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Partial Preconditioning Approach for the Solution of Detailed

Kinetics Problems Based on Sensitivity Analysis
K.-H. Kang. S.-Y. Moon, J.-H. Noh, S.-H. Won and ].-Y. Choi

ABSTRACT

A partly implicit/quasi-explicit method is introduced for the solution of detailed chemical
kinetics with stiff source terms based on the standard fourth-order Runge-Kutta
scheme. Present method solves implicitly only the stiff reaction rate equations, whereas
the others explicitly. The stiff equations are selected based on the survey of the
chemical Jaconian matrix and its Eigenvalues. As an application of the present method
constant pressure combustion was analyzed by a detailed mechanism of hydrogen-air
combustion with NOx chemistry. The sensitivity analysis reveals that only the 4 species
in NOx chemistry has strong stiffness and should be solved implicitly among the 13
species. The implicit solution of the 4 species successfully predicts the entire process
with same accuracy and efficiency at half the price.

Key Words A A1 8ES-7) T (Detailed Chemical Kinetics), ¥Z% 3] 4 (Sensitivity
Analysis), % 23 (Parlty Implicit Method), & A43E (NOx)
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vector of a production rate

activation energy of forward reaction

z  vector of concentration

Ay pre-exponential factor of forward reaction w

B;. temperature exponent of forward reaction

Ns number of species

v  stoichiometric coefficient of reactants

v stoichiometric coefficient of products
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Table 1 Jachimowski‘s detailed Kinetic mechanism of Hydrogen—Air combustion [4]. This
model involves 32 elementary steps and 13 reacting species; H, HNO, HOz, Hz, H2O, H20,,

N, NO, N2, NO2, O, Oo, OH.

Forward Reaction Rate

Reaction Ay By | E%WR Reaction Ay By |EYWR
Hy+Op— HOp+H | 1.00X10™ | 0.00 | 56,000 | N+N+XoNo+X 280107 -0.75] 0
H+Q0p—OH+0 2.20X10" | 0.00 | 16,800 N+Qy>NO+O 6.40X10""{ 1.00 | 6,300
O+Hy—OH+H 1.80X10" | 1.00 | 8900 N+NO—Nz+0 1.60X10%1 000 | ©
OH+Ho-H.0+H | 2.20X10" | 0.00 | 5,150 N+OHoNO+H  [6.30X10"] 050 | 0
OH+OH<H,0+0 | 6.30X10” | 0.00 | 1,090 | H*NO+X<HNO+X |540X10"| 0.00 | -600
H+OH+X—H0+X | 220X10% | -2.00] 0 H+HNO—NO+H: |4.80X10%} 000 | ©
H+H+XoH+X | 640X107 |-1.001 0 O+HNO<>NO+OH |500X10" | 050 | 0
H+O+X «—0OH+X | 6.00X10"° |-060] 0 | OH+HNO—NO+H:0 |360X10°| 000| 0
H+Oz+X «HOz+X | 2.10X10" | 0.00 | ~1,000 |HOz+HNO<>NO+H20:] 2.00X10 | 0.00 | 0
HOs+H—OH+OH | 1.40X10™ | 0.00 | 1,080 | HO:*NO<NOz+OH |3.40X10" | 0.00 | -260
HOz+H<H;0+0 | 1.00X10" | 0.00 | 1,080 | H+*NOz~>NO+OH |350X10™{ 0.00 | 1,500
HO»+O—0-+OH | 150X10% | 0.00 | 950 O+NOz>NO+02 | 1.00X10" | 0.00 | 600
HO»+OH—H:0+0, | 8.00X10" | 0.00 0 NO2+X<NO+0+X | 1.16X10"° | 0.00 | 66,000

HO2+HO»—~H00+02 | 2.00X10% | 0.00 0 Third body efficiencies relative to Ns
H+H:0,-H+HO; | 1.40X10% | 0.00 | 3,600 | H+OH+X—H:0+X H0 = 60
O+Hy02~0OH+HO; | 1.40x10" | 0.00 | 6,400 H+H+X<Hx+X H:0 = 60, He = 2.0
OH+H202-°H0+HO3| 6.10X10% | 0.00 | 1430 | H+O+X<OH+X H:0 = 6.0
Hz0s+X~OH+OH+X | 1.20X10" | 0.00 | 45500 | H+Op+X<HOz+X H:0 = 160, Hy = 20
0+0+X=0o+X | 6.00X10° | 0.00 | ~1,800 | H:05+X>QOH+OH+X H:0 = 15.0
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the chemical Jacobian matrix
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