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Fig.2 Schematic diagram of freeze pipes connection method
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Fig.9 Thermal density distribution map of parallel and series connection mode of freezing pipes
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Numerical Model for Artificial Freezing Wall Development Considering Series and

Parallel of Freezing Pipes

ZHANG Chao'*343, WANG Hongfei'2, LUO Shen'?, LIU Quanhong®, WANG Cuixia'->3%3

(1.School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River
Laboratory (Zhengzhou University), Zhengzhou 450001 China; 3.Collaborative Innovation Center for Disaster Prevention
and Control of Underground Engineering Jointly Built by Provinces and Ministries, Zhengzhou 450001, China; 4.National

Local Joint Engineering Laboratory of Major Infrastructure Testing and Rehabilitation Technology, Zhengzhou 450001,

China; 5.Yellow River Laboratory (Henan), Zhengzhou 450001, China; 6.Henan Open University, Zhengzhou 450008,
China)

Abstract: [ Objective] To investigate the topological effects of freezing pipe circuits resulting from series-parallel
connections and their impact on the development of the freezing wall. [ Methods] Based on the theory of water-heat
coupling in frozen soil and the theory of mass and heat transfer in non-isothermal pipe flow, this paper proposes a
numerical analysis method for transient water-heat and non-isothermal pipe flow fully coupled. By COMSOL, a simulation
model of artificial freezing construction considering the topological effects of freezing pipes is established. Taking the
artificial freezing method construction at Baimiao Station on Zhengzhou Metro Line 7 in Henan Province as an example,
this paper investigates the impact of parallel and series connection configurations for freezing pipes on the development
process of artificial frozen walls, and proposes an optimised connection scheme for engineering freezing pipes. [ Results]
(1) The evolution of artificial freezing wall is significantly influenced by stratigraphic factors. The average cooling rate of
the lower sandy soil is approximately twice that of the upper fine-grained soil. (2) At sufficient freezing strength, the
freezing wall with a saturated water content 65 = 0.45 m*-m™ exhibits a cycle time advancement of 4 days and a freezing
wall thickness increase of 0.4 m compared to 0.35 m*-m™. At the same porosity, the closure time for a flow rate O = 100
m?-d™! is advanced by 2 days compared to 5 m*>-d”'. But the increase in freezing wall thickness is not significant. (3) The
model effectively reflects the pattern of heat loss along the freezing pipes space and can accurately calculate the freezing
difference between the inlet and outlet of the series-connected freezing pipes. Within the freezing zone, the predictive
accuracy for radial and axial asynchronous freezing processes has been enhanced.(4) By establishing evaluation indicators
for the kernel density distribution of the rated temperature range (ET) and sub-rated temperature range (CT), an evaluation
method for the rationality of freezing pipe series-parallel topology structure is proposed. The series-parallel configuration
of the freeze pipes for this project has been optimised. [ Conclusion] The analytical approach employing a coupled
system of frozen soil and series-parallel freezing pipes proves more effective in elucidating the developmental
patterns of freezing wall. The research findings may serve as a reference for enhancing the freezing efficiency of
artificial freezing methods and optimising the design of freezing pipe connections.

Keywords: artificial freezing wall; freezing pipe; pipe series and parallel connection; numerical evaluation
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