
Biomedica – The Life Science Summit 

Poster sessions 

Maastricht- 16-17 April 2008 

 
Experimental analysis by P.I.V. and P.L.I.F. of the local hydrodynamic 
environment of animal cells cultivated in a stirred tank bioreactor  
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The biotechnology aspect of the research 
 

Animal cells are used in industrial biotechnology to product proteinic compounds. Especially, 

the company GlaxoSmithKline Biologicals develops an industrial scale culture of animal cells 

in a stirred tank, in which cells are adsorbed on microcarriers. Microcarriers are non-porous 

beads made of reticulated dextran, their mean size equals 250 µm and they are suspended in 

the culture medium.  

 

The choice of agitation conditions (impeller type, rotating speed…) is complex in order to 

optimize the culture productivity which depends on local cells environment.  Indeed, the 

agitation conditions have to be chosen to get rid of concentration gradients and to maintain 

microcarrier beads in suspension.  But, they must not be too severe in order to limit 

mechanical constraints imposed to animal cells.   

 

So, the aim of this study is to collect experimental data on the influence of agitation 

conditions on the local cell environment. At this end, two optical techniques are used: P.I.V. 

and P.L.I.F. The P.I.V. allows the determination of 2-D velocity fields in a vertical plane 

which contains the agitation shaft while P.L.I.F. gives the corresponding concentration fields.  

Measurements are realised with 6 impellers in a 20 litres tank. The rotating speed ranges 

between 38 rpm and 120 rpm.    

 

 
Figure 1: Axial flow impellers and the tank geometry used in this study 

 
Results 
 

The P.I.V. measurements allow the calculation of:  

� the time average velocity field,  

� the macro-shearing field by : 
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� the distribution of local energy rate dissipation and then the kolmogorov scale 

distribution by: 2 2 2 2
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The last two distributions partially characterize the mechanical constraints.  Indeed, micro 

shearing at cell surface can be high if the size of the smallest eddies (Kolmogorov scale) is 

equal or smaller than the microcarrier size.    

From P.L.I.F measurements, the injection spread of a fluorescent Rhodamine 6G gives a 

macroscopic mixing time.  

 

 
                         (a)                                                      (b)                                                        (c) 

Figure 2: (a) Time average velocity field, (b) macroshearing field, (c) kolmogorov scale field for the impeller 

A315150 at 38 rpm.  

 

In the first part of the analysis, the six impellers are compared at just-suspended rotating 

speed Njs. The results show that average velocity fields are similar as expected since 

microcarriers are maintained in just-complete suspension by the fluid motion. However, the 6 

impellers create different mechanical constraints and macroscopic mixing time.  Especially, 

the propeller TTP125 generates the smallest mechanical constraints but the highest mixing 

time. Nevertheless, that mixing time value (33s) remains small compared to the response time 

of cell metabolism (approximately 1 hour).  

 

The second part of the analysis describes the evolution of impeller hydrodynamic quantities 

with the rotation speed. The respective spatial average and 90 percentile values of velocity 

and macroshearing increase linearly with the impeller tip speed whereas the mixing time and 

the relative size of area where microshearing is intensive evolve according to a power law.  

Especially, the propeller TTP125 presents the smallest increase of mechanical constraints and 

the highest decrease of mixing time.  

 
Conclusions 

 

At the just-suspended speed, the propeller TT125 creates the most suitable cell environment. 

The evolution of its hydrodynamic characteristic parameters is such that it remains the best 

impeller at higher rotating speed.   

 


