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COMMENTS

Comments on “Stirring Effects and TABLE 1: Values of the Oscillation Period T and Ratio of

- PR ; the Dispersiona; to the Average Value[z[at Various k; and
Phase-Dependent Inhomogeneity in Chemical Characteristic Mixing Time mix in the Stochastic

Oscillations: The Belousov-Zhabotinsky Oregonator?
Reaction in a CSTR” kel
M71s™Y)  Tmils Tis Tmad T (0420ev—1 (04 Z0Imax
Vladimir K. Vanag 5 0.0012 0.3630.003 1 1.022 1.14
5 0.0091 0.355£0.005 1.02 1.88 3
. . . 5 0.1250 0.356t 0.01 1.02 7.05 11.0
Center of Photochemistry, Russian Academy of Sciences, 2 0.00026 0.654- 0.005 1 1.003 1.12
117421, Noeatorov Str., 7A, Moscow, Russia 2 0.00026 (0.673 0.005) (1) (1.0034)  (1.142)
2 0.0012 0.623: 0.006 1.05 1.05 1.17
Receied: April 7, 1997; In Final Form: August 11, 1997 2 0.0012 (0.645- 0.008) (1.043) (1.045)  (1.18)
2 0.0091 0.56+ 0.004 1.17 2.32 3.52
The_ paper of AI? and Menzingédeals With the modeling of g 8:(1)(2)23 (8:2L&0968%) (iég) (S"?;g) 8‘2,?
the stirring effect in the BelousevZhabotinsky (BZ) reaction 2 0.1250 (0.53:0.02) (1.27) (15.3) (23.3)
on the basis of the flow-Oregonator by the cellular mixing (CM) 0.5 0.0012 1.92-0.01 1 1.07 1.27
model. Each cell of the model is a homogeneous batch reactor 0.5  0.0091  1.23-0.01 1.56 2.76 4.9
where the Oregonator is solved by ordinary differential equations 0.5 00330 0.8&0.03 2.18 16 26.2
(ODEs). Flow conditions and external fluctuations are simulated S 0.1250  chaos
by replacing a pair of randomly chosen cells at time interyal 2 g, is the dispersion of;, wherez is a number oZ particles in the
with two new cells with feedstream concentrations. ith cell of the PCA,; ¢J/[2ZDe.7 is the ratio of the dispersioa, to 20

. averaged over the oscillation peridd where [Zis determined by
As the main result of the study, the authors present the averagingz all over the cells of the PCA; the maximum ratio/(

dependence of the p'rob.ability Qistribution function (pEf))n [ZJmax is achieved at the fast phase of oscillatiofigi is the value of
the phase of the oscillation periddas well as the connection  the periodT whenzmx < (aksh)%; the numbeiN, of automaton cells

betweerP and the stirring effect (the dependence of oscillation equals 32« 32 (for the case df;h* = 2 M~ s™* the Oregonator model
amplitude and period on stirring rate) in a CSTR. The authors was simulated also & = 64 x 64 and Fhe oscillation period remained
believe that external noise dominates in the CSTR, and thereforeconstant); the voluméy, assigned to a single automaton cell was chosen

. o to equalVm = 3 x 10" M~YNa, whereN, is the Avogadro number
they use the CM model which accounts only for the contribution (period T depends oV, but the character of the dependence @

of extrinsic noise to the pdf. However, it is not easy t0 ;. does not change at differelt; the larger theVi, the closer the
determine only by theoretical means without experimental values ofT obtained by the PCA method at small to the value of
examination, whether internal fluctuations or external noise T obtained from the solution of corresponding ODESs). Oregonator
dominates in the stirring effect, because different theoretical constantsky =2 M3sh k=2 x 1P M2s! k=2 x 1 M2
models lead to different results. If such experiments are lacking, S " ki =4 x 1°M s, ks = 1M ts % a= [BrOs ] =03 M, h
or if they show that inner fluctuations are important to some { E';nd]z_mlo M&lﬁgg?n:th[gﬂcAASg gfot'r?eMc'sFT?;fitrg?S: iuthfrlss)g’f
extent for the com_prehen5|o_n of the stirring effects, they should (e, [Y]lo=[Z]o=0.5x 105 M), ko= 0.2 5.
not be neglected in theoretical models.

To illustrate the importance of inner fluctuations, which are
present both in a batch reactor and in CSTR, | applied in this of a large amplitude of inner fluctuations. A separate study is
work the method of probability cellular automaton (PGA) needed to answer the question about how and to what extent
(which accounts for inner fluctuations automatically) to the the external noise modifies the value of the stirring effect caused
stochastic batch-Oregonator and flow-Oregonatith Ali and by inner fluctuations.
Menzinger's set of constant§he results are presented in Table Second, from the data of Table 1, it follows that the value of
1. For the case of flow-Oregonator, the calculations were madethe stirring effect grows with & decrease. Akh? =5 M™!
only fork;h? =2 M~1 s71, and corresponding results are given s1, the stirring effect is lacking, but d;h? = 0.5 M1 s71,
in Table 1 in parentheses. Tmad T = 2.18 (atTmix = 0.033 s). We showed earlferthat

Several important conclusions can be made from the data ofthe stirring effect results from the behavior of the Oregonator
Table 1. First, the stirring effect proved to be explained on the model during the slow phase and emerges only when the rate
basis of inner fluctuations only. The value of stirring effect at of the system’s approach to the critical concentration of the
kih? = 2 M1 571, T, T = 1.28 (atzmix = 0.1 s), does not  inhibitor [Y]¢ = aks/ks, Y = Br~, during the slow phase is
differ notably from the analogous value obtained by Ali and much smaller than the rate of autocatalysis (the fast phase), i.e.,
Menzinger (1.34}. An additional consideration of external noise when inequality 1 holds.
(the case of the CSTR) has practically no effect on the period
T, dispersions,, and stirring effect. It is probably the result of k,h/k; < 0.01 (1)
using too small volum¥y, of a PCA cell and, as a consequence,
while in the opposite case the stirring effect is hardly noticeable.
T E-mail: Vanag@photch.chemphys.msk.su. Inequality 1 is fulfilled in the article of Ali and Menzingérn
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this connection it would be interesting to check how the stirring References and Notes
effect varies in the CM model at differekt.

And, at last, from the data of Table 1 it follows that the (1) Ali, F.; Menzinger, M.J. Phys. Chem. A997, 101, 2304-2309.
dispersion grows with an increaserigi at allk, but the period
T remains practically constant &h? =5 M1 s™1. Hence, ,
the variation in pdfP does not always lead to the changes in  (3) Vanag, V. K.J. Phys. Chemin press.

such observed values as the oscillation period and amplitude. (4) Vanag, V. K.; Melikhov, D. PJ. Phys. Chem1995 99, 17372.

(2) Vanag, V. K.J. Phys. Chem1996 100, 11336.



