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Rational cooling water system for a large blast furnace hearth

NING Xiaogun™" , ZUO Hai-bin, ZHANG Jianiang, YANG Tian+un

School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China

> Corresponding author, E-mail: ningxj@ ustb. edu. cn

ABSTRACT Since the temperature distribution and erosion of blast furnace hearth are directly affected by cooling system, a rational
cooling water system is the assurance for long campaign life of large blast furnace. Combined with a 4000 m” blast furnace, physical and
mathematical models of temperature fields of blast furnace hearth and bottom were built according to heat transfer theory. Two different
hearth cooling systems, namely “low water capacity and large temperature difference” and “large water capacity and small temperature
difference” , are both investigated by modeling and numerical simulation. Effects of different cooling systems on hearth temperature
field, hearth erosion and blast furnace life are also analyzed. The results indicate that during the initial period with thicker brick lining,
effects of different cooling systems on blast furnace temperature distribution are nearly the same. As the brick lining gradually becomes
thinner, different cooling systems have much different effects on temperature distribution. When the brick lining is eroded to a certain
level, even the best cooling system is of no use, but “large water capacity and small temperature difference” and enhanced cooling
measures will slow down the erosion and prolong the campaign life.
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Fig. 1  Physical model structure of the blast furnace hearth and

hearth bottom
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Fig.2 Physical model of the blast furnace hearth and hearth bottom:
() intact hearth; (b) half of the ceramic cup being erodeds ( ¢) ce-
ramic cup being entirely eroded; (d) 559 mm brick lining remained;
() 305 mm brick lining remained
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Table 1 Thermal conductivities of different brick linings

Byl PER/(Wem ™' K™ TRLEESE T /°C
EM-15 16. 32875 +0. 001 19 25 ~1600
EG  131.56429 —0. 122741 +3.95899 x 10 ~%/> 25 ~1600
E—5 12. 13643 +0. 002 161 25 ~1600
EM—10 13.33571 +0.000537 -2.29167 x10 %2 25 ~1600
EGFD  192.48571 —0.18049: +6.07143 x 10 ~>* 25 ~1600
EGF  136.68125 -0. 146317 +5.39211 x10 732 25 ~1600
RAM  23.61833 -0.01122¢ +6.62879 x 10 %> 25 ~1000
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Table 2 Heat flux intensities of brick linings with different thicknesses

il At T /mm 1416 1194 1016 559 305

AR E /(kWem ~2) 4.063 7.048 19.157 51.860 61.496
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Fig.3 Temperature differences at different brick lining thicknesses

and water flow rates ( constant velocity)
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Fig.4 Temperature differences at brick lining thicknesses and water

flow rates ( increasing velocity)
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Fig. 5  Temperature distributions by using different water cooling
methods: (‘a) low water flow rate and large temperature difference,
the cooling water temperature of 30 °C; (b) high water flow rate and

small temperature difference, the cooling water temperature of 20 °C
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