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Transient multi-field coupled simulation and
parameters optimization of
cylindrical regenerative aluminum melting furnace

ZHOU Ping, CHEN Zhuo, WANG Xiao-song, TAN Yi-jun, YAN Hong-jie

(School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: A numerical model of a cylindrical regenerative aluminum melting furnace was developed according to its
operation characteristics. By including the standard &~—¢ model, the species transport model and the P-1 radiation model
to describe the turbulent combustion process in the furnace, and applying the equivalent specific heat method to describe
the aluminum melting process, a transient and multi-fields coupled simulation was carried out to investigate the thermal
alternation processes in the inlet and outlet areas of the furnace. The simulation results of the standard operation case
show that, compared with the traditional operation with one burner, a more uniform temperature distribution can be
achieved in the switch operation of two burners. In particular, the temperature rises quickly in the first three hours,
followed by a slower rising due to heat absorbed by the melting alumina in the furnace. More simulations were carried
out based on the orthogonal design to optimize the main five parameters that have significant influences on the process.
The results indicate that an optimal operation condition can be achieved with the burner height of 657 mm, the vertical
burner angle of 25°, the horizontal angle between two burners of 90°, the excess air coefficient of 1.1 and the air
preheating temperature of 800 ‘C. Compared with the result of the standard operation case, one hour can be reduced in
the melting time of the alumina in the optimal condition, which is equivalent to 20% reduction in the energy
consumption.
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Fig. 1 Three-dimensional model of aluminum melting furnace
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Fig. 2 Schematic diagram of grid
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Table 1 Material properties and condition settings at wall and

boundaries

Property Wall  Roof Bottom

Density/(kgm ) 1300 1600 1200
Specific heat capacity/(Jkg "K™") 1180 1046 1105
Thickness/m 0.61 0.43 0.58
Absorption coefficient 0.65 0.65 -
Thermal conductivity/(Wm "K™") 1.594 234  3.46
Heat flux/(Wm *K ") 1.8 145 103
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Table 2 Level of factors
Level Height of burner, Vertical angle of Horizontal angle between Exces:s air Air preheatingo
h/mm burner, a/(°) burners, f/(°) coefficient, n temperature, #,;,/C
1 657 10 70 1.1 500
2 757 15 80 1.2 600
3 857 20 90 1.3 700
4 957 25 100 1.4 800
Temperature/K

2500
2280
2060
1840
1620
1400
1180
960
740
520
300

Y

(©)
B3 PReMEA AR A o AT

(d)

Fig. 3 Temperature distribution in furnace when two burners working alternately: (a) Temperature distribution of x=0 cross-section

when burner B working; (b) Temperature distribution of z=10 mm cross-section when burner B working; (¢) Temperature distribution

of x=0 cross-section when burner 4 working; (d) Temperature distribution of z=10 mm cross-section when burner 4 working
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Fig. 4 Temperature trend of furnace and aluminum
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Table 3 Results of orthogonal test

A B C D E
Test Optimization index
No. Height of Vertical angle of Horizontal angle between  Excess air Air preheating Melting time/h
burner/mm burner/(°) burners/(°) coefficient temperature/‘C

1 1 1 1 1 1 4.87
2 1 2 2 2 2 4.89
3 1 3 3 3 3 4.56
4 1 4 4 4 4 4.42
5 2 1 2 3 4 4.69
6 2 2 1 4 3 4.94
7 2 3 4 1 2 4.68
8 2 4 3 2 1 4.99
9 3 1 3 4 2 5.28
10 3 2 4 3 1 5.38
11 3 3 1 2 4 4.59
12 3 1 2 1 3 4.28
13 4 1 4 2 3 4.79
14 4 2 3 1 4 4.28
15 4 3 2 4 1 5.56
16 4 4 1 3 2 5.10
ky 4.68 4.91 4.88 4.53 5.20

ky 4.83 4.87 4.85 4.82 4.99

ks 4.88 4.85 4.78 4.93 4.64

ks 4.93 4.70 4.82 5.05 4.49

R 0.25 0.21 0.10 0.53 0.71

BEWE I 90°, WU REL 1.1, A THAURSE 800
C.
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