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Nowadays, electric motorcycles face several safety, performance and operational challenges, especially in hot climates.
The increasing demand for thermal management of lithium-ion batteries to avoid potential concerns of thermal runaway
due to high temperatures and the typical plastic housing of the battery pack is the main challenge. This paper introduces
and investigates the performance of a high-power electric motorcycle battery pack considering the cooling system
comprising PCM and conducting elements for tropical regions, for the first time. Also, six types of pure and hybrid
thermal management systems including the use of phase change materials, aluminum rods, aluminum plates and their
simultaneous use in pairs for battery cooling are considered. By experimentally evaluating the combination of phase
change materials and metal parts, and focusing on the performance in tropical climates, this research provides a practical
solution to improve thermal management and extend the battery life of electric motorcycles. The results of this research
show that all systems except the use of aluminum rods contribute to the cooling of the battery pack. The best
performance is associated with the combination of phase change material and aluminum plate, which improves the
maximum temperature by 11.3% compared to the case without thermal management. This is followed by the
combination of phase change material and aluminum rod and phase change material, which provide a maximum
temperature reduction of 10.1% and 9.5%, respectively. Finally, the use of phase change material is recommended in
all cases, as it can reduce the operating temperature of the battery by 12.4% and increase its life.

Keywords: Li-lon Battery, Thermal Management System (TMS), Electric Motorcycle, Phase Change
Material (PCM)
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Table 1 Comparison of research conducted for thermal management system of hybrid battery pack based on phase change materials

Thermal Management Method Reference

Method Description

Advantages Disadvantages

Added a 1 mm thin PCM layer on top of the cells;

Improved heat dissipation;

PCM + Ai li Singh et al. [22 Limit fi t higher C-rates
c iCooling imgheselk 22 average temperature reduced 45 K at 5C rate. Simple implementation fmitediperiornancebhichenCoes
Better t ture trol
PCM + Air Cooling Akourt et al. [23] Laminar flow simulation; best result at 10 cm spacing. cHer emp'era © (':on ° Requires more space
by varying spacing
PCM + Mesh + Ai
€ C(g)ol:)elrng o ' Lazrek etal. [24]  Used copper meshes in PCM with fan ventilation. Enhanced heat transfer More complex fabrication
1
ied 1 i i 11 It
PCM + Air Cooling il . [ 9 G il Vg G| RGNS, TR e o S0 (e s s g AT
compactness, and PCM thickness.

Effect of fin structs hybrid active/passi tems; Suitable for long-term, low- . .

PCM + Air Cooling + Fins Sajjadi et al. [26] sct obtin structure 9“ Y .rl ac lvAe pas.swe Sysiemns; Suffable for fong er.m ow Relatively large temperature difference
best performance with spiral fins in active mode. energy strategies
—flow liquid channels with PCM; AT Excell
PCM + Liquid Cooling Hekmat et al. [27] (Gt itons Rt GRS wilih IRCRG reteatl A Ly xee en-t tem!perature High cost and complexity
0.7 °C. uniformity
PCM + Liquid Cooling Labrohi ct al. [28] Simplified electro-thermal model;ccell temperature Significant temperature Requires precise inlet temperature
reduced by up to 20 °C. reduction control
Segmented PCM Matrix + Chen et al. [29] Segmented PCM matrix improved performance and High performance wit‘h Wi awimles dasio
Liquid reduced energy use by 32%. lower energy consumption
Hybrid active/passi PCM+TEC); AT below 3 Simult: li d TE fi d ith thick
PCM + Thermoelectric (TEC)  Liao ct al. [30] ybrid active/passive (CPC C); max below Simu aneous‘coo ing an C performance decreases wi ic
K. heating CPCM
Continuous battery cooling/heating in base stations; Stable under different

PCM + Thermoelectric (TEC)  Sang et al. [31]
PCM + Heat Pipe Chen et al. [32]
PCM + Heat Pipe Huang et al. [33]

PCM + Microchannel + Fins Hekmat et al. [34]

stable under varying environments.
Compared HP vs. HP+PCM; reduced max cell
temperature and AT by up to 30%.
Combined HP with liquid cooling; maintained peak
temperature at 50 °C under 3C discharge. control
Investigated fin structures in hybrid cooling; wavy fins
were most effective.

High system complexi
ambient conditions gh sy plexity

Reduced cell temperature
difference
Excellent temperature

Requires precise optimization

Needs additional liquid cooling system

Smaller surface area compared to

Improved cooling efficiency normal fins
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