Reactor Sequencing Example Problem Using the data from P2-8

The liquid phase autocatalytic reaction  
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 is to be carried out in reactors in series.  The volumetric flow rate to be processed is 0.01 m3/min.  You have six reactors available to you.  The rate of reaction as a function of conversion is given to you in Figure P2-8a.  How should the reactors be arranged to achieve maximum conversion?  What is the maximum conversion possible?

	Reactor
	Volume (m3)
	Residence Time (min)

	PFR
	0.02
	2

	PFR
	0.03
	3

	PFR
	0.06
	6

	CSTR
	0.02
	2

	CSTR
	0.025
	2.5

	CSTR
	0.06
	6


Solution:

From manual Digitization of the Graph of Figure P2-8a

	conversion
	C_invr

	0
	10

	0.05
	15

	0.1
	20

	0.15
	35

	0.2
	43

	0.25
	48

	0.3
	50

	0.35
	47

	0.4
	42

	0.45
	36

	0.5
	30

	0.6
	17

	0.65
	15

	0.7
	17

	0.72
	18

	0.74
	20

	0.75
	24

	0.78
	30

	0.8
	35

	0.815
	40

	0.8212
	41.5

	0.83
	44.29


Reactor Sequencing:  Alternate Solution Method for In-Class Example
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using POLYMATH

Data Table:

Numerical Integration using Analysis Feature of POLYMATH

Numerical Integration using POLYMATH data table:  Analytical Integration of a Polynomial

ODE solver

Numerical Integration using Analysis Feature of POLYMATH
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0+ a1 "Conversion + a2°CONVersion'2 + a3*CoMVersion’3 + 4°CONVersion™ + a"comversion's

value 95% confidence
5.7418983 2.6765828
15.307875 73.450244
1832.7417 60L.68LL
-7188.0752 1923.452
s021.4787 2605.2367
-3584.9406 1256. 5945

Analytical polynomial integration
C_im= 9.7418083 + 15.307875"conversion + 1832.741T"conversion2 -7188.0752°conversion'3 + 8021 4787 conversion®s -3564.94
conversion(1) = 0

conversion(z) = 0.29

integ(C_imvr,conversiont conversion2) = 9.00387

Classexample2-3.pol | Reactor Sequencing old p2-3. [11:02PM (1731700 [CAF5 [NUM




Numerical Integration using POLYMATH data table:  Analytical Integration of a Polynomial

First 2 plug flow reactors
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Integrating to get 3+6 min
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