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With HE introduced in the system, the coolant at constant flow rate is governed by energy balance equation,
shown as,

.
( cp)f—t“+ ( cp), u gradT; = div(ks gradTy) (8)

Initially, the MH pressure, density, and temperature are considered constant.

= o = o = 5 = =0, = , = (9)
= =0, = , = (10)

2.1 Numerical simulation methodology

3D geometry of TPMS-HE is imported as CAD IGES file into COMSOL Multiphysics (COMSOL Inc.) due to
asymmetry nature of TPMS. Global parameter and variables expression of thermophysical for sorption kinetics
are set according to Table 1. The study and evaluation of MH storage tank involves three physics components,
mass balance, energy balance, and reaction kinetics, and, time dependent study is selected to investigate the
time variation of the reaction. From mesh comparison from normal to fine and extra fine, fine and extra fine, both
fine and extra fine mesh results show no significant difference, although the computational time increases
significantly for the extra fine mesh. The fine mesh is used in this study. Figure 3 visualizes the fine mesh applied
in the model.

1.6 -

2 Singhetal

current study

Ave. bed concentration (wt%)

0 T T T T 1
0 500 1,000 1,500 2,000 2,500

Time (s)

Figure 3: Fine mesh setting generated by Figure 4: Average bed concentration comparison
COMSOL Multiphysics between current study and existing experiment (Singh
et al., 2015)

2.2 Model validation

Numerical simulation study is validated against the existing experimental data to validate the model. Singh et.al
(2015) have measured the concentration of MH bed from their model and reacted with hydrogen supply at
15 bar. Figure 4 shows the comparison of average bed concentration between the experiment and conducted
numerical study. The comparison shows that the mathematical model represents high validity with the
experiment result under the same parameters, and the deviation is assumed to be caused by assumption that
being made.

3. Results and discussion

The simulation uses a heat transfer coefficient to simulate the cooling condition, varied from natural convection,
500 W/m?-K (to simulate forced convection with air), and 1,000 W/m?-K (to simulate forced cooling with oil-
based coolant) with all the mentioned parameters and mesh initialization set up in COMSOL Multiphysics
(COMSOL Inc.). Figure 5 shows the correlation of hydrogen fraction and time which is compared to the
experimental results obtained by Jiao et al. (2012). The numerical results of this study and experimental works
by Jiao et al. (2012) are based on the common design of MH tank, and applied with different heat transfer
coefficients. A natural convection cooling is adopted in this study as one of parameter due to the nature of TPMS
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with high density of surface area per volume. It is shown that the performance of hydrogen adsorption at natural
convection almost agrees with the effect of heat transfer performance obtained from experimental works. Figure
6 shows the hydrogen absorption performance on different cooling condition. The increase of heat transfer
coefficient to 500 and 1,000 W/m?-K leads to the increase of hydrogen fraction compared to natural convection.
However, there is no significant difference between heat transfer coefficient of 500 and 1,000 W/m?2-K in
hydrogen sorption performance, as it only shortens about 120 s to reach 95 % fully charged hydrogen condition.
It seems that a forced air cooling condition is more favourable because of its simplicity and competitive
performance. However, further model and analysis are required to clarify the impact of air cooling to the
scalability of the system, including wall thickness and TPMS ratio.
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Figure 7: Temperature (K) distribution of MH bed over time on heat transfer coefficient of 500 W/m?K

Figure 7 maps the temperature distribution in the MH bed over time at heat transfer coefficient of 500 W/m?2-K.
This temperature mapping shows that the temperature uniformity is reached before the adsorption kinetics
finished completely. This happens because the heat generation rate by the sorption kinetics process is
neglected by the rate of heat removed from the system due to high number of heat transfer coefficient. If we
consider the two above result, it also shows that with same heat transfer coefficient compared with normal pipe
construction bed, due to higher heat transfer area density of TPMS structure, the sorption performance of TPMS
is higher.

4. Conclusion

The kinetics of hydrogen adsorption on LaNis MH bed with TPMS gyroid under different cooling condition have
been numerically investigated with mathematical model that has been validated with the existing experimental
results. The result shows a promising usability, and an adsorption performance has been improved by the
application of TPMS MH bed compared to traditional MH tank design. The performance of the natural convection
air-cooled TPMS MH bed is in par with forced convection in a simple pipe design. The comparison of different
cooling conditions show that the increase of heat transfer coefficient improves the hydrogen sorption kinetics to
a certain amount (time) although the correlation is non-linear. It is important to note that the biggest advantage
of TPMS compared to other structures are its structural high strength. Currently-available manufacturing
technology, such as additive manufacturing, is feasible to manufacture the structures of TPMS MH bed reactor,
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which can also be utilized as a structure of the system due to its strength. The integration of MH bed and system
structure, e.g., chassis, case, and body, can compensate the weakness of gravimetric density of MH. As in
average, the energy density of MH is higher than current technology of lithium based electric battery, with further
development in hydrogen utilization efficiency, the idea of hydrogen car uses MH bed for hydrogen storage is
already promising. With current electric car already implemented lithium based electric battery as frame integrity,
this implementation of TPMS MH could also be a promising solution to expand the utilization of hydrogen for a
safety and clean energy solution without concern of the waste problem caused by hazardous waste.
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