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Abstract

Taking the Lhasa-Nyingchi section of the Sichuan-Xizang Railway as the research background, this
study investigates the pressure fluctuation characteristics inside EMU carriages under the coupled
effects of high altitude, steep gradient, and extra-long tunnel groups. Based on the one-dimensional
compressible unsteady flow theory, an external aerodynamic pressure calculation model for trains
passing through tunnels is established. Combined with a time constant (7) model representing the
dynamic sealing performance of the vehicle, an analytical method for calculating interior pressure
was developed. Through full-parameter numerical simulation of a single 160 km/h EMU passing
through typical tunnels in the Lhasa-Nyingchi section, the influence of sealing class (7 = 20 s) on key
interior pressure parameters was systematically investigated. The results indicate that pressure
distribution along the train length follows a clear pattern: the extreme maximum positive pressure
typically occurs in the leading car, while the maximum negative pressure and the peak-to-peak value
increase progressively from the leading car toward the trailing car. Among the tunnel structural
parameters, the line gradient is the key factor exacerbating pressure fluctuations. Large gradients
significantly increase the pressure amplitude. In contrast, the low-density effect resulting from high
altitude somewhat mitigates pressure peaks. Tunnel length influences the fluctuation mode: pres-
sure changes are acute in short tunnels, while long tunnels exhibit cumulative pressure gradients
and a pronounced sustained negative pressure environment. The study finds that the combination
of “large gradients” and “extra-long tunnels” most readily induces extreme interior pressure values,
representing the highest-risk operational condition. The conclusions of this research provide direct
theoretical basis and data support for the air-tightness design of trains, as well as for the aerody-
namic optimization of tunnel cross-sections and portal structures on high-altitude mountain rail-
ways.
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Figure 1. Comparison results of the internal pressure time history curves
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Figure 2. Peak positive interior pressure per carriage (z = 20 s) during train passage through a typ-
ical single-track tunnel
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Figure 3. Peak negative interior pressure per carriage (z = 20 s) during train passage through a typ-

ical single-track tunnel
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Figure 4. Peak-to-peak interior pressure in each carriage (z =20 s) during train passage through
a typical single-track tunnel
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