Chapter 12

Compartment Models

* In the compartment models we consider the
vessel and the flow through it as follows:

(total '\ v, — plug flow region

volume |y V_—mixed flow region
Vv )|V4 —dead or stagnant region within the vessel

}Va —active volume

total \ | v, —active flow,that through the

plug and mixed flow region
v, —bypass flow region
\V /v, — recycle flow )

throughflow




« By comparing the E curve for the real
vessel with the theoretical curves for
various combinations of compartments and
throughflow, we can find which model best
fits the real vessel. Models of this kind are

often a reasonable approximation to the real
vessel.



We must know:

M (kilograms of tracer introduced in the
pulse)

Both V and v

The compartment model can be used for
diagnosing reactor ills
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Intercept | v? This method of plotting and
v% v% o8 vV fitting exponentials is only
oV, + oV, useful when 7; and 1,

are very different.

Equation is the sum of
two exponentials:

U% Uy U% Vo
— exp [—— }+ —= exp [—w }

U2

5 vV Vi vV, Vs Ug Slope = -0.4343 ‘—/5
log | —~
UV2

e g

Put on semilog
scale

Figure 12.1 (Confinued)
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Initial slope = - -‘;

A expl-t/7] Equivalent

A
Area = 3

!

Mean of curve: t
C log C

" A A
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Slim trim curve means
reasonably good flow

Mean in
the right
place

No long
tail

Early curve is a sure sign
of stagnant hackwaters

Mean is too early

Long tail often
not noticed

L.

1= Igpg

Double peaks come from flow
in parallel paths, channeling

Late curve

Late mean

Y

4 lobs

Figure 12.3 Misbehaving plug flow reactors.

Multiple decaying peaks at regular
intervals indicate strong
internal recirculation

Late tracer is puzzling. Material balance
says it can’t happen so the only
explanations are;
« v or V are incorrectly measured
(check flow meters, etc.)
e fracer is not inert (adsorbs on
surface? Try a different one)
» the closed vessel assumption is
far from satisfied.
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Reasonably good flow

Exponential
decay

Mean in
expected
place

1= Iobs

Early curve means
stagnant fluid

Time lag means plug flow
in series with mixed flow
(long inlet pipe?
long lines to
the recorder?)

Late curve means either incorrect
v or V or noninert tracer

Figure 12.4 Misbchaving mixed flow reactors.

A

Slow internal circulation suggests
« sfuggish slow turnover of fluid
+ Inadequate mixing
» Draft tube effect

Sharp early peak
indicates
shortcircuiting
from inlet to outlet
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BEHAVIOR OF A G/L CONTACTOR

From the measured pulse tracer response curves (see figure), find the fraction
of gas, of flowing liquid, and of stagnant liquid in the gas-liquid contactor shown

in Fig. E12.1.

L=0.1m3s

—cs.area=1 m2

For ga For liguid
//— Voidage = 0.5 gas q \
20m /
o !
7
§O
Y Y
0
1 sec t, Sec

G=0.5m%s
Figure E12.1
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SOLUTION

To find V,, V,, and V,,, first calculate 7, and ¢, from the tracer curves. Thus
from Fig. E12.1

_ D€ 8(9 - 6)(h/2) + 11(15 — 9)(h/2) _

"= (15 — 6)(h/2) 105
and
;= 40s.
Therefore
V, = tv, = (10)(0.5) = 5m’

V! == ;lvf - 40(01) == 4[1’13
In terms of void volume

% G = 50% |
% L = 40% p <

% stagnant = 10% |
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CURING A MISBEHAVING REACTOR

At present our 6-m°® tank reactor gives 75% conversion for the first order reaction
A —R. However, since the reactor is stirred with an underpowered paddle
turbine, we suspect incomplete mixing and poor flow patterns in the vessel. A
pulse tracer shows that this is so and gives the flow model sketched in Fig. E12.2.
Whalt conversion can we expect if we replace the stirrer with one powerful
enough to ensure mixed flow?

: Am3 %7 \

Figure E12.2

Deadwater
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SOLUTION

Let subscript 1 represent today’s reactor and subscript 2 represent the cured
reactor. At present, from Chapter 5 for the MFR, we have

Cyy—Cs C
LU R L P S

k1. =
=T C, 0.25

Butkm, =3k =3X3=9
Therefore

Caz 1 1

Co kr+l 9+1 M

or

Xy = 90%
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