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Numerical Simulation and Comprehensive Evaluation of
Different Airflow Organization Modes for Winter Heating in Office Spaces
Li Kaipeng LiuYin Dong Suiju Luo Zhenming
Wang Chen Yan Xu Zhang Shuaijie Nie Chengxiang
( School of Smart Energy and Environment, Zhongyuan University of Technology, Zhengzhou, 450007 )

[ Abstract]  To address vertical thermal stratification and the difficulty of balancing thermal comfort and energy efficiency in
office spaces during winter heating, a multidimensional evaluation framework incorporating the head-to-ankle vertical temperature
difference (AT), predicted mean vote (PMV), and energy utilization coefficient (EUC) was established. Computational fluid
dynamics (CFD) simulations were conducted to systematically compare the thermal environment and energy efficiency of mixing
ventilation, impinging jet ventilation, and displacement ventilation under winter heating conditions. The results indicate that mixing
ventilation is sensitive to the supply air angle. Increasing the angle from 30° to 60° reduced AT by 64.3%, indicating a significant
improvement in heat distribution near the floor. For impinging jet ventilation, low-level air supply (0.6 m) reduced AT by 28.4%
and increased EUC by 1.6% compared with high-level air supply (2.0 m), facilitating more effective heat delivery to the occupied
zone. Displacement ventilation achieved a comparable AT to low-level impinging jet ventilation but exhibited a generally warmer

thermal sensation. Based on an equally weighted comprehensive evaluation, the overall performance ranking was as follows:
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low-level impinging jet ventilation > displacement ventilation > high-level impinging jet ventilation > mixing ventilation at 60° >

mixing ventilation at 45° > mixing ventilation at 30°. Under the specified conditions, low-level impinging jet ventilation

demonstrated the best overall performance in mitigating thermal stratification, improving thermal comfort, and enhancing energy

utilization efficiency, making it a preferred air distribution strategy for winter heating in office spaces.
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