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Two-dimensional Mathematical Analysis on Gas Flow and Heat Transfer
in Blast Furnace by the Application of Finite Element Method

Jun-ichiro YAGI, Kanji TAKEDA, and Yasuo OMORI

Synopsis :

This paper deals with two-dimensional gas flow in the blast furnace which has complicated structure
of the bed by the application of the finite element method. Besides this, simultaneous analysis on the gas
flow and heat transfer is also carried out for the simplified conditions in which solid flow is approximated
reasonably to potential flow.

As for the gas flow, multi-dimensional Ergun’s equation is solved together with the equation of continuity
by using the variational principle. However, heat balance equations for gas and solid are solved on the
basis of the Galerkin method. In order to consider the layered structure and also the properties of cohesive
and raceway zones in the blast furnace, the finite elements for the numerical computation are corresponded
to the ore and coke layers.

Computed results indicate that the drastic changes in gas flow occur arround the cohesive and raceway
zones which have extremely different properties on gas flow. Zig—zag flow of gas appears in the lumpy
region which is caused by the different permeability of ore and coke layers and. also by the inclination of
the layers. Computed results for the simultaneous analysis on gas flow and heat transfer give correctly
the principal characteristics of heat exchange, which proves the mathematical formulation and the nu—

merical technique to be sound.
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R ¢+ Table 1. Operating conditions of the blast
furnace.
95%
35+ Top gas pressure 0.275 MPa
() Blast volume 93.75 Nm3/s
N Blast pressure 0.321 MPa
30k Weight of sinter per one charge | 1.152x 105 kg/charge
o= Weight of coke per one charge | 0.277 x 106 kg /charge
[ Number of charge 1.395%10-3]1/s
251 734 Top gas temperature 386 K
o = £ 9 o Blast temperature 1545 K
27 S AR - Temperature of pig iron 1792 K
20r- 755° N N & @ Production rate of pig iron 99.97 kg/s
Discharge rate of slag 300 kg/t(pig)
—_ o Surface angle of sinter 28--32°
E 5T e Surface angle of coke 33—37°
N e
10+ 0‘2\/ Table 2. Properties of the layers.
= Particle Shape .
5r 13_1,_?5a Layer diameter | factor Vc(niiajge
(m) (=)
L Ore layer 0.0214 0.84 0.36
Coke layer 0.0477 0.90 0.45
0 5 10 Cohesive layer 0.0214 0.84 0.10
r {m) Raceway 0.0477 0.90 0.80
Dead zone for gas | 0.0477 0.90 0.10
Fig. 1. Profile of the blast furnace.
Table 3. Characteristics of the case studies for gas flow analysis.
No. Surface angle Ergun’s equation Remarks
1 35° for coke _(GP/ar>_ S1+12| Gl 0 )(Gr>
30° for ore oP/oz) 0 S+ /2| G 1 \G,
35° fi k
2 30° for ooe. —grad P=(f;+/,]GG
3 30° for coke _ 61’/87)7 S1+f21Ge] 0 ><Gr)
35° for ore oP/oz) 0 Ji+ /2G| )\G,
4 » P Cohesive and raceway zones are
set up.
5 ” ” Roots of the cohesive layers do
not contact the wall.
6 » ” Gas does not flow into the dead
zone.
7 4 —grad P={f,+/,|G|)G Different shape of cohesive zone.
8 4 4 Higher top gas pressure.
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Fig. 2. Gas flow vector (G : mass velocity of gas) computed for case (1).
Fig. 3. Gas flow vector (G : mass velocity of gas) computed for case (3).
Fig. 4. Schematic representation of the bed structure and finite elements for case (4).
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Fig. 5. Contour lines of G, computed for case (4).

Fig. 6. Gas flow vector (G : mass velocity of gas) computed for case (4).
Fig. 7. Isopressure lines computed for case (4).
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: Fig. 9. Schematic representation of the bed structure and finite elements for case (7).
—~ Fig. 10. Gas flow vector (G : mass velocity of gas) computed for case (7).
Fig. 11. Isopressure lines computed for case (7).
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Fig. 12. Gas flow vector computed for case (8). Ay (T Ty = Qg0 ovrevrermerrersin (13)
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Fig. 14. Graphical representation of the results obtained by the simultaneous analysis.
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Fig. 15. Isotherms of gas and solid computed by the simultaneous analysis.
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AP Fer S AR LR RS EmIF AREH S OWE 7
—= L LTERBINTEY, PFegko—maEe, b
O, WPREBITHEABEMN OB RLHEE W LT
HOBERLET. i, I HABSHSRESHE Bk
Fr X v miFoRET — 2 offligfts, HAMEHESSH®
BATZERT & b 7 AHCEE T2 KBS » 75 2 OFR
el ofe. D EL#HtLe LR T

E) =

A RS IR
C : T (J/ kg -K)
dy : ¥ Xy TR EE (m)
Su Sz Brgun o Kot H  HEHE B TR

(1/s), (m?/kg)

(r~2 78 5 1)

G : HEAE ( kg/m?-s)
ko R BE O BUE AR BR B (W/mz?-K)
hy @ WF - kR R BAR B (W/m2.K)
ko BZER (W/m-K)
L : s i (r-z T EAE)
N; : BIRE B (T FA BB )
P:EH (Pa)
Q:#opsHL (W/m3)
Onm:EEobaHL ( kg /m3-s)
q  BRE (W/m2)
Im P HERIKK ( kg/m?-s)

v T R
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s ERRLEM (r-z-0 FMHEER)

T:@|EE (K)
T, : SAERIRE (K)
Vem : Bk O@KEODL EH L (m3/m3-s)
v : [ER D REE (m/s)
X : LB

z : A5 M AR (m)
g2 HADKEEE (kg/m-s)
ep ¢ ZERER

o BE ( kg/m?)
¢ : BIRRE

o ERMhOBRERT VY v L

mEigr A A, vir B4y, st EK, ziz Ki
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