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Abstract — Fines behaviors are considered as main factors in determining the operation states of blast furnace with PCI(Pul-
verized Coal Injection). The gas velocity and pressure distribution in blast furnace was analyzed by Ergun equation with two
dimensional FEM(Finite Element Method). The theoretical model to predict the pressure drop was used under assumption that
the interaction force between gas and powder is main resistance factor in fines flow through packed bed. To estimate the pow-
der hold-up, the model is combined with the experimental result on the fines velocity in gas stream. The size of fines is most
important factor in determining the concentration of fine in blast furnace together with density and feeding rate. Both of the
measured and calculated results show that 10% fines concentration is at 1.5-2 m distance from tuyere tip. The results of 2-D
numerical analysis on the distribution of fines concentration in blast furnace shows 20-30% in deadman and 10-20% above the

root of cohesive zone.
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Fig. 1. Schematic diagram of a blast furnace.
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Fig. 2. Flow chart for the calculation of fines concentration in blast fur-

nace.
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Fig. 3. Calculated gas velocity distribution in furnace by 2D FEM.
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(a) PCR: 86 kg/t-p and (b) PCR: 144 kg/t-p in blast furnace.

Table 1. Operating conditions and raceway depth changes

PCR Tf Burning ratio Fines generation Measured raceway
(kg/t-p)  (°C) ©) rate (kg/nis) depth(m)
86 2234 0.83 0.4 1.9
97 2165 0.8 0.48 1.6
130 2200 0.81 0.62 12
124 2307 0.86 0.51 15
144 2510 0.93 0.46 1.7
86 2231 0.83 0.4 1.8
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Fig. 7. Calculated 2-D fines accumulation diagram in BF.
(a): atn=60%, 75um size, PCR 200 kg/t-p=1,000 kg/m, (b): at
n=80%, and (c): ah=90%(PCR: coal injection ratis): PC com-
bustion efficiencyp: fine density).
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Fig. 8. Calculated 2-D fines accumulation diagram in BF.
(a): atp=1,000 kg/m, 0.5 mm size, FIR 0.88 kg/fs, n=60%, (b): at
p=3,500 kg/m, and (c): aip=7,000 kg/M(FIR: fine injection rate,
n: PC combustion efficiency: fine density).
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Fig. 9. Calculated 2-D fines accumulation diagram in BF.
(a): atn=60%, 75um size, PCR=150 kg/t-m=1,000 kg/rd, (b): at
0.5 mm size, and (c): at 1 mm size(PCR: coal injection nati®,C
combustion efficiencyp: fine density).
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Fig. 10. Calculated 2-D fines accumulation diagram in BF.
(a): at PCR=150 kg/t-p, 48m size,n=60%, p=1,000 kg/m, (b): at

PCR=200 kg/t-p, and (c): at PCR=300 kg/t-p(PCR: coal injection

ratio,n: PC combustion efficiency: fine density).
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Fig. 11. Calculated 2-D fines accumulation diagram in BF.
(a): at 75um size, FIR 0.66 kg/fs(); 80%), p=1,000 kg/m, (0):
atp=7,000 kg/m, (c): at 1 mm size, and (d): at FIR 0.88 k&);
60%)(FIR: fine injection ratey: PC combustion efficiency: fine

density).
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d : diameter of i [m]

8., repulsion factor [-]

Fr : Froude number [(ide,)/(9d,)>?]

Fi : interacted force between i and j [Kgfsh)]

G : mass velocity of phase i [Kg/€s)]

Oc : gravimetric conversion factor [1IN/Kg

g : gravimetric force [mf&

H, : total hold-up of powder [Kg/fi

Hy : dynamic hold-up of powder [Kg/fh

H, : static hold-up of powder [Kg/fh

P : pressure [Pa]

R, : momentum through collision of powder [Kgim
Re : Reynolds number [dpy/e ]

U, : velocity of i [m/s]

Jz2|o|A 2Xt

B : correction factor of repulsion angle

Exg :voidage of powder

& : voidage of packed bed

& : volume fraction of powder in packed bed

¢, : shape factor of powder

H : viscosity of i [Kg/(ms)]

o : density of i [Kg/n]

=Ry

p : coke in blast furnace
g :gas

k : powder
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