simulation and performance test of metal hydride hydrogen
storage system," International Journal of Energy &
Environment, vol. 2.

[10]- Elhamshri F., Kayfeci M., Matik U., and Alous S. (2020)
"Thermofluidynamic modelling of hydrogen absorption in metal
hydride beds by using multiphysics software,” International
Journal of Hydrogen Energy, vol. 45, pp. 34956-34971.

CAS Vol.03 No. 3 2024 128



