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Analysis and Optimization of Thermal Stack Natural Ventilation
Characteristics in an Underground Hydropower Station Utility Tunnel
Shi Erqiang
( SINOHYDRO BUREAU 5 Co., Ltd, Chengdu, 610213 )

[ Abstract] Underground utility tunnels play an important role in centralized pipeline laying, maintenance, and safety assurance
in hydropower stations. A good air environment ensures the safe and efficient operation of the tunnels. Currently, mechanical
ventilation is widely used, while research on thermal stack natural ventilation remains limited. As a low-carbon and energy-saving
ventilation method, whether natural ventilation can ensure that the thermal environment of the tunnel meets the requirements of
relevant specifications is the focus of this study. Based on the parameters of a utility tunnel project in an underground hydropower
station, a numerical model was established and CFD simulations were performed to investigate the effects of the height difference
between air inlet and outlet (2m, 4m, 6m) and cable heat dissipation rates (18.2W/m, 25.6W/m, 32.0W/m, 40.1W/m) on natural
ventilation performance. The results show that when the height difference increases from 2m to 6m, the maximum airflow velocity
in the tunnel increases from 0.32m/s to 0.47m/s, and the exhaust air temperature decreases by approximately 2.5~4.0°C. When the
cable heat dissipation rate increases from 18.2W/m to 40.1W/m, the natural ventilation rate increases from approximately 5108m*/h
to 6168m*/h, while the exhaust air temperature rises by about 6~8°C. The heat removal efficiency ranges from 1.5 to 3.7, increasing
with a larger height difference and decreasing with higher heat dissipation. Under the premise of meeting the construction and

initial investment requirements of the hydropower station, it is recommended to arrange natural exhaust outlets in parallel with
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mechanical ventilation outlets and to increase the height of exhaust outlets as much as possible, thereby achieving economical and

green ventilation that complies with the specification requirements for utility tunnels.
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