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Numerical Simulation of Coupled Airflow Heating in Railway Stations in Winter
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[ Abstract]  Heating in large space buildings in winter always has problems of hot air floating, excessive vertical temperature
difference, poor comfort and high energy consumption. In order to suppress the upward floating of the supply airflow, this paper
proposes a coupled air supply scheme with an additional control airflow above the original supply airflow. The CFD numerical
simulation method is used to study and analyze the velocity distribution, temperature distribution and energy saving of the single air
supply and the coupled air supply of a typical railway station. The factors influencing the effect of coupled airflow are further
analyzed. Results show that the coupled air supply scheme can increase the average temperature of the occupied zone from 16°C to
18.3°C, and the energy-saving rate reaches 22.8%. The air supply scheme has better thermal comfort and energy saving. Within a
certain range, when the air supply speed or angle of the control airflow increases, the average temperature of the occupied zone has
not much improvement, while the air speed increases significantly. But changing the nozzle size of the control airflow has very few
effect on the thermal environment of the occupied zone.
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Fig.1 Schematic diagram of different air supply schemes
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Fig.2 Simplified model of waiting hall of typical railway

station
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Table 1 Design parameters of single airflow
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Table 2 Parameters of control airflow

T BEC #EEms MES B B2 m

2 20 6 20 0.25
3 20 4 20 0.25
4 20 8 20 0.25
5 20 6 15 0.25
6 20 6 30 0.25
7 20 6 20 0.2

8 20 6 20 0.315
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Fig.3 Temperature distribution of Z=25m under different
air supply schemes
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Fig.4 Vertical temperature stratification under different

air supply schemes
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Fig.5 Trajectory of jet axis of Z=25m under different air

supply schemes
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Fig.6 Vertical temperature stratification under different

air supply speeds of control airflow
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Fig.7 Trajectory of jet axis of Z=25m under different air
supply speeds of control airflow
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Table 3 Thermal environment of the occupied zone

under different air supply speeds of control airflow
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Table 4 Thermal environment of the occupied zone

under different air supply angles of control airflow

15 R E Mean T (°C) Mean V (m/s) AR Mean T’ (°C) Mean V' (m/s)
4m/s 17.5 0.24 15° 20° 30°
6m/s 18.3 18.7 17.9 18.3 18.7
8m/s 0.30 0.48 0.25 0.30 0.44
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Fig.8 Vertical temperature stratification under different

air supply angles of control airflow
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Fig.9 Trajectory of jet axis of Z=25m under different air
supply angles of control airflow
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Fig.10 Vertical temperature stratification under different

nozzle sizes of control airflow
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Table 5 Thermal environment of the occupied zone

under different nozzle sizes of control airflow

AR Mean T (°C) Mean ¥ (m/s)
0.2m 17.9 0.28
0.25m 18.3 0.30

0.315m 18.6 0.32
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