


established.
To quantitatively compare the heat generation of circuit boards and 

cells, a module heat generation model was established. Models were 
created for individual cell and module based on their actual dimensions. 
Including electrode materials, aluminum casing, circuit board, etc., the 

model was shown in Fig. 1e and corresponding material properties were 
shown in Table SI-3. The model only considered irreversible heat and 
temperature rise. For individual cell, current was applied at the tab and 
heat generation was described by Eq. (1).

For module, on the basis of individual cell modeling, the circuit 

Fig. 2. Thermal behaviors of single cell and module at the environmental temperature of 20 ◦C. (a) temperature curve of single cell (wire upon joule heat at 40C and 
60C, tabs and cylinder at 5–60C); (b) infrared image of single cell at 5–60C; (c) temperature curve of module (circuit board, C1-C4 and environment at 5–60C). (d) 
infrared image of module at 5–60C; (e1) Comparison of the temperature elevation of SCs under different environmental temperatures; (e2) Comparison of the 
temperature elevation of single cell and cell in SCs module (edge position, C1) under environmental temperature of 20 ◦C.
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Fig. 9. The temperature distribution changes during charging.

Fig. 10. Upon the completion of charging, the temperature distribution of cells and heat exchange fin plate.
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location, guiding the cooling air smoothly to the harmonica pipes. 
Optimizing I-3 involved modifying the windshields, specifically 
removing all ventilation holes and adding a horizontal windshield above 
the front windshield. The horizontal windshield could contact the front 
end of the improved side of the cover plate, jointly adjusting the flow 
channel at the front end of the module to ensure that all cooling air 
reached the fan only through the harmonica pipes and heat exchange fin 
plate.

The preliminary improvement effect of the channel structure is 
shown in Fig. 14(a). It was evident that the overall temperature and 
temperature difference of the cells had been improved in the optimized 
structure. The maximum temperature rise on the cell surfaces reduced 
by 2.7 ◦C, the average temperature rise reduced by 4.5 ◦C, and the 
minimum temperature rise reduced by 2.3 ◦C. The maximum tempera-
ture rise of the aluminum busbars had reduced by 2 ◦C, and the ΔT1 had 

reduced by 1.2 ◦C. The η had increased to 0.54 (45.9 %). It was worth 
noting that significant improvements were observed in the average 
temperature rise and efficiency η, which represented the overall cooling 
efficiency of the channel structure. This indicated that the preliminary 
optimization was effective. Considering the feasibility of structural 
modifications in the actual modules, the degree of structural adjust-
ments was relatively small. However, there was still significant 
improvement in cooling performance.

Fig. 14(b) shows that after preliminary optimization, the actual 
airflow path has undergone significant changes. Upon entering the 
module, the cooling air was divided into two streams. Most of them first 
flowed into the lateral longitudinal main channels, passed through the 
harmonica pipes, then into the central longitudinal main channel, and 
ultimately reached the vicinity of the fan. A small portion of the airflow 
remained unchanged and continued to flow longitudinally along the 

Fig. 11. At the end of charging, the velocity field of the air.

Fig. 12. At the end of charging, the cross-sectional temperature distribution.
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