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Design and analysis of thermal management system of lithium-ion automotive battery
module using microchannel in different discharge rates

M. P. Dolatyar School of Automotive Engineering, Iran University of Science and Technology, Tehran, Iran
A Qasemian School of Automotive Engineering, Iran University of Science and Technology, Tehran, Iran
M. Akbarshahi AMPER Innovation Factory, Tehran, Iran
A. Talaei AMPER Innovation Factory, Tehran, Iran
A. R. Fathi AMPER Innovation Factory, Tehran, Iran

Abstract

As new powertrains are extensioned, the usage of lithium-ion batteries in the automotive industry is increasing. Maintaining the
temperature within the functional range of uniform temperature distribution has a significant impact on the safety and performance
of the lithium-ion battery. Simulation of the thermal performance of a battery cell or a limited set of battery cells, although it can
help advance the goals of the battery thermal management system designers, but in the end, to achieve the main goals of the battery
thermal management system in the car, it is important to be able to have a battery pack or module in Simulated real scale with
automotive application. In this research, the performance of the thermal management system of the battery pack including 385 cells
of 21700 lithium-ion batteries, during the flow rates of 1C, 2C and 3Cand the pre-heating process has been investigated with the help
of computational fluid dynamics tools. This research utilizes an aluminum waved microchannel thermal management system. The
cooling fluid passing through these microchannels is made up of water and ethylene glycol. Two microchannel patterns were
analyzed. In the improved model, the shortcomings of the elementary design have been addressed. The contact angle of the battery
and the microchannel was set to 60 degrees in order to increase the energy density of the battery module and prevent the creation of
a high temperature gradient for all cells. To decrease the pressure drop, the number of U-shaped connections was reduced. At the
flow rate of 1C, the temperature conditions are achieved with a fluid velocity of 0.1 mv/s, but at higher flow rates due to the inability
of the cooling system to maintain the temperature conditions stably, assuming the maximum inlet velocity of the microchannel is
1.41 m/s (in order to maintain slow flow regime), the cooling system is capable of maintaining temperature conditions for 257
seconds at 2C flow rate and 86 seconds at 3C flow rate. Preheating process with an initial temperature of -20°C was also achieved
within 885s. Also, the use of the improved design increased the thermal efficiency by 39.3%.

Keywords: Thermal management, 21700 lithium-ion battery, Computational fluid dynamics, Microchannel, Preheating.
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