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Temperature-field characteristics of liquid-nitrogen freezing along
the vertical and horizontal directions
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(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
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Abstract; The field implementation of liquid nitrogen freezing was analyzed and the numerical analysis model
was established by combining engineering background information. The characteristics of vertical and horizontal
temperature field distribution and its change law during the freezing process of liquid-nitrogen were systematically
studied through calculation and analysis and verification with field measurement results. Results show that liquid-
nitrogen freezing method could achieve the effect of cooling and freezing through the way of boiling heat absorp-
tion and convection heat transfer. Compared with the brine circulation freezing method, the liquid-nitrogen freez-
ing method has a higher efficiency and a shorter cycle. However, the distribution of freezing temperature field of
the liquid-nitrogen freezing method is not uniform. There is a large temperature difference in the vertical direc-
tion, and the lowest temperature region is distributed in the liquid-nitrogen boiling area, but the temperature
field is more uniformly distributed in the horizontal direction. The medium to low temperature region of the tem-
perature field does not develop uniformly between the two rows of frozen pipes, and the frozen area develops
faster in the direction of the diaphragm-wall than in the direction of the soil. Based on the research results,
suggestions are proposed for the optimization design and construction of liquid nitrogen freezing reinforcement
which can provide theoretical basis and technical references for future liquid-nitrogen freezing projects.

Keywords: artificial frozen reinforcement; liquid nitrogen freezing; temperature field; convective heat trans-

fer; numerical simulation
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Tab.1 Design parameters for liquid nitrogen freezing

construction
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Tab.2 Convective heat transfer coefficient during active freezing period

0~5 m BN FREL/ 5~11.6 m MAEL  11.6~18.3 m M REL 18.3~22.3 m M A%/

FREEIFR]/d

(W-m?-K") (W-m?-K") (W-m?-K") (W-m?-K")
0~0.25 25.0 29.8 31.6 145.6
0.25~0.5 26.4 31.8 32.4 156.2
0.5~0.75 27.2 32.8 33.2 161.7
0.75~1 28.0 33.1 34.9 168.3
1~1.5 28.2 33.2 35.4 172.0
1.5~2 28.8 33.4 35.8 180.8
2~4 29.6 34.3 36.0 191.9
4~8 30.1 35.8 37.6 211.3
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Tab.3 Convective heat transfer coefficient during maintenance freezing period

0~5 m B ERE/ 5~11.6 m #MEE  11.6~18.3 m M RE 18.3~22.3 m M FRE/

Fresmtal/d

(W-m?-K") (W-m?-K") (W-m?-K™" (W-+m?-K")
8-8~25 13.8 15.0 16.8 67.6
8.25~8.5 13.4 14.6 16.5 59.7
8.5~8.75 13.3 14.4 16.1 57.4
8.75~9 13.3 14.2 15.9 55.3
9~9.5 13.2 14.1 15.8 54.1
9.5~10 13.1 14.0 15.6 51.8
10~12 13.0 13.7 15.4 50.8
12~16 12.5 13.2 15.0 48.5
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Fig.4 Comparison of finite element and measured results
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Fig.7 Trend chart of vertical freezing temperature field changing with freezing time
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