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Comparing Lyapunov exponents of particle paths in particle laden turbulence using
LES and DNS

GUO Li!, GUOWEI HE!, XING ZHANG!, GUODONG JIN?, DONG LI*

(1 State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract In this work, we calculated Lyapunov exponents of particle paths in particle laden turbulence. We
compared the results from DNS, filtered DNS and LES. The Strouhal number is between 0.1 and 2.0 in our
calculation. When density of particles is larger than that of fluids (St>1), the exponents from the 3 kinds of
calculation is almost the same. While the density of particles is smaller than that of fluids (St<1), the exponents
are different. The most obvious difference happens at around St=0.5. The first Lyapunov exponent measures the
chaotic properties of the system. The larger it is, the more chaotic the system is. The comparison of the
exponents tells us the particle trajectories from DNS are the most chaotic ones, while the ones from LES are the
least. The filtered DNS is between them. Summation of the first 3 parameters reflects the expansion of the
distance between two particles while it is positive. The distance is shrinking while the summation is negative.
Particle trajectories diverging from each other the most rapidly in DNS compared with filtered DNS and LES
when St is larger than 1.5. And DNS also has the most rapidly converging rate when St < 1.5. LES has the most
slowly separation and converging rate. Filtered DNS has something in between. We also calculated the Kaplan-
Yorke dimension which is indicates the trajectories are manifolds when it is less than 3. The Kaplan-Yorke
number has the same trends as the summation of the first 3 Lyapunov exponents.
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