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Abstract — A Monte Carlo Algorithm, capable of simulating numerically the time behavior of a spatially
homogeneous reaction system, is expanded to include diffusion process. This expanded algorithm is applied
to the Oregonator model of the Belousov-Zhabotinskii reaction to study the phenomenon of spatial oscil-
lations. The results show that trigger waves travel at constant velocity which is uniquely determined by the
given propertxes of the system and the velocity of trigger wave propagation increases linearly with the square
root of both [H' ] and [Br03 ]

The Monte Carlo algorithm for a homogeneous reaction system is also applied to the Oregonator model of
the Belousov-Zhabotinskii reaction to study the phenomenon of temporal oscillations. The results show that
the period of oscillation is 54 sec and the concentrations of intermediates exhibit the limit cycle behavior in
phase plane. These results from the Monte Carlo algorithm are compared with the previous experimental
results and with the simulation results obtained by a finite difference method.
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a) Taken from ref. 8
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Table 3. A comparison of the Monte Carlo re -
sults with experimental and previous
simulation results using Gear algorithm

for wave velocity.

Initial Concentra-] Wave %
tion of Bromide Velocity] Ratio
ion (M) (mm/min)
Monte Carlo 4.5x1077 58 10.7
4.0%x10°* 18 3.3
Gear Algorithm 4.5x1077 52 9.6
Experiment 4.0x10°* 5.4 -

* Numerical Result/Experimental Result
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NOMENCLATURE

reaction velocity

concentrations of chemical species m.
stochastic reaction constant

diffusion coefficient (cmzls)
stoichiometric factor

number of molecular combination
number of boxes

deterministic reaction rate constant
length of box (cm)

reaction number

joint probability density function
molgcular flux of species m per unit
area (molecule/cm?-s)

reaction channel

random number

interfacial area of box (cmz)

overall reaction velocity

reaction time (sec)

reaction velocity of the kth box

number of molecules of chemical species i

number of molecules of chemical species
m in box i
infinitesimal reaction time (sec)
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