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Abstract— Electric vehicle battery systems are being used to 
replace internal combustion engines that run on fuel to create a 
friendly “green” environment. Uncontrollable excessive heating 
of batteries is a common problem in electric vehicles, posing 
hazards such as fires and impairment in systems themselves. 
There are various cooling methods for electric battery systems 
already on the market but essentially lack a reliable cooling 
method without leakages. Phase-Change Induced Passive 
Cooling (PCIPC) is a method that involves the cooling of battery 
systems that will increase the cooling efficiency, reducing 
uncontrolled excessive heat generated from the batteries. The 
PCIPC method uses the principles of evaporation and 
condensation to heat and cool the working fluid which increases 
the heat transfer rate from the batteries by 10 times. In the 
proposed project, various designs employing increased heat 
pipe surface areas will be analyzed through computational-fluid 
dynamics (CFD) and then through experimental validation to 
define the best PCIPC structure. In the CFD simulation, effects 
of working fluid materials and solid case materials, heating and 
cooling temperature, heat generation from batteries and the 
heat removal capacity will be analyzed. Selected materials and 
structure will be used to develop a battery test setup to validate 
the best design and structure. 

I. INTRODUCTION  
The concept of PCIPC involves evaporation and 

condensation of a working fluid to effectively release heat in 
an economical and efficient way. This method enables using 
refrigerant which is found in all vehicles. Typical battery 
systems such that you find in Tesla and Boeing are compact 
and connected in a series, which increase the likelihood of 
excessive heat generation and fires. The Tesla Model S being 
an example of a popular vehicle although having a simple 
cooling system, has the flattened cooling tube not directly in 
contact with all cells in the module making it difficult to 
protect battery life longevity. The Chevy Volt is another 
example using plate-like batteries with cooling passages in 
between them. The structure is complicated and there is a 
leakage problem. This is an indicator of a major electric 
vehicle industry problem, one of which that requires careful 
experimentation and troubleshooting to the rapidly evolving 
technological concept of battery powered vehicles. PCIPC is 
a simple yet effective method that involves the cooling of 
battery systems that will increase the cooling efficiency, 
hence reducing uncontrolled excessive heat generated from 
the batteries.  

II. PROJECT OBJECTIVE 
The purpose of this project is to design a novel cooling 

system that is capable of cooling battery systems by means of 
PCIPC and to provide first-hand research that favors the 
method of PCIPC.  

III. MATERIAL AND METHODS 
The main materials needed for the design of a passive cooling 
system are heat pipes. Copper is used because it has a high 
melting point and a high thermal conductivity. The high 
melting point will allow it to stay intact when the batteries 
begin to overheat. A block of aluminum 6061 is used as a base 
for the lithium-ion battery pack as it has approximately the 
same heat capacity as a lithium-ion battery. Cartridge heaters 
will be inserted into the aluminum block(battery) to generate 
the temperatures typical of electric vehicle batteries under 
operating conditions. The water coolant used will act as the 
vehicle refrigerant for testing under room temperature and ice-
cold water to observe the differences.  

A. Battery cell simulation 
The PCIPC method was inspired by lithium-ion battery 
modules that were not ideally safe. Batteries are a main 
component in the cooling system which provide the power to 
begin heating the passive system, which then enables cooling. 
Although heat generation is essential, it becomes the very 
issue in overheating and shortages in the battery which could 
lead to an undesirable event of thermal runaway. An ANSYS 
Fluent li-ion battery model (Figure 1) designed to simulate 
multiple discharge rates over time steps will give an idea of 
how much heat generation is in a lithium-ion battery and what 
proper methods can be used to cool effectively. This includes 
cooling structure, surface contact, heat pipes, working fluid 
and suitable materials to observe the typical battery 
conditions. 

 
  
Figure 1: ANSYS Fluent cell simulator 



B. Heat Pipes 
In terms of heat pipes, the structural factor in the design of 
effective heat transfer would be that of how the heat pipe is 
designed by wicks or gravity. Wicks are a porous material 
found in heat pipes that do the job of carrying the condensed 
liquid (cooled) to the hot region from the cold region (Figure 
2). Wicks are substantially better in terms of allowing the 
structural freedom of heat pipes and provide flexibility. The 
downside is the expensive cost of using wicks, but after all 
materials considered, it was an economical decision.  

 
Figure 2: ANSYS Fluent heat pipe simulation 

C. Structure 
The final PCIPC structure developed considers the principles 
of increased surface area contact, simple design and a 
manifold above the battery module acting as a coolant 
chamber (Figure 3). The cooling phenomenon enables phase 
change induced passive cooling to work exclusively with two 
heat pipes between each battery, maximizing cooling effects. 
The condenser section ensures the coolant delivers a fixed 
temperature stream and flow of coolant, so the heat pipe is 
always condensing the heated fluid.  

 

 
 

Figure 3: PCIPC design apparatus  
 

IV. DATA AND RESULTS 
The goal for our PCIPC structure is to control battery 
temperature to avoid overheating, or worse, thermal 

runaway. The optimum operating temperature is between 
20°C- 45°C and the temperature difference between 
batteries shouldn’t be more than 5°C. The heat transfer 
equation by conduction is:  	

�̇� =
𝑘𝐴Δ𝑇
𝐿  

where k is the thermal conductivity, A is the exposure area, 
and L is the depth of the solid, ΔT is the temperature 
difference between hot and cold.  
Below is the data obtained from our experimentation:  
    TABLE I. Inner Battery Cell Data 

 
     TABLE II. Outer Battery Cell Data 

 

V. CONCLUSION 
Managing the excess heat generation of batteries in electric 
vehicles is the number one challenge in being able to have 
an efficient, reliable, and safe product. Being able to 
manage this issue can completely change the way 
consumers and engineers view “green” transportation 
overall. Flat heat pipes increase the thermal contact area 
which allows maximum cooling effectiveness, increasing 
the heat removal rate. By using principals of pulsating 
phase-change heat pipes, no additional power is drawn from 
the battery system as the PHP is already expelling excess 
energy from the system. The evaporated working fluid in 
addition to the existing refrigerant in vehicles is what starts 
this passive and efficient process of reducing excess heat. 
Because of this phenomenon, PCIPC is quite efficient and 
simple when the right materials are selected.    
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