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COMPLETELY MIXED FLOW REACTORS AND TRACERS
The law of conservation of mass leads to a powerful engineering tool, the materials balance.  Figure 1 shows a black box into which some material is flowing.  All flows into the box are called influents and represented by the letter X.  If flow is described as mass per unit time, Xo is the mass per unit time of material X flowing into the box.  Similarly X1 is the outflow or effluent.  If the flow does not vary with time (to be at steady state), and no processes are going on inside the box, then it is possible to write a material balance around the box as 
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This simple black box concept can be used to analyze processes by writing a materials balance (volume or mass) as follows:
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Many natural processes as well as engineered systems can be conveniently analyzed using the notion of ideal reactors.  A black box can be thought of as a reactor if it has volume and if it is either mixed or materials flow through it.

Three types of ideal reactors are defined on the basis of certain assumptions about their flow and mixing characteristics.  The mixed batch reactor is fully mixed and does not have a flow into or out of it; in the plug flow reactor there is flow, but no longitudinal mixing takes place; and the completely mixed flow reactor, as the name implies, is a flow reactor with perfect mixing.

First let us assume that no reactions occur inside the reactor; that is, there is nothing being consumed or produced in the reactor.  This assumption leads to the so-called mixing model of reactors.  To discuss the mixing model, a device known as a conservative and instantaneous signal is used.  A signal is simply a tracer placed into the flow as the flow enters a reactor.  The signal allows for the characterization of the reactor by measuring the signal or tracer concentration with time.  The term conservative means that the signal does not itself react.  For example a color dye introduced into water would not react chemically and would neither lose nor gain color.

Completely Mixed Flow Reactor (CMFR) with a conservative tracer being flushed out
CASE I: Tracer leaving CMFR

In a completely mixed flow reactor (CMFR), perfect mixing is assumed.  There are no concentration gradients at time, and a signal is mixed perfectly and instantaneously.  Figure 2 illustrates such a reactor.

A conservative and instantaneous signal can be introduced to this reactor and the mass balance equation can be written as:
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Since the signal is assumed to be instantaneous,

the rate at which the signal is introduced is zero. 

Likewise the signal is conservative and therefore 

the rate produced and the rate consumed are both 

zero.  Thus,
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Let the concentration of the signal in the reactor at any 
time t be C and the concentration of the signal at t=0 be 

Co .
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Since the reactor is perfectly mixed, the concentration of the signal in the flow withdrawn from the reactor must also be C.  The rate at which the signal is withdrawn from the reactor is equal to the concentration times the flow rate.  Substituting this into the mass balance equation,

where Q = flow rate into and out of the reactor
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The volume of the reactor V is assumed to be constant.  The rate at which signal A is accumulated is dC/dt times the volume V, 

The negative sign indicates that the concentration is decreasing.  This equation can be rearranged and integrated:
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The residence time td, in a CMF reactor is [image: image17.wmf]CQ
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Residence time is defined as the average time a particle of water spends in the reactor

[image: image18.wmf]Therefore the final results after integration are:
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CASE II : Tracer Entering CMFR
In this case the signal coming in or leaving are no longer 0.

Therefore the mass balance is 
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This equation can be rearranged and integrated:
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         or   C = Co(1-et/td)
Plot of C/Co versus Time for same td 

[image: image26.wmf]dt

V

Q

C

C

dC

t

o

C

ò

ò

=

-

0

0

 [image: image2.emf]Tracer Coming into a CMFR

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12

Time











Figure 1
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Figure 2
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