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Experimental and Numerical Study on Hydro-thermal Behaviour
of Artificial Freezing System with Water Flow
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Abstract

The artificial ground freezing method is a ground amelioration technology that does not have a permanent effect on
the ground. One of the key factors that determine the efficiency and design criteria of the artificial ground freezing
is the groundwater flow. Therefore, in order to accurately evaluate the behavior of the artificial ground freezing, studies
on the effect of water flow on the formation of ice walls must be preceded. In this paper, experimental and numerical
analyses were conducted using only pure water to maximize the effect of water flow on the formation of ice walls.
A hydro-thermal coupled model for freezing behavior was proposed and the accuracy of the model was verified. Through
the numerical and experimental studies, the flow rate dominates not only the formation time but also the shape of the
ice wall. In addition, this study proposes a method to indirectly predict the ice wall formation time, which is expected

to be highly useful for a practical application where it is difficult to visually identify ice walls.
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Fig. 1. Schematic diagram of laboratory testing system for artificial freezing
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Table 1. Material properties for numerical simulation =of gt AFEFZAAS Y515 1 A= AY
Properties Symbol Value Unit 2PAY Aukel vlwsith 50| Y= =% =
___ Poosty | n 1 W 52 S-S ekt 7] AehE g
Virtual discharge capacity Kuir 3.85E-05 m/s - . 6 e
Initial density Pu 1000 kg/m® A ARke] =g 12 s s skl
3 = = .
i SR e (% 0. ,
D 917 kg/m AlE gl 3418 271R] S-2H-8-5F 0.2L/min, 0.3L/min)o||
Heal capacly oL B e el AL sl @ wiek AA o] B8 &
i g
Thermal conductivity A 0.6 W/(m-K) E=2AS Fig 29} ot vig Ao 2 2 dATE >
- a2 W w9} fepo] Ho| ALHor GlEE 270]7] Wl
Latent heat of fusion L .33E05 J/kg _ _
of vie FAAHL] 2x= YA F-x]8F Tk
il Fig. 3 Fig. 1(0)0] =A1E 7} 444 B5A44
41
4. duf FM (ML1, ML2, ML3)9|| tjgt L= 2Z S Lehf=d] 34
A | 3 Ke) Al AFNE dlgl&x o =3o
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Fig. 2. Temperature boundary conditions at pipes and bottom lines for different flow rates
-0.14 e 0.14
Ry
Bl
-0.16 | ) ,_}/«v‘zi, ‘s 0.16 4
D et
_ i -
E -0.184 e E 0184
B T 5
2 0204 TNl vaA- o 2 o024 =
ST~ ®
i 1 3xm SR IR
$ 0224 A& anee R ? 02 I
W 6hr, Exp. u
< 8hr, Exp. =0 hr, Num.
=0 hr, Num. — =1 hr, Num.
-0.24 4 — —2hr, Num. -024 4 — -3hr, Num.
= =4hr, Num. — = 5hr, Num.
= = 6 hr, Num. = = =7 hr, Num.
= =8 hr, Num. =+ =9 hr, Num.
_026 T T T T T T -026 T T T T
-10 -8 -6 -4 -2 0 2 8 -10 -8 -6 -4 -2
Temperature (°C) Temperature (°C)
(@) ML1 (Initial flow rate = 0.20 L/min) (b) ML1 (Initial flow rate = 0.30 L/min)
Fig. 3. Temperature profiles (ML1, ML2, and ML3) during artificial freezing tests
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Fig. 3. Temperature profiles (ML1, ML2, and ML3) during artificial freezing tests (Continued)
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