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This research paper presents a highly significant study on a new type of static 
mixer, using advanced numerical simulations to assess its mixing efficiency. The 
mixer's unique T-shaped design with a spherical mixing chamber and side en-
trances deviates from traditional designs, resulting in smooth fluid-flow and re-
duced risk of blockages. The mixer employs hydrodynamic pumps to create a vor-
tex, enhancing mixing. Numerical simulations reveal detailed insights into flow 
behavior and mixing performance, demonstrating an impressive 94% mixing effi-
ciency within a 2 cm diameter sphere. The innovative design and technique offer 
practical solutions to industrial mixing problems, benefiting the chemical, phar-
maceutical, and related industries. The high mixing efficiency leads to cost sav-
ings and improved product quality, while achieving the highest mixing index at 
Re = 650 sets a new milestone in static mixing. These findings contribute to ap-
plied mechanics and optimize industrial mixing processes. 

Key words: compact static mixers, spherical mixing chamber, vortex generators, 
hydrodynamic pumps, mixing efficiency, 3-D simulation 

Introduction 

Manufacturing industries have adopted static mixers, referred to as motionless mix-

ers. Despite this, new concepts and applications are being developed. In single-pass or recy-

cling cylinders, statistical mixers are used to supplement or even replace conventional agita-

tors. Since they can be used in continuous processes at a lower cost, they can provide compa-

rable and better results than traditional agitation. Because they do not have movable parts, 
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fixed mixers use less energy and require less maintenance. They provide a more controllable 

and evolvable dilution rate in lot-fed systems and may allow for the homogenization of nutri-

ent fluxes within a short residence time. Static mixers were not commonly used in transfor-

mation processes until the 1970’s. However, the patent dates much earlier [1]. A patent from 

1874 describes a stationary mono-element gas-air mixer. 

Manufacturers of static mixers provide various mixing processes, including laminar 

and turbulent ones. The laminar flux mixture is founded on flux fractionation and recombina-

tion. In the case of turbulence, the components produce more turbulence than the identical flat 

tube. Mixtures have been employed in processes requiring mixing, reaction, dispersion, heat 

transmission, and mass transfer. Hobbs and Muzzio [2] investigated Kenic's static mixer and 

analyzed it digitally using Lagrangian methods. In a related study, Yoo et al. [3] explored the 

effectiveness of passive mixing methods and introduced the HVW micro-mixer, which com-

bines vertical and horizontal flows to enhance mixing efficiency. The turbulent flow model and 

the mixing characteristics of a high-performance vortex mixer (HEV TM) have been studied 

using numerical fluid dynamics simulations [4]. In their research, Kim et al. [5] investigated a 

novel micromixer that employs a quasi-active rotor designed specifically for micro-installation 

applications. In their study, Viktorov et al. [6] explored a new passive micromixer design 

based on the split and recombine (SAR) principle. Yang et al. [7] introduce a novel micro-

mixer, which is a reactor that utilizes spatially distributed micro-jet networks to enhance mix-

ing efficiency. A 3-D helical microchannel was assembled with a double 'C' form to enhance 

the fluid mixture negatively by adopting anarchic austerity features [8], with a Reynolds num-

ber ranging from 6 to 70. An SMX-type static mixer section was altered to alter mixing behav-

ior [9]. The KM static mixers have been evaluated using laser-induced planar fluorescence for 

mixing non-Newtonian, Newtonian, and time-independent fluids [10]. In their study, Fradette 

et al. [11] employed a Sulzer SMX mixer to disperse gas in various types of fluids, including 

viscous, Newtonian, and non-Newtonian fluids. Experiments were conducted under laminar 

flow conditions, using a xanthan gum solution as the test fluid, as reported by Jegatheeswaran 

et al. [12]. Numerical investigations were conducted to explore the features of the combination 

of evaporation and charge loss in marine catalytic reduction applications. To this end, two 

mixers, one of which is a line mixer while the other is a swirling mixer, were suggested [13]. 

Zidouni et al. [14] employed the Euler-Euler method to simulate the solar liquid gas model in a 

constant-speed helicoidal mixer. A positron emission particle tracking and magnetic resonance 

imaging analysis of laminar mixtures were performed in an SMX static mixer [15]. Edwards et 

al. [16] studied the behavior of single-phase liquids in mechanically agitated containers. This 

study only provides a limited number of examples to demonstrate how static mixing units have 

become essential in continuous processes that prioritize economics and ecology [17]. A model 

was developed to predict the concentration response of a solvent extraction column with multi-

ple mixers to changes in the inlet stream concentration [18]. Hamouda [19] demonstrates the 

significance of fluid mechanics, which students at higher institutions of technical education 

should understand. A study was conducted to compare the performance of a tubular crystallizer 

with gaps between Kenics-like mixing components to that of a conventional Kenics static mix-

er in the crystallization of lysozyme from a solution [20].  

The objective of this paper is to evaluate the efficacy of a new tiny static mixer, 

which has been designed and built from scratch. The mixer features a T-shaped design with a 

spherical cavity, two opposing side entrances, and an exit normal to the plane of the inlet, 

without any internal components. Unlike previous studies, this design has not been previously 

explored for fluid mixing. To assess the mixer efficiency, various criteria such as pressure 
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drop and coefficient of variation were used to evaluate the quality of the mixture. The key el-

ement in this process is the generated vortex, which facilitates the mixer maintenance and 

does all the work. By studying the fluid mixing using this design, we aim to provide insights 

into the potential applications of this mixer in various industries, such as chemical and phar-

maceuticals. Our findings can lead to the development of more efficient and cost-effective 

mixing technologies.  

Simulation and design 

The passive mixer being studied in this 

experiment is a 3-D sphere with a diameter of  

2 cm, as shown in fig. 1. This same sphere is 

connected to two cylindrical entrances of 

0.5 cm diameter, while the outlet is a cylindri-

cal cylinder of 0.7075 cm in diameter oriented 

normally to the two cylindrical surfaces, as il-

lustrated in fig. 2. 

The overall 3-D model of the mixer is 

shown in fig. 3. The spherical shape of the mix-

er facilitates the generation of a vortex, which 

enhances the mixing of fluids. The two cylindrical entrances serve as inlet points for the fluid 

to enter the mixer, while the outlet enables the mixed fluid to exit the system.  

 

Figure 2. The T-Shape static mixer dimension 

This simple yet effective design provides an 

innovative solution for various applications in chem-

ical and pharmaceutical industries. By studying the 

behavior of the passive mixer and its flow character-

istics, we aim to gain a deeper understanding of the 

mixing process and its potential applications in in-

dustry. Our findings can lead to the development of 

more efficient and cost-effective mixing technolo-

gies, ultimately benefiting society and the environ-

ment. 

 

Figure 1. Mixing process 

 

Figure 3. The 3-D view of the static mixer 
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In terms of boundary conditions, velocity inputs, uin, were specified as the inputs, 

while the outlet static gauge pressure was defined as zero (p = 0). The wall was set as a fixed 

wall without sliding conditions. The simulation was conducted multiple times, with the en-

trance rate into the laminar flow regime being altered by varying the Reynolds number, which 

was set to 100, 500, 1000, 1500, 2000, and 2500. The lateral input concentrations were 0 and 

1, respectively. Table 1 provides a detailed overview of the key characteristics of the mixer, 

as well as the relevant fluid properties and boundary conditions. 

Table 1. Mixer characteristics, fluid properties and boundary conditions 

Name Expression/value Unit Description 

ρ 998 [kgm–3] Density 

μ 0.001 [Pa·s] Dynamic viscosity 

Dh 2 [cm] Sphere diameter 

Dh,out 0.7075 [cm] Outlet diameter 

Dh,in 0.5 [cm] Inlet diameter 

vin Reμ/Dh,in/ ρ [ms–1] Inlet velocity 

Re 100-2500 1 Reynolds number 

L 0.31466 [cm] Exit tube length 

qin (ρvinpiDh,in)2/4 [kgs–1] Mass flow rate 

GQpump 2qin [kgs–1] Global flow rate 

R Dh/2 [cm] Tube radius 

Rin Dh,in/2 [cm] Inlet tube radius 

Qpump qin/ρdp [W] Pumping power 

dp Average inlet, p [Pa] Pressure loss 

 

It should be emphasized that the following analysis assumes that the fluid-flows are 

miscible, laminar, and incompressible with homogenous characteristics and minimal gravity 

and temperature change effects in the computing area. As the literature describes, diffusion 

has complete control over the mixing method. The process of distributing substances from a 

high concentration to a low concentration via Brownian motion, which leads to the gradual 

mixing of the components, is known as diffusion. The Navier-Stokes and convection-

diffusion equations have been utilized to solve for Newtonian and incompressible fluids. The 

governing equations are as follows, while disregarding the body force and gravity: 

 0U   (1) 

 2 U U P U       (2) 

 2 U c D c    (3) 

In cylindrical coordinates (r, θ, z) under steady-state conditions, the aforementioned 

equations yield the following expressions. 
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Continuity equations in cylindrical coordinates (r, θ, z):  
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z – component: 
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Mass transfer equation in cylindrical co-ordinates: 
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Let q be the mass flow rate: 

 
2

–1hπ
[kgs ]

4

v D
q


  (9) 

The fluid density is represented by ρ, Dh is the hydraulic diameter, and the inlet ve-

locity is denoted by v, as shown below: 

 –1

h

Re
[ms ]v

D




  (10) 

The pumping power is: 

 pump

q
Q p W


   (11) 

where Δp is the pressure drop. The coefficient of variation, CoV, is:  

  CoV
C


  (12) 
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One can determine the mean concentration value from the examination of the sam-

ple using: 

 
1

N

N

i

C C
N

   (13) 

where Ci is the punctual concentration of pixels, C  – the average concentration, and N – the 

number of sampling points. The standard deviation of a large data set is given by: 
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The value of the coefficient of variation, in general, is given by: 

 

21
( )

 

N

i

i

C C
N

CoV
C






 (15) 

The mixing index can be expressed:  

 1MI CoV   (16) 
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For this, we prefer to define the index of the mixture by equation: 
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where σ is the standard deviation at channel outlet and σmax – the maximum standard deviation 

at the channel input where the mixing is not yet performed. Another way to calculate the mix-

ing efficiency is by: 
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The mixing indexes were calculated based on: 
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where C0 represents the unmixed pixel concentration in the unmixed section, H – the width of 

the section, while C∞ refers to the total mixed concentration. 

Results and discussions  

The flow fields are highlighted in this section for various inlet velocities. The Reyn-

olds number was changed from 100 to 2500. The 3-D streamlines are plotted in fig. 4 for  

Re = 100, 2000, and 2500, respectively. As clearly observed, the spherical shape of the static 

mixer and the position of inlets and outlets generate tangential flows. The flow intensity tends 

to increase rapidly with the rise of Reynolds number.  

The streamlines are also presented across a vertical plane, fig. 5, to explain further 

the flow structures generated in the chamber. At a low Reynolds number (of 100), two recir-

culation loops are formed in the upper and lower part of the sphere. However, four recircula-

tion loops are generated with increased Reynolds number (at Re = 1000).  

  

Figure 4. Streamlines for different inlet velocities; 
(a) Re = 100, (b) Re = 2000, and (c) Re = 2500  

 

Figure 5. Distribution of the flow fields on the 
vertical plane; (a) Re = 100, (b) Re = 2000, and 

(c) Re = 2500 

These toroidal vortices result from the wall effect, which intensifies the tangential 

motion of the fluid. At a low Reynolds number, the motionless mixers divide and redistribute 

the flows sequentially by utilizing only the fluid flow energy.  

 

Figure 6. Velocity along; (a) X- and (b) Z-axes  

Further details on the particle velocity are provided in fig. 6, where the velocity 

curves are plotted at various locations in the sphere. The concentration fields are illustrated in 

this section for various inlet velocities, fig. 7. When the Reynolds number is low (Re = 100), 

there is not enough agitation at the mixer center, where two cores of the fluid with different 

concentrations are located. However, the sufficient increaser of Reynolds number yields in-

tensified interaction between the fluid particle, which generates a homogenous area at the cen-

ter and near the mixer outlet. We note that in the deep laminar conditions, the mixing is 

achieved only by molecular diffusion, and no convective mixing is conducted. 
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For further explanation of the mixing mechanism, the streamlines are plotted with the 

concentration fields in fig. 8, and the concentration curves are given in fig. 9 for different posi-

tions in the chamber. The prototypical design of the suggested mixer allows a fluid redistribu-

tion in the tangential and radial directions, which are transverse directions to the main flow.  

  

Figure 7. Distribution of the concentration;  
(a) Re = 100 and (b) Re = 2000 

 

Figure 8. Concentration along streamlines;  
(a) Re = 100, (b) Re = 2000  

 

The efficiency of this redistribution depends on the aspect ratio of the sphere diame-

ter to the inlet diameter and the velocity inlet. The efficiency of the studied mixer remains in 

its ability to induce combined radial and tangential motions of fluid particles to bring the fluid 

particles into proximity, resulting thus in a fast diffusion.  

 

 

Figure 9. Concentration along  
(a) X-axes, (b) Y-axes, and (c) Z-axes  

 

It is unnecessary to have a high-pressure drop in pipelines since the high pumping 

power ensures fluid-flow. It should be as low as possible to reduce wasted power during pro-

cesses. An optimized level of homogeneity of mixing fluids can be achieved by selecting ap-

propriate static mixers with the lowest pressure loss. In fig. 10, the variations of pressure drop in 
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the static mixer are shown for different values of Reynolds numbers (Reynold number varies 

from 100-2500).  

As a result of these newly developed approaches, the pressure drop is lower than in 

existing static mixers. Thus, the new configuration of these static mixers is suitable for indus-

tries that need a simple, robust design. Additional results on the pressure distribution inside 

the T-mixer are provided in figs. 11 and 12 for different flow conditions and various locations 

in the mixer.  

  

Figure 10. Pressure drop across the mixer Figure 11. Pressure drop; (a) Re = 100, (b) Re = 2000, 

and (c) Re = 2500  

The motionless mixers are utilized in multiple applications, including liquid, gas, 

liquid, solid, and solid-solid systems. As reported by many researchers, static mixers are 

known for their typically low energy requirements and limited maintenance inquiries due to 

the absence of moving elements. They offer satisfactory homogenization rates of fluids with a 

minimum residence time.  

 

Figure 12. Pressure along  

(a) X-axes, (b) Y-axes, and (c) Z-axes  
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The studied static mixer ensures fluid homogenization by redistributing the fluid 

particles in the combined tangential and radial directions. The mixing at low levels of Reyn-

olds numbers in undisturbed laminar conditions revealed clear spatial inhomogeneities in 

composition. 

As confirmed by the results of the mixing index provided in fig. 13, the mixing lev-

els increase accordingly to the rise of Reynolds number. However, the mixing index achieves 

its maximum at Re = 650. From Re = 750, no further enhancement of the mixing level was 

obtained, but only increased power pumping, fig. 14. 

 

Figure 13. Mixing index Figure 14. Pumping power 

Conclusions  

The performances and characteristics of a T-mixer were numerically explored. Two 

fluid concentrations were utilized at the inlet sections of the mixer. Flow fields, concentration 

fields, pressure drop, mixing index, and pumping power were determined as the main physical 

parameters allowing a sufficient understanding of the mixing mechanism. 

 The results revealed a continuous increase in the pressure drop and pumping power with 

the augmented Reynolds number. 

 In the deep laminar flow regime, two spatial inhomogeneities were observed. 

 The highest mixing index of 0.94 reached Re = 650 and remained constant until  

Re = 750. However, a slight decrease in the mixing index was observed for Re > 750. 

 From these findings, the best operating condition for the suggested geometrical configu-

ration is Re, varying within 650-750. 

For future studies, it is recommended to conduct further investigations to explore the 

effect of various parameters on the optimal design of the T-mixer. Specifically, the aspect ra-

tio (inlet diameter to sphere diameter) should be studied to determine its impact on the mixing 

efficiency. The position of the inlet and outlet sections should also be analyzed to optimize 

their placement for maximum mixing performance. Additionally, the impact of fluid proper-

ties, such as viscosity and density, should be investigated to understand how they affect the 

mixing mechanism. 
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