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Objectives

m Define conversion and space time.

m Write the mole balances in terms of conversion for a
batch reactor, CSTR, PFR, and PBR.

m Size reactors either alone or in series once given the
molar flow rate of A, and the rate of reaction, - r,, as a
function of conversion, X.
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Design Equations
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Let's review the design equations for batch reactors, and
steady state C5TR's and PFR's.

Reactor

Differential Form Integral Form Algebraic Form
Type

FeoXa

=I'a

C3TR Not Applicable Not Applicable V=

Not Applicable

Mot Applicable
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Concentration
m For liquid phase F,;,=C,, Vq
m For gas phase: C,,=P,/RT;=y,P/RT,

Fao= VoYaoPo/RTy



'_ CHE 402- Dr. Eid Al-Mutairi
Example 2-1

m A gas of pure A at 830 kPa (8.2 atm) enters a
reactor with volumetric flow rate v, of 2
dm?3/s at 500 K. Calculate the entering
concentration of A, C,,, and the entering
molar flow rate, F,,.
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Reactor Sizing
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Reactor Sizing

After the limiting reactant has been defined,
the reactor wvolume necessary to achieve an

exiting comversion X can be calculated using | X

the algebraic design equation fora CsTR.
Feo X

V= =Fz

A graphical technigque can be used to model
the C5TRE design equation. The key to this
technigque, howewer, is that -rA must be known

as a function of conversion (X)

CSTR System

Click Continue...

e ————————erens
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Reactor Sizing

After the limiting reactant has been defined,
the reactor wvolume necessary to achieve an
exiting comversion X can be calculated using
the algebraic design equation fora CsTR.

Feo X

=I'a

Vo=

A graphical technique can be used to model CSTR System

the C5TRE design equation. The key to this
technigque, howewer, is that -rA must be known
as a function of conversion (X)

Fan

o o X = Areaof

Rectangle

Vo=

Click Continue...

e ————————erens

Repeat
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Example 2-2 [CSTR]
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The PFR volume necessary to achieve a
comversion of X can also be calculated with a
graphical technigue. Howewer, inthe PFR's
case, the integral form of the design equation
X
E dX
V= ij -
0 FFR System
Fora PER, like a CSTR, -rA must be known
as a function of conversion (X). (Remember,

for a PFRE, conversion varies down the length
of a reactor)

Area under
-t the curve

V= Fidx=

0
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Numerical Evaluation of
Integrals

m The integral to calculate the PFR volume can be evaluated
using Simpson’s One-Third Rule (see Appendix A.4 on p. 1013):
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To calculate the value of the integral, Simpson's
one-third rule or Simpson's three-eights rule
could be used.

Simpson's Rules are algebraic expressions
Involving data for the graph. The one-third rule,
which should only be used for linear portions of
the graph, requires three data points. The
three-=ighths rule is more accurate and

requires four data points.

Let's take a look at the one-third rule.
Femember, this is only good for small
portions of the graph.
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Simpson's one-third rule:

Xz
x_[f{)(] dX =%[ fi{Xo) + 47F(X1) + fi{X2) ]

h=%andx1=xn+h
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Simpson's one-third rule:

Xz
x_[f{)(] dX =%[ fi{Xo) + 47F(X1) + fi{X2) ]

h= % and X1 = Xo+ h
The volume required for a conversion of 0.3

wolld be calculated as follows:

Xo=0.0
X2=03

50,h=015and X1 =015
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Simpson's one-third rule:

Xz
xjf{}{] dX =%[ fi{Xa) + 47F(X1) + f{X2) ]
Xz - Xo

h=Taﬂd}{1=xD+h

The volume required for a conversion of 0.3
wiolld be calculated as follows:
Xo=00
X2=0.3
fiXa) =17 f(X1)=19 f(Xz)=24

0.3 0.15
Vi _[f{}{} dX="3"[17+4(19)+24]
]

50,h=015and X1 =015

V=585 Liters
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Simpson's one-third rule:

Xz
xjf{}{] dX =%[ fi{Xa) + 47F(X1) + f{X2) ]
Xz - Xo

h=Taﬂd}{1=xD+h

The volume required for a conversion of 0.3
wiolld be calculated as follows:
Xo=00
X2=0.3
fiXa) =17 f(X1)=19 f(Xz)=24

0.3 0.15
Vi _[f{}{} dX="3"[17+4(19)+24]
]

Mow, let's look atthe

50,h=015and X1 =015

V=585 Liters

three-eighths rule.




