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Chemical Engineering 170A November 9, 2007

Midterm Exam II (100 pts)
Closed Book and Closed Notes
Two 8.5 x 11 in. pages of notes (front and backj allowed
1. Sketch the steady state biomass and substrate concentration (X, S in gm/l) and
productivity (DX in gm/I'hr) in a chemostat as a function of dilution rate (D in hr'h)
on the plot below. Make sure to label each curve. (3 pts)
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2. Show that p =D for a chemostat at steady state with a sterile feed (4 pts).
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3. You know the power input (in Watts) to a six-blade pitched-blade impeller (W/D
=1/8) used in a continuously stirred tank bioreactor. Assume you know the diameter
of the impeller and the impeller speed. The density of the fermentation broth can be
taken as that of water. Briefly explain, in words, how you would calculate papp, the
apparent viscosity of the fermentation broth (6 pts). P—\ S . PowWwerr
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4. The following plot relates the rate constant for cell death (k, min") of the organism B.
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a) What is the activation energy, E,, for thermal cell death (6 pts)?
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5. The enzyme urease is immobilized on non-porous polymer beads and is used in a
plug flow reactor to convert urea to CO; and ammonia. Assume the flow rate is high
enough to overcome any external mass transfer effects. If the initial urea
concentration is 25 mM, what residence time is needed to convert 80% of the urea to

CO, and ammonia (6 pts)?

Useful parameters: <S A= 0.80
Urease Viax = 10 mmoles/min‘l
Ky =20 mM

(i C..__’*DSA - Kn_ n (1-84) 2pts. & Gran 07

1~ =

e

Vmax Vmax

A5 mmetes . Mk 0.8 — 20miwsies Cron ok g (0.2)
+ | O maasTe s ke 10 mwcte s
D pts. culeuorion ard ONSWEY

N -
i - K AL VY
~ s .

™
ro
»
J
ot — |

)

[\



6. E. coli have a maximum respiration rate, qO ux of 24() mg O,/gdw-hr. It is desired

annn 1

. 4 to achieve a cell mass of 20 gdw/l The kra is 120 b’ in a 1000 1 reactor (800 1 liquid
volume). A gas stream enriched in oxygen is bubbled through a batch bioreactor to
give a value of C. = 28 mg/l. If oxygen becomes growth limiting, growth and
respiration are slow and qO, can be written as

qu, = '
n M8 , ~ !
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where Cy is the dissolved oxygen concentration in the fermentor. What is Cp when
the cell mass is at 20 g/1 (25 pts)?
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7. A continuous sterilizer at 120 °C runs at a flow rate such that the flow is turbulent.
For fully developed turba.len flow, the modified Peclet number, (d;-uy/D) reaches an
upper limit of 3.33. The ratio of reactor length to reactor diameter ( L/d,) is 100, and
the reactor volume is 5 1. The unstenhzed medium contains 10* spores/l and the
reactor has a residence time of 5 minutes

a) Calculate the value of the Pe for this reactor. Can you assume the continuous
sterilizer behaves as a plug flow reactor? Why or why not? (10 pts)
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b) The cell death rate constant k 1s 2.0 min” at 120°C. What is the probability of

contamination for the medlum exiting the reactor after one residence time (10
pts)?
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c) What parameters, if any, can you adjust to decrease the probability of
contamination (5 pts)?
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