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Abstract: To address the airflow distribution in the long tunnel with large section, a combination of ventilation
fans is utilized as the starting point. Relying on the tunnel section between Dayang Station and Qingdao North
Station on Qingdao Metro Line 8, a numerical model is established to conduct simulation calculations. By cross-
validating the experimental data with the numerical simulation results, the distribution characteristics of the flow
field inside the tunnel are obtained. From the perspectives of velocity and pressure, a comparison is made
between the smoke exhaust efficiency and smoke control capability of the tunnel ventilation system in two fan
combination scenarios; the single exhaust fan and the combination of two forced fans with an exhaust fan. The
research finds that in the single exhaust fan, excessively high fresh airflow velocity inhibites the ventilation

capacity on the polluted side. In the combination of two combination of forced fans with an exhaust fan, the fresh
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air flow velocity could be controlled by adjusting the pressure of the downstream fan, thereby reducing the
resistance along the smoke exhaust duct. The pressure distribution in the X-axis direction within the tunnel
reveals the presence of equal pressure line at the ceiling smoke exhaust outlet. In the combination of two forced
fans with an exhaust fan, the required pressure rise for the polluted airflow to propagate downstream is higher
than that in the single fan. From the perspective of velocity, it can be observed that in the single fan, the
transverse velocity at the lower part of the roadway reaches a minimum of around 0.5 m/s, whereas in the
combination of two forced fans with an exhaust fan, the transverse velocity is less than 0.15 m/s, indicating a
stronger smoke control capability in the dual-pressure single exhaust configuration. Through the comparison of
exhaust effectiveness, it has been found that under the same power, the smoke exhaust efficiency in the
combination of two forced fans with an exhaust fan is 20 percentage points higher than that in the single fan. The
above conclusions have demonstrated the scientific validity of utilizing the combination of two forced fans with an
exhaust fan, providing references for on-site design.

Keywords: long tunnel with large section; multi-fan combination; inner flow field; smoke control; smoke

exhaust efficiency
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