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A fast and efficient method for simulations of reacting flows with large detailed
chemical kinetics: application of a dynamic multi-timescale method

Hiroshi Terashima, Mitsuo Koshi (Univ. of Tokyo), and Youhi Morii (Grad. Univ. for Advanced Studies)

ABSTRACT
A dynamic multi-timescale (MTS) method is introduced to a well-validated computational fluid dynamic (CFD) solver, aiming at
development of a fast and efficient method for simulations of reacting flows with large detailed chemical kinetics. The performance and
capability of the MTS method are validated for several reaction systems and a wide range of pressure and temperature conditions, showing its
accuracy and dramatic reduction of computational time, relative to a conventional direct integration method (VODE). Shock tube problems
are used to examine the performance of the MTS method on the CFD solver, demonstrating its potential of handling reactive flow simulations

with large detailed chemical kinetics efficiently.
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2. Numerical method
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Figure 1: Schematic of MTS method: time integration

process.
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3. Validation and performance of MTS
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Figure 2: Properties on CH4/O5 ignition problem.
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Figure 3: Comparison between MTS and VODE for
CH4/Os.

4. Coupling with CFD: a shock tube problem
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Figure 4: Comparison between MTS and VODE for
DC7H16/02.
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Table 1: CPU time comparison on iMac (Intel core
i7), where the Saving is estimated with (VODE-
MTS)/VODEx100.

N CPU time, s Saving, %
MTS/VODE
H, 11 7.99/9.53 16.1
CHy 68 40.26/231.3 82.6
nCyHyy 146 53.67/537.7 90.0
nC7Hys 373 100.03/2424.0 95.8
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