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MIXING

Definition:
Physical process that decreases 
the inhomogeneity of a 
system, e.g., the content of a 
vessel.

A system is completely 
mixed if the chance to find a 
given component at a 
certain place is the same for 
any position in the vessel.



MIXING

Mixing can be characterized by two parameters:

1. The scale of mixing
2. The intensity of mixing



MIXING

1. The scale of mixing

 The scale of mixing is defined as the smallest 
dimension in which inhomogeneities are allowed

 The scale will always be smaller than the dimension 
of the system itself and larger than the smallest 
particles present in the system.



MIXING

2. The intensity of mixing

The mixing intensity is defined as the deviation from 
complete mixed.

In theory a system will be complete mixed only after an 
infinite amount of time. By allowing a deviation from 
completely mixed we can define a system as mixed after 
a finite amount of time.



MIXING EQUIPMENT

A standard tank with a 
working volume of 
100m3 and used for 
penicillin production



MIXING EQUIPMENT

Typical configuration of a stirred tank Baffle arrangements



MIXING EQUIPMENT

IMPELLER DESIGNS
VISCOSITY RANGES FOR 
DIFFERENT IMPELLER



FLOW PATTERNS

an axial-flow impeller 
in a baffled tank

radial-flow impeller in a 
baffled tank

Circular flow in a unbaffled
stirred tank



MECHANISM OF MIXING

SHEAR EXCHANGE DIFFUSION

- Laminar flow - Turbulent flow - Molecular diffusion

- Occurs due to fluid 
layer that shear along 
each other

- Occurs due to 
continuously moved with 
respect to each other

- Occurs due to exchange 
on a molecular scale



Agitator design and operation

 Agitators are classified as having radial flow or axial flow characteristics. 

 With radial flow mixing, the liquid flow from the impeller is initially 
directed towards the wall of the reactor; ie. along the radius of the tank. 

 With axial flow mixing, the liquid flow from the impeller is directed 
downwards towards the base of the reactor, ie. in the direction of the axis 
of the tank. 

 Radial flow impellers are primarily used for gas-liquid contacting (such as 
in the mixing of sparged bioreactors) and blending processes. 

 Axial flow impellers provide more gentle but efficient mixing and are 
used for reactions involving shear sensitive cells and particles. 



Agitator design and operation - Radial 
flow impellers

• Radial flow impellers contain two or more impeller blades which are 

set at a vertical pitch:



Agitator design

• The liquid flow from the blades is directed towards the walls of the reactor; ie. 
along the radius of the tank.



Agitator design

• Radial flow mixing is not as efficient as axial flow mixing. 

• For radial flow impellers, a much higher input of energy input is 
required to generate a given level of flow. 

• Radial flow impellers do and are designed to, generate high 
shear conditions. This is achieved by the formation of vortices in 
the wake of the impeller:



Agitator design
• The high shear is effective at breaking up bubbles. For this reason, radial flow 

impellers are used for the culture of aerobic bacteria. 

• High shear can also damage shear sensitive materials such as crystals and 
precipitates and shear sensitive cells such as filamentous fungi and animal 

cells.

With radial flow impellers, vertical (or axial) mixing is achieved with the use of baffles



Agitator design and operation Radial 
flow impellers - Rushton turbine

• The most commonly used agitator in microbial fermentations is 
the Rushton turbine. 

• Like all radial flow impellers, the Rushton turbine is designed to 
provide the high shear conditions required for breaking bubbles 
and thus increasing the oxygen transfer rate. 

• The Rushton turbine has a 4 or 6 blades which are fixed onto a 
disk. 

• The diameter of the Rushton turbine should be 1/3 of the tank 
diameter.



Radial flow impellers

A Rushton turbine is often referred to as a disk turbine.

The disk design ensures that most of the motor power is 
consumed at the tips of the agitator and thus maximizing the 
energy used for bubble shearing. 



Radial flow impellers



Agitator design and operation - Axial 
flow impellers

Axial flow impeller blades are pitched at an angle and thus direct the liquid 
flow towards the base of the tank. Examples of axial flow impellers are marine 
impellers and hydrofoil impellers.



Axial flow impellers
• The resultant flow pattern is thus predominantly vertical; ie. along the tank 

axis.



Axial flow impellers

• Axial flow mixing is considerably more energy efficient than 
radial flow mixing. 

• They are also more effective at lifting solids from the base of 
the tank. 

• Axial flow impellers have low shear properties. The angled 
pitch of the agitators coupled with the thin trailing edges of 
the impeller blades reduces formation of eddies in the wake 
of the moving blades.



Axial flow impellers

Low shear conditions are achieved by pitching the impeller 
blades at an angle and by making the edges of the impeller 
blades thing and smooth.



Axial flow impellers

• Axial flow impellers are used for mixing shear sensitive processes 
such as crystallization and precipitation reactions. 

• They are also used widely in the culture of animal cells. 

• Their low shear characteristics generally makes them ineffective 
at breaking up bubbles and thus unsuitable for use in aeration 
of bacterial fermentations



Agitator design and operation Axial 
flow impellers - Intermig Impeller

• Intermig impeller is a axial flow which is used for microbial fermentations. 

• The impeller is shown below:



Intermig Impeller

• The agitation system has two impellers. The bottom impeller has a 
large axial flow section. The tips of the impeller contain finger like 
extensions which create a turbulent wake for breaking bubbles. 

• As the high shear region exists only at the tip, the overall shear 
conditions in the reactor are lower than would be generated by a 
radial flow impeller such as a Rushton Turbine. 

• Intermig impellers are used widely for agitation and aeration in 
fungal fermentations.
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