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Development of Mathematical Model for Blast Furnace
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Abstract

Various phenomena in blast furnaces that are affected by gas flow, chemical reactions, descent
of burden materials and so on are very complicated. There-dimensional mathematical blast furnace
model is developed based on the mass, momentum and energy conservation in the furnace. Another
mathematical model that can estimate the transient erosion process of the blast furnace hearth is
also developed. Developed mathematical models can predict in-furnace state such as gas flow,
temperature, brick/refractory erosion of blast furnaces at steady state and unsteady state. These

mathematical models are applied to analyses of actual blast furnace’s operations.
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@ Indirect reduction of iron ore by CO, H,
Fe,0,->Fe;0,>FeO->Fe
® Gasification of coke
C+C0,>2C0
C+H,0->CO+H,
® Shift reaction
CO+H,0=CO,+H,

Lumpy zone

® Melting of iron ore
FeO,Fe(solid)>FeO,Fe(liquid)

® Smelting reduction
FeO (liquid)+C—>Fe(liquid)+CO
® Transfer of C, Si to molten iron
C->C , SiO+C->Si+CO

©® Combustion of coke, pulverized coal
€+0,-2C0
C+H,0->CO+H,

Combustion zone
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Transport phenomena in blast furnace
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Burden materials

Boundary conditions | l

1-dimensional heat
conduction model

Heat transfer
boundary conditions
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Blast boundary ]
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heat transfer,
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conditions

Perfect mixing model Heat transfer
(Hot metal pool) boundary conditions
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Schematic diagrams of 3-dimensional mathematical model
for blast furnace
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Reactions considered in mathematical blast furnace model
No. Reactions
1 3Fe,0,(s) + CO(g) —  2Fe0,(s) + CO,(g)
2 Fe,0,(s) + CO(g) —  3FeO(s) + CO,(g
3 FeO(s) + CO(g) — Fe(s) +  CO,(g)
4 3Fe,0,(s) + H,(g) —  2Fe0,(s) + H,O(g)
5 Fe,O,(s) + H,(g) —  3FeO(s) + H,0(g)
6 FeO(s) + H, (g — Fe(s) + H,0(g)
7 C(s) + CO,(g9 — 2CO(p)
8 C(s) + HO@ — CO(® + Hy(e)
9 FeO(l) + C(s) — Fe(l) + CO(g)
10 C(s) — C
11 | HO@® + CO@® = H(@ + CO
12 Sio,() + C(s) — SiO(g) + CO(g)
13 Si0,(s) + C(s) — SiO(g) + CO(g)
14 SiO,(s) + 3C(s) — SiC(s) + 2CO(g)
15 SiO(g) + C — Si + CO(g)
16 Fe(s) — Fe(l)
17 FeO(s) — FeO(l)
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Calc. gas flow
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Calc. solid flow
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Calc. gas, solid and
liquid-temperature
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Calc. gas composition

v

Calc. solid composition
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Calc. liquid composition
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Calc. particle diameter
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Computational results of blast furnace by the mathematical model
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Example of comparison with measured and calculated results of Wakayama No.5 blast furnace
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Computational results of Wakayama No.5 blast furnace
blow-in operation
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Ore layer
Coke layer |

20

(a) Layer structure (b) Solid emperature(’C) (c) Gas flow (d) CO concentration (mol%)
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In-furnace states calculated by mathematical blast furnace
model
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Inlet boundary condition
(Velocity, Temperature)

S
N N

(Ergun’s eq.) i

T x\§
Coke free layer !
(Navier-Stokes eq.) |

/I Brick/Refractory EI

SR - AIEEERERR FRIET VOB
System of hearth erosion model
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