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Research Progress on Simulation Calculation Methods for Air Environment
Safety Design in Underground Spaces in Cold Regions
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Abstract : This study provides a comprehensive and systematic review of the simulation calculation methods for
air environment safety design in underground spaces in cold regions. By constructing a collaborative
analysis framework that integrates CFD numerical simulation, ventilation network calculation, and
multi-parameter field measurement verification, a comparative analysis of relevant domestic and
foreign research is conducted. The study reveals the significant advantages of the Finite Volume
Method and the RNG k- ¢ model in this field, while also pointing out the theoretical bottlenecks of
current methods in thermo—hygro—pneumatic multi—field coupling and transient boundary condition
response. On this basis, a forward—looking development direction based on digital twin multi—-physics
coupling simulation technology is proposed, offering a comprehensive and in—depth methodological
reference for the environmental safety design of deep—buried underground projects.

Keywords : cold regions; underground space; air environment safety; CFD simulation; ventilation
network calculation
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