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Lecture No. 11

MIXED FLOW REACTORS IN SERIES

one being used in series with it.

affect the conversion of reactant?

creased?
SOLUTION

At present 909 of reactant A is converted into product by a second-order reaction
in a single mixed flow reactor. We plan to place a second reactor similar to the

(a) For the same treatment rate as that used at present, how will this addition

(b) For the same 90% conversion, by how much can the treatment rate be in-

The sketch of Fig. E6.2 shows how the performance chart of Fig. 6.6 can be used

to help solve this problem.
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Figure E6.2

(a) Find the conversion for the same treatment rate. For the single reactor at
90% conversion we have from Fig. 6.6

kCyr = 90

For the two reactors the space-time or holding time is doubled; hence, the
operation will be represented by the dashed line of Fig. 6.6 where
kCyt = 180

This line cuts the N = 2 line at a conversion X = 97.4%, point a.

(b) Find the treatment rate for the same conversion. Staying on the 90% conver-
sion line, we find for N = 2 that
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kCyr =275, point b

Comparing the value of the reaction rate group for N = 1 and N = 2, we find

(kCyTy=2 _ =2 _ (VIv) = _ 27.5
(kCDT}N-l Tye1  (VIU)y 90

Since V., = 2V, the ratio of flow rates becomes

Un=1_ 90

oo =375 =66

Thus, the treatment rate can be raised to 6.6 times the original.

Note. If the second reactor had been operated in parallel with the original unit
then the treatment rate could only be doubled. Thus, there is a definite advantage
in operating these two units in series. This advantage becomes more pronounced
at higher conversions. _-

Mixed Flow Reactors of Different Sizes in Series:
For arbitrary kinetics in mixed flow reactors of different size, two types of
questions may be asked:

A. how to find the outlet conversion from a given reactor system,

B. how to find the best setup to achieve a given conversion

Different procedures are used for these two problems

Finding the Conversion in a Given System A graphical procedure for finding
the outlet composition from a series of mixed flow reactors of various sizes for
reactions with negligible density change has been presented by Jones (1951). All
that is needed is an r versus C curve for component A to represent the reaction
rate at various concentrations.
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Figure 6.7 Notation for a series of unequal-size mixed flow reactors.
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Figure 6.8 Graphical procedure for finding compositions in a series
of mixed flow reactors.
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Plot the C versus r curve for component A and suppose that it is as shown in
Fig. 6.8. To find the conditions in the first reactor note that the inlet concentration
C; is known (point L), that C; and (—r); correspond to a point on the curve to
be found (point M), and that the slope of the line LM = MNINL = (—r),/
(C, — Cy) = =(1/7) from Eq. 6.9. Hence, from C; draw a line of slope —(1/7)
until it cuts the rate curve; this gives C,. Similarly, we find from Eq. 6.10 that a
line of slope —(1/7;) from point N cuts the curve at P, giving the concentration
C, of material leaving the second reactor. This procedure is then repeated as
many times as needed.

Determining the Best System for a Given Conversion. Suppose we want to
find the minimum size of two mixed flow reactors in series to achieve a specified
conversion of feed which reacts with arbitrary but known kinetics. The basic
performance expressions, Eqs. 5.11 and 5.12, then give, in turn, for the first reactor

o X

(10)

- 11
G, an
and for the second reactor

Ta — X

== (12)
Co (—r);

These relationships are displayed in Fig. 6.9 for two alternative reactor arrange-
ments, both giving the same final conversion X,. Note, as the intermediate
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Figure 6.9 Graphical representation of the variables for two mixed flow reactors in series.
conversion X, changes, so does the size ratio of the units (represented by the
two shaded areas) as well as the total volume of the two vessels required (the

total area shaded).
Figure 6.9 shows that the total reactor volume is as small as possible (total

shaded area is minimized) when the rectangle KLMN is as large as possible.

This brings us to the problem of choosing X, (or point M on the curve) so as

to maximize the area of this rectangle. Consider this general problem.

Maximization of Rectangles. In Fig. 6.10, construct a rectangle between the
x-y axes and touching the arbitrary curve at point M(x, y). The area of the

rectangle is then

A = xy (13)
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Figure 6,10 Graphical procedure for maximizing the area of a rectangle.
This area is maximized when

dA =0 =ydx + xdy

or when

_qy_y
dx x (19)



Chemical Reacior Design - Third Year Dr. Suha Akram

this condition means that the area is maximized when M is at that point where
the slope of the curve equals the slope of the diagonal NL of the rectangle
Depending on the shape of the curve, there may be more than one or there may
be no “best” point.
However, for nth-order kinetics, n > 0, there always is just one *““best” point.
The optimum size ratio for two mixed flow reactors in series is found in general
to be dependent on the kinetics of the reaction and on the conversion level. .

Qthe special case of first-order reactions equal-size reactors are best:
O reaction orders n > 1 the smaller reactor should come first

Q) for n < 1 the larger should come first

The above procedure can be extended directly to multistage operations; how-
ever, here the argument for equal-size units is stronger still than for the two-
stage system.
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Figure 6.11 Maximization of rectan-
gles applied to find the optimum in-
termediate conversion and optimum
sizes of two mixed flow reactors in
series,
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Figure 6.12 Graphical design procedure for reactors in series.



