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Optimization of Smelting Performance of Oxy-combustion Melting Furnace
Kong Zheng Zhao Kai Shi Xuefeng Zhang Qiaorong Shi Yan Zhang Xiaohua
( College of Metallurgy and Energy North China University of Science and Technology Tangshan 063210 Hebei China)

Abstract: In this paper the oxy-combustion melting furnace developed by a company had been taken as
the research object. Based on the VOF multi-phase flow model and the Realizable k- model the gasiquid
two—phase flow in the molten pool area of the melting furnace had been numerically simulated. Under the
standard conditions the effects of different oxygen immersion depth oxygen gun diameter and oxygen gun
tilt angle on the melting performance of the melting furnace had been investigated by means of single factor
variables matrix analysis and weight calculation in order to achieve the goal of optimizing the molten pool
smelting performance. The average velocity of the molten pool the average turbulent kinetic energy of the
molten pool and the melt gas content are selected as the relevant indexes for judging the melting perform—
ance of the molten pool area. According to the experimental results the optimal structural parameters of the
oxygen lance are as follows: oxygen immersion depth 70 mm oxygen gun diameter 22 mm oxygen gun tilt
angle 22°. The influence degree of each parameter on the smelting performance of the melting furnace is in
following order: oxygen lance diameter > Oxygen gun tilt angle > Oxygen gun immersion depth. After optimi—
zing melting furnace condition the average stirring speed is increased by 9. 13% the average turbulent ener—
gy of the molten pool is increased by 7.43% and the molten pool gas content is increased by 8.32%.
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Table 1 Realizable k¢ turbulence model parameters o
C, C, C, o o, 3
Variable 1.44 1.90 1.0 1.2
3.1
2.2
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Table 2 Physical parameters of each phase in the melting furnace

/(kg * m™) (] (kg K) ™ H(W-+(m+K)™) /(Pa~s) /K
co Ideal—gas 1043 0.025 1.75x107° 300
4 500 1 674 0.2 0.45 1823

t=1s 1=1.5s 1=2's 1=2.5 s

3
Fig.3 Gasdiquid two—phase distribution diagram of melting furnace with different blowing time

3.2
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t=0.5 s

4

Fig.4 The velocity distribution in the melting furnace with different blowing time

3
Table 3 Oxygen gun structural parameter configuration 25 mm
/mm /mm /(°) 0.40 m/s;
1 25 15 -30 50 mm 0.44 m/s
2 50 20 =20 . 100 mm
3 75 25 -10 '
A 100 30 0 125 mm 0.45
5 125 35 10 m/s
6 150 40 20 175 mm 0.36 m/s.
7 175 45 30
30 50 mm
- 25.50.75.100,125 0-215 /s
e A A 0.195 ~0.205 m*/s’
150,175 mm
5. ’
05 50 mm 10.58%;
E 10115 100 mm 9.57%;
< o4} . Jo.110 175 mm
= ’\A < 11.45% .
N e 10.105 3
Sob TN
é —A—{ R 10.100 25 ~75 mmo
;i 3.2.2
= 0.2F
2 T 15.20.25.30.35 .40 .45
ol 30 60 9 120 150 180 mm 6 .
12 AR /mm
5 20 mm 25
Fig.5 Effect of different oxygen gun immersion mm 0.38 m/s; 30 mm

depth on melting performance 0.48 m/s o
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Table 4 Orthogonal experiment configuration table

(A) /mm (B) /mm (C)/(°)
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55 30 22
3 70 32 28
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5
Table 5 Orthogonal experimental numerical simulation results and de-dimensional results
/(m s /(m? «s72) 1%
A B C
1* 1 1 1 0.444 8 0.4919 0.2170 0.765 5 8.867 6 -1.2420
2% 1 2 2 0.433 0 -0.343 2 0.194 5 -1.5599 9.496 6 -0.304 2
3# 1 3 3 0.443 5 0.400 8 0.206 3 -0.339 2 9.516 9 -0.273 9
4# 2 1 2 0.465 3 1.951 6 0.198 3 -1.168 2 10.941 6 1.850 2
5* 2 2 3 0.417 0 -1.479 1 0.206 2 -0.346 5 9.643 2 -0.085 5
6* 2 3 1 0.427 17 -0.715 6 0.210 4 0.087 2 8.843 6 -1.2777
7* 3 1 3 0.428 1 -0.687 2 0.2225 1.3385 10.421 9 1.0755
8# 3 2 1 0.447 0 0.652 1 0.209 2 -0.034 7 9.695 9 -0.007 1
9* 3 3 2 0.434 0 -0.271 4 0.2217 1.257 2 9.878 2 0.264 8
3.4 7
Table 7 Speed inspection indicator layer results
K.
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M . T S !
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lurgy 2017 40(2) : 86-88.
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