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Stirred mixers are ubiquitous in industrial applications, operating optimally to achieve 

homogeneous mixing of liquids, gases, and solids. Improving mixer performance is critical 

for attaining high efficiency, low production costs, and high product quality. This review 

examines three key aspects of mixer optimization: power consumption, mixing time, and 

impeller geometry. The research aims to summarize a comprehensive review on mixing 

time and the experimental devices used to measure it. The effect of using impellers and 

changing their geometry on the power consumption, mixing efficiency, and mixing time. 

Power usage is a vital metric for evaluating mixer efficiency. Complex interplay between 

impeller design, operating conditions, and fluid properties governs energy consumption. 

Understanding and minimizing power requirements are essential for efficient, sustainable 

mixing operations. Mixing time also significantly impacts efficiency, relating directly to 

impeller geometry and fluid rheology. Reviewing research on mixing time highlights 

opportunities to reduce durations, boosting productivity. Impeller geometry, governing 

mixer design for target applications, represents another major optimization variable. 

Impeller selection plays a major role in stirred tanks, especially in chemical processing. 

Elucidating relationships between fluid dynamics and impeller configurations is thus 

necessary for developing effective, economical mixing solutions. 
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1. INTRODUCTION

Mixing processes are utilized in systems across many 

industries to improve homogeneity by transporting materials 

within mixing vessels. Liquid-liquid mixing promotes 

blending of multiple immiscible or partially miscible liquids. 

Gas-liquid mixing involves dispersing a gas phase into a liquid 

medium. Liquid-solid mixing aims to combine solid particles 

into a liquid suspension. Each mixing type has distinct 

challenges and applications. For example, liquid-liquid 

processes must overcome interfacial tension, while gas-liquid 

mixing contends with compressibility. Meanwhile, solid-

liquid mixing requires overcoming sedimentation effects. 

Understanding the fundamentals of these mixing regimes is 

critical for achieving efficient homogenization and flow in 

industrial systems. The choice of mixing type depends on the 

specific requirements of the materials and desired outcomes of 

the process [1]. Stirred tank mixers are indispensable 

components in most industrial applications, from chemical 

processes, pharmaceutical manufacturing, and food 

processing to water treatments. In contemporary research 

focusing on stirred tank mixers, scholars predominantly direct 

their attention towards elucidating the fundamental traits 

inherent to these devices. Of particular interest are metrics 

such as energy consumption and mixing duration, which serve 

as vital indicators of their operational efficiency. Concurrently, 

scholars delve into detailing the intricate flow dynamics 

facilitated by these mixers, thus providing a comprehensive 

understanding of their functionality and performance. The 

design of these dynamic vessels is based on mixing various 

materials and efficiently homogenizing them to ensure product 

quality and performance. In the world of fluid dynamics, the 

complexity of stirred tank mixers is an important topic for 

investigation, innovation, and exploration. Research efforts in 

this field over the years have been undertaken to achieve 

optimal performance, which can be characterized in terms of 

reduced power consumed, reduced mixing times, and impeller 

geometry. A comprehensive understanding of stirred tank 

mixers is essential, especially with the development taking 

place in the industry driven by the goals of sustainability, cost-

effectiveness, and the ever-pressing demand to increase the 

quality of the product. One of the important variables for 

mechanical engineering and chemical engineering is the rate 

of power consumption because it is closely related to the total 

cost of industrial operations. Therefore, it is better for mixing 

operations to be carried out with high mixing efficiency and 

the lowest rate of energy consumption [2]. There are many 

previous studies concerned with studying the power 

consumption rate in stirred tank mixers, as well as looking at 

mixing efficiency and mixing times [3, 4]. Using impellers 

with a variable number of blades, they demonstrated the 

energy consumption of stirred tanks in experimentally  [5, 6]. 
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It is possible to know and study the energy consumption inside 

stirred tanks using a multi-phase flow system, as in a study ,

Dohi et al. [4] that showed the energy consumption rate using 

a stirred tank and a three-phase gas-liquid-solid flow system. 

Paper et al. [7] investigated numerically the effect of using 

different impeller geometries and using laminar flow with 

different Reynolds numbers inside a baffled stirred vessel. 

They used four different types of impellers (Rushton turbine 

standard shape, Turbine Rushton with circle blade shape, 

Rushton turbine with the cut circular shape, Rushton turbine 

with the cut rectangular shape) and observed their effect on the 

energy consumption process, flow patterns, and pumping rate 

with the use of Reynolds numbers between (1-100). The 

results showed that the use of blades with different geometric 

shapes contributes to the process of improving the pumping 

rate and reduces energy consumption, in addition to improving 

the flow field for radial and axial velocities. They found that 

the use of (Turbine Rushton with circle blade shape) type 

impellers is the best and most effective compared to the other 

types used. The shape of the impellers used in mixers has a 

very effective role in mixing operations, and this in turn 

depends on the type of application [8], whether a high- or low-

viscosity liquid is used, or in multi-phase mixing. Therefore, 

there are many different types of impellers for mixers, which 

can be classified according to the phase of the materials used 

(liquid, solid, gas) or if it is a viscous liquid, low viscosity, 

Newtonian, or non-Newtonian. For example, in their study, the 

researchers Amiraftabi et al. [9] used a spiral ribbon impeller 

in a stirred tank containing a diluted polymer rheological fluid 

(sodium carboxymethyl cellulose). 

This review paper explores the complex world of stirred 

mixer optimization by closely examining three key 

performance factors: power consumption, mixing times, and 

impeller geometry. The aim is to synthesize research on these 

variables to provide insights into the fundamental principles 

and emerging technologies governing stirred mixer design. An 

extensive critical evaluation of the literature will be 

undertaken to better comprehend the interplay between these 

factors and their influence on mixer efficiency. Understanding 

power expenditure is crucial, as it directly impacts operating 

costs and sustainability. Likewise, mixing times relate 

strongly to throughput and productivity. Finally, impeller 

configurations underpin effectiveness of blending and 

homogenization. By reviewing the latest research on these 

parameters, this work seeks to highlight innovative mixer 

design approaches and opportunities for performance 

enhancement. The complexity of stirred mixer systems 

warrants ongoing investigation to meet pressing industrial 

needs for efficient, cost-effective and high quality mixing 

processes. This review will provide an in-depth perspective 

into the multifaceted problem of mixer optimization. 

 

 

2. EFFECTIVE PARAMETERS IN MIXER 
 

2.1 Power consumption 
 

One of the significant challenges faced by engineers 

involved in the manufacturing of these mixers is the 

considerable power consumption. Clearly, numerous 

researchers in this field have dedicated their efforts in recent 

years to improving the power consumption rate of these mixers. 

This rate of power consumption holds substantial importance 

in evaluating both the heat transfers and mass transfer rates 

within the stirred tanks. As a result, the primary objective has 

shifted towards reducing power consumption by employing 

varying rotational speeds, thereby achieving efficient mixing 

in a short time frame whether utilizing a single or multiphase 

system. The reduction of power consumption has become 

imperative, as it directly translates to cost savings—a positive 

outcome for mixer manufacturers. Zadghaffari et al. [10] 

employed Roshten-6 turbines in their rotary mixer setup. The 

calculation of power consumption was accomplished in the 

form of a dimensionless factor (power number), utilizing 

numerical solution methods. The chosen solution model was 

the Large-eddy simulation, which was then juxtaposed with 

experimentally measured power consumption. The outcomes 

highlighted a minor 3% deviation from the experimental 

solution. Taghavi et al. [11] noted that the power number (Np) 

is related to the Reynolds number. They examined the impact 

of the locally consumed total power rate through experimental 

and numerical comparisons at different rotational speeds. This 

analysis encompassed both single-phase liquid and multi-

phase liquid-gas scenarios, as depicted in Figure 1. The power 

number was measured from the relationship: 

 

𝑁𝑃 =
𝑃

𝜌 𝑁3𝐷5
 (1) 

 

𝜌 is the density of fluid of the in stirred tank, N impeller 

speed, D: impeller diameter. 
The amount of power can also be measured directly by 

calculating the torque on the impeller: 

 

𝑃 = 2. 𝜋. 𝑁. 𝜏 (2) 

 
τ torque acting on the impeller, which can be calculated by: 

 

𝜏 = 𝐹. 𝑑𝑙  (3) 

 

F: force, 𝑑𝑙: arm length. 

Cheng et al. [12] experimentally verified the process of 

mixing water with immiscible liquids of different densities 

inside a stirred vessel. They examined power consumption 

values for various impeller types (Rushton disk turbine, half 

circle blade disk turbine, 45° pitched blade turbine down flow, 

45° pitched blade turbine up flow at multiple rotational speeds. 

The results showed that power consumption ranged from 1.75 

to 6 for the four distinct impeller types in the liquid-liquid 

phase, with power measured using a shaft torque meter. Figure 

2 illustrates power number values plotted against Reynolds 

numbers, highlighting that the RDT impeller type has the 

highest power number value, while the PBTD and PBTU 

impeller types have the lowest values. 

 
 

Figure 1. Comparison between experimental and numerical 

power number with different impeller speeds 
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Figure 2. Power number against Reynolds number [12] 

 

There are many previous studies concerned with studying 

the amount of energy consumed in liquid-liquid system for 

mixers. Zadghaffari et al. [13] studied the effect of power 

consumption of two-phase flow inside an agitation tank with 

double Rushton blades using different rotational speeds 

numerically and experimentally. Murthy and JayantiI [14] 

investigated numerically the amount of power consumption 

expressed by the dimensionless parameter (power number) 

and the mixing time of an un-baffled stirred tank with eight 

turbine blades for three types of laminar flow, transitional and 

turbulent. Numerical results in their study were compared with 

the experimental results (O’Connell [15], Nagata [16], Stein 

[17]) where the results for different laminar region systems 

were shown in the Table 1 below. They used the empirical 

relationship in their study to compute  the power number 

multiplied by (Re) for the laminar flow inside an agitation tank 

with three baffles and a straight blade: 

 

NpNRe = 90 S0.327(
b

D
)0.635 S−0.280

 (4) 

 

where, NRe is the impeller Reynolds number, S: number of 

blades, b: blade width and D: diameter of the tank. 

Nagata used the empirical relationship to calculate the 

power number for un-baffled vessel with laminar flow: 

 

Np =
A

NRe

 (5) 

 

A = 14 + (
b

D
) {670 (

d

D
− 0.6)

0.2

+ 185} (6) 

 

Table 1. Value of Np for laminar CFD solution and 

experimental correlation 

 

RPM (NRe) 
(𝐍𝐩, NRe) from Correlations (𝐍𝐩, NRe) from 

CFD Stein Nagata O’Connell 

50 0.48 88 122.7 130.2 81.7 

100 0.96 88 122.7 130.2 81.5 

200 1.92 88 122.7 130.2 82.7 

500 4.8 88 122.7 130.2 86.9 

1000 9.6 88 122.7 130.2 102.9 

 

Kaiser et al. [18]  demonstrated Experimentally the amount 

of input power in the bioreactors under the influence of 

turbulent flow inside an agitation tank. They aimed of the 

research was to minimize power consumption, which was 

expressed using the variable (power number) with various 

Reynolds number values and different rotational speeds. They 

showed that the value of the (Np) increases with higher (Re) 

and decreases when Reynolds numbers are low (100< Re 

<500) (from P = 6.3 to P≈ 3.3). The results also indicated the 

value of the (Np) remains constant when (Re) are in the fully 

turbulent state (Re > 104). Steiros et al. [19] Studied 

experimentally using three types of impellers for an un-baffled 

agitation tank, their effect on the amount of power 

consumption, and using a turbulent system. They compared 

between three types of blades, rectangular, fractal 1, fractal 2 

to investigated the best power consumption. Their results 

prove the use of blades with fractal 1 reduces the amount of 

power number by (10%) compared to the rectangular impeller, 

as well as using the impeller with fractal 2 reduces by (3%) 

compared to the impeller with fractal 1. 

Noted from many prior studies have clarified the amount of 

energy consumption inside the mixing tank, as the rate of 

energy consumption has a clear importance on the process of 

homogenization between different liquids [20], the process of 

gas dispersion within the liquid in addition to its importance in 

the process of heat transfer [21] and shear pressures. There are 

many devices that used to measure the amount of power either 

by calculating the amount of torque or using direct devices to 

measure the power input in the previous studies, as shown in 

Figure 3: 

1-Dynamometers [22]. 

2-Torque meters [23]. 

3-Calorimetric measurements  [24]. 

4-Strain Gauges [25]. 

 

 
(a) 

 

 
(b) 
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(c) 

 

 
(d) 

 

 
(e) 

 

Figure 3. Types of experimental power measuring devices 

 

Many researchers used experimental correlation in their 

studies to calculate the power consumed through which the 

dimensionless power number is calculated based on several 

variables, including the dimensions of the tank, impeller 

Reynolds number, and other variables. The Table 2 attached 

below shows a number of experimental correlations used by 

some researchers. 

 

 

 

2.2 Mixing time  

 

One important parameter in the mixing tank is the mixing 

time, through which the efficacy of the mixers can be known, 

mixing time the time required to obtain homogeneous liquids 

with liquids, gases, or solids to be mixed inside the agitated 

vessel. Over the past years, many researchers have been 

interested in studying the mixing time of stirred tanks, using 

different experimental correlations for different liquids, 

whether they are Newtonian or Newtonian, and different flow 

systems are laminar or turbulent .From studying the mixing 

time of the stirred tanks, it was noticed that the mixing time is 

affected by many variables including the shape of the impeller 

the physical Properties of liquids used the speed of rotation of 

the impeller and the impeller clearance. 

Zadghaffari et al. [10] Verified the flow field using the 

simulation model (LES) and the power consumed and mixing 

time numerically inside a stirred tank with baffled that is 

moved by 6-blade Rushton turbine. They studied the mixing 

time depending on the effect of the rotational speed of the 

blades, where different rotational speeds were used between 

(100-600 r.p.m) and compared the numerical results to 

calculate the mixing time with experimental correlations for 

previous studies, as shown in the Figure 3. Cheng et al. [12] 

Showed the amount of mixing time experimentally using 

water with three liquids of different densities inside an 

agitation tank. They also used four types of impellers (Rushton 

disk turbine, half circle blade disk turbine, 45° pitched blade 

turbine down flow, 45° pitched blade turbine flow) with 

different rotational speed between (461-329 r.p.m). They 

concluded that the mixing time decreases as the rotational 

speed increases, but the mixing time for the blades of (pitched 

blade turbine flow) type is low and for the blades of type (half 

circle blade disk turbine) is high as in the Figure 4. They also 

found that the amount of shear resulting from type (Rushton 

disk turbine) impeller is of high value, which gives less mixing 

time compared to other types of impellers. Ascanio et al. [26] 

Explained experimentally and numerically the method of 

calculating the actual mixing time by determining the degree 

of local mixing of low-density liquids inside a stirred tank. 

They found a good agreement in calculating the mixing time 

between experimental and numerical studies, as explained in 

the Figure 5. There are many numerical and experimental 

studies, as shown in Figure 6, which show the degree of 

convergence between the numerical and experimental studies 

in calculating the mixing time. 

 

 
Figure 4. Mixing time value with speed of impeller for 

simulation and experimental correlations 
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Table 2. Power consumed correlation 

 

Correlation 

Vessel 

Diameter 

(mm) 

R.P.M 

range 
Np Range Impeller Type Fluid Reference 

𝐍𝐩𝐍𝐑𝐞 = 𝟗𝟎 𝐒𝟎.𝟑𝟐𝟕 

(
𝐛

𝐃
)𝟎.𝟔𝟑𝟓 𝐒−𝟎.𝟐𝟖𝟎

 
100 50-1000 130.2 paddle impeller 

Laminar-Newtonian 

fluid 
[26] 

𝐍𝐏 = 𝟗. 𝟕𝟒 𝐒𝟎.𝟒𝟗𝟓 

(𝐛/𝐃)𝟏.𝟑𝟑𝐒𝟎.𝟏𝟎𝟖
 

100 50-5000 10.8 paddle impeller 
Turbulent-

Newtonian fluid 
[26] 

𝐍𝐩 =
𝐀

𝐍𝐑𝐞
 

𝐀 = 𝟏𝟒 + (
𝐛

𝐃
) {𝟔𝟕𝟎 (

𝐝

𝐃
− 𝟎. 𝟔)

𝟎.𝟐

+ 𝟏𝟖𝟓} 

100 50-5000 122.7 paddle impeller 
Laminar-Newtonian 

fluid 
[27] 

𝑵𝑷 = 𝟎. 𝟔𝟓𝟑 𝑻𝟎.𝟐𝟔 

(
𝑻

𝑫
)

𝟎.𝟏𝟏

 

(
𝑪𝟏

𝑻
)−𝟎.𝟐𝟑 

𝒏𝒃
𝟎.𝟖𝟔 𝑨𝟏.𝟖𝟐 

289 300-2000 1-5 pitched-blade 
Turbulent-

Newtonian fluid 
[10] 

 

 
Figure 5. Different impeller speed against mixing time [12] 

 
Figure 6. Comparison between the value of mixing time 

experimentally and numerically [27] 

 

There are a few experimental techniques which is used to 

calculate the mixing time in the agitation tank. 

2.2.1 Colorimetry  

Colorimetry is one of the most common experimental 

methods for measuring mixing time, and this method is non-

intrusive. Colorimetry is used not only to calculate the time 

needed to obtain good homogeneity but also to determine 

specific flow patterns within stirred tanks, as well as to detect 

the secondary flows resulting from the continuous stirring [4-

45]. The method can be applied experimentally easily by 

injecting the tracer liquid and observing its spread with the 

liquid in the tank, Figure 7 shows this method [26]. 

 

 
 

Figure 7. Using colorimetry to measure mixing time [26] 

 

2.2.2 The tomography with electrical resistances 

This method is a non-intrusive method Lagrangian 

technique for measuring the mixing time, as it depends on the 

electrical conductivity distribution of the gas-liquid flow in 

agitation tanks [26]. The application of this method is simple, 

as its application includes the difference in the conductivity 

used for the continuous phase from the conductivity of the 

other phases used [27],  By observing some of the previous 

literature, there are other techniques to measure the mixing 

time such as Planar laser induced fluorescence and 

Conductometry and Ph as illustrated in Figure 8 

experimentally inside the agitation tanks. 

 

2.3 Impeller geometry  

 

The fluid dynamics inside the stirred tanks are affected 

clearly depending on the shape of the impellers used and this 

effect can influence the mixing efficiency, mass and heat 

transfer  [28], flow patterns, impeller power and shear rate  [29], 

gas-liquid mixing, and vortex formation process. Over the past 

years, many researchers and engineers have been interested in 

designing mixers in the form and design of impellers suitable 

for the application, depending on the mixing process, whether 
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it is liquid liquid, gas liquid, or solid liquid.  In Figure 9, 

observe the correlation between the power number (Np) and 

the Reynolds number (Re) across seven different impeller 

designs. It's crucial to note that when Re is below 100, the flow 

transitions into a laminar state, resulting in significantly 

diminished mixing quality when employing these impellers 

[1]. 

 

 

 
 

Figure 8. Different type of experimental measuring devices 

for mixing time [30-32] 
 

The type of impeller used in mixers depends on the 

specified application, the material properties to be mixed, and 

the required flow pattern. Here are some of the impellers 

commonly used in stirred tanks. 

 

 
 

Figure 9. Power number versus impeller Reynolds number 

for seven different impellers [1] 

 

2.3.1 Rushton disk turbine 

The shape of these impellers is a disc with flat blades 

attached to it and finds widespread use in general mixing 

applications. This Impeller type is considered a radial flow 

impeller, that is commonly used for low viscosity and medium 

for liquids, as well as for single- and multi-phase mixing. This 

type of impeller provides turbulence, higher shear levels, and 

less pumping. The radial flow of these impellers is more 

uniform, but they expend more energy. Rushton impeller 

contain six blades and their standard dimensions (length 
𝐷

4
, 𝑤𝑖𝑑𝑡ℎ 

𝐷

5
 ,disk diameter( 

33

50
𝐷 −

3

4
𝐷)) [33], as shown in the 

Figure 10. 

 
 

Figure 10. Ruston disk turbine 

 

2.3.2 Pitched blade turbine 

These impellers feature blades inclined at a certain angle to 

the shaft to produce significant radial flow. They are suitable 

for medium and high viscosity liquids.  Ge et al. [34] Explained 

experimentally and numerically the Impact of a modified 

inclined blade turbine on the hydrodynamics inside a stirred 

vessel with the radial flow. It was verified experimentally by 

the solution method (particle image velocimetry) and 

numerical, the simulation model (k-ε) used to simulate the 

turbulent. They investigated several variables in their study, 

including turbulent kinetic energy and average speed, by the 

simulation model (k-ε) versus the experimental solution 

method (particle image velocimetry). The goal of their study 

is to obtain a good design of the impeller by changing only the 

shape of the blade to obtain a good mixing efficiency, Figure 

11 show different types of pitched blade impeller design. The 

researchers concluded that some minor changes in the shape 

of the blade contributed to an enhancement in the number of 
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average speeds near the impeller as well as an increase in the 

pumping efficiency for the improved impeller over the normal 

one.  

 

 
 

Figure 11. different type of modified pitched blade impeller 

designs [34] 

 

2.3.3 Anchor impeller 

This type of impeller is distinctive and serves the purpose 

of achieving thorough mixing and preventing sedimentation. 

It includes blades designed to scrape remaining liquids on the 

walls and bottom of stirred tank mixers [1], Figure 12 shows 

the shape of anchor impeller. 

 
Figure 12. Anchor impeller [35] 

 

 
 

Figure 13. Helical impeller [1] 

2.3.4 Helical ribbon impeller 

This type of impeller is utilized for axial flows and high 

viscosity fluids. When using high-viscosity liquids, there is a 

need to use another type of impeller with close clearance, 

which is of the type (Helical impeller), as shown in the Figure 

13. The clearance value used with this type of impeller is 

nearly (85-95%) the diameter of the tank. Low speed and high 

torque are mechanical features used for high-viscosity mixers 

that rotate large-sized impellers [35]. 

 

2.3.5 Butterfly impeller 

Resembling butterfly wings, these impellers provide 

effective radial flow and are suitable for relatively high 

viscosity fluid applications and gentle mixing, as shown in 

Figure 14.  Ramsay et al. [36] investigated experimentally the 

impact of butterfly-shaped impellers on the performance of a 

mixing process under laminar flow conditions using 

Newtonian fluids and viscoelastic materials (Boger) in an un-

baffled stirred tank. Their objective is to determine mixing 

efficiency, power consumption, and mixing time values using 

the particle imaging method. The study aimed to assess the 

influence of utilizing a butterfly impeller at rotational speeds 

between 40-60 r.p.m. Their results showed the (Np) for the 

butterfly impeller was 0.6, which is significantly lower than 

that of other impeller types such as the Rushton turbine and 

pitched blade, with power number values of 4.9 and 0.8. This 

appears in the use of the butterfly impeller leads to a notable 

reduction in power consumption compared to other impeller 

designs, while simultaneously enhancing mixing efficiency. 

However, noted that the mixing time is prolonged due to 

elastic effects. 

 
 

Figure 14. butterfly impeller shape [36] 

 

 
Figure 15. Cowles impeller [37] 

 

2.3.6 Cowles impeller 

Cowles impellers are equipped with serrated blades and are 

designed for high shear applications as shown in Figure 15. 
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These blades are beneficial for breaking up agglomerations 

and promoting dispersion.  Antognoli et al. [37] numerically 

studied the process of mixing high-viscosity paints inside a 

stirred tank using Cowles Impellers. They utilized various 

dyes in conjunction with the main liquid and stirred them 

inside the tank using blades to achieve a uniform one-color 

paint. This paint is commonly employed for coloring leather 

in the tanning industry, and the mixing process involves high 

rotational speeds ranging from 3000 to 5000 RPM. 

It is possible to classify impellers according to the flow 

patterns generated in rotary mixers, including: radial flow, 

axial flow, tangential flow, and high shear flow. The Table  3 

attached below shows the impellers types of depending on the 

application used and the flow pattern. 

 

Table 3. Impeller type in stirred tank 

 
Impeller Application Flow Pattern Shape 

Open impellers 
Efficient heat transfer, solid 

suspensions 
axial 

 

 

Open impellers 
Liquid mixing, heat transfer, gas 

dispersion 
radial 

 

 
 

Close impellers (high 

viscosity) 
High viscosity mixing 

Tangential flow, Axial 

flow 

 

Gas dispersion impeller Fermenters devices radial 

 
 

Ayranci et al. [38] surveyed the effect of changing the 

impeller geometry and using different diameters, along with 

varying clearances, on the process of suspending solids in a 

stirred tank, both experimentally and theoretically. In their 

study, the researchers selected Two Lightnin A310 impellers 

with different diameters (tank diameter/2 and tank diameter/3), 

as well as a variable clearance. They conducted their 

experimental study using the particle image velocimetry 

method to determine the average velocities and turbulent 

fluctuating speeds. Additionally, in the theoretical study, they 

utilized the solution method of LES (large eddy simulations). 

The results of the researchers revealed differences in the 

suspension of solids based on the impeller diameters. 

Specifically, they found that the impeller diameter (tank 

diameter/3) is more efficient than (tank diameter/2) in the 

process of solid particles suspending in a liquid because it 

causes less energy loss due to turbulent energy dispersion. 

Ameur [41] explained numerically the effect of the impeller 

shape on the energy efficiency of the flow process of complex 

fluids inside a stirred tank, the researcher used four types of 

vanes (Max-blend, anchor, gate, and double helical ribbon 

impeller), as shown in Figure 9. Through his study, he 

demonstrated the best types of impeller used in terms of the 

actual performance of the mixing process. He concluded from 

his study that the use of the impeller (double helical ribbon) is 

effective in the mixing process, but it requires more energy 

consumption. Additionally, it was concluded that the use of 

the blade type (Max-blend) is effective in the process of 

mixing the complex liquids with less energy consumption. 

Martínez-Delgadillo et al. [39] explained experimentally 

and numerically the effect of changing the design of the blades 

of the turbine using different shapes (U and V grooved) on the 

process of turbulent flow and energy consumption inside a 

baffled stirred tank. In their study, the researchers used two 

types of blades (U and V grooved) and an angle (45o) and 

compared it with the regular blade and showed its effect on the 
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energy consumption process, average speeds, and production 

the kinetic energy and trailing vortices were solved 

theoretically by using the solution model (detached eddy 

simulation (DES) as well as the use of the solution method 

Particle image velocimetry to ensure the validity of the results 

experimental. The researchers concluded that the use of shapes 

(U andV) for the blades contributes to reducing the dissipated 

energy by (6% and 4%and) respectively when using the range 

of Reynolds numbers (40 E3 < Re < 125 E3) Compared to the 

regular blade. 

Gu el at. [40] Studied the effect of the mixing of a solid-

liquid in a stirred vessel using three types of impeller (pitched-

blade, Fractal impeller, jagged shape impeller) theoretically. 

In their theoretical study, they used model (k-ε) for turbulent 

flow, model (Eulerian-Eulerian) to simulate the multiphase 

flow and model (multiple reference frames (MRF)) to simulate 

the impeller rotation. Studying the effect of variables (impeller 

rotation speed, type of impeller, blade shape of the impeller). 

The results of the researchers showed the degree of mixing 

between liquid and solid increases with the rise in the impeller 

speed of rotational. They also proved the shape of the impeller 

with a fractal shape is more efficient than the impeller with a 

jagged shape in the mixing process. In addition, they found 

that the fractal-shaped impeller caused a lower impeller back 

vortex volume and lower energy consumption compared to 

other types with the same rotation speed. 

Ameur [41] Investigated numerically the influence of 

changing the impeller shape on the quality of the Mixing 

effectiveness in an agitated vessel containing a two-phase flow 

(gas-liquid). It used (CFD) to verify the effect of four different 

designs of blade angles (15o,30o,45o,60o) on the quality of the 

mixing efficiency. Method (Eulerian-Eulerian) was used to 

model the behavior of the multiphase flow and the method 

(𝑘−𝜀) to model the turbulence. Moreover, the method (CFD) 

was used to study the influence of the shape of the impeller on 

power consumption as well. The researcher concluded that the 

impeller with angle (30o) has the best mixing quality compared 

to the other angles, and it was also noted that the largest vortex 

in the tank at the angle (30o), showed its clear effect on the 

quality of mixing. 

Hoseini et al. [42] Studied numerically different designs of 

impellers (U- and V-shape) on the mixing performance inside 

a stirred tank. In their study, the energy consumption inside an 

agitation tank was examined using (Rushton turbine) 

experimentally to confirm the numerical results. They studied 

the relationship between fluid and steel using the analysis 

(Fluid-Structure Interaction (FSI)). They concluded from their 

study that the use of the different designs of the impellers (U- 

and V-shape) improve the power consumption and the flow 

pattern for the stirred tank, where they found in the case of the 

impellers ((U- and V-shape) that the power consumption ratio 

decreases by an amount (21% and 48%) respectively. 

Gu et al. [43] Demonstrated experimentally the effect of the 

liquid gas mixing process inside a stirred tank using fractal-

shaped blades and compared them with pitched blades. The 

aim of their research, through the use of fractal-shaped blades, 

is how to obtain the best adaptation for the liquid-gas mixing 

process. They measured the multiscale entropy value (MSE) 

to describe the mixing properties of the two phases and 

measured the relative energy demand to describe the amount 

of energy consumption, and the size of a bubble was calculated 

to describe the dispersion of gas efficiency. They showed that 

the use of the fractal impeller type can upgrade the process of 

(MSE) by (21.69%) and improve the amount of energy 

demand by (11.94%) more than using the pitched blades, the 

study also proved that the use of fractal impellers lowered the 

size of the bubbles as well as increased the mass transfer 

process by (11.07%). 

In Table 4 shown in appendix, we present a summary of 

previous studies on rotary mixers, reviewing the mathematical 

model, the solution methods used, the type of flow, as well as 

the shape of the impellers used. 

  

 

3. MATHEMATICAL MODELING  

 

The solution using computational fluid dynamic (CFD) of 

the mixing process inside agitation tanks requires 

consideration of several aspects. First, describe the domain to 

be studied. Secondly, simulate the movement of the impeller 

inside the tank and consider the condition of the tank whether 

it contains baffles or not. Among these equations that describe 

the movement of a fluid are the equations of transport and 

conservation. For example, if a small volume of liquid is in 

motion, it will be under two important influences: (1) the 

volume will move from its normal place or rotate, (2) It will 

deform due to expansion along one or more axes or due to 

angular expansion that changes its shape. The transition 

process is often called (convection) and the deformation 

process (diffusion). Below we will describe some equations 

that affect the movement and transport of fluid [44]. 

 

3.1 Continuity equation  

 

The form of continuity equation is: 

 
𝜕𝜌

𝜕𝑡
+ 𝛻. (𝜌𝑈) = 0 (7) 

 

3.2 Momentum equations  

 

The equations of momentum in the three directions (x, y, z). 

Also called Naiver-Stoke equations is [45]: 

 

x-direction: 

 

𝜕(𝜌𝑢)

𝜕𝑡
+ ∇. (𝜌𝑢𝑢) = −

𝜕𝑝

𝜕𝑥
+ ∇. 𝜇 (∇. 𝑢 −

2

3
(

𝜕𝑢

𝜕𝑥
)) + 𝜌𝑔𝑥

+ 𝐹𝑥 

(8) 

 

y-direction: 

 

𝜕(𝜌𝑣)

𝜕𝑡
+ ∇. (𝜌𝑣𝑢) = −

𝜕𝑝

𝜕𝑦
+ ∇. 𝜇 (∇. 𝑣 −

2

3
(

𝜕𝑣

𝜕𝑦
)) + 𝜌𝑔𝑦

+ 𝐹𝑦 

(9) 

 

z-direction: 

 

𝜕(𝜌𝑤)

𝜕𝑡
+ ∇. (𝜌𝑤𝑢) = −

𝜕𝑝

𝜕𝑦
+ ∇. 𝜇 (∇. 𝑤 −

2

3
(

𝜕𝑤

𝜕𝑧
))

+ 𝜌𝑔𝑧 + 𝐹𝑧 

(10) 

 

3.3 Turbulence 

 

A number of dimensionless parameters are used in fluid 

dynamics to classify different flow patterns and classify fluids. 

One of these dimensionless numbers is the Reynolds number. 
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Flow inside mixers, the impeller Reynolds number can be 

represented by the following relationship: 

 

𝑅𝑒 =
𝜌𝑁𝐷2

𝜇
   (11) 

 

The lower values of (Re) represent laminar flow, the higher 

value represents turbulent flow, and between them represents 

the transitional, which in the case of rotating mixers is between 

(50-5000) [35]. 

There are therefore several models that describe turbulent 

flow, including: 

The Reynolds averaged naiver stokes (RANS) equation is 

[35]: 

 
𝜕(𝜌𝑢)

𝜕𝑡
+ ∇. (𝜌𝑢𝑢) = −∇(p) + ∇. 𝜇 (∇. 𝑢 −

2

3
(∇. u)) +

𝜌𝑔 + 𝐹𝑖 + ∇. (−𝜌𝑢′𝑢′)   
(12) 

 

𝑢′𝑢′called the Reynolds stresses. 

k-𝜀: This model is a two equation and is one of the most 

powerful computational models used to calculate complex 

turbulent flows, and it is mathematically stable. The two 

equations are turbulence kinetic energy equation (k) and the 

turbulence dissipation rate equation (𝜀) [46]: 

 

𝜕(𝜌𝑘)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑢𝑘) = 𝑑𝑖𝑣 ((𝜇 +

𝜇𝑡

𝜎𝑘
) 𝑑𝑖𝑣(𝑘)) + 𝐺𝐾 − 𝜌𝜀 (13) 

 

𝜕(𝜌𝜀)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑢𝜀) = 𝑑𝑖𝑣 ((𝜇 +

𝜇𝑡

𝜎𝜀
) 𝑑𝑖𝑣(𝜀)) + 𝐶1

𝜀

𝑘
𝐺𝐾

− 𝐶2

𝜀2

𝑘
𝜌 

(14) 

 

The quantities C1, C2 are empirical constants µt is turbulence 

viscosity (kg/m.s), σε is the turbulent Prandtl number for ε, σk 

is turbulent Prandtl number for k.  𝐺𝐾 generation term for 

turbulence and can be represented by an equation: 

 

𝐺𝐾 = 𝜇𝑡(∇𝑢 + (∇𝑢)𝑇 ∇𝑢 (15) 
 

𝜇𝑡 = 𝜌𝐶𝜇
𝑘2

𝜀
   (16) 

 

where, 𝐶𝜇 = 0.09 constant from experimental data. 
 

 

4. CONCLUSIONS 

 

1- Through analysis of previous literature related to the 

power consumption process of stirred tank mixers, a complex 

interaction between factors was revealed, including impeller 

geometry, operating conditions, and fluid properties. 

Understanding and improving power consumption is crucial to 

achieving efficient mixing processes in industrial applications. 

It is important for future studies to focus on developing 

advanced computational models as well as using techniques in 

experimental studies to understand the complex dynamics of 

stirred mixers and work on designing more efficient systems 

in terms of energy consumption. Ultimately this contributes to 

a sustainable and cost-effective manufacturing process. 

2- From previous studies related to studying the mixing time 

in stirred tank mixers, we conclude that the fluids 

characteristics used and the impeller shape, affect the mixing 

time. Obtaining ideal mixing times is pivotal and important in 

many applications, especially the pharmaceutical industry and 

food industries, and other applications. Despite ongoing work 

to understand the complex dynamics, there is an urgent need 

to enhance mixing efficiency, reduce processing times, and 

improve product quality. Faster mixing times mean faster 

batch turnover, resulting in increased productivity. This is 

especially important in industries where production 

throughput is a critical factor. Improved mixing efficiency 

ensures better homogeneity and consistency of the final 

product. Overall, reducing mixing times and improving 

mixing efficiency in stirred tank mixers results in cost savings, 

improved product quality, and increased manufacturers' 

competitiveness in various industries. The future research 

should be focus on bridging the gap between theoretical and 

experimental study through the use of powerful solution 

models and modern techniques in experimental study, which 

ultimately pave the way for improvement in mixing times in 

diverse industrial environments. 

3- It is clear that impeller geometry is considered an 

important factor affecting the effectiveness of mixers for 

stirred tanks, as previous studies have shown the extent to 

which the energy consumption process and mixing times are 

greatly influenced by the impeller shape and Mixing 

effectiveness. Choosing the shape of the impeller is an 

important factor in many industries that use stirred tanks, the 

most important of which is the chemical industry. It is also 

necessary to comprehend the relationship between fluid 

dynamics and impeller geometry to obtain efficient and cost-

effective solutions. Improving the geometry of the impeller 

can improve energy efficiency by reducing energy 

consumption while maintaining efficient mixing. The shape of 

the impeller blades affects the fluid flow patterns within the 

tank. By changing the shape of the impeller, it is possible to 

manipulate the fluid flow to better suit the mixing 

requirements of the process. This can help prevent dead areas. 

It is recommended that future studies delve into studying the 

dynamics of mixers and produce impellers specifically 

designed for specific applications. Taking these designs into 

consideration, it is not possible to only consider changing the 

traditional parameters, as 3D printers can be used in the design. 

By using diversity in the design of impeller geometry, new 

levels can be opened in terms of efficiency, diversity, and 

accuracy in mixing operations, leading to progress in industrial 

processes. 
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NOMENCLATURE   
 

𝑁𝑃 Dimensionless power number 

𝑃 Power (W) 

𝜌 Fluid density (Kg/m3) 

N Impeller speed (Revolution per minute) 

U General velocity term [m/s] 

u x-velocity (m/s) 

v y-velocity (m/s) 

w z-velocity (m/s) 

C1, C2 Empirical constants 

GK Generation term 

D Impeller diameter (m) 

k Kinetic energy 

µt Turbulence viscosity (kg/m.s) 

σε The turbulent Prandtl number for ε 

σk Turbulent Prandtl number for k 

𝜏 The torque of the impeller shaft (N.m) 

𝐹 Force (N) 

𝑑𝑙 Arm length (m) 

NRe The impeller Reynolds number 

S Number of blades 

b The blade width (m) 

Re Reynolds number 

tm Mixing time (s) 
 

Abbreviations 
 

RPM Revolution per minute 

LES Large-eddy simulation 

DES Detached eddy simulation 

MRF Multiple reference frames 

CFD Commotional fluid dynamics 

FSI Fluid-structure interaction 

MSE Multi-scale entropy 

RANS Reynolds-averaged naiver-stokes 
 

Greek symbols 
 

∇ Laplace operator 

Δ Difference 

ε Dissipation rate 

μ Dynamic viscosity [m2/s] 

ρ Density [kg/m3] 
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