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Mixing of liquids 

                 In general, agitators can be classified into the following two 

groups.  

(i)  Agitators with a small blade area which rotate at high speeds. 

These include turbines and marine type propellers.  

(ii)  Agitators with a large blade area which rotate at low speeds. 

include anchors, paddles and helical screws.  

The second group is more effective than the first in the mixing of high 

viscosity liquids.  

 

Small blade high speed agitators  
Small blade high speed agitators are used to mix low to medium viscosity 

liquids. Two of the most common types are the six-blade flat blade  

turbine and the marine type propeller shown in Figures 1 and 2 

respectively. 
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Example  

Calculate the theoretical power for a six-blade flat blade turbine agitator 

with diameter DA = 3 m running at a speed of N = 0.2 reds in a tank 

system conforming to the standard tank configuration. The liquid in the 

tank has a dynamic viscosity µ = 1 Pa s and a density of p = 1000 kg/m
3
. 

Solution 
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Agitator Scale-Up 

• Scale-up the laboratory-size or pilot-size agitation 

system to a full-scale unit. 

• Scale-up procedure: 

1. Calculate the scale-up ratio R. Assuming that the 

original vessel is a standard cylinder with DT1 = H1, 

the volume is: 

 
 

 The ratio of the volume is: 

 

 
       The scale-up ratio is then: 

 
2. Using this value of R, apply it to all of the 

dimensions to calculate the new dimensions. For 

Example, 

   Da2 = RDa1, J2 = RJ1… 

3. Determine the agitator speed N2, to be used to 

duplicate the small scale results using N1. The 

equation is: 

 
Where n = 1 for equal liquid motion, n = ¾ for equal 

suspension solids and n = 2/3 for equal rates of mass 

transfer (which equivalent to equal power per unit 
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volume, P1V1 = P2V2 ). This value of n is based on 

empirical and theoretical considerations. 

4. Knowing N2, the power required can be determined 

using power number equation and figures. 

 

Example 

An existing agitation system is the same as given in 

Example 1a for a flat-blade turbine with a disk and six 

blades. The given conditions and sizes are DT1 = 1.83 m, 

Da1 = 0.61 m, W1 = 0.122 m, J1 = 0.15 m, N1 = 90/60 = 

1.50 rev/s, ρ = 929 kg/m3 and µ = 0.01 Pa.s. It is desired 

to scale up these results for a vessel whose volume is 3.0 

times as large. Do this for the following two process 

objectives: 

 a) Where equal rate of mass transfer is desired. 

 b) Where equal liquid motion is needed. 
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• Refer to Figure 3.4-5, Curve 1 and NRe = 8.453 x 

104, gives Np = 5.0 

 

 
• The power per unit volume is 

 
• The value of 0.2752 kW/m3 is somewhat lower than 

the approximate guidelines of 0.8 to 2.0 for mass 

transfer. 

• For part (b), for equal liquid motion, n = 1.0 
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Heat Transfer in Agitated Vessel 

• Often it is necessary to cool or heat the contents of 

the vessel during agitation. 

• This is usually done by heat-transfer surfaces, which 

may be in the form of: 

 1) cooling or heating jackets in the wall of the 

vessel  

 2) coils of pipe immersed in the liquid. 

 

 

 
 

 

 

Vessel with heating jacket 

• When heating, the fluid entering is often steam, 

which condenses inside the jacket and leaves at the 

bottom.  

• The vessel is equipped with an agitator and in most 

cases also with baffles (not shown). 
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• Correlations for the heat-transfer coefficient from 

the agitated Newtonian liquid inside the vessel to 

the jacket walls of the vessel have the following 

form: 
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Vessel with heating coil 

• Correlations for the heat-transfer coefficient to the 

outside surface of the coils in agitated vessel have 

the following form: 

a) for a paddle agitator 

 
b) for vertical baffle tube with a flat-blade turbine: 

 
Do is outside diameter of the coil tube (in m), nb is 

number of vertical baffle tubes and µf is the viscosity of 

the mean film temperature 

 

 


