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Abstract: A semi-empirical prediction model is established for lithium-ion battery thermal
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superposition effect of dynamic thermal radiation, residual failure time correction strategy and
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temperatures of water sprinklers (68°C and 93°C ). The model accurately reproduces the

number of thermally runaway cells under all four conditions, with a mean absolute error of

9.75 s for sprinkler activation time, and all deviations fall within experimental fluctuation
ranges. Based on simulation outputs, the Unit-Cell Domino Evolution Risk Index (U-DERI) and
the Cell-Rack Layout Domino Risk Evolution Index (L-DERI) are proposed. Quantitative

evaluation demonstrates that the risk under edge-ignition conditions is markedly higher than
that under middle-ignition conditions. For edge-ignition scenarios, the U-DERI reaches 13.98

For middle-ignition scenarios, the U-DERI is 1.78 (very-low risk) at 68°C sprinkler activation
warehouses.

assessment

el

(moderate risk) for the 68°C sprinkler setup and 18.11 (high risk) for the 93°C sprinkler setup.

and 2.65 (low risk) at 93°C sprinkler activation. The overall rack-level risk with 93°C sprinklers
(L-DERI =10.86, moderate risk) is higher than that with 68°C sprinklers (L-DERI = 8.05, low
risk). The proposed model and two-tiered risk indices can provide engineering references for
GRS

optimized fire-protection design and hierarchical risk prevention-control of lithium-ion battery
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Table 2 Summary of Experimental Results under Various Working Conditions
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Fig. 6 Experimental phenomena under various operating conditions
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