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Abstract : In this study, a thermal analysis of cells in a battery rack with multiple batteries is performed
for large-scale energy storage system. For this analysis rack consisting of 18 trays and 12 batteries are
arranged in each tray. Cold air is supplied through the air supply of the rack, and each tray is also
analyzed for a general-purpose battery rack with individual fans. The cooling efficiency inside the rack is
analysed due to change of temperature condition at the cell and air inside the rack. In this paper, the
temperature of the main air supply is 298.15 K, and the number of air changes per hour (ACH), which is
the volume of the rack divided by the air flow rate per hour, is 50-2,500. As the ACH of the rack
increases, it is assumed that the momentum source of the tray exit also increases linearly and the ACH
range of the tray is 214.8-1,578.5. In the rack's ACH range from 50 to 500, the cooling rate of the
battery drastically increased as the ACH increased. The cooling rate converged from the section where
rack's ACH exceeded about 1,000. It was found in this study that the thermal analysis could be predicted
effectively in the condition that the air supply air volume of the rack was 2,000 or more ACH.
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Table 1 The operating conditions of rack

Inlet | Volume flow Number of
Velocity | rate of Inlet |air changes per

(m/s) (CMH) hour (ACH)
Case 1 0.31 62.5 50
Case 2 0.61 125.0 100
Case 3 1.22 250.0 200
Case 4 2.45 500.0 400
Case 5 3.67 750.1 600
Case 6 4.89 1000.1 800
Case 7 6.12 1250.1 1,000
Case 8 9.18 1875.2 1,500
Case 9 12.24 2500.2 2,000
Case 10| 15.30 31253 2,500

Table 2 The operating conditions of tray

Average number of
Momentum(N) |
air changes of the tray

Case 1 2.18E-03 214.78

Case 2 4.36E-03 305.99

Case 3 8.72E-03 435.45

Case 4 1.74E-02 618.56

Case 5 2.62E-02 762.35

Case 6 3.49E-02 882.61

Case 7 4.36E-02 1,000

Case 8 6.54E-02 1,221.72

Case 9 8.72E-02 1,415.18

Case 10 1.09E-01 1,578.47
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Fig. 2 Number of air changes of each analysis

condition

Table 3 The initial conditions

Inlet air(K)

298.15

Operating pressure (atm)

Initial temperature of air in the rack(K) | 313.15

Initial temperature of cell(K) 313.15
Table 4 Thermal properties of Battery

Material Cell

Volume (m®) 0.0018386

Density (kg/m’) 2067.146

Weight (ton) 0.003801

Specific heat (J/kg-k) 1352.906
Thermal conductivity kx (W/m-k) 19.6
Thermal conductivity ky (W/m-k) 4.8
Thermal conductivity kz (W/m-k) 19.6
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