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Abstract — A mathematical model for a hollow-fiber beaker fermenter was presented to investigate time-
dependent behaviour of the fermenter. Tube side of the fermenter was modelled as n-mixed tanks and the
shell side was segregated from the tube side by membrane. To compare numerical simulation with experi-
mental data, Saccharomyces cerevisiae was cultured in the shell side. When the initial substrate concentration
in the shell side was low, history of outlet tube-side substrate concentration has a complex pattern instead
of monotonous profile. Membrane permeability was observed to decrease rapidly with the growth of cells.
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Fig. 1. Models for the hollow- fiber beaker fer-
menter; N equal-sized mixed tanks for
the tube side and one mixed tank for
the shell side.
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Table 1. Specification of Hollow- Fiber Beaker.
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Table 2. Medium Composition(per liter medium).

polycarbonate
Beaker volume 200ml
Number of fibers 25

Beaker material

Fiber length 18cm
Membrane surface area 150cm?®
Inner diameter of fiber 0. 6mm
Fiber material polyamide
Molecular weight cutoff 10, 000
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Fig. 2. Schematic diagram of experimental ap-
paratus; (1) feed tank, (2) pump, (3) hollow
fiber, (4) hollow-fiber beaker,(5) water
bath, (6) outlet reservoir.

D-glucose 100 g
NH,Cl 456 g
CaCl, 0.06 g
Potassium acid phthalate 10.2 g
NaOH 142 g
KH, PO, 1 g
Meso-inositol 0. 125g
MgSO,, CuSO, solution® 5 ml
Mineral solution® 1 ml
Vitamin solution® 1 ml
a MgSO0,, CuSO, solution

dH,0 100 ml

MgS0,-7H,0 5 g

CuS0,-5H,0

b Mineral solution

dH,0 100 ml

0.04 g

ZnS0,-7H,0 0.5 g
FeSO,-7H,0 0.1 g
MnSQ,-5H,0 0.21 g
¢ Vitamin solution
dH,0 100 ml
Thiamin HC1 0.5 g
Ca-d-pantothenate 0.63 g
Pyridoxine HCl 0.63 g
d-biotin 0.013g
Nicotinic acid 0.5 g
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Fig. 3. Simulated transient behavior of the ho-
llow-fiber beaker fermenter; —: tube-—
side outlet substrate concentration; ---:
shell-side substrate concentration; Y=
0.2,K=0.2, =2.2, R=0.05, P=1, S¥,
=0.9, X¥=0.15.
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Fig. 4. Effect of the number of mixed tanks on
the substrate concentration; —: tube -
side outlet substrate concentration; ---:
shell-side substrate concentration; Y=
0.2, K=0.2, §=2.2, R=0.05, t*= 100,
S*,=0.9, X¥=0.15.
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Fig.5. Simulated transient behavior of hollow-
fiber beaker fermenter at a low initial
substrate concentration of the shell side
; —: tube-side outlet concentration;

: shell side concentration; Y=0.2, K=
0.2, §=2.2, R=0.05, N=10, S¥,— 0.6,

X¥=0.15.
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Fig. 6. Simulated transient cell density; Y=0.2,
K=0.2, §=2.2, R=0.05, N=10, S},=0.6,
X¥=0.15.
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Fig.7. Experimental data and simulated results;

(: glucose concentration at the outlet;

A: glucose concentration of the shell

side; []: ethanol concentration at the

outlet; @: dimensionless cell density;

: experimental data; —: numerical
simulation.
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NOMENCLATURE
A : Membrane surface area (cmz)
a : Membrane surface area per one CSTR
(cm?)

D : Dilution rate (F/N V,) (hr'!)

Flow rate (cm3 /hr)

Dimensionless parameter defined by Eq.
(8)

Saturation constant (g/ cm3)

[-olles!

Mass transfer coefficient (¢cm/hr)

Number of CSTRs

Dimensionless parameter defined by Eq.
N

Dimensionless parameter defined by Eq.
9

Substrate concentration (g/ cm3)

Time (hr)

Reactor volume (cm?)

Cell concentration (U.0.D.)

~ © z R

X< T »

oEtEs H233 X3S 19851 6

Specific growth yield (U.O.D. [/g sub-
strate)

Greek Letters

B Dimensionless parameter defined by Eq.
(10)
Mpg,t Maximum value of specific growth rate
(hr'h)

Subscripts

o : Feed

1-N : 1-Nth CSTR

s Shell side

t Tube side
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