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Basic Model
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Reactions = Equations

* Rate constants a1 kf [ O ]
— forward A + B C+D OH ]
— backward kb [ OH ]
(] +kb,[ H ][ H20 ]

|H2 + 0 © H + OH |

H+ 02 & O + OH

|H2 + OH © H + H20 |

]




Reactions = Equations

e Rate constants
— forward

— backward d( 0 )/dt
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Kinetics Solver

Simulate kinetics reactions like:
H2 +0 © H + OH
H+02® O+ OH
H2 + OH & H + H20
Initial Time - Final Time
Initial Concentrations and rate constants

Numerical Method selection



Numerical Solution



Numerical Methods

* FEuler Method
yn+1 — Yn T h f(tm yn)

 Modified Euler
ko=h{(t,y,)
kl =h f(tm Yn + k())
yn+1 . YII + 1/2 (k() + kl)



Numerical Methods ...

* Fourth order Runge-Kutta
k, =h{(t,y,)
k,=hi(t+'2hy +7%2Kk)
k;i=htt+"%2hy, +72Kk,)
k,=hf(t,+h,y, +ks)
Vo1 =V, T (1/6) (K, +2 Kk, +2 k; + K,)



Numerical Methods ...

* Adaptive Runge-Kutta Fehlberg

k, =hf(t,,y,)

k,=hf(t.+ % h, y, + Y k)

k;=hf(t,+c, hy,+c,k +c;k,)

k,=hf(t,+ ¢ h, y, + ek + ¢ Kk, + ¢; ky)

ks =h f(t,+ h,y, + cg k; +¢9 k; + ¢ k3 + ¢4 Ky)

ke =hf(t,* 2 h,y, + ¢ ki + 2k tes ks + ¢, ky+¢3 ky)

atn Yo =Yat oKt es Kyt ekt epp Ky

5th Yo = Vo T Cig Ky €9 K3+ ¢y K5+ €5 K



Numerical Methods ...

 Backward Difference Formula (Implicit)
Y1 = @3) Y, - (1/3) Y1 T 2B) Y 1

— Jacobian evaluation
— System of Equations: O(m?) + O(m?)



Performance

 With data set QA-Tr.B
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Performance

 With data set QA-A
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Performance

 With data set QA-Tr.-A
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Performance

e With data set LAC-PTS

80000 -

70000 -

60000 -

50000 -

40000

30000+

20000

10000+

0 T T T 1
Euler Modified RK4 Adaptive

Fuler

M Time Steps timing



Graphics of the Solution



Using the Kinetics Solver

Model Input file Kinetics Solver
Refinement Output file
Plots Web Page Plotting Tool

Excel



Using the Kinetics Solver ...

Model Input file
Kin Files
ement >
Refinemen Web Page
Plot / Save

Plot of the Solution Output
Plot
Web Page file




Conclusions



Conclusions

 Numerical methods :
— performance vs. accuracy

— data set parameters

- Stiff solver inadequate
* Plotting by Web Page
o “Computing Life”



Questions and Comments!



