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Abstract 

Modern rail car system highlights an interdisciplinary cooperation between dynamics, mechanical structure and 

materials science. The complexity of the system presents a big challenge for full comprehension of maximum 

ceiling temperature distribution of motive cabin, driven by hot smoke buoyancy. The study gives helpful advice 

for the installation distance of the fire detector below the ceiling. To quantify the characteristics of the 

distributions, the concept of thermal boundary layer is introduced with two factors, smoke screen and high 

blockage ratio of cross section. The factors are obtained through large eddy simulation, and examined by a 

series of small scale experiments. As a result, the temperature gradient and distributions of characteristic 

temperature could be derived from thermal boundary layer (TBL) distributions, and the curve of TBL could be 
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