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When two reactants with equal molecular diffusivities are
mixed, the convective diffusion equations and stoichiometry
for the reaction A + nB — products yield a linear relationship
among the reactant concentrations and a nonreacting tracer
(Hawthorne et al., 1949; Toor, 1962; Lin and O’Brien, 1974;
Li and Toor, 1986; Bilger et al., 1991):

X4 —fxg=(1+B)f -8B 1

Then, in a turbulent system where x,, X3, and f fluctuate:

Xa—B=(1+B8)f-8 )
X4’ —Bxg’ =(1+B)f’ 3)
vx, B xs =(1+Bu'f @

Define conventional scalar turbulent diffusivities:

v =—evf ®)
VX, = —€,VX, 6)
V'xp' =€ VXp )]
From Eq. 2:
VX, —BVE=(1+8)Vf ®

Then, Egs. 4 to 8 give a relationship among the three turbulent
diffusivities:

(e4a—€) VX =B(ez—€) VXp ®

Equation 9 can also be derived by starting with the time av-
eraged convective diffusion equations.

Equation 9 allows equality among the turbulent diffusivities,
e4=egp=¢€, which would be expected to be the case for slow
reactions, but apparently not for faster reactions since meas-
urements of Bilger et al. (1991) in a gas behind a splitter plate
with Damkohler Numbers of 0.3 and 1.8 show significant
differences among the three turbulent diffusivities. Their re-
sults appear to be consistent with Eq. 9, which predicts that
the absolute deviation in reactant diffusivity from the normal
tracer diffusivity will be larger for the reactant with the smaller
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mean gradient when the reactants are not premixed so that the
mean gradients and the deviations are of opposite signs.

Although it is possible to obtain the mean reactant and
product concentrations from Eq. 1 when the reaction is in-
stantaneous (Toor, 1962; Lin and O’Brien, 1974; Bilger et al.,
1991), surprisingly enough, this does not seem to fix the tur-
bulent diffusivities of the reactants. This is a situation in which
we know the solution to the time-averaged, convective dif-
fusion equations, but nof the explicit terms in the equations
themselves!

Even though turbulent reactant diffusivities are not needed
with instantaneous reactions, they would normally have to be
used to close the time-averaged, convective diffusion equa-
tions—the equations that must be solved to compute mean
concentrations with finite speed reactions. The fact that these
diffusivities may be reaction-dependent is troublesome; at best
they may be useful, even though lacking the conventional
meaning as a fluid mechanical quantity, and at worst new
closure methods may be required.

Acknowledgment

This work was supported by National Science Foundation under
Grant CBT-8703890. Helpful comments were received from R. W.
Bilger.

Notation
C, = concentration of reactant A
C, = concentration of reactant B
f = nondimensional tracer concentration, C%/C},
n = stoichiometric coefficient
v = velocity vector
x, = nondimensional concentration of reactant 4, C,/Cy,
xy = nondimensional concentration of reactant B, Cp/Cjg,

Greek letters

B = equivalence ratio, Cg,/n C,,

e = turbulent diffusivity of nonreactive tracer
e, = turbulent diffusivity of reactant A

ez = turbulent diffusivity of reactant B

Subscripts and superscripts

o = concentration of nonreacting tracer
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Errata

d,Da/d,, where . . .
Equation 33 on p. 1345 should read:

on p. 1344 should read:

e In the article titled ““A Series Solution for Mass Transfer in Laminar Flow with Surface Reaction™
(September 1991, p. 1341), three lines above Eq. 9 on p. 1342 ‘@ denotes the scaled Damkohier number,
» should read ‘‘a denotes the scaled Damkohler number, d,D/d,, where . . .

Fo(&)=e *[1+(=8)"""y*(1/3=m, —H+(-£"y*(2/3-m, - §)]

In addition, case a) of Appendix A on p. 1352 should start with Zt,(— p)”, not L7,(—p)". And Eq. 19

- 1 ket “ - i < M gyt —
N(p)zd—lmzlzm(—n);(—m +m2:]1amn3 P

e In the article titled ‘A Transformation Approach to Nonlinear Process Control”” (July 1991,
p. 1082), the following reference was inadvertantly omitted from the section on Literature Cited:
Alsop, A. W., and T. F. Edgar, ‘‘Nonlinear Heat Exchanger Control Through the Use of Partially
Linearized Control Variables,” Chem. Eng. Comm., 75, 155 (1989).
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