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Effects of Operation Parameters on Heat Transfer in Shaft
Furnace for Vanadium Titano-Magnetite Roasting
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Abstract: With a shaft furnace of 2 x 10* tons annual capacity for vanadium titano-magnetite roasting
as the research object, a three-dimensional steady-state heat transfer mathematical model of shaft
furnace was established. The reaction heat was complied into solid phase energy equation in the form
of internal heat source by UDF and the pellet velocity was defined. The roasting time and temperature
were used as the evaluation indexes in order to study the effects of operation parameters on heat transfer
performance. The results show that the roasting and cooling air volume rates and the pellets velocity
are three main factors and the influence of the last one is the largest. Under the conditions of 38 mm
pellet diameter, 4 ~6 h roasting time and 1 100 ~ 1 200 K roasting temperature, the suitable operating
parameters are obtained as: the cooling air volume rate is 1 210 ~ 1430 m’/h; the roasting air volume
rate is 3070 ~3 670 m’/h; and the moving down velocity of pellets is 0. 258 ~0.290 m/h.
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Fig. 1 Structural diagram of shaft furnace for vanadium
titano-magnetite roasting
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Fig. 2 Three-dimensional physical model
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Table 1 Comparison of measured temperature and
numerical simulation of gas in furnace

His A/ m MG/ K BRI K AR/ %

1 5.6 542 576 6.27
2 4.0 1190 1130 5.04
3 3.8 1 146 1081 5.67
4 3.3 947 979 3.38
5 2.6 784 819 4.46
6 1.8 683 737 7.91
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Fig. 3 Pellets and gas temperature distributions in
roasting shaft furnace
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Fig. 5 Effect of cooling air volume rate on pellets
roasting time and temperatures
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Table 2 Change of pellets velocity with the change of
shaft furnace length

s KESERE/%  BPKE/m v/(m-h)
1 +40 5.88 0.193
2 +30 5.46 0. 225
3 +20 5.04 0. 258
4 +10 4.62 0.29
5 -10 3.78 0.354
6 -20 3.36 0. 386
7 -30 2.94 0.419
8 -40 2.52 0.451
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