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Mixing performance is critical as it may influence the quality of the mixture and 
operation cost. In a viscous fluid application, the torque required to sustain the high 
viscosity is very important as it will affect the selection of motor power and cost. The 
final product of the mixing process is critically influenced by the blade design. The 
objective of this work is to study the mixing behaviour and the performance of 
different stirrer blade designs. Two different types of blades were designed and 
studied to determine how their distinct design features affected flow characteristics in 
a stirred tank. The liquid viscosity during the formation of grease is taken into account 
in the determination of viscous force. Fluid flow vector shows that the helical blade 
efficiently creates a more homogenous uniform mixing. It was found that the helical 
blade produced 0.25 Nm of torque, whilst the anchor blade produced 0.28 Nm of 
torque. These values are comparable with the calculation with 8 % error. Therefore, 
the helical blade can be used as an alternative for the anchor blade due to an efficient 
mixing process at a faster time and lower power consumption. 
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1. Introduction 
 

In engineering fields, the mixing operation is widely used in polymer, food, paint, water 
purification, agrochemical product and grease production industries. It is found that the mixing 
performance is affected by the fluid properties, tank and impeller geometry, rotational speed and 
the fluid addition process [1]. The final product of the mixing processes is also influenced by the 
mixing time, type of impeller, number of impeller blades, blade size, working angular speeds, and 
vessel configurations and the most critical one is the impeller blade design [2].  As the power required 
for the mixing process decrease, the internal heat generation will also decrease. Therefore, a smaller 
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electrical motor, gears and shaft are required for the mixing process, resulting in lower investment 
and operating costs [3]. 

Poor mixing performance may result in the formation of dead zones, non-uniform temperature 
and concentration gradients, which will affect the quality of the final products [4]. Stirrers are used 
to increase the interaction between the particles and to avoid uneven accumulation at one point [5]. 
It is more challenging to blend high viscous and complex fluids effectively [6]. The flow in high viscous 
liquids are more likely in the laminar regime and high power is required to produce turbulent flow 
[7]. Anchor impellers are widely used for viscous fluid heating or cooling processes to avoid the 
stagnation of the products at the vessel walls, as the stirrer's blades act as a scraper [8]. Helical ribbon 
impeller is typically used to enhance the bulk mixing of non-Newtonian fluids in cylindrical vessels to 
achieve high homogeneity [9, 10]. Anchors, gates or paddle blades produce circumferential flow and 
lack of axial flow to sweep through the entire vessel and may cause poor mixing. For helical ribbon 
impellers, the mixing process started in the region near the blades and the vessel wall where the fluid 
is subject to high shear strains [4]. The impeller's ability to convert its power input to the fluid flow is 
referred to as hydraulic efficiency [5], where the higher value represents the higher the energy 
transferred by the impeller to the agitated material. In this work, the energy efficiency of different 
impellers for stirring rheologically complex fluids has been investigated. It is found that the new 
impeller design called Maxblend gives the best performance in terms of power consumption and 
energy efficiency. 

Computational Fluid Dynamic (CFD) has been widely employed as a tool to predict the dynamics 
flow of mixing operations [11-13]. From numerical simulations, the effects of configurations of mixing 
tanks and impeller designs can be modelled. Several mixing parameters that have been investigated 
using numerical methods in CFD include mixing times, power requirements, flow types, and velocity 
patterns [14]. Since impeller design is the most critical component for determining the performance 
of mechanically stirred mixers [2, 7] several works have been carried out to investigate the effects of 
impeller type in mixing vessels [15–20]. The mixing performance characteristics of the modified 
anchor blade [21-24] and helical ribbon blade [25-27] has been evaluated based on the flow 
characteristics.  Most of the existing work is limited to the flow characteristics produced by the 
impeller blades, whilst the aspect of blade efficiency based on the torque produced by the mixing 
process is rarely reported. Nevertheless, blade efficiency is important as it will affect the selection of 
motor power and operation cost. In this study, the CFD technique is used to study the mixing 
performance of two types of stirrer blades that are typically used in mixing high viscous fluid. The 
liquid viscosity during the formation of grease is taken into account in the determination of viscous 
force. The resulting fluid flow and torque required to sustain the high viscosity will be investigated. 
This will add to the knowledge necessary for choosing the best mixing stirrer blade for a highly viscous 
fluid, in terms of mixture uniformity at a faster time and lower cost. 

 
2. Methodology  
2.1 Mixing System and the Blade Design 

 
Two types of impeller blades are used in this study; there are anchor and helical blades. These 

blades are selected as it is most commonly used for mixing of high viscosity solution. The 
arrangement of the mixing system is shown in Figure 1, which consists of a blade, mixing beaker, 
stirring rod, base, structure bar, motor and chuck. The dimensions of the anchor and helical blades 
are shown in Figure 2. The stirrer blades' dimensions are based on the actual dimension of liquid 
stirring agitator equipment available in the market. 
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Fig. 1. Mixing stirrer component configuration 
as used for mixing in the study 

 

 
(a)                                                                                      (b) 

Fig. 2. Dimensions of (a) anchor blade and (b) helical blade of the stirrer equipment 
 
2.2 Viscous Force 
 

In the grease base oil mixing process, the fluid viscosity changes from low viscous liquid (base oil) 
to the high viscous semi-solid grease. The viscous force produced by the base oil and grease during 
the mixing process is determined based on the grease base oil and beaker characteristic as shown in 
Table 1. The value is then used to calculate total torque and applied in fluid flow simulation to find a 
torque response to evaluate the blade performance. The viscous force, Fv is determined using Eqs. 
(1) – (4). The dynamic viscosity is defined as shown in Eq. (1). 

 

μ =
𝜏

ϒ
                                                                                                                                                                      (1) 

               
Where τ and ϒ is shear stress and slope of velocity profile respectively, as shown in Eq. (2) and 

Eq. (3). 
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𝜏 =
𝐹

𝐴
                                                                                                                                                                      (2) 

               

ϒ =
𝑣

ℎ
                                                                                                                                                                      (3) 

              
Where F is force, A is the area, v is the velocity and h is the height. Substituting Eq. (3) and Eq. (2) 

into Eq. (1), the viscous force is computed as shown in Eq. (4): 
 

𝐹𝑣 =
𝐴μ𝑣

ℎ
                                                                                                                                                               (4) 

              
Table 1 
Beaker and grease base oil characteristics 
Item Unit 

Beaker radius, r 0.054 m 

Beaker height, h 0.1273 m 
Beaker volume 0.001 m3 
Beaker cross-section area, A 0.062 m2 
Fluid density, ρ 1000 kg/m3 
Base oil viscosity μ, at 40 ⁰C 0.00011 m2/s 
Angular velocity, ω 50 π rad/s 
Velocity, v 8.482 m/s 
Viscous force, F 0.4544 N 

 
2.3 Torque Analysis 
 

Total torque produced by the mixing process using the anchor and helical blades are computed 
and compared with the simulation to evaluate the blades' performance. The acceleration torque and 
viscous torque are considered in finding the total torque required for the mixing process. The 
calculated moment of inertia is then used to find the acceleration torque required by the blades 
shape for grease mixing. Figure 3 illustrates acceleration torque Tα and viscous torque Tv produced 
by the acceleration force Fa and viscous force Fv during the mixing process. 
 

 
Fig. 3. Viscous force and acceleration force 
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For torque calculation, the assumption is the blade rotates at a speed of 1500 rpm and 2 seconds 
are taken to reach maximum velocity, the angular velocity is obtained at 25 π rad/s. Next, the load 
and mass properties of the chuck, motor and blades are calculated to find the moment of inertia of 
the system. The assumption for the calculation of the moment inertia of the load is the load produced 
by NLGI 2 type grease base oil with a viscosity of 960 kg/m3. This type of grease base oil is considered 
as it represents the properties of standard grease base oil, as suggested by Ameur et al., [21]. For 
motor, the calculation is based on the characteristic of stepper motor with a moment of inertia of 
0.18 – 0.56 oz and 1500 rpm.  

The total moment of inertia is calculated using Eq. (5) and the values are shown in Table 2. 
 

𝐽𝑡𝑜𝑡𝑎𝑙 = 𝐽𝑐ℎ𝑢𝑐𝑘 + 𝐽𝑏𝑙𝑎𝑑𝑒 +  𝐽𝑚𝑜𝑡𝑜𝑟 +  𝐽𝑙𝑜𝑎𝑑                                                                                                       (5) 
                   

Table 2 
Moment of inertia for stirrer blade torque analysis 
Moment of inertia, J Value (kgm2) 

Jchuck 1.48 x 10-5 
Jmotor 1.02 x 10-5 

Janchor 9.86 x 10-5 

Jhelix 1.13 x 10-4 
Jload 2.80 x 10-3 
Jtotal(anchor) 2.79 x 10-3 
Jtotal(helix) 2.94 x 10-3 

 
Considering the total torque Tt is a summation of viscous torque and acceleration torque as shown 
in Eq. (6). 
 
𝑇𝑡 =  𝑇𝛼 +  𝑇𝑣                                                                                                                                                        (6) 
 
The assumption is that the efficiency of motor, e = 90% [19]. Then, the acceleration torque is obtained 
as shown in Eq. (7). 
 

𝑇𝛼 =
𝐽𝑡𝑜𝑡𝑎𝑙 𝛼

𝑒
                                                                                                                                                          (7) 

 
The viscous torque Tv is determined using Eq. (8). 
 

𝑇𝑣 =  𝜇 
𝑑𝑢

𝑑𝑦
                                                                                                                                                            (8) 

             
𝑑𝑦

𝑑𝑥
=  

𝜈

𝛿 
=  

𝑟𝜔

𝛿
                                                                                                                                                     (9) 

 
Substituting Eq. (9) into Eq. (8), produces Eq. (10). 
 

𝑇𝑣 =  𝜇
𝑟𝜔

𝛿
                                                                                                                                                          (10) 

                       
and 
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𝑇𝑣 = 𝑟 . 𝐹𝑣                                                                                                                                                             (11) 
                                                          
𝐹𝑣 =  τA                                                                                                                                                               (12) 
                        
Substituting Eq. (12) into Eq. (11), produces Eq. (13). 
 
𝑇𝑣 = 𝑟 . 𝜏𝐴                                                                                                                                                           (13) 
   
and  
                          
𝑑𝑇𝑣 = 𝑟𝜏𝑑𝐴                                                                                                                                                         (14) 
                         
where A = πr2 

 
𝑑𝐴

𝑑𝑥
=

𝑑

𝑑𝑥
 2πr                                                                                                                                                      (15) 

                        
When dTv = rτ (2πrdr) 
 
dT = 2π𝑟2𝜏𝑑𝑟                                                                                                                                                  (16) 
                         
Substituting Eq. (16) into Eq. (15), produces Eq. (17). 
 

∫ 𝑑𝑇𝑣 =  ∫ 2𝜋𝑟 (𝜇(
𝑅

0

𝑟𝜔

𝛿
) 𝑑𝑟)                                                                                                                        (17) 

                  
Therefore, viscous torque 𝑇𝑣 is obtained as shown in Eq. (18). 
 

𝑇𝑣 =  
𝜋𝜇𝜔𝑅4

2𝛿
                                                                                                                                                      (18) 

                        
The final torque is shown in Table 3. 

  
Table 3 
Torque calculation of the stirrer 
Torque Value 

Tα(anchor) 0.26 Nm 
Tα(helix) 0.24 Nm 
Tv 1.87 x 10-3 Nm 
Tt(anchor) 0.26 Nm 
Tt(helix) 0.24 Nm 

 
2.4 Velocity and Pressure Analysis 
 

Velocity and pressure analysis are performed to find the velocity vector map of grease mixing 
when the blade is rotating. The objective is to find the total torque produced by the blades and grease 
during mixing by simulation and the value is compared with a theoretical calculation. Torque value 
indicates the blade design's power consumption and can be used to indicate the blade design 
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performance. The torque response of the mixer can be defined as the mass resistance to mixing and 
for the case of the same fluid, larger designs can be expected to exhibit higher resistance. This will 
result in a higher torque response due to the increase in the surface area normal to the direction of 
motion of the anchor [7]. This value can help in the selection of a suitable motor with maximum 
torque required for the successful mixing process. Motor torque is very critical for the blade to face 
the change in viscosity. From the analysis, we can also see the convection current that the blade 
provides, thus determining which blade has better mixing potential and lesser torque needed for 
mixing [22]. Figure 4 shows the setup of the fluid flow simulation where the blade is set to rotate 
clockwise. A beaker size of 1L is used. The fluid density is set between a range of oil to grease as the 
function of the blade is to mix the liquid oil to semi-solid grease. Simulation settings for velocity and 
pressure analysis are shown in Table 4. 

 

 
(a)                                                         (b) 

Fig. 4. Flow simulation setup for (a) Viscous force and (b) 
Rotation of the stirrer 

 
Table 4 
Settings for velocity and pressure simulation 
Parameter Set Value 

Analysis Type Internal Flow 
Governing Equations Conservation of mass, momentum 

and energy 
Turbulence Model k-ε model 
Gravity -9.81 m/s2 in Y axis 
Fluid Non-newtonian oil as in Table 1 
Initial Pressure 101,325 Pa 
Blade Rotational Speed 50 rad/s around Y-axis 

 
3. Numerical Simulation 
 

The simulation is performed by using SolidWorks 2019 which is based on the finite element 
method to solve flow equations. The RRF (Rotating Reference Frame) approach is used where a 
cylinder is used as a reference frame which represents the walls of a typical dimension of a 1 litre 
beaker. The stirrer blade is kept stationary and the rotating frame (the cylindrical wall that represents 
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the beaker) is given an angular velocity. This technique has been used by other researchers [5, 27] 
for various mixing systems and accurate results were obtained. The meshing is performed using a 
global average element size where the suggested value based on the model volume and surface area 
is applied. Simulations were run in a platform with Ryzen 5 CPU 3.00 GHz with 16GB of RAM. The 
transient simulation was set to 435 iterations per time step with a residual target of 1 x 10-05. 

Grid Independence Test (GIT) is carried out in order to ensure that the results are not influenced 
by the grid size. Figure 5 shows the GIT for the geometry used in this study. From the graph, it is 
observed that the simulated value of torque varies with cell count until 70 000 cells. After that, the 
simulated torque maintains at 0.05 Nm. On the other hand, the CPU simulation time increases with 
the increases of total cell count. This shows that higher cell count will result in longer simulation time. 
Therefore, subsequent simulation runs utilize no less than 70 000 cells to ensure grid independence 
is maintained as shown in Table 5. 

 

 
Fig. 5. Grid Independence Test 

 
Table 5 
Grid Independence Test data         
Study Mesh Size 

(mm) 
Cell Count Torque 

(N∙m) 
CPU Time 
(s) 

1 20 4891 0.028 19 
2 15 6917 0.034 25 
3 10 14634 0.038 38 
4 5 65898 0.048 211 
5 2 228016 0.048 962 

 
4. Results  
4.1 Velocity Distribution 
 

The velocity vector map of the anchor impeller is shown in Figure 6. From the front view of the 
blade in Figure 6(a), it is observed that the blade rotation causes a liquid flow to the centre region 
and cause the fluid velocity to rise and become higher. From the isometric view in Figure 6(b), it is 
shown that the blades drove the fluid to the walls at high viscosity of 1.469, which then splashed back 
in opposite directions towards the impeller rod. There was more turbulence experienced at the space 
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between rod and blade, due to the presence of holes. This type of impeller was not very efficient in 
distributing the fluid all over the beaker as the fluid mixing only occurs in the centre region. The 
generated flow is expected to cause higher concentrations of the solution in the lower region of the 
beaker compared to the upper regions. Validation with existing work shows a good agreement where 
the higher turbulence occurs at the anchor blade surface [17]. However, the velocity vector at the 
other different areas in the mixing tank is different due to different liquid viscosity. 

 

 
(a)                                                                               (b) 

Fig. 6. Velocity vector map of anchor blade (a) front view (b) isometric view 

 
Figure 7(a) represents the frontal view of the helical blade. The figures show that the geometry 

of the blade drives the liquid to the lower region at high speed. Isometric view in Figure 7(b) shows 
that the liquid flows back to the upper region, consequently repeat the same process. The fluid is 
well projected vertically and horizontally in both directions. This shows that the helical blade design 
was able to distribute the fluid towards the lower and upper region of the beaker efficiently. This is 
due to the curves present in helical blade design that allow for the axial and counter flow of fluid 
during mixing. The velocity streamlines are observed to have dispersed to all regions of the beaker. 
This shows that this type of impeller can efficiently distribute the particles and create a more 
homogenous solution. According to Cokljat et al., [15] helical impellers are designed to enhance 
especially the liquid's axial movement for the process of replacement of liquids that is needed for the 
mixing of high viscosity materials. The flows generated is expected will increase turbulence and 
mixing performance. 

 

 
(a)                                                                                                            (b) 

Fig. 7. Velocity vector map of helix blade (a) front view (b) isometric view 
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4.2 Pressure Distribution 
 

Figure 8 shows the pressure vector map for anchor blade from (a) front view and (b) isometric 
view. It is observed that high pressure formed at the blade surface as it need to shelter the viscous 
force produced by the high viscosity grease.  The pressure difference between blade surface and 
central region forces the fluid to flow at high velocity to the central region of the beaker and allows 
for the mixing process. 

 

 
(a)                                                                                                    (b) 

Fig. 8. Pressure vector map of anchor blade (a) front view (b) isometric view 

 
Figure 9(a) shows the pressure vector map for helical blade impeller. It is observed that high 

pressure only occurs at the edge of the blade, then almost uniformly distributed in other regions in 
the beaker results in lower average pressure compared to the anchor blade. The high-pressure 
difference between the upper region of the blade and centre region in the beaker forces the fluid to 
flow downward. The isometric view in Figure 9(b) exhibits different pressure distributions at the 
blade edges, centre region and beaker surface wall, thus create a high turbulence flow and boost the 
fluid to flow to all areas for uniform mixing. From the figures, it is observed that the convection 
current is more apparent compared to the anchor blade. This type of impeller was expected to 
distribute the fluid more evenly throughout the entire volume [4]. From the obtained results, it was 
evident that the helical blade impeller types exhibited better-mixing results, which is essential in 
achieving concentration homogeneity in the production of high viscosity grease. The helical blade 
also takes up lesser time for even mixing which can be more efficient compared to the anchor blade. 

  

 
(a)                                                                                                   (b) 

Fig. 9. Pressure vector map of helical blade (a) front view (b) isometric view 
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4.3 Torque Response 
 

The torque response of the anchor blade is presented in Figure 10. The starting torque is normally 
high before its working in optimal stable condition. The torque value is 1.7 Nm when the impeller 
started the stirring process and finally stabilize at 0.28 Nm.  

 

 
Fig. 10. Torque response of anchor blade 

 

For the helical blade, the torque response started at a relatively lower value than anchor blade 
which is at 0.9 Nm. After that, the torque response reduces to the stable operating value at 0.25 Nm. 
This is expected due to the wider blade surface area compared to the anchor blade. Furthermore, as 
seen in the pressure distribution of the helix blade in Figure 11, the pressure distributed throughout 
the beaker efficiently at lower pressure. Therefore, lesser force is required for a stirring, 
subsequently, reduce the energy consumption in the mixing process. The torque values are 
comparable with the calculation with 8 % error.  

 

 
Fig. 11. Torque response of helical blade 

 
The finding is validated with experimental work by Liu et al., [28] as shown in Figure 12 and the 

accompanying Table 6. The figure compares the power number (Np) versus the Reynolds number 
(Re) for the two simulated blades used in this study against the three types of blades tested in 
experiments. In the experimental study, the three blade types were named as large double blade 
(LDB), full zone (FZ), and impeller double helicon ribbon (DHR) impeller blades respectively. From the 
figure, the result for anchor blade simulation matches closely with the LDB and FZ blade torques, 
whilst the helical blade result lies within an acceptable range as compared to the DHR torque values. 
The finding shows that the helical blade can be used as an alternative for the anchor blade due to an 
efficient mixing process at lower power consumption. 
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Fig. 12. Validation of current study compared to experimental data 

 
Table 6                      
Validation of current study against experimental data from Liu et al., [28]        
Reynolds 
Number 

Power Number 

Current Study Liu et al., (2015) 

 Anchor Helix LDB FZ DHR 

100   5.80 6.75 5.10 
125     2.75 
150   3.60 3.80  
200   2.30 2.50 2.00 
230     1.70 
250   2.20 2.30  
275     1.50 
750   1.65 1.70  
1060 1.67 0.37    
1125   1.60 1.60 0.90 
1500   1.50 1.50  
1625     0.80 
1875   1.30 1.40  
2120 1.67 0.38    
2200     0.70 
2700     0.60 
3181 1.65 0.46    

 
5. Conclusions 
 

The mixing performance of stirrer blades for viscous fluid applications has been presented in this 
study. Helical blades design causes a pressure difference between the upper region of the blade and 
centre region of the beaker then forces the fluid to flow to all areas. The resulting fluid flow efficiently 
creates a more homogenous and uniform mixing. The torque response from the mixing process is 
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0.28 Nm and 0.25 Nm for anchor and helical blade respectively. The values are comparable with the 
calculation with 8 % error. The finding shows that the helical blade can be used as an alternative for 
the anchor blade due to an efficient mixing process at a faster time and lower power consumption. 
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