Kapitola 16. 
PROCESNÝ NÁVRH BIOREAKTORA
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General Features of Bioreactor Design
A variety of conditions, operational procedures, and considerations are critical for the efficiency of the design (Table 1.2). Transfer rates of mass and energy are among the most critical issues [15].
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Pri tomto type kultivacii musi byt experimentalne uréeny podiel substratu spotrebovaného na
rast z, resp. na tvorbu produktu (1 — z). Vztahy pre vytazkové faktory sii potom modifikované
nasledujuicim sposobom:

_zeMy (4.1.5a)

(4.1.5b)
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Assume isothermal operation, and that no work done by the system. Then the first law
simplifies to:

50=—AH,, 9.3.3)

Before energy balance is calculated, we need to make mass balance. Figure 9.1 shows the mat-
erial balance for ethanol and glycerol fermentation. Put simply, mass into the system is equal
to mass out of the system. The mass of carbon dioxide is calculated by adding mass of dry cell,
mass of glycerol, mass of ethanol and mass of water at product stream and then subtracting
the sum from the feed stream. As a result, the mass of carbon dioxide is defined. The heat of
the reaction is calculated by the following equation:

—AH o 2 nih?,pmduc&s - 2 nih:,reacmms
—AH,_, =36(—1.558X10*)+0.4 (—2.251X10*)—7.14 (—1.799X10*) (9.3.4)
—2.81(—2.12X10%)—11.9(=2.971x10*)=—1.392 X 10* kJ
Q=-1.392x10*kJ

Since heat is generated as the system liberates energy, the above reaction is considered
exothermic.
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Therefore, ungassed power is calculated as:

5% (1448A70k—§)>< (2.5 1ps)* X(0.67 m)’
m

= 1557.66 58
m s
52

P=
9.81

kg-m>< 1 hp
s

P =1557.66 =2.09 hp

7457220
S

That is the input power required for one set of impellers. Correction factors for non-
geometrical similarity are required to include the effect of known factors in precise
calculations.

(11.16.2)
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Ah? =-115-12-4=-55200 kT mol™

Relativna odchylka od tabelovanej hodnoty je v tomto pripade 22 %. Da sa teda
kontatovat, Ze hoci obidve rovnice odhadii spafovacie teplo s prijatelnou chybou, odhad z
Patelovej-Erikssonovej rovnici je vyrazne lepsi.
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Example 2: Applied Calculation Method for Scale-up

The bioreactor will be scaled up by a factor of 125. It is necessary to discuss the effect of
operating variables resulting from constant power per unit volume, agitation rate, and speed
tip velocity, Ng,. The data for a small-scale bioreactor are a 100 litres fermenter with 187.5

pm and
VyX125=V, =125m*

P
— = constant 2.1
= cons (E2.1)
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where P/V is the power per unit volume (hp'm ™) and Vs is the gas superficial velocity
(cmemin ).

Solution

The flow regime is turbulent as the Reynolds number is large.

Read power number N, from the graph P, versus Re: N, =6

Pg. 3
N, = = P=N,pN°D,’/g,
ey Pl 8,

=6x1200%(2.5)° X(0.8)°/9.81
_ 3758 kem/s hp

=5.04hp
745.7 kg.m/s
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Example 4: Scale-up Calculations

Calculate mass transfer, gas hold up, gassed and ungassed power for the fermenter with the
given data:

Py =1200kg'm™  p=0002N.sm™ N, =9rpm
D,=4m D=2m Wy =04m H =65m
Air is sparged with 0.4 vvm, it is equipped with two sets of impellers and a flat-blade tur-

bine with four baffles.
Calculate: (a) power, P: (b) Power, P, (¢) K,a: (d) gas holdup.
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Acration rate = 1 vvm
Density, p=1200kg-m 3
Oxygen transfer rate, OTR = 0.25 kmol-m3-h~!
H/D,=12

Two sets of impellers, turbine and flat blade.
The usual procedures for scaling up are summarised as following:

Reynolds number.

Power consumption per unit volume of liquid.
Tip velocity of an impeller, ND,

Liquid circulation time, mixing time.
Volumetric oxygen transfer cocfficient.

ol ol
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Air flow rate

F =1x0.18 m*/min =3x10" m%/s

Gas supply velocity,

0.18X60
——————— =4145mh
(w/4)(0.576)

RPN
Po, =——————"2=0213atm

2
OTR=K,Po,

_ 0.25 kmol/m™-h
YT 0213am

P
K, :0.03]8(75] UL =1.174

P, =322V =322X0.18=0.58 hp

1.174 kmol'm *-h"-atm™"
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