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Abstract: To address the unclear thermal response mechanisms caused by the transient, non-
uniform, and radiation-dominated characteristics of automobile cabin environments, this study
adopts a field experimental approach. Based on real-world driving experiments during morning
and evening commutes in winter, this study investigates the spatiotemporal heterogeneity of cabin
environments and the patterns of dynamic human thermal responses under heating by automotive
air conditioning systems. The results show that: First, significant vertical thermal stratification
with a “head-warm-foot-cold” pattern occurs during winter heating, with an average vertical

temperature difference of (7.2041.16) C. The maximum horizontal temperature difference in
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the foot region reaches (5.15+1.36) °C, while the average temperature difference between front
and rear cabins is (2. 1240.54) °C. Second, the cabin thermal environment exhibits pronounced
dynamic changes: the average heating rate in the first 3 min is as high as 1. 8 °C /min, stabilizing
after 20 min (variation rate less than 0.3 °C/min). A notable “environment-subjective feedback
decoupling” is observed, with human thermal sensation responding more rapidly and stabilizing in
about 6 min. Although the luminous environment shows diurnal differences (0—3 837 1x),
humans can adapt to a wide range of illuminance levels. Finally, for typical winter clothing of
1.45 clo (1 clo=10.155 m* » K/W), the thermal neutral temperatures for the winter cabin
environment are determined (air temperature T, = 19.3 °C; operative temperature T, = 16.8 C;
equivalent spatial temperature T,, = 16.5 °C). These values are significantly lower than those
recommended by the ISO standard. The findings provide theoretical support for improving cabin
comfort and optimizing air conditioning control strategies, contributing to the low-carbon,
human-centric green development of the automotive industry.
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Fig. 1 Experimental flow chart
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Fig. 2 Cockpit environmental parameters during the experiment
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Fig. 3 Distribution of subjective thermal response votes
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Fig. 4 Temperature difference in the cabin
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