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Heat transfer and thermal stress analysis of
copper steel composite stave
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Abstract: The heat transfer difference of copper steel composite stave with copper stave and cast steel stave and thermal
stress distribution of copper steel interface were investigated through establishing a mathematical model of heat transfer
and thermal stress distribution of copper steel composite stave. The results show that the maximum temperature at the rib
of copper steel composite stave without the accretion is 180 ‘C when the furnace temperature is 1200 “C, which is about
30 ‘C higher than that of copper stave and 520 ‘C lower than that of cast steel stave. Copper steel composite stave has the
same heat transfer performance as copper stave. The normal stress o, at the free edge of copper steel interface is larger
than 0 and it is submitted to tension. When welding the copper steel composite stave onto the reinforced rib, the normal
stress o, at the free edge of copper steel interface is lower than 0 and it is submitted to compression, and the maximum
equivalent stress of copper steel interface decreases to 114.45 MPa and it is less than the elevated temperature strength of
copper steel composite plate. Copper steel composite stave will not be damaged by separation of copper and steel layer in
blast furnace. The calculated and measured temperature of copper steel composite stave in the thermal test agree well,
which verifies the validity of the mathematical model.
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Fig. 1 Photo of plastic deformation and water pipes fracture
of copper stave
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Fig. 2 Geometry model of copper steel composite stave: (a) Computational domain; (b) Dovetail groove and rib; (c) Cross-section

of cooling water channel; (d) Section of geometry model
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Table 1  Elevated temperature strength of copper/steel

composite plate

Temperature/ 'C Strength/MPa
70 346
125 321
175 304
230 288
280 276

(4 157 FACE AT T AR 5 R EEAE) 4 54 mm, 317
BHZJEE ) 80 mm. 4585 30 mm.
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Table 2 Thermal conductivity and mechanical properties of materials

Material Tempf:rature/ Thermal ci)lnfiufltivity/ Elastic modulus/ The@al expz{r;seioill Poiss.on’s

C (Wm -C™) GPa coefficient/(10°°C ) ratio

17 400 110 17.64 0.34

Pure copper 100 380 108 18 0.34
300 365 95 18.5 0.34

30 52 206 12 0.3

Steel 500 52 170 12 0.3
1000 52 90 12 0.3

1500 52 20 12 0.3

200 1.45 21 4.7 0.1

400 1.45 15 4.7 0.1

500 1.45 15 4.7 0.1

Inlaid brick 700 1.50 12 4.7 0.1
800 1.50 12 4.7 0.1

1100 1.65 7 4.7 0.1

1370 1.65 7 4.7 0.1

Packing 0.35 21 4.7 0.1
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Fig. 3 Thermal test stand of copper steel composite stave:

1—Furnace; 2—Copper steel composite stave; 3—Water tank;
4—Data collection system; 5—Air blower; 6—Chimney; 7—
Wireless digital temperature sensor; 8 — Wireless digital
flowrate sensor; 9 — Valve; 10 — Pump; 11 — K-type
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