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Abstract: Simulating chemical nonequilibrium flow problems needs to solve chemical source
terms, and the time scales of each elementary reaction in a detailed chemical reaction mechanism
are significantly different with each other, leading to stiff ordinary differential equations after spa-
tial discretizations. Therefore, based on a decoupled chemical nonequilibrium algorithm for un-
structured finite volume method, the MPI parallelization is further implemented to achieve massive
chemical nonequilibrium flow simulations, establishing the infrastructure to support complex engi-
neering applications. Since the computational effort of a solver based on decoupled algorithms is
mostly spent on solving the chemical source terms, which are based on the cell-centered variables,
the data-transfer within a time-step is minimized, facilitating the parallelization. Classical shock-
induced oscillating combustion simulations results indicate that the developed parallel solver pro-
duces accurate solutions and has high computation efficiency. Moreover, because of its low
memory requirement, porting GPU (Graphics Processing Unit) capability into the solver is also

relatively simple.
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Fig. 1 Schematic of grid partitioning
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Fig. 2 Schematic of computation grid
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Tab. 1 Flow parameters for the shock-induced combustion

Ma T/K P,/Pa nH:; : nO; : nNs

4. 48 293 42650 2:1:3.76
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Fig. 3 Experiment schlieren of periodic

oscillating combustion
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Fig. 4 Temporal variation of density along stagnation line
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Fig. 5 Density contour of periodic oscillating combustion
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Fig. 6 Temporal variation of the pressure at stagnation point
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Fig. 7 Comparison of the CPU time for the

periodic oscillating combustion
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Tab. 2 Comparison of the CPU time for the periodic

oscillating combustion
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Tab.3 Comparison of the Wall time for the periodic

oscillating combustion
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