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Abstract

An analytical solution was given to predict the exit concentration of a tubular reactor
with completely segregated flow for second-order reaction using the axial dispersion model.
The calculated exit concentrations agree with the numerical solution published by
LiNnprors (1974).
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The conversion in case of reactions with non-linear kinetics in a continu-
ous flow isothermal reactor is influenced by macro- and micromixing in the
system. The macromixing is characterised by the residence time distribu-
tion (RTD). The mixing on molecular scale (micromixing) may range from
one extreme of maximum mixedness to the other extreme of completely
segregated flow. In case of complete segregation the fluid travels through
the reactor in discrete packets and no mass exchange occurs between them,
so the packets behave as small batch reactors. When the packets of fluid
move at velocities differing randomly from the mean velocity the RTD can
be described by the axial dispersion model. The cumulative RTD function
F(9) for this model was derived by HiBY and SCHUMMER (see paper of
WESTERTERP and LANDSMAN, 1962).

The RTD density function E(¥¢) can be obtained by the differentiation
of F(9):
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and v; are the positive roots of the equation

¥; Pe
ctgy; = -1—)—76- + 4—7]-
0.5 ] I ] |25 | | |
Cout N

0.1 f 25
0.05 — -

0.03 100 ]
0.02 - ,/////’/”/”’/’;;3 i
0.01——ro a | | :

0 5 10

1/Pe

Fig. 1. Exit concentration for second-order reaction in a tubular reactor with segregated
flow.

Consider a packet of fluid that spends time ¢ in the reactor. The concen-
tration in it when leaving the system is cou:. This can be calculated from
batch reactor data. For second-order irreversible reaction cout 18
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If the reactor operates steady-state the average exit concentration can be
predicted using the following equation (DANCKWERTS, 1958):

[o0]
out = [ Coaten = E(9)d9, | 3)
0
Substituting Fgs. (1) and (2) in the above equation gives:
Cout 2 Pe -
o = B—Pe exp (—2—> ;::1 N; — exp(z;) — E1(z;), (4)

where z; = m;/Da and E1(z) is the exponential integral
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Fig. 1 shows the ratio of the average exit concentration & to the ini-
tial concentration cg. For computing E;(z), and Fi(z) — exp(z) in case of
z > 4, we used rational Chebyshev approximation (CODY and THACHER,
1969). LINDFORS (1974) calculated the exit concentration numerically by
using Egs (1), (2) and (3). His results show very good agreement with our
solution.

Notation
c concentration of reactant, mol/m?®
D axial dispersion coefficient, m%/s
E(8) residence time distribution density function
Ei(z) exponential integral
F(9) cumulative residence time distribution function
k reaction rate coefficient, m®/(mol s)
L length of the reactor, m
[ time, s
v linear velocity, m/s
Da =kreg Damkohler number
Pe=vL/D Peclet number
Greek letters
T=L/v mean residence time, s
04 dimensionless time defined as t/7
Subscripts
0 refers to initial condition

out outlet
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