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Al-H,0, battery is a primary flow battery used in underwater systems. These batteries
are of interest for air-independent power sources in underwater vehicles. Currently,
with the development of the use of light and smart underwater vehicles and the need to
increase the durability of the submarine, special attention has been paid to these
batteries. In this study, the effect of the separator membrance on the Al-H,0O, battery
on the hydrodynamic and thermal performance of this battery has been investigated
numerically and experimentally. The use of the separator is to prevent short circuit in
the battery, to control the corrosion rate of aluminum and also to improve the
performance of the battery. Comsol software has been used to simulate the
hydrodynamic and thermoelectrochemical performance of the Al-H,0, battery. Also,
k-w turbulence model is used to solve momentum conservation equations. In order to
validate the numerical results, experimental tests were performed. The numerical
results were in good agreement with the experimental results. By increasing the current
to two times in the case of using the separator, the average voltage has changed over
time from 1.07 V in the case without the separator to 0.97 V in the case with the
separator. The voltage change was about 10%, while the current increased by 100%.
This indicates improved battery performance and higher power draw when using the
separator. Experimental and numerical results showed that the use of a separator in the
Al-H,0, battery improves the performance of the battery due to the prevention of
direct contact between the H,0, and the aluminum surface.
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1. Introduction

Al-H,0, battery is a primary flow battery with aluminum as the anode and hydrogen peroxide as the
oxidant. Various cathode electrodes can be used, such as graphite, nickel foam, or electrodes catalyzed
by platinum or iridium. The battery can be used in underwater vehicles as an air independent power
source. Challenges in optimizing the battery's performance include corrosion of the aluminum anode,
loss of active surface due to contact with hydrogen peroxide, limited discharge rate, and hydrogen
peroxide instability. A new arrangement called the two-flow battery has been proposed to address
these challenges, involving methods like using a separator or a porous cathode electrode to separate
hydrogen peroxide from aluminum. In this research, the effect of the separator on the performance of
the Al-H,0O, battery has been investigated using numerical and experimental methods.
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2. Material and Method

Electrochemical reaction in Al-H,0, battery involves anodic half reaction, cathodic half reaction,
corrosion side reaction, direct reaction of hydrogen peroxide with aluminum, and decomposition
reaction of hydrogen peroxide. The battery system is simulated in Comsol software under
experimental conditions with consideration for non-isothermal system. Heat transfer with the
environment is considered for the cell and electrolyte tank. The k- turbulence model for fluid flow is
used to simulate the two-phase flow of hydrogen gas and electrolyte. The aluminum used in the
battery is of high purity with a small percentage of tin or stanate to reduce corrosion rate. The battery
cell consists of cathode and anode with specific dimensions and distance. During experimental testing,
the current of the circuit is set to 250 mA and the voltage is recorded using a voltmeter.

3. Result

By comparing the performance of the battery with and without the separator, it can be seen that the
change in voltage with the doubling of the current was about 10%, while the current increased by
100% and increasing current did not significantly decrease voltage with separator, indicating improved
battery performance. Also, the results show an acceptable agreement between the results of numerical
and experimental tests. Numerical simulation results include different graphs for battery performance,
including speed distribution, temperature distribution, and change of concentration of different species
over time, in the states with separator and without separator. The results showed that the separator
increases the flow rate and reduces the time of electrode and electrolyte being together. In both cases
with and without the presence of a separator, the temperature of the anode is higher due to heat
generation in the aluminum corrosion reaction. In numerical tests, the concentration of different
species was also measured, and the results showed that the concentration of hydroxyl ion remained
constant over time. Aluminate ion concentration also increases with time and doubles when using a
separator. The increase in aluminate ion concentration indicates the conversion of aluminum metal to
aluminate ion.

4. Discussion and Conclusion

The purpose of this article is to investigate the effect of the separator on the hydrodynamic and
thermal performance of the Al-H,0, battery. It was observed that the electrochemical and thermal
performance of the battery is influenced by various factors. For this reason, two options of using a
battery without a separator and using a separator to prevent the mixing of electrolytes were
investigated. Comsol software was used for numerical simulation and experimental tests were also
performed to validate the results. A short distance between the anode and the cathode in the battery
can cause a short circuit, which is one of the reasons for using a separator. Separators are also used to
control the corrosion rate of aluminum.

The battery voltage graph showed that using the separator resulted in a lower voltage drop when
the current was doubled, indicating increased power and improved battery performance. Also, the
experimental and numerical results showed that the use of a separator increases battery performance
by preventing direct contact between hydrogen peroxide and aluminum.
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1. Thin Electrolyte Layer
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1. Boundary Layer
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