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Computer-aided Chemical Kinetic Modeling
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Abstract As the typical processes in stratospheric photochemical reactions, four systems with
different complicities in mass balance equations are selected as the bench mark cases, to show the
efficiency and convenience for application of the Chemical Kinetics Preprocess (KPP) tool in Near Space
chemical modelings. Focusing on the large rigid ODE equations in the model, six different numerical
calculation schemes are selected (rodas, ros3, ros4, rosenbrock, sdirk, seulex), to realize the discrete
representation of ODE equations, and automatically generate the required calculation code. On this

basis, the numerical simulation experiments of stratospheric photochemical processes are carried out,
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focusing on: (i) the computational efficiency and stability of the numerical calculation schemes; (ii) the

evolution of main chemical components of each system with time; (iii) the influence of the complexity of

the photochemical system on the changes of the main components of each model. Simulation results

show that the KPP tool can effectively cope with the increase of the complexity of atmospheric chemical

reaction system in adjacent space, shorten the modeling and testing period of atmospheric chemical

model, and provide effective technical support for the research of the atmospheric chemical process in

adjacent space.
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Table 2 Chemical reaction equation of
Chapman I model
SRR FON %
Oy+hv = 20 2.643x10 " J*
0,+0 = 04 8.018x10 "
O3+hv = 040, 6.120x10 " J
03+0 = 20, 1.576x10 "
NO+05 = NOy+0, 6.062x10
NOy+0 = NO+0, 1.069x10 "

% 3 Chapman [ #EEFERIVIRAERTH
Table 3 Initial volume fraction of each component

in Chapman I model

O 0, O3 NO NO,

8.159x10°  0.209 6.560x10° 1.075x10°  2.759x10°
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Table 5 Each solver calculates the efficiency of the Chapman model (Unit s)

ros3 rosenbrock ros4 sdirk seulex rodas

Chapman [ %! 0.029 0.027 0.037 0.03 0.025 0.025

Chapman I 571 0.03 0.032 0.029 0.03 0.027 0.023

* 6 HBRESFITE Chapman BAEIREE
Table 6 Each solver calculates the error value of the Chapman model

ros3 rosenbrock ros4 sdirk seulex rodas
Chapman [ B (%10 ") 6.195 3.481 3.846 3.075 14.178 2.996
Chapman [T #%1(x10 ") 4.712 2.918 3.559 2.680 11.994 2.586
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Table 7 Each solver calculates the efficiency of the Strato model (Unit s)
ros3 rosenbrock ros4 sdirk seulex rodas
Strato T #5171 0.088 0.081 0.086 0.085 0.085 0.091
Strato [T #57Y 0.100 0.105 0.099 0.094 0.105 0.108
#* 8 HRMEZFITE Strato IREURE(E
Table 8 Each solver calculates the error value of the Strato model
ros3 rosenbrock rosd sdirk seulex rodas
Strato I B (x10™") 8.9809 8.9985 8.9806 8.9803 8.9994 8.9797
Strato [T B (x10™%) 1.6525 3.4438 1.6432 1.6033 3.5338 1.5614
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