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A Preconditioned Time Method for Efficient Calculation
of Reactive Flow

Seong-Lyong KIm, In-Seuck Jeung and Jeong-Yeol Choi

Key Words: Preconditioned time step, Stiff ODEs, Gauss-Seidel preconditioning
Abstract

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 methodology that can
be stable without full chemical jacobian, This method is derived by applying the
different time steps to the chemical source term. And the lower triangular chemical
jacobian is derived. This is called the preconditioned time differencing method and
represents partial implicit method. We show that this method is more stable in
chemical kinetics than the full implicit method and that this is more efficient in
supersonic combustion problem than the full jacobian method with same accuracy. .
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10074,1988
Jacobian fime step Final Ignition Elagseq time
Type [10 %sec] Temperature Dggay per unit time step
(K] [10 “sec] [10 “sec]
Full 1 3803 2.216 296
Jacobian 2 fail _ _
1 3651 2.306 2.84
Partial 5 3349 2.595 2.84
Jacobian 10 3183 2911 2.84
50 2816 4655 284
1 3576 3.066 2.84
DiagOnal 5 3381 5691 2.84
Jacobian 10 3362 8.381 2.84
20 fail - -

Table 1. Results of constant volume reaction for different time step and

jacobian. Elapsed time is measured on desktop Pentium I processor.
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Logarithm of | Elapsed time Final Ienition Dela
Jacobian type Error per unit time Temperature g [18 Ssec] y
Tolerance | step [10 *sec] K] S

-4 3.06 3794 2.225

-6 3.17 3794 2.225

Full -8 317 3794 9295
Jacobian

-10 3.30 3794 2.225

~-12 3.51 3794 2.225

-4 2.96 3802 2.252

‘ -6 3.17 3802 2.229

Partial 8 340 3802 2.295
Jacobian

-10 3.73 3802 2.225

-12 4,05 3802 2.225

-4 2.96 3767 2.730

_ -6 3.28 3767 2.389

Diagonal 8 396 3767 2.266
Jacobian

-10 493 3767 2.226

-12 5.03 3767 2.226

Table 2. Results of constant volume reaction with newton iteration of second

order time accuracy, where time step is fixed to 10® and elapsed time is

measured on desktop Pentium II processor.

Elapsed Timel[sec] Improvement
GRID CFL - - -

Full Jacobian | Partial Jacobian [96]

1 3126 2603 17

30 %60 5 3044 2514 17
10 3029 2571 15

18132 14736 19

60120 5 8013 6535 18
10 7968 6476 19

1 17035 14553 15

90 x 150 5 17151 14393 16
10 17384 14515 17

Table 3. Elapsed time to converge of steady shock induced combustion for

error tolerance, 108 , which is measured on Digital Alpha Workstaton.
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Figure 3. Amplification Factor for the Figure 4. Temperature profile of
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