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Multi-fluid numerical simulation and analysis of blast furnace in
oxygen blast furnace process
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Abstract: To study the effects of different oxygen blast furnace operating procedures and their operating
parameters on blast furnace process, and to predict the variation of each parameter of oxygen blast furnace
process, a multi-fluid blast furnace model is built based on multi-fluid theory, metallurgical transport
theory, metallurgical thermodynamics and kinetics, and computational fluid dynamics. By modifying its
boundary conditions and internal parameters, the establishment of multi-fluid model of oxygen blast
furnace is achieved. Numerical simulation of the normal blast furnace and gasification furnace-oxygen blast
furnace (GF-FOBF)is carried out with this model and the fields of typical parameters, such as temperature
field, are obtained. By comparing the calculation results, the main features of the furnace under oxygen
blast furnace operating conditions and changes relative to the traditional blast furnace are analyzed. It can be
found that the oxygen blast furnace internal velocity field and temperature field change, especially the

distribution of gas. This model can provide reference for the experiment and development of the oxygen
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blast furnace process.
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Table 1 Phases and substances involved in the model
AH 7/
S Cc0O,CO;,,H,,H;O,N,,0,

[ AH Fe, O, ,Fe, O, .Fe, O,Fe,C,gangue(CaO,MgO,Al, O; ,SiO,)

WA Fe. O,Fe,slag(CaO,MgO,Al, O3 ,Si0O,)

TEXT R 47 PR AR B AR 22 ) Jo 6 A 1T A 19 Al b X e P A A Y SR e AT T T AL U T S B I
Bio %2 P TR 5 I8 Y 12 AL aE SO K 3 AN HEAE . A B T3 i S N R R SR A A T kA7
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Table 2 Chemical reactions and phase transitions involved in the model

n SR ETipLS

1 3Fe,0,(s)+CO(g) =2Fe, 0, (s)+CO, ()

2 w/(w—3)Fe, 0, () +CO(g)=3/(Uw—3)Fe, O()+CO,(g)  CO [l B 1 JE I 7
3 Fe,0(s)+CO(g) =wFe(s)+CO, (g)

4 3Fe,0,(s)+H,(g)=2Fe,0,(s)+H,0(g)

5 w/(dw—3)Fe,0,(s)+H, () =3/(dw—3)Fe, O()+H,0(g)  H, [l 4 ik 5 7 1
6  Fe,O(s)+H,(g)=wFe(s)+H,0(g)

7a Fe, O(D +C(s) =wFe() +CO(absorbed on 1)

B RN
7b CO(absorbed on ) =CO(g)
8  C()+CO,(g)=2C0(g) boudouard JZ i
9 C()+H,0()=CO(g)+H, () KSR
10 C(s)+1/20,(g)=CO(g) AN 58 A RS S
11 C(e)+0,(g)=CO,(g) 58 4 MR BN
12 CO(2)+H,0(g)=CO,(g)+H, (2 KR 8 B
13 Fe(s)=Fe(D)
14 Fe,O(s)=Fe,O(D F A AR AR

15 Gangue(s) = Slag(D)
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Table 3 Operating parameters of traditional blast Table 4 Operating parameters of the exygen blast furnace

in the GF-FOBF process

and mesh distribution of

blast furnace in the model

furnace in the simulation
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Table 5 Recycling gas parameters of oxygen blast furnace

ST R H0 / % P
K 8 , - B e
CO CO, H, H,0O O, N, (m” «t 1)
I B RIS 80.5 — 8.4 — — 11.1 358.0 1173
IR LG RIS 80.5 — 8.4 — — 11.1 400.0 1173
2.3 EEIIE 6 TESHPTMESHESTEESSNES
Zigﬁﬂ: % ;(,—J-*ﬁ;jg 1—[—%: %%%jﬂ:ﬁf TIGE XN LT Table 6 Comparison of calculated top gas compositions and
Tﬁ%ﬁiﬁkﬁj\fr%ﬁ{ﬁ—’ﬁ 9; B/]?HEF': ':F' e Eﬂ%%ﬁiﬁ’ , ﬂl:l i’% measured values of traditional blast furnace
6 FF % T LU BP0 2 25 kD X R T R BTIURSURSY CO €O M. MO 0. N
TR GE A BT I T A HEME/ % 225 203 1.5 3.1 0.1 525

SEE/ % 219 202 1.9 2.3 0.3 53.4
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Fig.2 Temperature fields in traditional blast furnace (K)
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Fig.3 Velocity fields in traditional blast furnace Fig.4 Volume fraction distributions of gas phase in

traditional blast furnace
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Fig.5 Mass fraction distributions of solid phase in traditional blast furnace
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Fig.6. Temperature fields in oxygen blast

furnace of GF-FOBF process (K)

(c )W

750 E......

— &SRy T
700 T Yy R T

650
600
550

500 +

PSSR BE/K

450 +

400 +

350 1 1 1
0 0.5 1.0 1.5 2.0 2.5

PTAR 1  E m
B7 SSEPSEBSPFIESEEIL
Fig.7 Comparison of top gas temperature between

oxygen blast furnace and traditional blast furnace
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Fig.8 Calculated results of gas phase in oxygen blast

furnace of GF-FOBF process
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Fig.9 Comparison of gas pressure between oxygen blast

furnace and traditional blast furnace (Pa)
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Fig.10 Comparison of iron ore reduction degree between

oxygen blast furnace and traditional blast furnace
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Table 7 Comparison of operation parameters between

traditional blast furnace and oxygen blast furnace

Z S BT - R =T A IR
AR/ (kg t) 1637.2 1643.7
waE/ (kg t™) 316.8 302.4
B/ (kg tH) 370 205
B/ (kg et 170 200
BN/ (m® ) 1136.5 245.4
SALYIEFE/ (kg 171D — 174
AP R/ (m* -t ) — 122.4
PR/ (m® -t 1) — 358
PELIEA AR/ (m? « D) — 400
FPEAIE/ (KT e m) 3107.5 6 695.6
SMEBES &/ (m® » ) 1709.8 688.9
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