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DEVELOPMENT OF A COMBINED STIRRER 

FOR MIXING VISCOUS FLUIDS

V. K. Leont’ev and O. N. Korableva

A strip-intermittent combined stirrer is developed for mixing viscous fl uids in order to intensify heat and 

mass transfer. The stirrer’s optimum structural features (number of turns and strip width) are determined 

from experimental results and a dependence is plotted for power factor on modifi ed Reynolds criterion 

KN = f(ReM).
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 In order to prepare emulsions, suspensions, and mixtures of solid substances and to intensify heat and mass transfer 

in chemical and petrochemical industry enterprises there is extensive use of mixing. Mechanical mixing is accomplished by 

mixing devices, i.e., stirrers. Stirrer construction is selected in relation to fl uid viscosity, parameters of performing a produc-

tion process, equipment construction, form of heating, etc. [1–3].

 Mechanical stirrers with a rotary effect are mainly used in industry. During their operation, complex three-dimen-

sional liquid fl ow arises, i.e., tangential, radial, and axial, with the predominance of a circumferential rate component [4].

 We have considered industrial reactors with induction heating for mixing viscous liquids in the paint industry. Mixing 

intensity depends on the presence within the working volume of equipment of defl ecting baffl es, internal heat exchange units, 

pipelines, and monitoring and measuring instruments [5].

 Stirrer construction specifi cations: it is necessary to create rapid liquid circulation for a coil pipe (in order to remove 

heat from equipment walls and its induction heating); high movement rates are required for the mixed medium in the lower 

part of equipment (in order to raise a solid phase from the equipment bottom).

 To avoid stagnant zone formation between the body and coil, and also in order to provide reaction mix movement 

(along a spindle, i.e., downwards, but in the space between the coil and the equipment wall upwards), it is expedient to use a 

strip stirrer, which makes it possible to provide a suffi cient viscous shear rate for displaced viscous liquid.

 A construction has been developed for a strip-intermittent combined stirrer, for which in all turns (from top to bot-

tom) in opposite quadrants there are pieces of strip. In the lower part of the stirrer, there are two horizontal oppositely directed 

blades, to which from below (at an angle to the movement direction) defl ecting plates are welded (Fig. 1).

 In performing the experiments, the effi ciency of movement by strip mixers with the same diameter, but different 

number of turns and strip width was evaluated.

 Experimental studies were performed in a model reactor with a volume of 50 dm3, geometrically similar to an in-

dustrial reactor. Ten thousand polymer granules were placed in the equipment, whose relative density was 1.05, i.e., in the 

immobile condition granules sank down. After a certain time interval in the upper zone a sample was collected and the number 

of granules within a sample was calculated. The time for which in a sample there appeared to be not less than 95% of the 

average specifi ed number of granules, was taken as mixing time τ. In addition, during experiments rotation frequency n and 

power required N were measured. The mixing criterion nτ and power criterion KN = N/(ρn3d5
m), where dm is mixer diameter, 

ρ is granule density (Table 1), were calculated from the experimental data.
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 Dependences were plotted from experimental study results for relative values of mixing criteria and power on the 

number of strip turns and width (Fig. 2).

 Analysis of research results showed that with an increase in strip number of turns and width the mixing time de-

creases, but power required increases. It has been established that the optimum construction of a strip-intermittent stirrer 

corresponds to fi ve strip turns and width S = 1/6 dm.

TABLE 1. Experimental Study Results

Number of turns Strip width, mm Mixing criterion nτ nτ/nτmax Power factor KN KN/KNmax

3 12 186.6 1.00 0.29 0.49

4.5 12 157.4 0.84 0.33 0.57

6 12 122.4 0.66 0.59 1.00

3 40 64.1 0.35 0.76 1.00

3 20 151.6 0.81 0.53 0.70

3 12 186.6 1.00 0.29 0.38

Note. dm = 135 mm; n = 5.83 rps; liquid is water (ρ = 1000 kg/m3; μ = 1·10−3 Pa·sec).

Fig. 1. Diagram of strip-intermittent combined stirrer: 1) strip pieces (sectors); 

2) lower section.

TABLE 2. Properties of Liquids Used in Experimental Studies

Designation in Fig. 3 Liquid Density ρ, kg/m3 Dynamic viscosity μ, 
Pa·sec

Test reactor volume, 
dm3

a Water 1000 0.001 50

c

Aqueous glycerol solution

1162 0.0141 50

× 1047 0.0033 50

d 1184 0.0214 50

A 1214 0.066 50

◐ 1161 0.0171 200
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 A modifi ed Reynolds criterion Rem = ρnd2
m/μ was also calculated from experimental data. The mixing liquid used 

was water and aqueous glycerol solutions, with dynamic viscosity coeffi cient 1–1.7 MPa·sec (Table 2).

 A dependence KN = ƒ(Reм) was obtained from test results on a logarithmic coordinate system (Fig. 3).

 Thus, the construction of a strip-intermittent combined stirrer has been developed, and optimum structural parame-

ters have been determined: number of strip turns and width. The dependence KN = ƒ(Rem) has been obtained for the proposed 

stirrer, making it possible to calculate industrial mixer capacity.
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Fig. 2. Dependence of mixing criterion and power on number of stirrer turns (a) and stirrer 

strip width (b): 1) nτ/nτmax; 2) KN/KNmax
.

Fig. 3. Dependence of power factor on modifi ed Reynolds criterion for strip-intermittent 

combined stirrer (for notation, see Table 2).
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