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Abstract This study numerically investigates the thermal performance of a 2.0-kW butane-based combustion heating
system for an electric vehicle under cold conditions. The system is used for cabin space heating and coolant-based
battery thermal management. ANSYS CFX 17 software was used for parametric analysis. The mass flow rates of cold
air and coolant were varied, and their effects were compared. The numerical results were validated with theoretical
studies, which showed an error of 0.15%. As the outside air mass flow rates were increased to 0.005, 0.01, and 0.015
kg/s, the cabin supply air temperature decreased continuously while the coolant outlet temperature increased. When
the coolant mass flow rates were increased to 0.005, 0.01 and 0.015 kg/s, the air temperature increased while the
coolant outlet temperatures decreased. The optimal mass flow rates are discussed in a consideration of the
requirements for high cabin heating capacity and efficient battery thermal management.
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Table 1. Material of the heat exchanger

Properties Specifications
Heatsink Material Aluminum
Heatsink Thermal conductivity (W/mm °C) 0.237
Tube Material Copper
Tube Thermal conductivity (W/mm °C) 0.401

Fig. 2. Mesh form of numerical analysis

Table 2. Mesh properties

Properties Specifications
Mesh type Automatic Mesh type
Span Angle Center Fine
Nodes 1,339,519
Elements 7,585,566

Table 3. Condition of numerical analysis

Properties Specifications
Hot gas temperature [K] 1273
Hot gas mass flow rate [g s"(-1)] 1.25
Water inlet temperature [K] 274
Cold air inlet temperature [K] 273
Wall boundary condition Adiabatic

Outlet air Pressure

Standard atmosphere

Table 4. Specification of the mass flow rate

Specifications

Factors

Water inlet mass flow rate
Ke / s]

0.005

0.01 {0.015 0.01

Cold air mass flow rate
[Kg /5]

0.01 0.005|0.015
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(b) Stream line of top view

[

Fig. 3. Air stream line in heat exchanger
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Fig. 6. Heat capacity with variation of numerical analysis
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