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Abstract; For the double-row arrangement of freezing pipes
in artificial ground freezing, Bakholdin gave an analytical
solution to the steady-state temperature field. However, the
solution only aimed at the inline and general staggered
arrangements, which could not meet practical requirements.
For irregular arrangements of freezing pipes in engineering
practice, in this paper, a generalized analytical solution to the
steady-state temperature field of double-row-pipe freezing was
proposed. First, based on the separability of boundary
conditions for harmonic equations, a special single-row-pipe
freezing problem was solved by superposition of the
linear

Bakholdin s single-row-pipe solution and the

temperature field solution. Then, the generalized analytical
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solution to the steady-state temperature field was derived for
double-row-pipe freezing in irregular arrangements according
to the special single-row-pipe solution. Comparison of the
analytical solution with the numerical thermal analysis shows
that the analytical solution is precise enough, and the
experimental results of physical model indicates that the
analytical solution meets the accuracy requirement in
engineering.

Key words; artificial ground freezing; temperature field;
single-row-pipe freezing; double-row-pipe freezing; analytical
solution; harmonic equations
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Fig.1 Model of special single-row-pipe freezing
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Fig.2 Model of generalized double-row-pipe freezing
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Fig.3 Visualization of freezing pipe arrangement
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Tab.3 Temperature and position of eight

measuring points in Section 1-1

g R KR iR AR HXHR
y/m BE/C E/C =/C /%
1 3.10 —4.70  —4.72 0.02 0
2 2.50 —6.40  —6.50 0.10 L5
3 137 —12.00 —11.90 0.10 0.8
4 0.10 —9.60  —10.30 0.70 6.8
5 —L37 —12.00 —11.80 0.20 L7
6 —1.90 —7.20  —7.80 0. 60 8.3
7 —2.50 —4.70  —4.70 0.00 0
8 —3.10 —2.00 —L70 0. 30 15.0
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Tab.4 Temperature and position of eight

measuring points in Section 2-2
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y/m B/ E/C /T /%
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3 1.37 —8.90  —8.86 0.04 0.4
4 0.10 —9.60  —10.16 0.56 5.8
5 —1.37 —12.00 —11.80 0.02 0.2
6 —1.90 —6.80  —7.80 1.00 14.7
7 —2.50 —4.00  —4.70 0. 70 17.5
8 —3.10 —2.00  —L70 0. 30 15.0
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