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Reactions Reactions EquationsEquations

•• Rate constantsRate constants
–– forwardforward
–– backwardbackward
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Reactions Reactions EquationsEquations

•• Rate constantsRate constants
–– forwardforward
–– backwardbackward

H2 + O H2 + O H + OHH + OH

H2 + OH H2 + OH H + H2OH + H2O
H + O2 H + O2 O + OHO + OH

d( O )/dt = d( O )/dt = --kfkf11[ H2 ][ O ] [ H2 ][ O ] 
+kb+kb11[ H ][ OH ] [ H ][ OH ] 
+kf+kf22[ H ][ O2 ] [ H ][ O2 ] 
--kbkb22[ O ][ OH ] [ O ][ OH ] 



Kinetics SolverKinetics Solver

•• Simulate kinetics reactions like:Simulate kinetics reactions like:
H2 + O H2 + O H + OHH + OH
H + O2 H + O2 O + OH O + OH 

H2 + OH H2 + OH H + H2OH + H2O
•• Initial Time Initial Time Final Time Final Time 
•• Initial Concentrations and rate constantsInitial Concentrations and rate constants
•• Numerical Method selectionNumerical Method selection
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Numerical MethodsNumerical Methods

•• Modified EulerModified Euler
kk00 = h f(= h f(ttnn, y, ynn))
kk11 = h f(= h f(ttnn, y, ynn + k+ k00))
yyn+1n+1 = y= ynn + ½ (k+ ½ (k00 + k+ k11))

•• Euler MethodEuler Method
yyn+1n+1 = y= ynn + h f(+ h f(ttnn, y, ynn))



Numerical Methods ...Numerical Methods ...

•• Fourth orderFourth order RungeRunge--KuttaKutta
kk11 = h f(= h f(ttnn, y, ynn))
kk22 = h f(= h f(ttnn+ ½ h, y+ ½ h, ynn + ½ k+ ½ k11))
kk33 = h f(= h f(ttnn+ ½ h, y+ ½ h, ynn + ½ k+ ½ k22))
kk44 = h f(= h f(ttnn+ h, y+ h, ynn + k+ k33))
yyn+1n+1 = y= ynn + + (1/6)(1/6) (k(k11 + 2 k+ 2 k22 + 2 k+ 2 k33 +  k+  k44))



Numerical Methods ...Numerical Methods ...

•• Adaptive Adaptive RungeRunge--Kutta FehlbergKutta Fehlberg
kk11 = h f(= h f(ttnn, y, ynn))
kk22 = h f(= h f(ttnn+ ¼ h, y+ ¼ h, ynn + ¼ k+ ¼ k11))
kk33 = h f(= h f(ttnn+ c+ c11 h, yh, ynn + c+ c22 kk11 + c+ c33 kk22))
kk44 = h f(= h f(ttnn+ c+ c44 h, yh, ynn + c+ c55 kk11 + c+ c66 kk22 + c+ c77 kk33))
kk55 = h f(= h f(ttnn+ h, y+ h, ynn + c+ c88 kk11 + c+ c99 kk22 + c+ c1010 kk33 + c+ c1111 kk44))
kk66 = h f(= h f(ttnn+ ½ h, y+ ½ h, ynn + c+ c1212 kk11 + 2 k+ 2 k22 + c+ c1313 kk33 + c+ c1212 kk44 + c+ c1313 kk55))

yyn+1n+1 = y= ynn + c+ c1414 kk11 + c+ c1515 kk22 + c+ c1616 kk33 + c+ c1717 kk44

yyn+1n+1 = y= ynn + c+ c1818 kk11 + c+ c1919 kk33 + c+ c2020 kk55 + c+ c2121 kk66

44thth

55thth



Numerical Methods ...Numerical Methods ...

•• Backward Difference Formula (Implicit)Backward Difference Formula (Implicit)
yyn+1n+1 = = (4/3)(4/3) yynn -- (1/3)(1/3) yynn--11 + + (2/3)(2/3) y’y’n+1n+1

–– Jacobian evaluationJacobian evaluation
–– System of Equations: O(mSystem of Equations: O(m33) + O(m) + O(m22))



Performance Performance 

•• With data set QAWith data set QA--TrTr.B.B
–– 39 Species, 45 Reactions39 Species, 45 Reactions
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Performance Performance 

•• With data set QAWith data set QA--AA
–– 37 Species, 43 Reactions37 Species, 43 Reactions
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Performance Performance 

•• With data set QAWith data set QA--TrTr..--AA
–– 37 Species, 43 Reactions37 Species, 43 Reactions
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Performance Performance 

•• With data set LACWith data set LAC--PTSPTS
–– 64 Species, 69 Reactions64 Species, 69 Reactions
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Graphics of the SolutionGraphics of the Solution



Using the Kinetics SolverUsing the Kinetics Solver
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Using the Kinetics Solver ...Using the Kinetics Solver ...
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ConclusionsConclusions

•• Numerical methods :Numerical methods :
–– performance performance vsvs. accuracy. accuracy
–– data set parametersdata set parameters

-- Stiff solver inadequateStiff solver inadequate
•• Plotting by Web PagePlotting by Web Page
•• “Computing Life”“Computing Life”



Questions and Comments!Questions and Comments!


