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Abstract [ Objective] The comfort of airflow delivery in
metro air-conditioning systems is a critical indicator for the per-
formance measurement. To ensure passenger comfort, it is
necessary to maintain the indoor temperature and air velocity
within a reasonable range in the passenger compartments.
Therefore, an in-depth study of the airflow organiztion inside
metro train compartments is essential. [ Method ] Focusing on
the passenger compartment of a Tc car (trailer car with driver’
s cabin) in a specific metro train, a comprehensive analysis of
vehicle parameters and operating environment is conducted,
followed by optimization of the air duct structure. On this ba-
sis, a geometric model is constructed and meshed. Using com-

putational fluid dynamics (CFD) methods and simulation tools

such as HyperMesh and STAR-CCM + , the airflow organiza-
tion and temperature characteristics in the compartment are sim-
ulated under both no-load and full-load conditions. Experimen-
tal tests are carried out to validate and compare the simulation
results. [ Result & Conclusion] Under all operating condi-
tions, the main airflow velocity within the compartment re-
mains below 0.5 m/s, avoiding significant draft discomfort for
passengers. However, issues of airflow short-circuiting and
counterflow are still observed. In un-load condition, the com-
partment exhibits good uniformity in airflow organization and
temperature distribution, while in full-load condition, the tem-
perature distribution uniformity declines. The optimized air
duct structure demonstrates excellent airflow delivery perform-
ance.

Key words metro train; airflow organization; temperature

distribution; multiple working conditions
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Fig.1 Airflow organization in compartment
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Fig.2 Diagram of Tc car air duct optimization plan
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Fig.3 Airflow velocity vector diagram in passenger

compartment height direction
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Tab.1 Measuring point parameters of Tc car
DR RS /mm B R/ m /T HE/(m/s)
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19.4 0.51
18.1 0.23
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18.1 0.23
18.4 0.20
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18.2 0.22
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Tab.3 Temperature test results of each measuring point

in Tc car passenger compartments

Wrgs  wWE/m EE/T || Mkgs  AE/m J1E/T
1 1.2 20.0 8 1.2 20.6
2 1.2 19.9 9 1.2 18.8
3 1.7 19.9 10 1.2 19.5
4 1.2 19.9 11 1.7 19.1
5 1.2 20.0 12 1.2 19.6
6 1.2 20.0 13 1.2 19.9
7 1.7 20.0 14 1.7 19.3
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Tab.4 Velocity test results of each measuring point in Tc

vehicle passenger compartments

Mrid's wE/m K/ (m/s)|[G s mE/m K/ (m/s)
Fl 1.1 0.24 F7 1.1 0.26
F2 1.1 0.27 F8 1.1 0.31
F3 1.1 0.22 F9 1.1 0.24
F4 1.1 0.23 F10 1.7 0.40
F5 1.1 0.28 Fl1 1.7 0.42
F6 1.1 0.21 F12 1.7 0.42
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