Reactor analysis

2. Plug flow reactors

(1) 1% order reaction of a contaminant

1) define control volume: a thin plate perpendicular to the flow
2) set mass balance (for the contaminant)

(mass rate of accumulation) = (rate of mass in) — (rate of mass out) + (rate of
gain/loss)
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At steady state,
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3) solve the equation

AV = AAz (A: cross-sectional area)
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The velocity of the flow within the reactor,
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Now, when Az - 0:
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The hydraulic retention (detention) time (HRT) in a reactor,
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(2) Bacterial erowth following Monod kinetics

1) define control volume: a thin plate perpendicular to the flow (just the same)
2) set mass balance
1) For substrate
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using u:% and AV =AAz,
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Now, when Az —-0 and At >0:

At steady state, dS/dt=0
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i1) For active biomass,
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Recall that 7, = (Y Ka—jg — b) X, (net rate of active biomass growth)

At AV ™
using u=% and AV =AAz,
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Now, when Az >0 and At - 0:
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At steady state, dS/dt=0
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3) solve the equation



As we did for batch reactor analysis, let’s assume that decay is negligible:

Xo=X,"+Y AS=X, 2 +Y(s* - s)

Then,
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Of course, just the same form as batch reactor.

3. Continuous-stirred tank reactor

(1) 1% order reaction of a contaminant

1) define control volume: the reactor
2) set mass balance (for the contaminant)

(mass rate of accumulation) = (rate of mass in) — (rate of mass out) + (rate of
gain/loss)

dM dC
—=V —=QC,-QC+(-kcV
dt dt 0 +( )

At steady state,
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dt
0=Q(C,-C)-kCV
3) solve the equation
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V /Q =6, hydraulic retention time — this is an average value for the fluid particles
that enter the CSTR! (cf. PFR: all fluid particles have the same HRT)
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(2) Bacterial growth following Monod kinetics

1) define control volume: the reactor (just the same)
2) set mass balance

1) For substrate
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at steady state,
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i1) For active biomass,
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3) solve the equation
With some math:
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