Reactors ||



Today’s class

* Plug flow reactor

— Concept
— PFR analysis for 15t order reaction
— PFR analysis for Monod kinetics

e Continuous-stirred tank reactor

— CSTR analysis for 15t order reaction
— PFR vs. CSTR
— CSTR analysis for Monod kinetics



Plug flow reactor

* Plug flow assumption: no mixing in the direction of
flow & completely mixed in the direction
perpendicular to the flow

* Reactors get close to PFR as the length gets longer
than the width and depth (e.g., rivers)
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Reactor analysis: PFR, 15t order

1) Schematics, CV & assumption
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We may take CV as a thin plate perpendicular to the flow at z=z
with a dimension of Az in z dir.

Let AV = volume of the CV = AAz

u, = flow velocity = 4 A = cross sectional area (L?)
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2) Set mass balance

M _ % oc (C + AC) + (—kCAV)
dt dt_Q ¢

IfQ # f(t) & Co # f(8), C(2) # f(O).
So, we impose the steady-state assumption to the CV:

0 = QC — Q(C + AC) + (—kCAV)
0 = —QAC — kCAV



3) Rearrange/solve

0 = —QAC — kCAV
AC kC

AV Q

using AV = AAz & Q = Au, :

AC  kC
Az u,
let Az - 0
¢ kC
dz  u,
dC k
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Same form as the batch reactor

— . —k6
Ce/Co =¢ (why??)
V  A-L L
where, g = 5 = A-u, = u, @ = hydraulic retention time, HRT [T]

V = reactor volume [L3] 7



What the PFR assumption implies
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C=C, C=C0e"<t C=C06'k9
=Coe-kz/u =Coe-kL/u

* We model plug flow reactor as a movement of a “plug”

* The plug has a cross sectional area same as the reactor
dimension and an infinitesimal dimension in z-dir (a thin plate)

* Complete mixing within the plug = batch reactor moving in
the direction of flow



Reactor analysis: PFR, Monod

Recall the batch reactor solution applying Monod kinetics:

. L), (X’ +YSO—YS) ul l SXa” =y XO}
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[5.11]

With no doubt, we obtain the PFR solution as:

o= L), (X’ +YSO—vse) ( al )l 5Xa L inx 0}
== =|ln — — n —=in
q(\Xx,°+Yso Y ¢ X’ +YS0 so vy e

[5.27]



Reactor analysis: CSTR, 15t order, steady state

1) Schematics, CV & assumption fm=—— /= = -

2) Set mass balance Co

d
= QCy — QC — kCV
Zi%/ QCy—QC—k

3) Rearrange/solve

0=C,—C — kC8

C/Cy =

14+ kO | where, 6=
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PFR vs. CSTR

—CSTR
—PFR
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PFR shows better performance esp.

at high HRTs

For 15t order
reaction,

CSTR (s-s):
Co

C =
1+ k6

PFR:

C = Cye k0
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Reactor analysis: CSTR, Monod, Steady-state

1) Schematics, CV & assumption

l
X, =0in the influent Q / L Q
s : Vi X
(negligible influent biomass) : % .
SO X, S i X, S

2) Set mass balance

[substrate mass balance]

0=0S°— QS +1,V

[active biomass mass balance]

0=—-0QX;+ 1V
12



3) Rearrange/solve
[substrate mass balance]

0=0QS°— QS + 1,V

0=0(S°-25) - 45 XV
K+§ ¢
qs

0=(S°-9)— X.0

( ) K+§ ¢

[active biomass mass balance]

0=—0X, + TnetV

A

qs
K+S

0=—0X, + <Y — b) X,V
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Analytical solution: csSTR, Monod, Steady-state

s—g_11bo singly, not f(S)!

= -- surprisingly, no |

YG0 — (1 + b6) prsIngY
s0—s

X, =Y

1+ b6
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