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Abstract

When a high-speed train passes through a tunnel, the external pressure undergoes significant fluctu-
ations. When these external pressure fluctuations propagate into the passenger cabin through the
train’s ventilation system’s inlets and outlets, as well as the airtight gaps in the train body, they cause
pressure changes in the cabin, leading to discomfort such as ear fullness and tinnitus among passen-
gers. In high-altitude, low-pressure, and high-cold environments, the pressure comfort issues in the
cabin become even more severe. To ensure a comfortable cabin pressure environment, high-speed
trains are designed with a pressure protection system to mitigate the impact of external pressure fluc-
tuations on the interior. This paper constructs a calculation model for cabin pressure under an active
pressure protection system and compares and validates the calculation method using measured data.
Through a one-dimensional compressible unsteady isentropic flow model, the external pressure of
the high-speed train under different operating conditions is obtained, and the effects of tunnel length,
track slope, and altitude on cabin pressure changes and airflow variations are studied. This research
further provides a theoretical analysis basis and data support for the analysis of cabin pressure
changes and the design of pressure protection systems in high-speed trains.
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Figure 1. High static pressure fan performance curve and system resistance curve
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Figure 2. Calculation model of pressure in the high-speed trains
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Figure 3. Simulation result verification of the internal pressure curve when the train head car
passes through the tunnel
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Figure 4. The external pressure changes of high-speed trains passing through different tunnel lengths
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Figure 5. The inside pressure changes of high-speed trains passing through different tunnel lengths
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Figure 6. High-speed train passes through tunnel with different length of pressure difference inside and
outside
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Figure 7. The fresh air volume of high-speed trains passing through different tunnel lengths change
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Figure 8. Pressure changes outside the train when passing through tunnels with different gradients
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Figure 9. Pressure changes inside the train when passing through tunnels with different gradients
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Figure 10. High-speed train’s fresh air volume changes through tunnels with different gradients
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Figure 11. Variation of external pressure on multiple unit trains passing through tunnels at different entrance altitudes
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Figure 12. Variation of internal pressure on multiple unit train passing through tunnels at different entrance altitudes
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Figure 13. The fresh air volume changes when high-speed trains pass through tunnels at different entrance
altitudes
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