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Abstract: Due to the non-uniformity of flow speed in the whole field and the difference in local grid size in com-
plicated combustion simulations, the local Courant-Friedrichs-Lewy (CFL)number varies significantly among
different local flow field regions. The computational efficiency is also severely restricted by the conventional global
time-stepping method, which is on the basis of the definition of maximum CFL number. In this paper, the ap-
plicability of the local time-stepping method restricted by the local CFL number to low-Mach turbulent combustion
simulation is investigated for the first time. Through the large-eddy simulation of an open methane pool fire (with

YsF HEI: 2020-06-20.

BEE£WB: EXARPEEERIINH (91641110) ; EZKI AW AITRIZEBIEH (2019YFB1704200) .
EE®A: Bk T (1983— ), B, A, BIETA.

WEEE. Bk 1, weiyao@imech.ac.cn.



MR ZESHEA

B21E 3

10.65 million cells) and an enclosed building fire (with 3.2 million cells) , it is shown that the local time-stepping
method can achieve speedup ratios of 6 and 8 compared with the global time-stepping method, respectively. The
speedup ratio rises with the reduction of grid size. Moreover, the accuracy of the local time-stepping method ap-
plied in the low-Mach combustion simulation is validated from two aspects. First, in comparison with the experi-
mental data, the time-varying characteristics of temperature are accurately predicted by both the local and global

methods, which is probably due to the quasi-steadiness of low-Mach combustion. Second, in comparison with the

time-averaged flow field, the differences in time-averaged temperature, time-averaged velocity, and the volume

fraction of oxygen are relatively smaller except for some minor trace species (with a mass fraction of less than

0.1%) . In addition, the existing PaSR turbulent combustion model and the pressure-momentum coupling algorithm

are also improved and optimized, thereby enhancing their physical accuracy and robustness.
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