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Influence of Hot Metal Flow on the Heat Transfer in a
Blast Furnace Hearth
Jiro OHNO, Masaharu TACHIMORI, Masakazu NAKAMURA and Yukiaki Hara
Synopsis :

The influence of hot metal flow on the heat transfer in a blast furnace hearth was studied by the flow
calculation, the water model experiment and the investigation of wear profiles of dissected hearth.
The hearth flow can be classified into the one in a uniformly packed hearth of coke with good permeability

and the one in a hearth having a coke free space at the bottom part of it.

The result of water model

experiment shows that the heat transfer of the former is similar to that of the cyrindrical packed bed, and that

of the latter the laminar flow within parallel plates.

By virtue of these similarities, the heat conductance of a packed hearth can be expressed as the function
of the dimension of hearth, the flow rate as well as the thermal properties of fluid. The heat conductance

of real furnaces can be shown as

=)o+ )5)

where £ is the heat conductance (kcal/m? h °C), d is the depth of iron pool (m), D is the diameter of hearth

(m) and Q is the tapping rate (t/h).

The wear level at the bottom part of carbon hearth can be calculated from & thus obtained. Good
agreement has been confirmed between the calculated wear level and the observed ones at dissected hearths.
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(a) Cylindrical plastic container (62cm in diameter) packed
with alumina balls, (b) Distributer, (c) Packed layer,
(d) Silicon rubber, (e) Cooling plate, (f) Heat flux
sensor, (g) Colorimeter, (h) Tracer (dye) injector, (i)
Flow meter (j) Pump, (k) Tank, (1) Coolant, (m)
Temperature sensor.

Fig. 1. Experimental set up for water model
simulation.

Table 1. Experimental conditions for heat transfer
analysis by water model simulation.

Parameters No.1 No.7 No.9 No.10 No.z2l

Draining rate Q (I/min) 1.0 3.0 3.0 3.0 3.0
?;pt}l‘x of pofol (i(c;n) 7.5 7.5 150 10.0 10.0
ickness of coke free
space & (cm) 0.0 0.0 0.0 3.0 1.0
Temp. of inlet water 20,6 200 30.0 23.5 206
tp () X 3 3 5 X
Temp. of b
p. of bottom
suttere o (C) 7.1 9.0 20 52 132

Heat flux J (kcal/m?h) 540 1 060 680 218 145

Heat conductance
b (keal/m?h C) 40.0 96.0 680 29,5 79.5

Hearth dia. D=62 (c¢m)

10
80 Q= 1t/min. d=17.5¢cm — ]
o Q=3t/min, d=7.5cm
— a Q= 3min, d=15cm
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Fig. 2. Vertical temperature profile of uniformly
packed bed (water model experiment).
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Fig. 3. Vertical temperature profile of bed hav-
ing a coke free space (water model experiment).
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Fig. 4. Heat conductance % of packed bed (water
model experiment). Uniformly packed bed, depth
d=(0:7.5cm, [J:10cm, A:15cm). Bed hav-
ing a coke free space, depth d=10cm, thickness
0=(®:1.0mm, M:2.0mm, A:3.0mm).
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Fig. 5. Schematic illustration for the symbols
in Eq. (2).
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Fig. 6. Confirmation of the accuracy of approx-
imated Eq. (2) in comparison with the 3 dimen-
sional calculation.
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Fig. 7. Comparison between observed Nu:
(Nu) o5, and calculated Nu: (Nu) .y from Eq.
(6) in water model experiment.
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Fig. 8. Relationship between dimensionless number
(X/8)/(Re-Pr) and Nu number (=hd/k;) in
packed bed having a coke free space (water model
experiment) .
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Table 2. Parameters for heat analysis.

Parameters Water model Blast furnace
Density p (g/cm?) 1 7
Dynamic viscosity v (cm?¥/s) 0.01 0.01
Thermal conductivity 6x10-3 0.2

of fluid €¢4(J/cm S K)
Sﬁeciﬁc] heatde (J/g K) 4,2 0.9

Thermal conductivity - -
of particle £, (J/em S K) 5.4x107 5.0x107

Hearth diameter D (cm) 62 8~15x101?
Particle diameter Dy (cm) 0.4 4.0
Depth of pool d {(cm) 7~15 1~4x103
Thickness & (cm) 1~3 10~100
Conduction ratio §,/&, 0.9 0.25
Prandtle No. Pr 7.0 0.32
Reynolds No. ke 0.4~2.4 4~30
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Fig. 9. Relationship between distance ! from tap
hole to bottom cooling pipe and depth d of hearth
pool. Data are obtained from dissected blast fur-
naces.
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Table 3. Parameters for blast furnace analysis.

Parameters BF-1 BF-2 BF-3 BF-4 BF-5 BF-6

Volume V (m?3) 4158 3799 2924 1921 1409 1249

Draining rate Q (t/h) 364 317 244 152 106 100
Hearth dia. D(m) 14.0 13.4 11,6 9.5 85 80
Depth d (m) 40 36 28 22 1.9 LS5
Distance [ (m) 7.0 6,5 55 45 43 3.4

Observed heat
conductance h
(kcal/m3h °C)

17.9 18.2 20,3 23.3 22.4 28.3

Heat conductance % 18.0 18.2 21.4 22.6 22.6 28.8
from Eq. (12) . . g
Depth d (m) from Eq.(13) 402 3.55 2.99 2.13 1..93 154
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Fig. 10. Comparison between observed Nu number:
(Nu)ops, and calculated Nu Number : (Nu) . O:
data from blast furnace, ® : data from water model
experiment.
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Fig. 11. Relationship between Re number and Nu
number in a blast furnace.
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