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T he thermal performance of Liquid-cooled plate (LCP) can be improved by using different kinds of materials and 
coolants. Suitable and effective coolant can bring better cooling capacity to cope with the impact of high tempera-
ture on IGBT chips, and improve the safety and service life of new energy metallurgical loaders. In this context, the 
recent progress of the effects of traditional coolants, nano-fluids, ethylene glycol and oil on the heat transfer capac-
ity of the liquid cooling plate is reviewed in detail. Nanofluids have been identified as the most prominent cooling 
method at present because of their good thermal conductivity. In addition, the considerations and advantages and 
disadvantages of using different coolants are discussed in depth.
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INTRODUCTION

Currently, the predominant reliance on fossil fuels 
for global energy supply is increasingly viewed as prob-
lematic due to severe environmental concerns. Conse-
quently, new energy sources have emerged as signifi-
cant areas of focus. In the context of new energy vehi-
cles, thermal management remains a critical challenge, 
particularly the issue of IGBT chip overheating. Re-
search indicates that a 10 ℃ increase in IGBT tempera-
ture can halve the reliability of electronic components 
[1], t he working reliability of electronic components 
will be reduced by 50 %, and there are many problems 
in practical applications due to heat dissipation, which 
makes heat dissipation become a bottleneck restricting 
the development of new energy technology. The tradi-
tional air cooling and liquid cooling technology obvi-
ously can not meet the heat dissipation requirements of 
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electronic modules at this stage [2]. In order to solve 
this problem, new types of coolants are starting to grad-
ually come onto the stage and play a role in more liquid 
cooling plates. The liquid-cooled plate (LCP) is the 
principal device used for this purpose. The detailed 
physical model is shown in Figure 1.

In this paper, the effects of different coolants such as 
nanofluids, liquid metals, traditional coolant on the per-
formance of liquid cooled plates are analyzed, and the 
future development trend and direction of liquid cooled 
plates are further clarified, which provides a certain ref-
erence for researchers interested in liquid cooled plates.

TRADITIONAL COOLANT

Water is the most widely used liquid in the world, 
due to its good thermal conductivity, viscosity, specific 
heat capacity and density, ensure that water can transfer 
heat more efficiently while producing less pressure loss. 
Therefore, water is often used as a cheap coolant for 
liquid cooling plates. Monika et al. [3] used water as the 
coolant to explore the influence of water on the thermal 
performance of the rectangular channel liquid cooling 
plate. Detailed values show that a flow rate of 0,003 
kg/s and an ambient temperature of 25 °C are ideal re-
sults for liquid-cooled plate performance. The U-shaped 
cold plate structure designed by Su et al. [4] reduces the 
maximum temperature rise of the battery by 0,03 K and 
the pressure drop by 585,67 Pa through water cooling. 
Qian and Wang [5, 6] suggest that the use of water as a 
coolant can significantly improve the cooling capacity 
of the cooling system. The results show that the cooling 
performance of the liquid cooling plate is obviously en-
hanced with the increase of water flow.

Figure 1 Physical drawing of LCP
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NANOFLUID

Compared to traditional coolants, the metal has a better 
thermal conductivity. Adding metal particles to the fluid 
can improve the heat transfer performance of the liquid. 

This new coolant, which adds nanoparticles to a conven-
tional liquid, is defined as a nanofluid [7]. The most widely 
used nanoparticle coolants include metals such as Cu, Ni, 
Ag, Al, Al2O3, CuO, Fe3O4 or metal oxides.

In the realm of nanofluid research for IGBT liquid 
cooled plates, several studies have contributed to under-
standing the effects of nanofluids on thermal and hy-
draulic performance. Mahmoodi and Kandelousi [8] 
conducted a semi-analytical investigation of kerosene-
alumina nanofluid between two parallel plates, discuss-
ing the effects of parameters such as nanofluid volume 
fraction, suction parameter, viscosity parameter, and 
Eckert number on flow and heat transfer characteristics. 
See Figure 2 for details.

Yakhshi-Tafti, Tamanna, and Pearlman [9] experi-
mentally investigated the thermal and hydraulic perfor-
mance of alumina-water nanofluids in single-phase liq-
uid-cooled cold plates, finding that heat transfer coeffi-
cient increased with particle loading, but no significant 
enhancements in pressure drop, pumping power, or ther-
mal performance were observed with dilute alumina-wa-
ter nanofluids. Ma et al. [10] numerically investigated the 
flow characteristics of Al2O3-water nanofluid in micro-
channel plate fin heat sinks, examining the effects of 
Reynolds number, channel aspect ratio, and nanoparticle 
volume fraction on pressure drop and entropy generation. 
Sarchami, Tousi, Kiani, et al. [11] numerically analyzed a 
novel nanofluid cooling system with stair and wavy 
channels for modular lithium-ion battery thermal man-
agement, demonstrating that the addition of coolant alu-
mina nanofluid with a 2 % volume fraction significantly 
reduced the highest temperature and temperature non-
uniformity across the battery module. Santra, Sen, and 
Chakraborty [12] studied the heat transfer due to laminar 
flow of copper-water nanofluid through two isothermally 
heated parallel plates, observing heat transfer augmenta-
tion using nanofluid compared to conventional fluids. 
These studies collectively advance the understanding of 
nanofluids in IGBT liquid cooling applications. 

Srchami, Kiani, Najafi, et al. [13] conducted an ex-
perimental investigation on an innovative indirect-cool-
ing system for Li-ion battery packs during fast charging 
and discharging. The study utilized an AgO nanofluid 
and copper mold in the cooling system. The use of AgO 
nanofluid with volume fractions of 1 %, 2 %, and 4 % 
decreased the maximum temperature of the LIB pack 
by 7,3 %, 11,1 %, and 12,4 %, respectively, compared 
to a water-cooled system during fast discharging.

ETHYLENE GLYCOL

In the context of ethylene glycol as a coolant in ther-
mal management systems, particularly for IGBT liquid 
cooled plates, several studies have contributed to under-
standing its effects and optimizing its use. Liu, Wang, 
Chen et al. [14] studied the double-layer liquid cooling 
plate with circular curved flow path. They used different 
mass concentrations of water and glycol solutions as 

Figure 2  Effects of viscosity parameter, suction parameter, 
nanoparticle volume fraction on Nusselt number 
when P=21,976

 (a) Viscosity parameter; (b) suction parameter; 
 (c) Viscosity parameter
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working fluids. The results show that the flow character-
istics and cooling capacity of the proposed liquid cooling 
plate are effective, and the LED chip pin temperature is 
kept below 50 °C after cooling, and the luminous inten-
sity increases significantly with the increase of flow rate.

Zhang, Fu, Sheng, et al. [15] focused on liquid-
cooled thermal control for large-scale pouch lithium-
ion batteries. Their study analyzed the influences of 
mass flow rates, cooling trigger-time, and glycol solu-
tion concentration on the cell thermal distribution. The 
results show that increasing the mass flow rate has a 
positive effect on controlling the temperature rise and 
temperature difference of the battery. The specific 
change trend is shown in Figure 3.

These s tudies collectively advance the understanding 
of ethylene glycol as a coolant in various thermal manage-
ment systems, including IGBT liquid cooled plates, and 
highlight the importance of optimizing coolant choice and 
system design for enhanced performance and safety.

OIL

The thermal conductivity and specific heat capacity of 
mineral oil and silicone oil are between water and air, but 
the viscosity of oil is the highest. Therefore, when choos-
ing oil as the coolant for the liquid cooling plate, it is nec-
essary to consider the fluidity of the oil. Chen et al. [16] 

compared various cooling methods, such as air cooling, 
water cooling and oil cooling, and believed that mineral 
oil cooling was a more effective cooling method than 
air cooling.

In the realm of oil-based cooling solutions for data 
center servers, Wang et al. [17] conducted a comprehen-
sive performance evaluation and optimization study of 
single-phase immersion cooling (SPIC) systems. Their 
research involved constructing a three-dimensional 
model of blade servers with different cooling methods 
and numerically solving it to compare thermal transport 
performance, flow characteristics, and energy con-
sumption performance. The study revealed that SPIC 
schemes offer significant advantages in terms of heat 
transfer capability, heat transfer uniformity, and flow 
resistance loss. Additionally, the power usage effective-
ness (PUE) of SPIC systems was found to be 20,8 % 
and 17,6 % lower than forced air cooling and water 
cooling plate solutions, respectively. 

CONCLUSION

In conclusion, the exploration of various coolants 
for IGBT liquid cooled plates has yielded valuable in-
sights into the complexities and potential of thermal 
management systems. Nanofluids, with their enhanced 
thermal properties, have emerged as a promising option 
for improving heat transfer in microchannel plate fin 
heat sinks and liquid-cooled cold plates.Ethylene gly-
col, a commonly used coolant, has shown its effective-
ness in diverse applications, from high-power LED 
cooling plates to large-scale pouch lithium-ion batter-
ies. Single-phase immersion cooling, particularly with 
oil-based coolants, has demonstrated remarkable poten-
tial in data center server cooling.

The findings from these studies underscore the im-
portance of considering the specific requirements of 
each application when selecting a coolant and cooling 
technique. Moreover, ongoing research and develop-
ment in this field are essential to address the evolving 
thermal challenges in various industries and to further 
improve the performance and sustainability of thermal 
management systems.
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