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Introduction

The stagnant region of fermentation broth could be observed easily during poly ((-glutamic acid) ((-PGA) fermentation due to its high viscosity. The cells in stagnant region would be experienced the shortage of nutrients such as oxygen and carbon sources. Thus this could induce cell damage and reduce productivity of (-PGA. It is possible to reduce the stagnant region and local shortage of nutrients by fitting or retrofitting of fermentor if we could predict the stagnant region. In this study the mathematical model was used to predict the stagnant region in 5 L , 30 L of fermentor with high viscosity of broth.

Mathematical model

The velocity profile inside fermentor was calculated from conservation equations for mass and momentum, in combination with the Algebraic Stress Model (ASM) for the turbulent Reynolds stresses, using the CFX 4.3. Accordingly, the differential transport equations for the Reynolds stresses were expressed as (Launder and Sparding, 1972)
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The k and ( represent turbulent kinetic energy and turbulence energy dissipation rate respectively. The “turbulent” viscosity, (t, was calculated at each point in the flow through the following equation.
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The rotation speed of impeller used in the simulation was fixed at 500 rpm, unless specified. 

Fermentor configuration
The Korea Fermentors of 5 L, 30 L were simulated in this study. Figure 1 shows the schematic of these fermentors. 

Measurement of viscosity
The viscosity of culture broth was measured by DV-I+ viscometer (Brookfiled Engineering Laboratories, Inc., MA, USA) with spindle 1 at 25o C.
Results and discussion

Effect of (-PGA concentration on viscosity

The fermentation broth became highly viscous because PGA was secreted to culture medium. The concentration of PGA in fermentation broth was usually 20 – 40 g/L when the batch culture was conducted by bacillus licheniformis ATCC 9945A (Do et al.). The viscosity of fermentation broth containing PGA was rapidly decreased in rotation speed of spindle below 20 rpm but was decreased a little above 20 rpm (Figure 2). So we assumed that the fermentation broth behaves Newtonian fluid in high rotation speed of impeller. 
Dependence of stagnant region on culture viscosity

The stagnant region in 5 L fermentor increased with the viscosity of fermentation broth (Figure 3). When the viscosity of fermentation broth was reached to 40 cp the impeller almost could not affect the upper region and edges of fermentor (Figure 3). The stagnant region of the upper part could not be removed by increasing rotation speed of impeller. We could get some idea that the installation of another impeller with proper impeller spacing was necessary to avoid this dead or stagnant region. In the case of 30 L fermentor with 3 impellers the stagnant region was small compared with 5 L fermentor at each viscosity (Figure 4) We can conclude that the stagnant region of fermentation with highly viscous broth could be avoided by increasing the number of impeller with proper spacing.
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Figure 1. The schematic of fermentor configuration (A: 5 L, B: 30 L) 
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Figure 2. Dependence of viscosity on the rotation speed of spindle 
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Figure 3. Effect of viscosity on stagnant region at 5 L fermentor (left: 20 cp, right 40 cp)
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Figure 4. Effect of viscosity on stagnant region at 30 L fermentor (left: 20 cp, right 40 cp)

40 





20 mm





20 mm





400 mm





100 mm





260 mm





150 mm











15mm





80 mm





135mm





170 mm

















� EMBED SigmaPlotGraphicObject.3  ���








8

[image: image9.png]


_1039795002.unknown

_1039796056.unknown

_1043860865.unknown

_1039795065.unknown

_1039794406.unknown

