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A Mathematical Model of Blast Furnace in Terms of Finite Element
Method and Method of Characteristics

Jun-ichi KupoH and Jun-ichiro YAGL

Synopsis :

An attempt was made on the simultaneous analysis of the gas flow and heat transfer in the blast furnace
by a mathematical model which considered complex structure and nonuniform sink and source terms for both
heat and mass. Ercun's equation was used for the equation of motion of gas and potential flow approxima-
tion was used for the equation of solid flow. Two dimensional distribution for the velocities of gas and
solid was obtained numerically by applying the finite element method with quadratic elements.
Fundamental equations of heat transfer on gas and solids were composed of the terms for convection, heat
exchange and heat source. Numerical computation of the fundamental equations was carried out in accord-
ance with the method of characteristics. In this analysis, sink and source terms regarding fusion of ore in
the cohesive zone and combustion of coke in the raceway were incorporated in the mathematical model as
well as radial distributions of particle size and void fraction. It was consequently found that the tempera-
ture distribution was affected principally by nonuniform gas flow and thermal flow ratio. Within the cohe-
sive zone, strong consumption of heat by fusion of ore and decrease in the solids velocity appeared. These
phenomena affected significantly the temperature distribution in the lower region of the blast furnace
together with the generation of heat in the raceway region.
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Table 1. Operating conditions of the blast furnaces.

B.F(A) B.F(B)

Top gas pressure (kg/ gmz) 2.6 2.8
Blast volume (Nm®/min) 6572 5626
Blast temperature (K) 1362 1545
Blast pressure (kg/ cm2) 4.00 3.27
Sinter (dry t/ch) 72.2 115.2
Coke (dry t/ch) 31.3 27.7
Charge frequency (ch/B) 129 120.5
Production rate of pig iron (t/H) 8 605 8620
Temperature of pig iron  (K) 1775 1792
Discharge ratio of slag (kg/t(pig) 310 300
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Table 2. Estimation of heat requirement for
fusion of ore in blast furnace (A).

Mass flow Molecular Molar flow Heat of  Heat required

rate weight rate fusion for fusion

(kg/s) (kg) (kmol/s) (kJ/kmol) (kW)
Fe 94.23 55.85 1.6872 1.55X10*  2.61x10%
Si0, 10.56 60.09 0.1757 1.50X10*  0.26x10%
Ca0 11.72 56.08 0.2090 8.20X10*  1.66X10*
Al03 4.22 101.96 0.0414  10.8 X10* 0.45%x10*
MgO 2.00 40.32 0.0496 7.73%10*  0.38x10*
TiO, 0.56 79.90 0.0070 6.48%10*  0.17x10*

Total 5.33%10*
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Fig. 1. Radial distribution of voidage.
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Fig. 2. Layered structure and computed gas flow
vector (Case 1).
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Fig. 3. Isobars and contour lines of averaged
mass velocity of gas (Case 1).
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Fig. 4. Solid flow vector and contour lines of
solid velocity (Case 1).
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Fig. 5. Stream lines of gas and solid (Case 1)..
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Fig. 6. Isothermal lines of gas and solid (Case 1).
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Fig. 7. Isothermal lines of gas and solid (Case 2).

LD 2 & FEROFEAR I 2T, Runge-Kutta-Gill
ECREEFERXNEBERS L, Boh T2 LEAKDR
B % Fig. 6 2R L7,

HA, BEEROBERE VTR FEREADE <, PR
WD TR o Twh,. MBEHUTICBIT A8
BoOMBEREELI/NE S RoTwk, 2D EizD
Witk 5.

DEIZ, DD, Zor—REE—&GTEEE
L, BORAAREZBLZW I — A 220 THiR5.

F—A2FEEHL, BVAAEZEREL T RWVOT,
MNEBEFHT A2 HETHEREIIC L TE, B
B2 Fig. 5 L ABROBRIBONZ. T OBRICE
DERESFEFE LD Fig 7 TH5A. Fig. 71

BV, HREEFEOREAEEICE L QITNRR LR

—223—



2026 % L @ B 734 (1987) & 15 &

ESAERL WA LR, Y—A1EEHETHA. 1P
WA BOBESAHICOVWTIE, ¥—Z 1 LFAETHY,
HAEBEORE TS FEOFLENTE L, PREH
WL IHRED TR o TWna, BEWROLERI A VD
BBIZBIHIEEE 1200K 25 1300K Th Y, @
BEBEOTWIA v OMBIZBITAHEERH1600K THo
e

r—210BEHL, BWiAHDDHLHE (Fig 6)
LB B L, BEHENE X OLT OMFEB T ORE S
BREZOTWAIENbDAL., r—A1DHH, BEH
PCRELAD D B 72 DREELITKREL LD TnhH. RE
ErOL—2Y 2 A BB TOFERTIE, TR
Bl -2y 24 Ta— 7 ZAOBBERSIC X DML T
WHEDT, L—A 7 %27z IATHE, FTAOHRE
HBEHL, BRWAALRERLZVIEES (F—22) &
EIFFECICR D2 TWA, L L, ¥y— 21 0aE, @
EWTHANBBTHOT, HEDOWHEN DR DT
W3, F—2R 2054, BEROKRBRIZLL 2D T,
RIETFLUT OEBICB T AEHROBRTEERIFEEHL,
W iAAZERBLIZGEOHPELS 2B, LIHFDT,
R OREEILANEL o EZONRD.

3-3 AEFICEAT 2MIER

ABFCOVWTHRET AL, y—A3BH—HELZIR
FL, BEIHL, BUWAAZEZERLLBAETHHY, =
D —Z2DHFAFENEZEHR DL IZIZFEETH S, F R
LEBOHEBEIENER 10 KT oKD TDBHED
BESH% Fig. 8 IK/RL. BEFOr— X1 & B
THE, HREFEEROBRE (Y — v IITF#HEFHRTH
B2 e MIDRESNE <, FREA ORI & »
5 Z ERELL TV AR, R OREAEI R P&
P THAH. ZOHEBE, BEHL, BWAAETZEEL
72t RRILTHBHY, WEFHIE—THH I LRF
2SO HADRARN B L DD THA. TnbOM
EHH AN BET 2B E L, RESMICE
BELHLIEEZONS,

D&, r— A3 LE—FHTHESNEH D r— A
LIV THRHT A, ¥— R4 DERESH (Fig. 9) &
r— 2 3DBENSF (Fig. 8) 2T HE, ¥+ 7 b
BRI BIFAH 1000K & 1100 K 0B, Fh2hip
B CLIZE UE IS H 5 4%, FUMElOME IRy — &
A DFHRERRHL DTS, ThiE, TOr—241
BT, Fig. 1 KR LA L) ICFEOHLME O ZZRHE
AFREM (2 R TARE D7D T, F AT R
Ko TBY, 20720, FOHLMITIRETKLAV/N
2y, BEOLAFEENErOLLEZILNS.

Fig. 8. Isothermal lines of gas and solid (Case 3).

Fig. 9. Isothermal lines of gas and solid (Case 4).
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