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Development of new integrated particle tracking techniques combining the
numerical method, semi-analytical method, and analytical method

Heejun Suk*

Korea Institute of Geoscience and Mineral Resources

ABSTRACT

In this study, new integrated particle tracking algorithm was developed to reduce the inherent problem of Eulerian-
Lagrangian method, or adverse effect of particle tracking error on mass balance error. The new integrated particle tracking
algorithm includes numerical method, semi-analytical method, and analytical method which consider both temporal and
spatial changes of velocity field during time step. Detail of mathematical derivations is well illustrated and four examples
are made to verify through the comparison of the new integrated particle tracking with analytical solution or Runge-Kutta
method. Additionally, It was shown that the there is better superiority of the new integrated particle tracking algorithm
over other existing particle tracking method such as Lu's method.

Key words : Integrated particle tracking method, Numerical method, Semi-analytical method, Analytical method, Lu's
method
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Fig. 1. A two-dimensional example (Suk and Yeh, 2008).
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Fig. 2. Geometric representation of tracking a particle in element
E from the starting point p to the target point g on the line
segment 1 and 2 (Suk and Yeh, 2008).
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Table 1. Comparisons of particle travel times and computational efficiency with various numerical methods

Numerical method

Computational Efforts (CPU times, seconds)

Particle Travel Times

Analytical method
Semi-analytical method
Newton-Raphson method
Single velocity approach

4-th order Runge-Kutta method

Nonlinear optimization calculation is needed, (1.0 x 107)
No iteration needed, (0.0 x 107)
5 iteration numbers, (1.0 x 107%)
No iteration needed, (0.0 x 1072)
2,386,015 time steps with time step length of (9.1 x 10°)

2386015 x 107!
2.258612 x 107!
2.120868 x 107!
5.0x 10

2386015 x 107!

Table 2. Comparisons of particle end location at the simulation time 200 and total iteration number

Mesh Refinements

Particle end location

Total iteration number

No mesh refinement (50.000, 18.776) 2,438
Mesh refinement of 4 by 4 (50.000, 19.760) 2,299
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Fig. 5. Comparisons of particle tracking results with exact pathline under the transient circular flow (a) with no mesh refinement and (b)

with 4 by 4 mesh refinement.
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