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Model test research of formation law of double-row-pipe freezing wall
in water rich sand layer under seepage
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Abstract: Aiming at the problem of unclosed freezing wall in seepage fields, a coupled control equation of
seepage field and freezing temperature field was established based on the heat transfer theory of porous media and
Darcy’s law, and the interaction mechanism between the two fields was discussed. According to the similarity
theory, a model test system for the frozen double-row-pipe with plum blossom arrangement under percolation was
built, with which a orthogonal test aiming at main factors affecting the formation of frozen wall in high velocity
percolation layers was conducted. For comparison, another test with frozen single-rowed pipe was carried out
subsequently. The results show that, for double-rowed pipe freezing, the groundwater velocity, the hole spacing
and the salt water temperature are, respectively, the primary factors affecting the thickness of the upstream frozen
wall, the frozen wall intersecting time, and the downstream frozen wall thickness and average temperature. It is
also indicated that, when groundwater velocity ranges from 5 m/d to 25 m/d, the thicknesses of upstream and

downstream frozen walls of double-rowed pipe freezing are respectively larger than those of single-rowed pipe
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freezing by 62.6% - 151.8% and 3.7% - 33.8%, and at the same time, the intersecting time and the average

temperature of the frozen wall decrease by 7.1% - 91% and 12.1% - 103.9% respectively. The limit velocity of

the frozen wall intersecting under different conditions was obtained based on the nonlinear regression between the

frozen wall intersecting time and the groundwater velocity. Finally, effective countermeasures for frozen

engineering under seepage were put forward, which provides a significant reference for the design and

construction of similar frozen engineering.
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Table 1 Factors and levels

Fz FLEEE/m M RKEE(m e d7Y) HKEBESC HREE ER/m

Aop WEBEL R [ CICRN IO CICN IO

s Sm v Vi Ty Ty d dm
1 0.8 0.126 5 32 —20 —20 0.089 0.014
2 1.1 0.173 15 95 —25 —25 0.108 0.018
3 1.4 0.220 25 159 —30 —30 0.127 0.020
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Fig.1 Schematic diagram of the test equipment(unit: mm)
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Fig.2 Layout of temperature measuring points
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Table 2 Orthogonal model test results of double(single)-row-pipe

(W Te TRe M _EYH/mm F 1R/ mm S EJ/mm S i/mm 22 P i i) /d SPEIRE/C
1 267.1(134.7) 179.8(173.3) 263.1(109.3) 178.35(167.5) 3.9(4.2) —11(—9.8)
2 270.2(133.2) 213.8(199.6) 266.9(120.9) 211.39(192.2) 3.6(4.5) —13.3(—9.2)
3 267.6(132.5) 228.2(202.1) 265.7(118.8) 226.5(198.2) 3(4.5) —15.9(—7.8)
4 301.3(167) 207.1(200) 301.4(153.1) 210.29(198.5) 5.1(6.6) —13.6(—6.7)
5 293.4(153.2) 242.4(220) 291.9(143.3) 233.09(206.5) 5.4(12) —15.5(—8.2)
6 236.9(18.3) 190.5(27) 232.7(0) 191.78(0) 9(100) —10.9(12)
7 300.8(185) 252.45(206.9) 297(180.1) 247.81(203.1) 8.4(11.4) —15.3(—9.5)
8 256.8(98) 198.7(152) 251.8(100) 199.52(149.1) 12(24) —10.63(—5)
9 253.7(22.6) 214.5(36.5) 246.3(0) 204.95(0) 18(100) —10.85(12)
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Fig.7 Influences of impact factors on the lower freezing wall
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Fig.9 Influences of impact factors on the average temperature of freezing wall
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