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Design and Simulate HVAC system for an Electric Vehicle 

 
Overview 
Electric vehicles have an inconveniently small range of travel, which is further 
reduced by up to 30% due to inefficient heating and cooling systems that draw 
significant amounts of energy from the battery.  Upon the request of SongZ, the 
goal of the project is to design and simulate an electric vehicle heat pump system 
that can provide a cooling mode COP above 2.0 and a heating mode COP above 1.2 for outdoor 
temperatures of -5°C. 
 

Objectives 
Primarily, the team wanted to design and simulate an HVAC to meet the COP requirements while 
providing optimal comfort within the vehicle cabin.   
 

Approach 
 Research was performed to gather current HVAC designs for electric vehicles and alternative 

technologies that could be implemented 

 Customer needs were developed through online electric vehicle chat sites and SongZ specifications 

 From the customer needs and research, preliminary heat pump designs were generated 

 Thermolib (thermodynamic block library for Matlab/Simulink) was used to simulate the final design  

 A SolidWorks model of a heat exchanger was created to optimize the Thermolib outputs 

 ANSYS CFD was used to visualize the temperature/velocity streamlines entering the vehicle cabin 

 To visualize the final design, a theoretical model was generated in SolidWorks as seen below 

 The team created sensors to optimize the Thermolib heat pump model and optimize the COP 
 

 

Outcomes 
Finally, the heat pump model had a COP of 
1.45 at -5°C and a COP of 2.2 for cooling:  
 
  

 Electric vehicles will have a 10% 
increase in vehicle range during the 
winter 

 SongZ can simulate prototypes quickly 
in Thermolib, saving costly prototyping 
time and materials 

 Traditional PTC (positive coefficient 
heaters) can be removed from current 
HVAC systems 

 Manufacturing and assembly costs have 
not increased 
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