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Gas Flow Analysis in Blast Furnace by Using Finite Element
Method with Quadratic Elements
Jun-ichi KUDOH and Jun-ichiro YAGI
Synopsis:

A simulation of gas flow in a blast furnace was conducted by using the finite element method with
quadratic elements. Vectorial form of the Ergun’s equation was used for the equation of motion of gas in
the packed bed. According to the variational principle, the discretization equation was derived from the
equation of motion together with the equation of continuity. As for the infurnace structures required for
numerical calculation, layered structure of ore and coke, cohesive layer and raceway zone were taken into
account. Simulation computations were carried out for some different configurations of cohesive zone
and/or some different distributions of particle size. A numerical computation was performed to obtain the
distributions of gas flow and pressure for the case in which the whole ore layer consisted of double layers of
different particle size.

The results indicated that the finite element method with quadratic elements gave much higher precision
for gas flow computation than the finite element method with the simplex elements which was used
previously. This simulation model makes it possible to estimate the changes in the distributions of gas
flow and pressure which are caused by change in particle size distribution or bed structure. It enables also

to evaluate the effect of the fine-particle-charge on the gas flow distribution.
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Fig. 1. Numbering of nodes for quadratic trian-
gular element.
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Table 1. Operating conditions of the blast
furnace?.

Blast volume 93.75 Nm3/s
Weight of sinter per one charge 1. 152x10% kg/charge
Weight of coke per one charge 0. 277 x10° kg/charge
Number of charge 1.395%x107% = 1/s
Deposit angle of sinter 28—-32 deg
Depasit angle of coke 33—37 deg
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Fig. 2. Radial distribution of particle diameter.
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Table 2. Material properties.

Particle . Shape

Layer diameter \Qold)age factor Remarks

(m) (=)
Ore 0. 0205 Q. 445 0. 84 Case 1, Case 4
layer 0. 0245 0. 457 0. 84 Case 2, Case 5
Coke 0, 0477 0. 524 0. 9%
layer
Cohesive 0. 0205 0.10 0. 84 Case 1, Case 4
layer 0. 0245 0.10 0. 84 Case 2, Case 5
Raceway 0.0477 0. 80 0. 90

Table 3. Equations used to calculate void fraction
from particle size!®.

Bed Equation
Sinter €p =0. 403 (100 d,)°-1*
Coke ep =0.153 log (dp) +0.724

ep: Void fraction (—)
dy: Particle size (m)
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Table 4. Computed results for some case studies.
. . . Top gas Error of
Case No. S;Ze51ve zone gk:;rge Pamc(l:l)dmmeter Pre(si}lxprzei)loss flow rate  flow rate  Figure No.
(kg/s) (%)
1 Inverse V type A 8. 832% gtcx:)'f{)e)(uniform) 0. 0596 202. 80 0. 158
2 Inverse V type A 0. 2401 Eg;f{l)(“““‘"m) 0.0526 202. 80 0.158
3 Inverse V type A Radially distributed 0.0517 202.53 0,043 Fig. 3
4 V type A 0 o202 Eg;f()e)(““if‘"m) 0. 0943 202, 80 0.158
5 V type A 9. adol E‘c’;il)(““i‘”m) 0. 0811 201. 94 0. 250
6 V type A }i‘;d;‘igyagjis‘zﬁ(‘;‘ed 0.0718 201. 43 0.500 Fig. 4
0. 013 (fine ore)
7 Inverse V type B 0. 028 (coarse ore) (R=1/1) 0. 0632 203. 44 0.511 Fig. 7
0. 04770 (coke)
Radially distributed
8 Inverse V type B for ore (R=1/1) 0. 0652 202. 57 0. 084
0. 04770 (coke)
0.013 (fine ore) Fig. 5
9 Inverse V type B 0. 028 (coarse ore) (R=1/3.3) 0. 0552 202. 30 0. 049 Fig. 6
0. 04770 (coke)
Radially distributed
10 Inverse V type B for ore (R=1/3.3) 0. 0569 202. 27 0. 064
0. 04770 (coke)
0. 02050 (ore) Same particle
11 Inverse V type A 0. 04770 (coke) Size as case 1 0. 0604 202. 92 1. 716

Simplex element

A: One charge for one layer B: Two separated charges for one layer R: Volume ratio of fine ore to coarse ore
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Fig. 3. Isobars and contour lines of averaged
mass velocity of gas (case 3).
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Fig. 4. Isobars and contour lines of averaged
mass velocity of gas (case 6).
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Fig. 5. Layered structure and computed gas flow
vector (case 9).
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Fig. 6. Isobars and contour lines of averaged
mass velocity of gas (case 9).
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Fig. 7. Isobnrs and contour lines of averaged
mass velocity of gas (case 7).
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