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The effect of stator geometry on the flow pattern and energy dissipation rate in a batch rotor-stator 
mixer has been investigated using sliding mesh method with standard k-e turbulence model. The 
predicted power numbers for the stators with circular and square openings were about 10% lower than 
experimental data and the power number for stator with slot openings was about 20% lower.  It has 
been found that power number was proportional to the total flow area of the stator. For all stators the 
order of magnitude of energy dissipation rate in swept volume, holes and jets was practically the same 
however, distribution of energy dissipation rate was more uniform in stator with small openings. It has 
been also found that for the stators with narrow openings the liquid at certain distance from stator 
rotated in the opposite direction to the rotor rotation. This opposite rotation was induced by the strong 
circulation flows behind the jets.  
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1. Introduction 

Rotor-stator mixers are characterized by small gap between the rotor and the stator, from 100 
to 3000 mm [1], and high rotor tip speed, between 10 and 50 m/s, creating very high shear rate 
in the gap [2]. The kinetic energy generated by the rotor dissipates mainly inside the stator 
what leads to very high energy dissipation rate in stator region. Therefore, this type of mixers 
is usually used to handle energy intensive processes such as de-agglomeration, emulsification 
and homogenization. 

The assembly of the rotor and the stator is often called the mixing head but also the stator 
itself is often called the head. Commercial rotor-stator mixers are usually supplied with fixed 
rotor and interchangeable stators of various designs to fit different process requirements. The 
selection of the best type of stator for a particular process is often done by trial and error 
supported by simple calculation of average energy dissipation rate based on the power 
number (Po) and the understanding of the hydrodynamics of different stators is rather limited.  

Padron [3] measured power numbers (Po) of radial-discharge rotor-stator mixers fitted 
with different stators. Using standard definition of Po and Re. He reported that in laminar 
flow, the power number was inversely proportional to the Reynolds number and independent 
of stator geometry. In turbulent flow, the power numbers were relatively constant but they 
depended on stator geometry. The power number of Ross mixer varied from 2.4 for slotted 
head with 80 mesh screen to 3 for slotted head. The power number of Silverson mixer varied 



  

 2  

from 1.7 for standard disintegrating head to 2.4 for square holes head. He concluded that in 
laminar flow, Po was controlled by viscous dissipation in the gap, while in turbulent flow, Po 
was controlled by fluid impingement on the stator slot surface and the jets emerging from the 
holes. 

Pacek et al [4], investigated the flow pattern and distribution of energy dissipation rates 
in Silverson mixer fitted with disintegrating head. They found that the jets velocity and 
flowrate through stator holes were proportional to the rotor speed. The calculated power 
number was 1.55, close to the experimental value of 1.7 [3]. The kinetic energy balance based 
on LDA measurements showed that about 70% of energy is dissipated inside the mixing head 
compared to 60% predicted by CFD. The simulation also predicted that the highest energy 
dissipation rate occurred close to stagnation points at the leading and trailing edges of the 
stator holes. 

In this work, full three dimensional CFD simulations have been carried out to investigate 
the effect of stator geometry on the jet velocity profiles, flow-rate, pumping capacity, power 
number, and energy dissipation rate in a batch rotor-stator mixer. 
 
2. Methodology 

The flow in a Silverson L4RT mixer with standard four blades rotor of diameter 28.2 mm and 
height 12.8 mm was analyzed. The gap between the rotor and the stator was 0.175 mm. The 
mixing head was placed in the center of un-baffled, flat bottom and free surface vessel of 150 
mm in diameter. The stators investigated in this work are disintegrating head (Fig. 1.b), 
slotted head (Fig. 1.c) and square hole head (Fig. 1.d). They are manufactured by Silverson. 
The details of each stator are summarized in Table 1. 
 
(a) 

 
 

(b) 

 
 

(c) 

 
 

(d) 

 

Fig. 1. (a) Cross section of the mixing head fitted with the disintegrating head, (b) disintegrating head, (c) slotted 
head, (d) square hole head. Dimensions in mm. 
 

The simulations were carried out using Fluent 6.3 with transient sliding mesh and 
standard k-e turbulent model. It is well known that this model tends to underpredict energy 
dissipation in strong swirl areas in stirred vessels [5, 6] but it is relatively simple and efficient 
in terms of computational requirements, therefore it seems to be fit for comparison between 
different heads. 

The effect of number of grid cells and time step on the accuracy of simulation 
(disintegrating head) has been recently investigated by the authors [7] who reported that once 
the number of cells exceeds one million, further increase has negligible effect on the results. 
In this work, the number of cells varied from 1.1 to 1.4 million cells. The gap between the 
rotor and the stator was divided into 5 hexagonal cells and the interface between the 
stationary and the rotating meshes was located in the middle of the gap. The working fluid 
was water and the rotor speed was kept constant at 4000 rpm (Re=52,000). One rotation was 
divided into 120 time steps and the simulations were run for 100 rotations. 
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Table 1. The stator geometries simulated in this work  
Head No. of 

hole 
Dimension  
(mm) 

Area/hole  
(mm2) 

Total hole area 
(mm2) 

No. of cells across the 
middle of the holes 

Disintegrating 
Slotted 
Square hole 

6 
16 
92 

Diameter = 8 
1.6 x 11 
2.6 x 2.4 

50.24 
17.3 
6.24 

301.44 
276.8 
574.08 

25 
8 
8 

 
3. Results and discussions 

3.1 Flow pattern in jets region 

Fig. 2 shows the details of the flow inside and around different mixing heads. In all cases the 
flow inside the head is predominantly tangential. When the fluid hits the surface of the 
leading edge of the hole practically all the tangential momentum is converted into radial 
momentum and the jet emerges from a part of the hole in the proximity of the leading edge. In 
the part of the hole behind the jet the circulation loop is formed. This flow pattern is observed 
in all investigated stators regardless the shape and size of the hole. 
 

 
Fig. 2. Flow patterns of the jets (a) disintegrating head, (b) slotted head, (c) square hole head. 
 

In the case of the disintegrating head (large, circular holes) emerging jets were reaching 
the tank wall and induced strong rotation of the bulk liquid in the same direction as the rotor.  
In other heads (square or rectangular narrow holes of smaller area) emerging jets were much 
smaller and weaker and decay quickly around the mixing head (Fig. 3). This is due to higher 
rate of momentum transfer from the small jets (large interfacial area between jets and the 
bulk) comparing with the larger jets (small interfacial area between jets and bulk). The small 
jets did not reach the walls and counter-rotational bulk flow was induced by circulation loops 
formed behind small jets e.g. bulk rotated against the rotor. These results were also confirmed 
by LDA measurements. 

Fig. 3. also shows that smaller jets produced by slotted and square hole heads bend into 
direction opposite to the rotor rotation as they move away from the holes and decay (rotor 
moves clockwise, while jets bend counter clockwise). This phenomenon occurs due to the 
interaction between the jets and the circulation flow behind the jets. The jets emerge from the 
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slotted and square hole head are weak and therefore easier to be diverted by the circulation 
flow behind the jet (Fig. 2.b and c). On the other hand, the jets emerge from the disintegrating 
head are relatively strong and large compared to the circulation flow behind the jet and 
therefore are not affected. 

For small holes (squared and slotted heads) the part of the hole covered by circulation 
loop is bigger than for large holes (disintegrating head). This can be explained by the higher 
depth-to-width ratio in the former ones comparing with the latter one. Therefore, the flow 
pattern of the jets which emerge from the disintegrating head might be the same as those from 
slotted and square hole heads if the depth-to-width ratio of the hole is kept constant. 
 

 
Fig. 3. Flow patterns around the mixing heads (a) disintegrating head, (b) slotted head, (c) square hole head.  
Grey circle in above figures depicts the pin connecting top and bottom plate of mixing head. 
 
3.2 Torque and Power number 

The velocity of the jet emerging from a particular hole fluctuates at a frequency related to the 
position of rotor blades relative to that hole. Consequently, the total flowrate through the hole 
and total torque also fluctuates as a function of blade position. Fig. 4 and 5 show the 
deviations (D) of flowrate and torque from their time averaged values as a function of blade 
position. 
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Fig. 4. Flowrate fluctuation relative to time averaged 
value as a function of blade position 
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Fig. 5. Torque fluctuation relative to time averaged 
value as a function of blade position 
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In disintegrating head, the total flowrate through the holes and torque fluctuates with 
period of 30o while the period of fluctuations in slotted head is 22.5o. In the square hole head 
both flowrate and torque and are practically constant. The amplitude of fluctuations is the 
highest in the slotted heads, slightly smaller in disintegrated head and practically zero in 
square hole head. It appears that the frequency and amplitude of fluctuations strongly depend 
on the number of holes with the free flow area and hole arrangement on the stator while the 
shape of hole having smaller effect. 

Table 2 shows the prediction of time averaged total flowrates through the holes and 
power numbers calculated from time averaged torque for all investigated geometries. The 
predicted power number for disintegrating and square hole heads are approximately 10% 
lower than experimental values [4], while that for slotted head the difference is in the order of 
20%. This might be due to the discrepancy between the CFD model where all holes are 
identical and the real stator where hole size and shape might slighty vary due to 
manufacturing method. The preliminary results (data not shown) clearly indicated that 
marginal change of shape of the holes resulting from manufacturing method has strong effect 
on the flow pattern. 
 
Table 2. Flowrates and the power numbers (Po) for various stator geometries at 4000 rpm. 
Head Total hole area 

(mm2) 
Flowrate 
(kg/s) 

Po 
(simulation) 

Po 
(experimental [3]) 

% difference 

Disintegrating 
Slotted 
Square hole 

301.44 
276.8 
574.08 

0.252 
0.263 
0.378 

1.55 
1.62 
2.03 

1.7 
2.1 
2.3 

-8.8% 
-22.8% 
-11.7% 
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Fig. 6. Mass flowrate as a function of total hole area and 
power number as a function of mass flowrate and totoal 
hole area at 4000 rpm. 

Fig. 7. Correlation between energy dissipated in 
various region and flowrate at 4000 rpm. 

 
At constant rotor speed predicted flowrate through the holes is proportional to the total 

holes area (Fig. 6) despite the fact that different hole shape gives different resistant to the 
flow. Slotted head has smaller total holes area than disintegrating head, but deliver more flow. 

The simulation also shows that the power number (Po) at constant rotor speed is 
proportional to the flowrate through the holes (Fig. 6). This is typical for centrifugal pumps 
and stirred vessels where power is proportional to the product of head and flowrate. The head 
is proportional to N2D2 whilst flowrate is proportional to r ND3 [8] and therefore 

 ))(( 32253 NDFlDkNDNPoP rr ==  (1) 
where the Fl is the flow number and Po is equal to k times Fl. As shown below, k is relatively 
constant for various head geometries therefore Po depends on Fl. At constant rotor speed, the 



  

 6  

square hole head has higher flowrate, and consequently Fl, than the disintegrating head 
therefore has higher Po. Since the flowrate is proportional to the total hole area, the power 
number can be correlated to the total hole area as shown in Fig.6. 
 
3.3 Distribution of energy dissipated in the tank 
Table 3 shows the prediction of energy dissipated in various regions in the tank for all 
investigated geometries. Rotor swept volume is defined as the volume inside the stator, hole 
region is defined as the total volume of all holes and jet region is defined as the annular region 
with the same height as the mixing head from the outer side of the stator (r = 15.9 mm) to 
about twice of that radius (r = 30 mm) [4]. The amount of energy dissipated in a particular 
region was obtained by integrating the calculated energy dissipation rate over that region. 

In the previous simulation with disintegrating head [4], the total energy dissipation rate 
over the whole tank predicted by k-e model was about 30% lower than the theoretical power 
input. Recently, Murthy and Joshi [6] also reported that the power numbers of various 
impeller based on the total energy dissipation rate predicted by k-e model were about 10-25% 
lower than experimental value. 
 
Table 3. Percentage of energy dissipated in various region for different stator geometries at 4000 rpm.  
The numbers in the bracket represent the predicted amount of energy dissipated per unit time. 
Head Rotor swept volume Hole region Jet region Rest of the tank 
Disintegrating 
Slotted 
Square hole 

48.5% (3.04 W) 
56.3% (3.60 W) 
60.5% (4.82 W) 

  7.8% (0.49 W) 
13.4% (0.86 W) 
11.5% (0.92 W) 

21.0% (1.37 W) 
24.2% (1.55 W) 
26.6% (2.12 W) 

22.8% (1.43 W) 
  6.3% (0.40 W)  
  1.4% (0.11W) 

 
For all geometries, approximately 50-60% of the total energy is dissipated in the rotor 

swept volume and 20-25% is dissipated in the jet region regardless the stator geometry. 
Obviously, if the boundary of the jet region is moved closer to the mixing head, the fraction 
of energy dissipated in that region for disintegrating head would be much smaller than those 
for other geometries. 

Only small fraction of energy is dissipated in hole region where the highest energy 
dissipation rate occurs. For slotted and square hole heads, about 11-15% of energy is 
dissipated in the hole region and for disintegrating head, only 7.8% of energy is dissipated in 
this region. Only for disintegrating head relatively large fraction of energy is dissipated in the 
bulk of the tank. Therefore, only this head is suitable when intense mixing is required as to 
incorporate floating powder into liquid where the vortex can bring the powder down into the 
mixing head. This contradicts the flowrate prediction since the disintegrating head produces 
the smallest flowrate compared to the other heads. 

Fig. 7 shows that the energy dissipated in the rotor swept volume and jet region are 
proportional to the flowrate through stator holes, however energy dissipated in the hole region 
is not very well correlated with the flowrate. The amount of energy dissipated in the hole 
region may be correlated to the total surface area of the leading and trailing edges where 
stagnation occurs as shown in Fig. 7. 
 
3.4 Energy dissipation rate around the mixing head 
The contours of energy dissipation rate for different stators are very similar as shown in Fig. 
8. Moderate energy dissipation rate occurs in the rotor swept volume and jets emerging from 
the holes while high energy dissipation rate occurs around the leading and trailing edges due 
to stagnation in those regions. The energy dissipation rate in the rest of the tank is very low 
and is not shown in Fig. 8. 

The magnitude of energy dissipation rate in the rotor swept volume can be related to the 
turbulent kinetic energy generated by the rotor, i.e. e �  u’3/L, and u’2 is proportional to N2D2 
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[8, 9]. Since the contours of energy dissipation rate are similar for all stators, so are the 
contours of turbulent kinetic energy, therefore k in eq. 1 can be assumed constant. The energy 
dissipation rate on the leading and trailing edges of the holes which occurs due to stagnation 
on those points is determined by the fluid velocity before impingement and can be related to 
the rotor tip speed (ND). Similarly, the velocity of emerging jets also depends on the rotor tip 
speed. Therefore, at constant rotor tip speed, the magnitude of energy dissipation rate in a 
particular region is practically the same although the power number of square hole head is 
about 30% higher than disintegrating head. As discussed previously, the increase of power 
draw is used to pump more liquid through larger opening area suggesting that stator with 
larger opening area can reduce processing time at the cost of power. 

 

 
Fig. 8. Contours of energy dissipation rate (normalized by N3D2) for various stators (a) disintegrating head,  
(b) slotted head and (c) square hole head. The normalized energy dissipation rate is clipped between 0.2 to 20. 
 

The simulation also shows that in the smaller holes, high energy dissipation rate from the 
leading and trailing edges merges together creating more uniform distribution of energy 
dissipation rate across the hole. This might lead to a more uniform drop size during 
emulsification or more uniform aggregate size during de-agglomeration process. The energy 
of the jets emerging from smaller holes dissipates in the close proximity to the mixing head 
while in the dissipation of the energy of the large jets occurs over large volume of fluid.  

 
4. Conclusions 

CFD has been used to investigate the effect of stator geometry on the flow pattern of the jet 
and energy dissipation rate in a batch rotor-stator mixer. The flow pattern in the hole showed 
similarity regardless the shape and size of the hole, i.e. the jet emerged in the proximity of the 
leading edge while circulation flow occurred behind the jet. However, larger hole produced 
stronger jet which extended up to the tank wall, while the jets which emerged from smaller 
hole were weaker and dissipated in the proximity of the mixing head. 

Jets emerging from large holes generated the circulation in the bulk flow in the same 
direction as the rotation of the stator. Jets emerging from smaller holes (high depth-to-width 
ratio) were diverted by circulation loops developed behind those jets which led to the bulk 
circulation moved against the rotor rotation. 

Narrower holes created more uniform energy dissipation rate in the hole since the high 
energy dissipation rate from the leading and trailing edges merged together suggesting that 
stator with narrower holes, i.e. slotted and square hole heads, can produce more dispersion 
with narrow drop size distributions. 
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6. Nomenclatures 

D 
k 
L 
Fl 
N 
P 
Po 
Re 
u’ 
 
Greek 
D 
e 
m 
r 

Rotor diameter, m 
Constant, - 
Turbulent length scale, m 
The flow number, Fl = Q/ND3 
Rotor speed, 1/s 
Power, W 
The power number, Po = P/(r N3D5) 
The Reynolds number, Re = r ND2/m 
Turbulent fluctuating velocity, m/s 
 
 
The deviation of flowrate or torque from its time averaged value, kg/s or Nm 
Energy dissipation rate, m2/s3 
Viscosity, Pa.s 
Density, kg/m3 
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