10.37 Chemical and Biological Reaction Engineering, Spring 2007
Prof. William H. Green
Lecture 8: The Plug Flow Reactor
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Figure 1. Three tanks in series.
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Figure 2. Diagram of a plug flow reactor.

Plug Flow Reactor (behaves like an infinite number of infinitely small CSTRs)
Fain = Faou + 12 (4V)=0 CSTR

I:Ain — I:Aout =—r
A\/ A

dF, =-r, design equation for PFR
dv
dF
dVA _ r(CA,CB,...)
=-kC,C; (for example)
FA = CAVo
aF _ FFe
dv V,

. dy :
This can be expressed as: E =F (t,l) where t is replaced by V.

Example:
k
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Figure 3. Diagram of a plug flow reactor showing flow in the z-direction.
dV =area-dz

Mass flow rate is constant
(vpA)=const.

p:ZCiWi
For a liquid, d_p=0
dz

d A
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dz dz dz dz

Rearrange:
dv 1dA 1dp
—=-V| ——+
dz Adz pdz
A
For a normal pipe d— =0 and for a liquid d_p =0
dz dz

dv
Therefore: P O0=v=y,
z

(We can’t assume this for gases!)

For a PFR:
dF,

v
F,=V[A]
4(vc,)

dv
For liquids, V is constant so we can take it out of the differential.

:rA

10.37 Chemical and Biological Reaction Engineering, Spring 2007 Lecture 8
Prof. William H. Green Page 3 of 4

Cite as: William Green, Jr., course materials for 10.37 Chemical and Biological Reaction Engineering,
Spring 2007. MIT OpenCourseWare (http://ocw.mit.edu), Massachusetts Institute of Technology.
Downloaded on [DD Month YYYY].



v dC, -
r,=————, for liquids
area dz
dC, area .
- A
dz v,
Instead oOf ticact WEe have Z,gqqt!
area-length
Upipe = v,
area-z _ XA

t = =
PFR v, k[A], (1-X,)

Flow is driven by the pressure drop across the pipe.

Po —» > Pfinal

Figure 4. Diagram of a pipe showing pressure upstream and downstream.
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C, =——~<="—=" turns F's into concentrations
RT > 'F,

p= Z:CiWi ., W, is molecular weight of i.
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