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This study is to investigate convection cooling performance of the Secondary Battery of Electric Vehicle without heat sink.
Research is focused on the comparative study on cooling between forced convection and natural convection cooling.
Selected local locations for various temperature distributions had shown in the flow domain. Final temperature on the cell
surface has been compared by forced convection with natural convection. According to the results of velocity and
temperature distributions in the fluid domain, Buoyancy appear by density difference in the natural convection. Apparent
vortex was detected in the fluid domain for forced convection. According to calculations of convective heat transfer
coefficient between cell and atmosphere in the battery pack, average value of more 70-78% heat transfer coefficient
increased by forced convection than natural convection. Average temperature value of the cell surface decreased up to
46.50% by forced convection. Due to vortex by air, cooling performance of forced convection is excellent. In addition,
cooling on edge of the battery is better than heat source location.
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Fig. 2 Imported battery geometry

Table 1 Battery physical size

Cell Case Inlet, Outlet
Horizontal
X Coord) [mm] 400 600 400
Vertical
(Y Coord.) [mm] 400 700 60
Thickness 40 700 100

(Z Coord.) [mm]

Table 2 Design input conditions

Test fluid (Air) temperature (K) 298
Battery cell surface initial temperature (K) 338
Cell material Aluminum
Heat transfer coefficient ~ Free convection 5
(W/mK) Forced convection 20
Heat flux (W/m?) 1000
Inlet mass flow rate (kgs) Free convection 2.0 x10¢
Forced convection 0.05
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Fig. 3 Mesh conditions
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(a) Side view (b) Front view

Fig. 4 Velocity vectors at natural convection

(a) Side view (b) Front view

Fig. 5 Velocity vectors at forced convection

(a) Outside the cell (b) Inside the cell

Fig. 6 Cell surface temperature at natural convection

(a) Outside the cell

(b) Inside the cell

Fig. 7 Cell surface temperature at forced convection
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(a) Natural convection (b) Forced convection

Fig. 8 Temperature distribution of the battery case

(a) Vertical position (b) Horizontal position

Fig. 9 Temperature on the 1st cell surface at natural convection

(a) Vertical position

(b) Horizontal position

Fig. 10 Temperature on the st cell surface at forced convection
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Fig. 11 Heat transfer coefficient by natural convection and forced
convection at the inlet position of battery
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Fig. 12 Heat transfer coefficient on the vertical position of 1st cell
surface at X =-0.075 m
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Fig. 13 Heat transfer coefficient on the horizontal position of 1st
cell surface at Y =0.02 m
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