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" Examined reactor cascade where recycle from the last reactor to the first reactor.
" Showed that it can improve performance at low residence times.
" At high residence time: a cascade performance with recycle is worse than no recycle.
" For a two-reactor cascade is it better to add a settling unit or a third reactor?
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a b s t r a c t

Prior to discharge into rivers municipal and industrial waste waters may be treated in a reactor cascade
that employs a settling unit to recycle biomass from the final cascade reactor to the first. In this paper we
use steady-state analyse to examine the process efficiency of such a reactor configuration. The Contois
specific growth rate model is used to describe biomass growth.

It is found that there is a critical value of the total residence time which identifies a turning point in the
performance of the reactor cascade. In particular, if the total residence time is below the critical value
then the settling unit improves the performance of an n-reactor cascade (n = 2, . . . , 5), whereas, if the res-
idence time is above the critical value then the performance of an n-reactor cascade (n = 2, . . . , 5) with the
settling unit is inferior to that of a cascade without one. It is shown that the critical values of residence
time depends upon the values of the recycle ratio R and the concentration factor C.

We compare the performance of a reactor configuration employing recycle around the whole cascade
with that of a cascade in which the settling unit recycles the effluent stream leaving the ith reactor into
the feed stream for the ith reactor.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

The industrial treatment of wastewaters typically employs a
reactor cascade. In a reactor cascade of n reactors the effluent
stream from the ith reactor in the cascade acts as the feed stream
for the (i + 1)th reactor, i.e. the next reactor. The efficiency of the
reactor cascade may be improved by using a settling unit. The set-
tling unit ‘captures’ and concentrates the microorganisms in the
effluent stream of reactor (i) and recycles it into the influent stream
of reactor (j, j 6 i). The benefit of using the settling unit is that it in-
creases the concentration of microorganisms in reactor j, hopefully
leading to an improvement in the performance of the cascade.

In this paper we investigate the use of a recycling unit to re-
duce the effluent concentration leaving a reactor cascade. We con-

sider a commonly used industrial configuration in which the
settling unit is placed after the final reactor of the cascade and
recycles a proportion of the effluent stream into the feed stream
of the first reactor. This process is illustrated for a two reactor cas-
cade in Fig. 1. We call this scenario configuration (1). This config-
uration differs from that considered in an earlier paper [20], in
which the effluent stream leaving any reactor in the cascade
was recycled into its own feed stream. We call this scenario con-
figuration (2). In configuration (2) a settling unit is characterised
by a single number, the dimensionless recycle parameter, which
ranges between zero (no recycle) and one (perfect recycle)
whereas in configuration (1) it is characterised by two parame-
ters: a concentrating factor (C) and a recycle parameter (R). The
governing equations concerning the performance of an n-reactor
cascade cannot be solved analytically. Therefore, we have illus-
trated the results numerically for two reactors. Subsequent stud-
ies using 3, 4 and 5 reactors (not included) did not influence the
findings reported here.
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