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Simulation and analysis on chaotic characteristic of
flow in Al alloy melt under electromagnetic field
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Abstract: In order to find out the flow features of Al alloy melt under the electromagnetic field, the trajectories of the
particle in Al alloy melt was simulated by the computational fluid dynamics software Fluent, and the chaotic
characteristic parameters such as max Lyapunov exponent and Kolmogorov entropy were calculated, and they were used
to characterize the trajectories of three groups. The chaotic characters on the flow trajectories of Al alloy melt were
judged and analyzed according to the trajectories of the particle in the melt under the electromagnetic field. The results
show that there is chaotic character for flow in Al alloy melt under electromagnetic field. Chaotic advection happens in
the melt at different frequencies such as 5, 15 and 30 Hz. The maximum Lyapunov exponents are beyond 0. And
Kolmogorov entropy increases rapidly with increasing the frequencies, indicating that its system has more degree of
chaos and more information loss.
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1 A, BRI CAEHARI 5 Hz i (385l
Fig. 1 Trajectories of 4, B and C at frequency of 5 Hz: (a)
A(Ay, 4y); (b) B(B), By); (¢) C(C), Cy)

El2 A, BH CAEMH 15 Hz I 1z Z) ik
Fig. 2 Trajectories of 4, B and C at frequency of 15 Hz: (a)
A(41, 42); (b) B(By, By); (¢) C(C), Cy)

3 A. BHIC{EMIFR 30 Hz NIZH) %
Fig. 3 Trajectories of 4, B and C at frequency of 30 Hz: (a)
A(Ay, 4y); (b) B(B), By); (¢) C(Cy, Cy)
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Table 2 The max Lyapunov exponents of A,B and C particle

trajectories at the same time but different frequencies

Maximum Lyapunov exponent

Group of coordinate
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Fig. 4 Maximum Lyapunov exponents trend chart of 4, B and

C particle trajectories at the same time but different frequencies
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Table 3 Kolmogorov entropies of 4, B and C particle

trajectories at same time but different frequencies

Group of Kolmogorov entropy/(natss ')
coordinate 5Hz 15 Hz 30 Hz
A(A1, 42) 550.77 2348.00 4077.00
B(B,, By) 659.18 1955.40 6609.30
C(Cy, Cy) 819.19 1658.80 4050.30
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Fig. 5 Kolmogorov entropy trend chart of 4, B and C particle

trajectories at same time but different frequencies
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