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Table 1 Recent examples of flood hazards in subway
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Table 2 A survey of studies on defensive characteristics of underground spaces
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guished by tentatively introducing the physical parameters A, c,of solid and liquid into the temperature relaxation
time 7,, as a result, a novel solid-liquid conjugate boiling heat transfer LB model was proposed in this study. After
verifying the accuracy, stability and rationality of the model, boiling heat transfer at different wettability surfaces
were simulated by the solid-liquid conjugate model and the original pseudo-potential model. The results showed that
the unintentional neglection of different heat transfer capacities of solid and liquid regions in the original pseudo-po-
tential model led to the appearance of large low-density phase transition region around the bubble root. The exist-
ence of low-density phase transition region produced additional interphase forces and greatly changed the wall con-
tact angle of bubbles. However, the solid-liquid conjugate heat conduction model realized characterization of differ-
ent thermophysical properties of solid and liquid regions by introducing a temperature relaxation time function. The
low-density phase transition region only appeared in a very small range and at very low level, the actual bubble wall
contact angles obtained by the conjugate heat transfer model were closer to the setting bubble contact angle. For
other wettable surfaces except superhydrophilic surfaces, the maximum relative error of the actual contact angle ob-
tained by the conjugate heat transfer model was 8. 6%, which was 9. 8% lower than that of the original pseudopo-
tential model. The solid-liquid conjugate boiling heat transfer LB model could more accurately describe the actual
microscopic process of boiling heat transfer.

Keywords: phase change; solid-liquid conjugate boiling heat transfer model; gas-liquid flow; bubble; LBM

(13255 29 1)
Flood Risk and Control in Urban Underground Spaces with Extreme Rainfall

LIU Shuguang, ZHENG Weiqiang, ZHOU Zhengzheng, ZHUANG Qi, JIN Yuchen, ZHANG Zhirui

(College of Civil Engineering , Tongji University, Shanghai 200092, China)

Abstract; Although plenty of studies have been carried out, waterlogging in urban areas is common. The frequent
happening of flood inundation in urban underground spaces has great threat to the sustainable development of city
and the life and property security of citizens. Firstly, according to the flooding events in urban underground spaces
around the world, the basic information and characteristics of flood disasters in urban underground spaces were in-
troduced in this study. The characteristics of flood disasters in underground spaces were analyzed from four aspects,
including inundation development, rescue condition, invasion pattern, and damage feature. Then, the major scien-
tific problems of flood control in urban underground spaces were raised from three aspects, i. e. factors, carriers,
and defenders, based on which the difficulties, vulnerabilities, and poor executions were summarized and dis-
cussed. The influences on flood preventing of designed rainfalls, physical property and non-structural measures
were concluded. Next, with an overview of related studies, studies on flood control in urban underground spaces
were divided into two types, one based on flood control in urban areas and the other focused on features of under-
ground spaces, both of which were analyzed in detail. Finally, an outlook of academic study and technical improve-
ment on prospective flood control in urban underground spaces was conducted, as a scientific perspective to the de-
velopment of sustainable societies and resilient cities.

Keywords: extreme rainfall; flood risk; underground spaces; disaster control; urbanization
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