I 338

$% & $8 TetsutoHagané Vol. 87 (2001) No. 5

SIFFRES T S % B U - RSt R h O e

T mEE - —H

R KR % 5

Liquid Flow in Blast Furnace Hearth Concentrated on Inner Packed Structure

Akihiko SHINOTAKE, Morimasa ICHIDA, Hajime OOTSUKA and Yoichi SUGIZAKI

Synopsis : The warm water model experiment that assumed the blast furnace hearth has been performed, and the liquid flow and the heat transfer prop-
erty have been examined. The experimental result was considered using the calculation based on the mathematical model, and the flow and
the heat transfer of a real furnace were presumed.

First, the taphole height and the deadman floating height were changed. The flow was not uniform in the direction of coke free layer height
when the deadman floating height was large, there existed fast flow region in the right under part of the deadman bottom and stagnation re-
gion in the furnace bottom part. Second, the liquid flow rate and the packed particle diameter were changed. When the liquid flow rate in-
creased or the particle diameter decreased, the stream line took a roundabout way and the stagnation region reduced. Third, the deadman bot-
tom shape was changed. When the bowl shape deadman floated entirely, the liquid flow under the deadman turned round under on the side-
wall side. Fourth, the effect of the furnace bottom upheaval and the deadman permeability were examined. Not the furnace bottom upheaval

but the deadman low permeability did strengthen circulating flow near the sidewall.

The last, a real furnace flow measurement using radio isotope was considered based on experimental results, it was verified that the dead-

man packing structure greatly influenced the liquid flow.

Key words : blast furnace; hearth; liquid flow; heat transfer; packed bed; deadman; model experiment; mathematical model; radio isotope measurement.
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Table 1. Calculation conditions.

66.7 cm’/s & ¥g—

Water model condition

Blast furnace condition

Calculation domain

0.57m(r) X 0.25m(z)

11.0m(r) X 3.0m(z)

Taphole height

0.15m

2.55m

Coordinate system

3-dim. Cylindrical

Mesh number

30(0) X 120X 10(z) |

30(6) X 12()X 10(z)

Basic equations

Continuous Equation
Navier-Stokes Equation
Energy conservation Equation

Force (liquid-solid)

Ergan’s Equation

Particle diameter 4mm (Shape factor 0.8) 40mm (Shape factor 0.6)
Voidage 0.44(packed bed) 0.4(packed bed)
1.0 (free layer) 1.0 (free layer)
0.1 (solidified layer,
impermeable region)
Fluid Water Molten Iron
Liquid drop temperature 60C 15507C, 1350C
Liquid drop rate 6.66 X 10-5 m3¥/s(4l/min.) 0.0155 m¥/s (9400t/d )
Heat transfer coefficient 4.25W/ m2K 4.25W/ m2K
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Fig. 13. Effect of solidified layer and impermeable region on liquid flow and temperature.
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@® Cylindrical vessel @ Temperature sensor

® Distributor Dyed tracer

@ Packed bed @ Light sensor
@ Cooling jacket @ Flow meter
® Silicone rubber @ Pump

® Heat flux sensor @ Tark

Fig. 2. Experimental apparatus.
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(1X2X3): Side wall(height:8am) , (4X5X6X7): bottom
(1X8X9X0 : Side wall(height:4,8,12am) (1):0° (8) :30° (9) :60° (0 :90°

Fig. 3. Temperature measurement and tracer injection
points.
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Fig. 4. Tracer travel time (taphole height 25 cm).
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(a) Experiment (Water model) (D=0.57m)
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(b) Calculation (Blast furnace) (D=11m)
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Fig. S. Effect of pool depth and free layer thickness.
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Fig. 6. Effect of flow rate on tracer travel time.
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Fig. 7. Effect of particle size on tracer travel time.
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Fig. 10. Tracer travel time map (effect of deadman bottom
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Fig. 15. Measurement result of liquid flow by

Fig. 16. Measurement result of liquid
flow in water model experiment.
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Fig. 17. Operation data of Muroran No. 2 blast furnace.
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