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A Mathematical Model of Blast Furnace Considering Radial

Distribution of Gas Flow, Heat Transfer and Reactions

Synopsis :

Michiharu HATANO and Koichi KUriTA

In consideration of the radial distribution of materials in the blast furnace, a new mathematical model
of the blast furnace has been developed. This model consists of heat and mass balance equations at the ex-
istence of three phases (gas-solid-liquid) and the equation of motion for gas. Assuming streamline of
solid and liquid, the characteristic method has been employed to solve these equations.

By the mathematical model, the following results have been obtained.

1. Calculated isothermal line (1 400°C) is similar to that of quenched blast furnace.

2. The distributions of temperature, composition and mass velocity in the upper part of the shaft is

strongly affected by the O/C distribution.

3. In the lower part of the blast furnace, the dead zone plays as a heat reserved zone and has the in—
fluence of the formation of the inverted V—shaped cohesive zone.
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Fig. 1. Assumed streamline of solids.
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Fig. 2. Temperature dependence of heat exchange
coefficient between gas and solid.
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Fig. 3. Flow chart of calculation.

Table 1. Blast furnace profile and operating

conditions.
Blast furnace profile Operating conditions
Diameter of throat| 9.8m|Blast volume 5174 Nms/min
Diameter of belly {14.4m|Blast temperature(1100°C
Diameter of hearth|13.4m|Humidity 5.1 g/Nm3
Height of tuyere 5.2m|{0il-injection 160 kg/min
Liquid level 3.7m|Top pressure 2.63 kg/cm2
Length of throat 0 m|Ore by coke 3.8
Length of shaft 16.5m|Coke 34 t/charge
Length of belly 3.0m{Fe in ore 0.579
Length of bosh 3.4m|C in coke 0.916
Length of hearth 5.8m
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Fig. 4. Streamline and iso-bar line of gas.

ORI, BB THH TR EEER, Thih,
BERE, IV, SEEECELLLDOTHS.

T, BREEER, BECRTEAYOERRS,
kb2 bz iy, BEEERENDLEBTAZ ENT
x5.

Fig. 5 7nb, DF¥Dz Liibnnb.

(1) BIEEHFCBI 50 T2 BEEEE R, BHEO
O/C HHEHBLEFELTE D, BEHE Li-oAx R
LT3,

(2) ZefRE% O/C iniTHfl LigTtha b &
Xy, REEESML, BEEESMLID S, X0RE
ZDMINT 5y VIR E IO, DT LT, &4
ELTRERAECHBE L, v e 7 MRIBT  EIRES
BOMER L\ S R EERITCHIBE LTS,

5.3 BTHICBITIZIRFESH

Fig. 6 &, BAEEL TORKES % R$. Fig. 6
2 BRIBEDME, T[T OBEEREWCHS Lcorm
LD T\nB T Ebnnd.

5:4 HRHBIVEFOERES#

HAR XOEEOFNRE %, Fig. 7 ©rd.2

b, 2FDz Lilbnb.

—-= descending velocity.
— mass flow rate.
-+-+ boundary line between moving and stationary
zones.
Fig. 5. Descending velocity and mass flow rate
of solid in the blast furnace.

|

0.1 K9/sec

= —

Fig. 6. Mass flow rate of liquid in the blast
furnace.

(1) BECRTBEDMIZ, ZIFEFE—FK L
HEER LT 5.

— 124 —




O

b

#AGN, ER, RSeERLAEFEEFRET L 1905

Top gas

800

1400°C—

~——— gas solid
~+=+ boundary line between moving and stationary
zones,

Fig. 7. Temperature distribution of gas and
solid in the blast furnace.

1400°¢

1500 A

1600

Fig. 8. Temperature distribution of liquid in the
blast furnace.

(2) w47+ EoRESME, BRO O/C 51
OHERZT, F NV EREEOKXEWEHT, BE
EFIARNE B 5 — vEIRT.

(3) 1400°C Z£E#HIL, b5, WVEOHRE
RLTEY, BEFAECHLLR R ORRE B o B R
&, BE—BLIERAIER LT WA,

(4) zoOREHOMREBRETIET L LTI,
O/C OHHE IV, THEBETHH FNIEEDOSH
WS, HELRhAEN, FToMe, REBRZEFEZER

THLENDDE. Tihbb, FLOR LAY EHIR C
13, EHROBEINIZEAERL, BECEHF I L5
», P —BoREE L LTERTS. #27TC, 20
HIE DR T5, ¥ALBRETHY, chicky,
BOBEBBMEE I oo, BEFORE, FHBR
DEEEYRELZG, VM @AZRT S0 L
EExhb.
5.5 BTROEERM

Fig. 8 IC T OBEDMERT. ML bais X
51, T FERORERF G, FEEMX v EVWOHEE
o CT\wWb. ZOERE, FHEOETERE2LE W C
L, BIO, i Lick o, FHEABEBEERELTY
B licisrbnlEZLRS.
5.6 Fe, O, FeO, Fe DR H

Fig. 9 i& Fe,O3 & Fe o4 fi%, Fi-, Fig. 10
FeO o4 fixmRd. ¥+ 7 b EFEET 5, Fe,O3 D
SAE, O/C HMmOEELZY, WAEAYE LT\w3
2, Va7 FEBCUE, Fig. 7 OREST O LB bk
X5, FEEAIEGRRE ERICET 35 %, &L
DHEFTHEL 72 b, FeO, Fe o7x, #MVERicD
LDLEBRINSD.

-.~+ boundary line between moving and stationary
zones,

Fig. 9. Mass fraction of Fe,Oy and Fe in the
blast furnace.
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Fig. 10. Mass fraction of FeO in the blast
furnace.

5:7 HZRDOWEMT T

CO, CO, #»DIFPHTi%, Fig. 11 wiR¥. #x2
DRSS, BIRD O/C HAiof & xR 71,

O/C DH\FHHT, CO, €O, HFE D 75 AR
ER L. Ef, BECKTS, CO/CO, 0afb, i3

IFEF L —H LIEHRER LTS 2 &b,

6. # =

=]

RFEAOREF I HEERL, K-EH-% 3 HEOR
By, R, BEZRIRCHNT LESBFE RS 7
THR L, SRR ESSBERIT 2T 2 21t X
D, YIaVv—Ya VERBLCER kofHi % B
7.

(1) X=FAhrbBohicBEOF ARE, MY
i, v 7 PEE TS0 EESAE, 1400°C £BE (R
ERETREE) X3, HRFEOFHe, MEEFOHE
BRE BE-HLEEAZR LTS, K710
WMRER TS LTI
(2) Y%7 ERERT, A, BEORE,
e, B IO, BEHEESML, BHCKTS O/C
DONFRCESEELTED, a—AF0 T—=—ig¥
b O/C HHHENERNTHSZ EHRE LT\

[ Top gas

CO ——— CO,
Average CO/CO; of top gas=1.02.

Fig. 11. Mol fraction of CO, CO, gas in the
blast furnace.
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