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Abstract –– Numerical simulation of hydrocyclones 

aiming at investigating the separation of 

microorganisms and mammalian cells was 

performed using Computational Fluid Dynamics 

(CFD). The turbulence model used in the 2d-

axisymmetric calculations was the Reynolds Stress 

Model (RSM), in order to take into account the high 

swirl effects that occur in this type of equipment, 

which induce anisotropic turbulence. The Volume of 

Fluid Model (VOF) was used to account for the 

gas/liquid interface. In all calculations, a cylindrical 

air core, running the whole length of the cyclone, 

appeared naturally as a consequence of a low 

pressure region that developed along the central 

axis. The separation of Escherichia coli,

Saccharomyces cerevisiae and mammalian cells 

(BHK-21) using Bradley hydrocyclones was studied. 

According to the present work, Bradley 

hydrocyclones with diameters down to 10 mm 

cannot efficiently separate microorganisms, but the 

separation of mammalian cells with predicted 

efficiencies as high as 90% can be achieved. 
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I. INTRODUCTION 

Hydrocyclones are very simple devices (Fig. 1). In spite 

of this, research work is still in progress aiming at 

understanding the complex flow inside this apparatus or 

at developing new applications. 

Regarding flow field, the high swirl effects that 

occur in hydrocyclones induce anisotropic turbulence, 

and this is the reason why the k-  turbulence model is 

not capable of properly describing the flow in 

hydrocyclones (He et al., 1999). 

Regarding new applications, the use of hydrocy-

clones for yeast separation either from fermentation 

broths or from yeast-water suspensions have being 

investigated by some authors (Rickwood et al., 1992, 

Yuan et al., 1996a and 1996b, and Cilliers and Harrison, 

1997). Even using hydrocyclones as small as 10 mm 

diameter, these authors could not obtain high separation 

efficiencies coupled with high underflow concentra-

tions. 

Figure 1. Perspective view of a hydrocyclone showing 

the fluid flow inside the equipment (a) and a schematic 

view showing its geometrical variables (b) whose 

definitions can be found in the item III.A. 

A possible new application of hydrocyclones is their 

use in perfusion culture of mammalian cells. Cell 

retention in perfusion cultures is normally performed 

using centrifugation, cross flow microfiltration, spin-

filtration, gravitational sedimentation, and ultrasonic 

separation. Unfortunately, all of these separation 

processes have specific problems (Castilho and 

Medronho, 2002). The use of hydrocyclones would 

increase process reliability, since their maintenance are 

virtually non-existent, and their service lifetime for this 

application would be extremely large. 

The aim of the present work is to investigate, 

through the use of computational fluid dynamics (CFD), 

if hydrocyclones are capable of separating micro-

organisms and mammalian cells from a culture medium. 

II. MATHEMATICAL MODELS 

A. The Reynolds Stress Model (RSM) 

Equations (1) and (2) are the time-smoothed equations 

of continuity and momentum transport, respectively 

(Bird et al., 2001; Launder, 1989). 
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