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Experimental Research on Multi-Circle Freezing
Temperature Field for Thick Top Soil
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Abstract: In order to get the evolution law of the multi-circle freezing temperature field for
thick top soil, we establishe a test system to study the temperature field of frozen wall in in
thick top soil. In this system, the effect of pressure on frozen point of soil is considered. Based
on similarity theory, the experiment on muti-circle freezing temperature field after loading were
carried out by taking the ventilation shaft of Zhao Lou coal mine as the prototype. The results
show that the closure time of freezing front of three chilled pipes is 50 days, the thickness and
the average temperature of frozen wall are 11. 2m and -22. 8'C, respectively. And the fitting
functions of the average temperature of frozen wall and the shaft-lining temperature changing
with time are T, =—3X107%*+2X107°¢*—0.0358z+2. 932 and T,=—0. 0207¢+10. 32, re-
spectively. When the temperature field of the characteristic surfaces is in quasi-steady stage,
the thickness of frozen wall is almost stable, so the shaft-lining temperature and the average
temperature of frozen wall satisfy the requirements of excavating shaft. When the temperature
field of the characteristic surfaces is in steady stage, the cooling loads of chilled pipes are main-
ly used to maintain the temperature of inward and outward extending areas of frozen wall.
Key words: thick top soil; multi-circle freezing; characteristic surfaces; temperature field; fro-
zen wall
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Table | Parameters of prototype and modd
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Fig. 1 Main structure of experiment sysem
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Fig. 2 Disposing of thermocouple serials

1.3 RBHHMESR

WA &R 510~515 m HEH
L, BB WA R 0 RO S B E LR
BRI KEE 18NS EBRER, RIELEH
FLBE. KBS ERNT .

1) #E 4 TAE. I 1l &, PR A =28 W 1E
TR SE » R G5 2R G0 F il ¥ 2R e 4% 3L, 170 IR 90 o 8%
RERRAE.

2) RRE BRI LA SKER, 24 h,
KT B BN IRALF L.

3 WMEBEBREAE YLEREKXBHGSRE
o 18] J2 31 T 46 A B4 U R A5 R AR, R R
B, IR RSB, BITIER  FRE K
R ERES.

4) IR E S SR TRBEE S, B3’
FEmMBERGE, 5 B EE RN EEEA G EEW, 4%
RENRE,ELHERBRE PR 24 h

5) HIRURE. TR B REIHWEARERE, A
RERHAIAERE, F RS ERERS
LR LERS N PHARSRE, E¥MERZEX.

6) B RE. LHBEK B 3HRE, RIERFE
T B A RS R R B IEH MW R S
7.

) KB B,

2 RBEARRSH

WKRE G S 8 2 E78, 3 @ Datatak-
er f 10 min B RERE. WA BHNELTEE
FE#BORE GREREMERE FFHERES.
2.1 EEEHHNOERE

EHRERENER OGS RNAET 3 HPR
HE M, TRERN. P 3BEREERNIERE,

MEESEGE HREES LR ERAREER
HAIR. B 3 BiR N PRGBS EESEH O .

151
5 p—— B
g 0
ﬁ 0 -\\‘\,\
20 #Hn
: . #o
30, 1000 2000 3000

Bt #/min
B3 RGRGENEESORE

Fig. 3 Import and export temperature
at the outside of the middle chilled pipe
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Fig.4 Temperature field of characteristic surfaces
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Table 2 Variation of characteristic values of frozen wall

Grg5utE/ YRG5 BEEL Y /m UREsRE LM/ C
min FE®E REME FEm FEWH
200 0.29 0.27 —2.8 —3.9
300 0.34 0.33 ~5.7 -7.3
500 0.41 0. 46 —-12.3  —10.7
800 0.50 0.50 —16.5  —15.7
1 200 0.52 0. 52 —20.7 —20.3
1 600 0.53 0.53 —22.4 —22.4
2 000 0.55 0.54 —22.7  —22.7
2 700 0.56 0.56 ~22.8 —22.8
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Fig.5 Curves of temperature
and thickness of frozen wall
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