SR BE Y RS =23

Journal of The Korea Society of Computer and Information
Vol. 28 No. 6, pp. 31-38, June 2023
https://doi.org/10.9708/jksci.2023.28.06.031

Chaotic Advection and Varying Buoyant Flows for

Dispersed Fire-Flake Simulations

Jong—Hyun Kim*

*Associate Professor, College of Software and Convergence (Dept. of Design Technology), Inha University,
Incheon, Korea

[Abstract]

In this paper, we propose a chaotic advection method and various buoyant flow techniques to
efficiently simulate distributed flame flows with flame behavior. Spark particles not only exhibit unique
and complex behavior, but also are affected by the flame motion and the surrounding air. The motion
of sparks tends to be chaotic and constantly changing, making it difficult for users to realistically
model the motion of sparks. Instead of explicitly modeling the complex spark particles represented in a
flame based on hydrodynamics, this paper efficiently approximates the complex motion of chaotic sparks
through 1) a chaotic migration method and 2) a buoyant flow with a controlled size that varies with
the temperature and age of the spark particles. For the flame migration process, a novel stochastic
solver is used to compute the subgrid interactions between flame particles. The proposed method can
efficiently simulate disordered spark particles in chaotic domains and provides a more detailed

representation of spark particles than existing methods.
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(a) (b) (c)

Fig. 2. This plot shows the unstable
path(zigzag pattern) of a fire—flake particle.

IV. Experiment and Results
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Fig. 3. Rising flame (orange particle : fire—flake).
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Fig. 5. Visualizing the velocity of fire—flake particles

(input : Fig. 3, red : fast, blue : slow).
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