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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):

o ()l |

1

Ay
—r [ ¥y
1

—ryin)
o 5T AT

0 H, ,

X
PFR: ¥=F d¥ _p, AX[ 1 o4 1 ]
mJ; o %3 |Tam=0) Talxy)  Talgg)]



CHE 402- Dr. Eid Al-Mutairi

Getaklu Simulator, Inc. ”

Feview benu  GoTo  Exit

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.
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Example

Consider the liquid phase reaction

A —Products

which 1z to take place in a PFE. The following data was obtained
i1 a batch reactor.
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Example

Consider the liquid phase reaction

A —Products

which 1z to take place in a PFE. The following data was obtained
i1 a batch reactor.

x( 1) X 0 04 08

_rﬂ(molfdmis) 001 0.008 0.002
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Example

Consider the liquid phase reaction

A —Products

which 1z to take place in a PFE. The following data was obtained
i1 a batch reactor.

x( 1) 2 0 04 o8 €
V=F dX

A OL_I‘AJ ~ty (mol fdm ® -5 ) 0.01 0.008 0.002 Construct a
I Levenspiel Plot

1
3, — wa. X

. S] 100 125 500 -

-1y b mel <
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Example

iZonsider the liquid phase reaction

A —Products

which 15 to take place in a PFE. The following data was obtained
i1 a batch reactor.

x( 1 \d X 0o 04 o3 €
V=F X
a0 Jo (=) ~ty (ot Jam®+5) 001 0008 0002 Construct a
Il Levenspiel Plot
1
3, — ws. X
L |dm s 100 125 500 -
-ty b mol <

If the molar feed rate of & to the FFE iz 2 molisz, what
volume 15 necessary to achieve B0% conversion under
identical conditions as those under which the batch data

obtained”
50 —
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Solution

0.8

FAojij—X: FAog[f(X0)+4*f(Xl)+ f(X,)]

0 A
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Solution

0.8

FAojij—X: FAog[f(X0)+4*f(Xl)+ f(X,)]

0 A

h=0.4 X0=0 X1=0.4 X2=0.8
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Solution

- = FAOg[f (Xo)+4* (X)) + f(XZ)]

h=0.4 X0=0 X1=0.4 X2=0.8

0.8
dX
V=Fy|
0

=2 0;1 [£(0)+4* f(0.4)+ f(0.8)]

A
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Solution

- = FAOg[f (Xo)+4* (X)) + f(XZ)]

h=0.4 X0=0 X1=0.4 X2=0.8

0.8
V= FAOI ax :20:'))4[f(0)+4*f(0.4)+ f (0.8)]
0 'A
“dx 04
V=Fy[—= 2?[100+4*125+5oo]

0 A
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Solution

- = FAOg[f (Xo)+4* (X)) + f(XZ)]

h=0.4 X0=0 X1=0.4 X2=0.8

0.8
dX

V=Fy|
0

—=2 0;‘ [£(0)+4* f(0.4)+ f(0.8)]

A

0.8
WL

0 A

= 20—;[100+ 4*125+500]

V=293.3 L
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Example 2-2 [PFR]
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Reactor Sizing- Summary

Given -r, as a function of conversion, -r,=f(X), one can size any

type of reactor.

50
1 40
We do this by constructing a Levenspiel plot. =T, 5

10

. 02 04 06 08
Here we plot either 22 or 1 as a function of X.

A A

C5TR

For % vs. X, the volume of a CSTR is:
A
V= F o (X_ O) Equivalent to area of rectangle
_rA| on a Levenspiel Plot
F EXIT .
For —£0 Vs, X, the volume of a PFR is: PR

A

XF
Vieg = Io fdx = area under the curve
A
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Reactor Staging



e 00 CHE 402- Dr. Eid Al-Mutairi

Reactors In Series

_ moles of A reacted up to point i
moles of A fed to first reactor

Only valid if there are no side streams
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Reactors In Series

_ moles of A reacted up to point i

= “moles of A fod to First reactor Only valid if there are no side streams

Consider a PFR between two CSTRs
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Reactors In Series

_ moles of A reacted up to point i

moles of A fed to first reactor Only valid if there are no side streams

Consider a PFR between two CSTRs

Fan
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Reactors In Series

m Also consider a number of CSTRS In series:

A

=
-
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Reactors In Series

m Finally consider a number of CSTRS In series:

i

1

=
R

m \We see that we approach the PFR reactor volume for a
large number of CSTRS In series:

)4




