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SPH simulation of forming process of frozen wall of shaft

CHEN Pei-pei, BAI Bing
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The freezing process of soil under the action of freezing pipe is related to the release of latent heat of phase change.
An accurate description of temperature distribution characteristics near the freezing pipe and the freezing front movement rules
is very important to determine the frozen wall thickness and safety design reasonably. The smoothed particle method, as a
Lagrange meshless particle method, has been successfully used in solving many kinds of engineering problems with its unique
advantages. The problem of heat conduction involving phase change is solved by the corresponding calculation program based
on the smoothed particle method, and the practability and reliability of this method is verified through numerical examples with
analytical solution, so a new solution for solving this kind of problem is given and the application range of the smooth particle
method is extended. In the end, numerical analysis of forming process of frozen wall in construction of a coal mine shaft is
carried out. The distribution and evolution characteristics of the temperature field are calculated under the condition of freezing
pipe with single-ring and uniformly-spaced arrangement. The freezing effects of two kinds of soil media with different thermal
physical properties are compared under the same freezing condition, and the influences of schemes with different staggered
distribution holes on the forming process of frozen wall are emphatically analyzed so as to provide a basis for engineering
design.
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Fig. 6 Temperature evolution characteristics of two different

symmetric planes in clay medium
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Fig. 8 Temperature evolution characteristics of two different
symmetric planes in sand medium under three staggered

layout schemes

B 9 45t T DU FLAZ A A B 7 R4 1E T oRLED A i
R A TR BR T L R VA R AE . AT U
T P9 P VR E S N — %, AL =LAk
B IS, HUREE R W] BT, R a5 BE ) 5 L1 n
IR ER, H RS I B () 4.2 m<r<S5
m 2 [B) X3P 3 B R A — 2%, PR 2 AN R s 8
JRIE Tt — e R g R R K i RE 2 1A (ED 4.2
m<r<5 m) IR ELEGR G065 K2 30 d T A e,
Ha TR EREE (HI-20°C) 38 R bR bk 1

r/m

(b) OB
9 RN AL ERES REM T A EXFRE LAY

iR AR HHE
Fig. 9 Temperature evolution characteristics of two different
symmetric planes in sand medium under four staggered

layout schemes
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