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Mathematical Two-dimensional Model of the Blast Furnace Process

'Mamoru KUWABARA, Shinji TAKANE, Kunio SEKIDO and Iwao MucHI

Synopsis :

A mathematical two-dimensional model is developed for analyzing inner circumstances of blast furnace at

steady state operation.

This model is consisted of a set of partial differential equations representing

simultaneous processes of gas and burden flows, heat transfer and mass transfer with chemical rate

processes.

Derivation of governing equations, evaluation of transport parameters and a finite difference

scheme for stable and effective computation of the large scale model are shown in this paper.
On the basis of a thermodynamic consideration of Si-O-C system, the mechanism of SiO formation in the
dropping zone of blast furnace is considered to change from an equilibrium of SiO2-C to that of SiC-C at

higher temperature where SiC becomes stable.
dissolved and saturated carbon in hot metal.

The evolved gaseous SiO is kinetically reduced by

The inner circumstances of a blast furnace with pulverized coal injection are numerically analyzed using
the two-dimensional model, and the characteristics of distributed process variables are examined in

comparison with those at all coke operation.

Key words : blast furnace; mathematical model; heat transfer; mass transfer; burden flow; gas flow;

cohesive zone; silicon transfer.
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Fig. 1. Schematic construction of two-dimensional
model of blast furnace.
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Fig. 2. Configuration of boundaries.
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Fig. 3. Flow chart for numerical computation.

Table 2.

Numerical data for computation.
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Fig. 6. Contours of equi-fractional reduction of

iron ore (f,) and silicon content of hot metal Si(%).
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Fig. 7. Longitudinal distributions of gas composi-
tions, gas pressure, and equi-fractional reduction.

HiE ESIBEOBHIRTLTYA, FRIKTY
LESEOIREE L Si M, PoE kT 1663K, 0.3%,
JEREIRC 1918K, 1.5%, %7, WROEWEIZ b7
HHEFHTIE 1823K, 0.55% LW I ETBHERIILE -
TWh, &8, PO TOBEHERILIGEHEL 2.

Fig. 8 i, ., Wi, FEHICES COF R
OFEE [CO,/(CO+ COp)] AMMRF D H A A IS
WHLTRLTWA, M & RITEIE O TR b
RL72A, EOEFEMEBORAHED LAT LTV XAORE
T T 28128 VT FeO—Fe OEMMICEET S
Ha TS T 5. B LEORARIRHM L RERT O
DIZFHEGD HEE D 5HA, BHETORRMICIEEES
HMOBREBLUFARSHOEENRON, FRHEL
FIHENE .

Fig. 9 121k, H, # 2 o FI A= [H,0/(H; + H,0)]
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Fig. 8. Comparison of CO utilizations between
PCI-and all coke-operations.
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Fig. 9. Comparison of H; utilizations between
PCI-and all coke-operations.

A*h5EEESh, Fig. 8 & Fig. 9 Tit CO, Hy D
ThoOHNAFHEED 2~3% BELRATHERIIL-T
WwWah, FAHELZBERE, KBEEBFCBIIEREOK
B IIBWTHRWEEATWVS.
4. #& B
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2)ETWICBITH Si OBITRICICE L T, Si-
O-C ZROBNFWICE SV TH L BT IREL 7.
Thbb, FHAO SI0 #ADOFEX, SiC OB
BELLT Tid Si0,-C ORIz Ly, F7-, Z0EE
PLETE SiC-C Bfick > THES RSB E L, BAEL
72 Si0 W ADBESHPOBAMERIZLLIBETLIIOWVWTIE
W B EE L /2.
3)TRTEEFMICE ST, B RIRA AL
EFOWFPURIE 2 AT L, 704 REBOGAREES X
O —Na— 7 ZRFERFEDEFIZOWTRET L 7.
KEFNIE, TOvZAERICET 55O mER
BRRICLE LSS, FRABLEARFLZTICESHT
B OFHIRR EHHTESD. REFNVIZED 1run
720 OFERTERE AR AERBEER L -0
FACOM M780-20 BH KT 20 min BETH D, KEF
Wik, BEFERE GO LFNIKROEETVE LT
EREOERI A LS SRS,

BRI, AR OFEITIZ TRV 7272 0 1 LBk 0
HoORE, KA B, BHAE, RBNEO&KRICES
WL Ed.

& 5

a: KM (m*/m*(bed)), ¢ :t# (J/kg'K), Cy:
ENRE (mol(k)/m*(j)), d,: KT8 (m), DY,:7%
BREOHWHIEARE (m%/s), f:&1bZE (-), G &
BEE (kg(j)/m*(bed)-s), h,: MM 7 2 B O
ZELRE (W/m?K), — AH,: BUEE (J/mol), k: 3
ZHE (W/mK), kr: BUSEEER (mol/m? Pa-s),
kO : AR BALEE (W/mK), K,:3 AWESICH T
L EERE (m/s), M: 52 (kg/mol), P: # %
FEH(Pa), Pr: 75 v b VB (=), r: PEHMHHE (m),
R : JFEBEAE (m), Re, : KT L 1 /7 W X (= d,u0/ 1)
(=), Ro: R EH (J/mol-K), R™ :#4 SIG &E B
{(mol/m3(bed)-s), ¢:8:f (s), T:iRE (K), u; s
BEE (m3(7)/m?(j)s), U, : FRBER#EDBIEIZH4R
¥ (W/m>K), V:FFBOEE (m*(bed)), w,:k
ZEAWA AR (g(H,0)/Nm*(Dry air)), x;: €ILH=
(=), z: BEH,D EA~OH#E (m), o: f1EOHRE

£ (rad), B;: BUGIIHED A XD E B3NN (kg/mol), -

Vit OB D ARERME (m?(j)/mol), A:BOE
A (m), &: BHREEFE (m*(j)/m?(bed)), &: HKITLD
FEEH R (= 2/Re.) (-), 7 FUSBROIUEE (-),
kK E (Pas), vy:2mthd (), &:EBARTHES
(=2/Ry.) (=), py: BEHE (kg(j)/m®(bed)), 0;: &
M EE (kg(j)/m?(j)), ¢, @, : PIBE M UVBE ] HE 15 A
(rad), ¢,: K THRFEE (-), ¢: HNEE (kg/s)
(I Z2F)

b:EAY, be: W8, c: -2 X, cw: FHK, g: N
A, i i HBORI, j:iM, k: kWD, m: R,

melt: B2, M:BAE® (1573~1623K), o: 87,
in: A, out: O, r:r KM, R: L—2Y A, s:
PF, S:#k b (1473~1573K), w:BE wus: ™7 2
ZA4 b, z:z2hM, 0: BTEL
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