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Simulation of Transport Phenomena around Raceway Zone in the Lower
Part of Blast Furnace
Hiroshi NoGaMI, Takatoshi MIURA and Takeshi FURUKAWA
Synopsis :

A two dimensional mathematical model was developed to describe transport phenomena in a packed bed of
coke in front of blast furnace tuyere including pulverized coal combustion. The model consists of two sub-
models, one is pulverized coal combustion model in a blow pipe and the other is combustion model in packed
bed of coke. In this model coke particles in a raceway are treated as a kind of fluid and flow patterns of
gas and solid phase are calculated by using two phase flow approach.

This model was applied to practical operation conditions. When pulverized coal injected into tuyere,
more oxygen is consumed and higher temperature rise appears at the region more close to tuyere tip in the
raceway and lower temperature is represented in the coke bed than those of all coke operation. Residence
time of pulverized coal particles in a blow pipe is quite short, so burning rates in a blow pipe are very low
and the pulverized coal particles mainly burn in raceway cavity. The burning rate of pulverized coal parti-
cle increases with volatile matter content of original coal, but some particles reach to inner wall of tuyere

when high volatile coal is used.

Key words : mathematical model; blast furnace ; pulverized coal injection ; raceway ; combustion.
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Table 1. Summary of source term for coke bed
combustion model.
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Table 2. Reaction parameters for single coal
particle combustion.

Table 3. Reactions employed in coke bed model.
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V. M. : Volatile matter content (wt%-d. a. f.)
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Table 4. Kinetic coefficients for heterogeneous
reaction.
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Fig. 1. Schematic diagram of experimental appa-
ratus.
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Fig. 2. Comparison of calculated raceway shape
and particle flow pattern with the experimental
results.
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Fig. 3. Calculating domein for blow pipe model.
Table 5. Analysis of coal samples.
Proximate Ultimate Calorific
analysis analysis value
[wt%-db] [wt%-daf] [MJ/kg]
Coal V.M. Ash C H N S
Saraji 19.5 9.0 89.2 4.7 2.0 0.7 32.9
Witbank 34.3 7.2 83.6 5.1 2.2 0.7 31.4
Taiheiyo 44.6 15,6 77.5 6.5 1.0 0.2 26.4
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Table 6. Calculating condition for blow pipe
model.
Blast : Feed rate 4.241 kg/s
Temperature 1450 K
Pressure 386 kPa
Composition oxygen 24.7 wt%
Moisture 3.1wt%
Pulverized coal : Feed rate 0.165 kg/s
Temperature 300K
P. C. air : Feed rate 0.0186 kg/s
Temperature 300K
Pressure 386 kPa
Composition oxygen 23.3wt%
Moisture 0O wt%
(a) Saraji V.M.=19.5%
N e m——r |
(b) Witbank V.M.=34.3%
e R
- (c) Taiheiyo V.M.=44.6% T
———— 1500K ————- 2000K 2500K

Fig. 4. Temperature distributions in blow pipe.

e r—

(a) dp= 5 and 15 pm

’ (bj dp=éS and 35 um

| (cj dp=4.‘5 and 55 pum

"7 (d) dp=65 and 75 um

""(e) dp=85 and 95 um

Fig. 5. Calculated particle trajectories of Saraji
coal in blow pipe.
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AT BT B RKLF O P TE R 3 5 ms

Calculated

Fig. 6.
Taiheiyo coal in blow pipe.

parcicle trajectories  of

Table 7. Calculating condition for coke bed model
without PCI.
Blast : Feed rate 4.5kg/s
Temperature 1318K
Pressure 384 kPa
Composition oxygen 23.5wt%
Moisture 3.6wt%

TdHo 7.
8.1%, Taiheiyo jk 16.4% TH 1,
BERIEM L 5.
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H, Fy—OBRBEICEBL—AY 2 A AHTZADOLEH K
EMmrFEREEZ NS,

Fig. 8 IZ L — A 77 = A EfEO KE W AH O IR 55746 O 3
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without PCI

6m

Blast _D‘l
m

Fig. 7. Comparison of raceway shape with PCI
and without PCI.
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Fig. 9. Distributions of CO, CO,, O, concentra-
tion and gas temperature on the tuyere axis.
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