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Thermal deformation analysis of copper—steel composite staves
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ABSTRACT The improvement in thermal deformation resistance of the copper stave in the bosh area and lower stack area of a blast
furnace is the key factor for prolonging the blast furnace campaign life. The heat transfer performance and thermal deformation of the
copper—steel composite stave at the bosh area and lower stack area were investigated by thermal testing and numerical simulation and
compared with those of the copper stave. The results show that the maximum temperature on the rib hot surface of the copper—steel
composite stave without skull is 180 C when the gas temperature is 1200 °C  and approaches to the heat transfer performance of the
copper stave. The maximum equivalent stress of the copper/steel interface is about 114. 45 MPa lower than the tensile strength of the
copper—steel plate. The copper—steel composite stave subjects to bending deformation and the center displacement in the z direction
is 0. 66 mm about 25. 8% lower than that of the copper stave. The up/down displacement in the z direction is 0. 13 mm about 50%

~' about 51. 81% lower than that of the copper stave. The ther—

lower than that of the copper stave. The curvature is 0. 93 x 10 ~* mm
mal deformation resistance of the copper—steel composite stave is superior to that of the copper stave and it can overcome the fracture
of bolts and pipes in the copper stave due to excessive thermal deformation.
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Fig.1 Physical model of the copper—steel composite stave: (a) physical model; (b) copper—steel composite stave; ( c¢) packing layer and rein—

forced rib; ( d) dovetail groove and rib; ( e) stress state of an element; (f) cooling channel cross-section
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2.3

Fig.2 Schematic illustration of the thermal experimental system of the copper—steel composite stave
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Table 1 Thermal conductivity and mechanical properties of materials
/°C [(Wem™teC 1) /GPa /(107%C 1)

17 400 110 17. 64 0.34
100 380 108 18. 00 0.34
300 365 95 18.50 0.34
30 52 206 12. 00 0.30
500 42 170 12. 00 0.30
1000 31 90 12. 00 0.30
1500 31 20 12. 00 0.30
200 1.45 21 4.70 0.1
400 1.45 21 4.70 0.1
500 1.50 15 4.70 0.1
700 1.50 15 4.70 0.1
800 1.65 12 4.70 0.1
1100 1. 65 12 4.70 0.1
1370 1. 65 7 4.70 0.1
— 0.35 21 4.70 0.1
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Fig.4 Measured and calculated thermal strains of the copper—steel

composite stave when the furnace temperature is 1100 °C
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Fig.3 Strain gauge arrangement on the copper—steel composite stave 4.2
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Fig.5 Temperature distribution of hot surface centerline AB and cool surface centerline DC for the copper—steel composite stave
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Fig.6 Temperature and total heat flux distribution of the copper—

steel composite stave in the thickness direction
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Fig.7 Equivalent stress ( von Mises) distribution of the copper—

steel composite stave
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Fig.8 Shear stress distribution of hot surface centerline AB for the

copper—steel composite stave
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Fig.9 Thermal strain distribution of hot surface centerline AB for the

copper—steel composite stave
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Fig. 10 Displacement distribution of hot surface centerline AB ( a) and deformation of longitudinal cross-section ABCD for the copper—steel composite

Fig.11 Displacement distribution of hot surface centerline AB( a) and deformation of longitudinal cross-section ABCD for the copper stave ( b)
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x 92. 81 MPa ;
y 0 114. 45 MPa
mm
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