
49 6                ( )           Vol.49 No.6  
2018 6                     Journal of Central South University (Science and Technology)                  June 2018 

DOI: 10.11817/j.issn.1672�7207.2018.06.003 
 

 
 

1 1 1,2 1 

 
(1.   110819  

2. 200241) 
 

Fluent
UDF

330 t/a 544 m3/t
0.95 1 082 m3/t 2:1 46 mm  

 
TF 841.3 TF 521.1             A         1672�7207(2018)06�1325�08 

 

Influence of operation parameters on thermal characteristics 
of roasting shaft furnace for direct extracting vanadium 
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Abstract: Based on the local thermodynamic non-equilibrium model, the three-dimensional stable-state gas-solid heat 
transfer model of roasting shaft furnace for compact extracting vanadium was established. By virtue of user-defined 
functions in Fluent, the chemical reaction heat was defined within the solid energy equation in the form of heat source, 
and the air resistance coefficients in the source terms of momentum equation were corrected and defined by the layer 
pressure drop formula in shaft furnace. The effect of operation parameters on the thermal behavior in shaft furnace was 
conducted. The results show that in the adjustable production range, the pellet temperature decreases in the roasting 
section and increases in the cooling section with the increase of pellet diameter, besides, the soaking section is extended. 
For a given pilot scale roasting shaft furnace of 330 t/a, the suitable operating parameters are as follows: cooling air 
volume is 544 m3/t, the gas solid water equivalent is approximately 0.95, the roasting air volume is 1 082 m3/t, the ratio 
of roasting air volume and cooling air volume is 2, and the suitable pellet diameter is 46 mm. 
Key words: vanadium titanium magnetite; roasting shaft furnace; moving bed; gas-solid heat transfer; numerical 
simulation 
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Fig. 1  Structural diagram of roasting shaft furnace for 

direct extracting vanadium 
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Fig. 2  Three-dimensional physical model of 

roasting shaft furnace for direct extracting vanadium 
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Table 1  Composition ratio of vanadium titanium 

magnetite pellets               %  

V2O5 TiO2 TFe Al2O3 SiO2 CaO MgO FeO

1.50 16.80 48.70 5.00 4.60 1.57 3.90 17.93

 

[17]

2  
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2   

Table 2  Chemical reactions in shaft furnace 

 
 

�H/(kJ·mol�1)

V2O3(s)+2FeO(s)+1.5O2(g)�V2O5(s)+Fe2O3(s) �538.84 

V2O5(s)+Na2CO3(s)�2NaVO3(s)+CO2(g) �64.54 

V2O5(s)+CaO(s)�Ca(VO3)2(s) �251.40 

SiO2(s)+Na2CO3(s)�Na2SiO3(s)+CO2(g) �33.70 

V2O5(s)+MgO(s)�MgO·V2O5(s) �127.29 

 

UDF
 

1.3   

0 Pa 0 Pa

 
1.4   

Standard k��
[18]

STANDARD
SIMPLE

256 624  
1.5   

2.78 t/h
3 456 m3/h 1 373 K

3 024 m3/h 300 K
3

665 W/m3  

4

4.98%

 
 

3   

Table 3  Core parameters of vanadium titanium 

magnetite pellets 

  

�s/(W·m�1·K�1) 4.7 

cs/(J·kg�1·K�1) 0.273 6·T+683 

dp/m 0.038 

�s/(kg·m�3) 1 796 

� 0.426 

 
4   

Table 4  Comparison of measured temperature and numerical 

simulation of gas in furnace 

 

/m 

 

/K 

 

/K 

 

/% 

1 5.5 577 602 �4.33 

2 3.9 1185 1126 4.98 

3 3.7 1130 1072 5.13 

4 3.1 848 872 �2.83 

5 2.4 784 819 �4.46 

6 1.5 624 675 �8.17 

 

2   
 

1 100~1 200 K[19]

X�O�Y
3(a) (b) 1 100 K

3
850 K

1 150 K

975 K 700 K
 

3(c)
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Fig. 3  Temperature and velocity distributions in roasting shaft furnace 
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Table 5  Operating parameters for condition analysis 

 
 

QL/(m3·t�1) 

 

QB/(m3·t�1) 

 

dp/mm 

1 1 088 1 244 38 

2 816 1 244 38 

3 490 1 244 38 

4 544 1 244 38 

5 544 774 38 

6 544 719 38 

7 544 664 38 

8 544 719 23 

9 544 719 31 

10 544 719 46 

11 544 719 53 

 

816 m3/t
1 000 K

800 K
544 m3/t

1 100~1 150 K
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1 050 K
[20] 490 m3/t

1 200 K

544 m3/t
 

 

 
QL/(m3·t�1) 1 1 088 2 816 3 544 4 490  

4   

 

Fig. 4  Curves of pellet mean temperature distribution 

changing with different cooling air volumes along height 

direction of shaft furnace 
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Fig. 5  Curves of pellet mean temperature distribution 

changing with different roasting wind volumes along height 

direction of shaft furnace 
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Fig. 6  Curves of pellet mean temperature distribution 

changing with different pellet diameters along height 

direction of shaft furnace 
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