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Flow Characteristics of Liquid and Fine Particles in the Lower Part of Blast Furnace

Ryota MURAL, Akinori MURAO, Kazuya GOTO, Michitaka Sato and Tatsuro ARTYAMA

Synopsis

: Cold model experiments on the fine particles movement, fine particles accumulation and liquid flow in the lower part of blast furnace at the

high rate injection of pulverized coal were carried out. From the experimental results of the cold model on the liquid flow, it was found that

the accumulation of fine particles on the surface of deadman ¢

aused liquid flow channeling along the surface of deadman. Two-dimensional

cold model on the two phase flow of gas and solid indicated that shell layer formation at the depth of raceway was conducive to accumulation

of fine particles on the surface of deadman. By the one-dimensional cold model experiment of the moving bed on the two phase flow of gas

and solid, it became clear that fine particles hold-up in packed bed decreased as the increase in bed descending velocity as well as decrease in

fine particles feed rate or increase in superficial gas velocity.

On the basis of above results, control methods of lower part permeability at higher injection rate of pulverized coal were discussed. Conse-

quently, it was estimated that decrease in coke degradation in raceway and removal of shell layer were effective to ensure the gas flow through

deadman.
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Fig. 1. Experimental apparatus on liquid flow in lower part
of blast furnace.

Table 1. Experimental condition of two-dimensional cold
model on liquid flow in lower part of blast fur-

nace.
Two-dimentional ' Blast furnace
cold model Metal Slag
dp (mm) 5,3,1 30
o . (kg/m?) 1210 6600 2600
U. (m/sec) 1.1X10°* 2.5X10* 2.ox10"‘
k. (Pa:* s) 0.05 0.005 0.4
Fr. (-) 2.5X10"7 3.4X10°% [1.3x1077
Re (-) 1.3X10°2 3.96 3.sx1ol

Immo K1 % RGIZRE L 7=,

EF FEROWRTHAUCE L T, WAV B B ERIT
EEFEETLERT - RIS ChETALENRS
%o WEH 5 ILHEE — L F 7 v 75 Froude $ (Fr,) 12 K % <
B3 2L AR L0, FR 5 13 Reynolds ¥ (Re), Galilei
B, Capillary 0, SEIOCHER S % MBS HEE LCTERAL
T3, L2LANS, IR6FTRTOERTK AL
C—HEEDZ LIRS TH 5, AEBRTIE, EENLE
WHNEHEBELUFr, L Re 2 EE L TROKE, HBELREL
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Fig. 2. Liquid flow distribution in the lower part of blast
furnace measured by experimental apparatus.
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Fig. 3. Direct observation of liquid flow behavior in the
experimental apparatus.
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Fig. 4. Schematic drawing of two-dimensional cold model
on the two phase flow of gas and solid.

Table 2. Similarity in the two-dimensional cold model on
the two phase flow of gas and solid.

T BF Cold Model |

Raceway F, (Nm?®/s) 75 0.011

d, (m) 0.03 0.005

0, (kg/m?) 1000 930

Fr, (-) 12.2 11.3
Shaft F, (Nm?/s) 85 0.023

dy (m) 0.003 0.0003

o (kg/m?) 1000 930

Fry () 0.32 0.31
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Table 3. Experimental condition of two-dimensional cold
model on the two phase flow of gas and solid.

[Gas volume |Tuyere (Nm%s) 0.011
Bottom (Nm?/s) 0.012
Particle d, (X10%m) | 3.0, 5.0
Vq (m/s) 3.1x10°°
[Fine particle |d, (X10*m) 3.0
G, (kg/s) 8.5X10*
Case 1 Case 2

(Ht : vol%)

Fig 5. Fine particles hold-up distribution.
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Fig. 6. Radial distribution of fine particles hold-up.
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Fig. 7. Schematic drawing of one-dimensional cold model
on the two phase flow of gas and solid.

Table 4. Experimental condition of one-dimensional cold
model on the two phase flow of gas and solid.

Particle d, (X10°m) 3.0, 5.0
Va (m/s) 0~4.8X10"
Fine particle di (X10*m) 3.0
G, (kg/m?®s) | 0~7.8X102
Gas Ugo (m/s) 0.42 - 0.85
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Gy: Fine particles feed rate, V4: Descending speed
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Fig. 8. Experimental results of one-dimensional cold
model.
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Fig. 9. Estimation of fine particles hold-up behavior at

lower part of two-dimensional cold model.
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Fig. 10. Estimation of fine particles hold-up behavior at

upper part of two-dimensional cold model.

AbhzrEALNS,

Fig. 1013, " RITAMEF L LIk 2 MOMEHA%EE
AMRMITRLEZEDTH S, ZOMEBTIE, Fig. 60K
312yt LOFEZES THEHMMIOMERLPRE L
%. FigloDBEEDa, HEBObEL IV -2 T 2 A8
LUREEN D B 728, HABRMIEIT FRIZA->TH h, #
ZEE . RS ROERIB/NX VL, 2L, NTBERE
NEEL, BEHBHOOREHEENNELEDS, DFD
TR TR TORELZT, BEBFESTO HHR
PEVNEALGED ONEEDEHEEI NS,

5.2 WIBRSBVAHBEOFTIHRREOME

FEROBREE T & BB AMR AR, BBRE
BHGALEOF FEHORREHET S L, FigllOKI <
xENnb,

R RWGAMER T IE L — 2 = 4 BUSBRMARE L
CRF0, GV Y F RISy 2 LESZCTHE
F29, L= x4 »50H ZZFEROHEICIEFHRA

253 I




I 254

#% &8l Tetsu-to-Hagané Vol. 88 (2002) No. 5

Coke degradation
by shearing stress

Channeling |4
of droplets A Y

Coke 4—»] Accumulation of

4 degradation ) fine particles -

Local ] in raceway Aé on deadman surface
flooding | , ) A
T————— & LX) ° b -

TS ecrease in deadman

Yy rmeability
Intensified | gag ’
p:;l:ho:’al B Decrease in deadman
L 7\ B temperatu+re

| Raceway

Fig. 11. Schematic drawing of lower part of blast furnace
in the case of high rate injection of pulverized
coal.
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