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Approximate Chemical Jacobian Methods for Reactive Flow Simulations
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The Equations of Chemical kinetics are very stiff, which forces the use of an implicit scheme.
The problem of implicit scheme, however, is that the jacobian must be solved at each time
step. In this paper, we examined the approximate chemical jacobian methods such as
Gauss-Seidel, Jacobi partial jacobian and diagonalized jacobian that can be stable without full
jacobian, We show that Gauss-Seidel jacobian method is stable and accurate as well as full
jacobian and that this is more efficient in supersonic combustion problem about 20% than the
full jacobian method with same accuracy.
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- -4 L
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Seidel 10° |1263{201| 1061|201 1050201 - | -
Jacobi 8509 13389| 15339 1057 | 5673 | 12607 10° |1645|256[131.3|256]131.1[2561 - | -
Table 1. Total iteration and elapsed time of Table 2. Elapsed time and average subiteration

LU-SGS scheme, where CFL is 5 RTOL is
10" and minimum time step is adopted.
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Figure 3. Density contours of shock induced combustion
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Figure 4. Time history of density at stagnation line in the oscillating shock induced
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