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Abstract

Asymptotic decay rates for mean concentration and root mean square
fluctuations in concentration are derived for a decaying second order,
isotherﬁal two species reaction in final period turbulence. The
relative intensity of each species approaches (m-1) for stoichiometric
reactions and it becomes unbounded for the under represented species

when the proportions of reactants are not stoichiometric.
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. L . . :
In a previous paper 1t was pointed out that for single species,

second order, isothermal reactions in a final period turbulence the asym-

totic behavior of mean square fluctuations of concentration Y2(t), is as
-11/2 ; s y - g :
" 5 where t 1is the time from some virtual origin. In that situation

the mean concentration field (t) decays as £t asymptotically2 so that

9 i —7/2
v 0(t ), as t > « . It is the purpose

the relative intensity YQ-F_
of this note to indicate a quite different situation when the second order
reaction is very rapid and involves two species having equal molecular
diffusivities. We will show that for stoichiometrically distributed
reactants both the mean and the root mean square fluctuations of a species
concentration decay as t_3/u asymptotically and thét the relative intensity
of each species approaches a constant value of 7 - 1. We will also
. determine for nonstoichiometric distributions the mean concentrations and
root mean square fluctuations of each species. In particular the mean
concentration of the under represented species decays as

-9/4 3/

t exp{-Ct } asymptotically, where C 1is a constant.

We consider the irreversible isothermal reaction

PA +n FB -+ product,

where n 1is the stoichiometric parameter,®imbedded in a final period homo-
geneous turbulence in which the convective action of the turbulence for a
fixed Fourier mode Sf the concentration field is negligible compared to the
direct role of molecﬁlar diffusion.3 Consequently a second order isothermal

g, 2 4 .
reaction of two species in such a turbulence can be described by the



following equations which are valid after some virtual time origin.
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we F DVATy, = CnFA?B . (2)

where FA(x,t) ié the concentration of species A, FB(x,t)-is the concen-
tration of species B, D is the molecular diffusivity of each species

assumed constant and identical and C is a Peactién rate also assumed cgnstant.
* and then drop the asterisk for the remainder

If we replace nlI', by T

A A
of the paper,equations (1) and (2) can be wri“ten without the explicit

appearance of n
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It is usefu15 to define a random variable x(x,t) = Fﬂ(x,t) - PB(x,tj,

where from (3) and (4)

X - py2 '
Py DV<y {5)

and by homogeneity E-is a constant in both space and time. Here as elsewhere

the bar indicates an ensemble average.

i
i

When the proportion of A and B are nenstoichiometric we will assume”

that B is under represented and we can identify E_in the following way:

lin T,(x,t) = X (6)
Tt
lin T(x,t) = 0 ‘ 1)
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