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Table 1 Elasticity mechanics parameters of materials
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Elasticity modulus/ Thermal expansion

Material Temperature/'C Density/(kg'm °) GPa coefficient/(10°m-C ™) Poisson’s ratio
17 110 17.6
Copper 100 8390 108 18.0 0.33
300 95 18.5
Slag coating - By working condition By working condition By working condition 0.1
Cast-in bricks - By type of bricks By type of bricks By type of bricks 0.1

F2 ARSI LIS S0k

Table 2 Parameters under different conditions of gas temperature

Gas Slag Water Water He.at. Thermal e.xpansion Thermal e.xpansion
. . conductivity of coefficient of coefficient of
Item temperature/  thickness/ velocity/  temperature/ . . .
C mm (m-s ) C bricks/ bricks/ slag coating/
(WmCc™h (10°m-Cch (10°m-C™h
Variation range 1200—1400 5-85 0.5-2.5 25-45 5-15 2.7-10.7 2.7-10.7
Characteristic 5, - 2 35 10 47 4.7

value
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Total deformation/mm

0.320X10™
0.124X 1073
0.216X1073
0.309X1073
0.401 X107
0.493X1073
0.585X1073
0.678 X107
0.770X1073
0.862X 1073
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Fig. 1 Typical deformation of copper staves
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Fig. 2 Change law of stave body’s displacement: (a) In width

direction; (b) In thickness direction
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Fig. 4 Damage and deformation condition of copper cooling

stave in a Chinese steel plant
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Fig. 5 Influence of gas temperature on deformation of stave
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Fig. 6 Influence of slag coating thickness on deformation of

stave body
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Deformation of copper cooling stave under conditions of
variable slag coating thickness

LI Feng-guang" 2, ZHANG Jian-liang®

(1. School of Materials Science and Engineering, Hubei University of Automotive Technology, Shiyan 442002, China;
2. School of Metallurgical and Ecological Engineering,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: A thermal-mechanical coupling model of copper cooling stave with variable slag coating was founded based on
the thermal elastic mechanics, and the influences of the gas temperature, the cooling system, the materials of insert bricks,
and the properties of the slag on the stave life were analyzed from the view point of the deformation of stave body. The
results show that the deformation of stave body increases linearly with the increase of gas temperature; the deformation of
stave body decreases at first and then increases when the slag coating thickness increases, and the deformation of the
stave body has the minimum when the slag coating thickness is 20 mm; the increase of water velocity has a significant
influence on reducing deformation of stave body, while increase of cooling water temperature incurs conspicuous growth
of deformation; the increase of the heat conductivity of cast-in bricks and the decrease of the thermal expansion
coefficient of slag significantly reduce the deformation of stave body while the increase of the thermal expansion
coefficient of cast-in bricks obviously enlarges the deformation of stave body.

Key words: copper cooling stave; slag coating; thermal-mechanical coupling; thermal deformation; ANSYS
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