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ABSTRACT   

The fluids inside passive micromixers are laminar in nature and mixing depends primarily on diffusion. Hence mixing efficiency 

is generally low, and requires a long channel length and longtime compare to active mixers. Various designs of complex channel 

structures with/without obstacles and three-dimensional geometries have been investigated in the past to obtain an efficient mixing in 

passive mixers. This work presents a design of a modified T mixer. To enhance the mixing performance, circular and hexagonal 

obstacles are introduced inside the modified T mixer. Numerical investigation on mixing and flow characteristics in microchannels is 

carried out using the computational fluid dynamics (CFD) software ANSYS 15. Mixing in the channels has been analyzed by using 

Navier–Stokes equations with water-water for a wide range of the Reynolds numbers from 1 to 500. The results show that the modified 

T mixer with circular obstacles has far better mixing performance than the modified T mixer without obstacles. The reason is that fluids' 

path length becomes longer due to the presence of obstacles which gives fluids more time to diffuse. For all cases, the modified T mixer 

with circular obstacle yields the best mixing efficiency (more than 60%) at all examined Reynolds numbers. It is also clear that 

efficiency increase with axial length. Efficiency can be simply improved by adding extra mixing units to provide adequate mixing. The 

value of the pressure drop is the lowest for the modified T mixer because there is no obstacle inside the channel. Modified T mixer and 

modified T mixer with circular obstacle have the lowest and highest mixing cost, respectively. Therefore, the current design of modified 

T with circular obstacles can act as an effective and simple passive mixing device for various micromixing applications. 
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1 Introduction   

Mixing different ingredients is a common scenario of 

everyday life but achieve good or homogeneous mixing is not 

always easy. Micro-devices and micro-mixers serve the purpose 

to achieve excellent mixing in micro-scale [1]. The application 

of micro-devices is increasing every day in various chemical 

processes and synthesis [2], particle synthesis, [3] biomedical 

and biochemical analysis [4], dynamic cell separation [5], Bio 

Micro-Electro-Mechanical Systems (BioMEMS), and micro-

total analysis systems [6]. Micromixers possess a high surface-

to-volume ratio due to their small linear dimensions, a 

characteristic from which derives most of their advantages over 

conventional-size chemical processes equipment [7]. In the 

micro-scale, the flow is mostly laminar at a low Reynolds 

number and the mixing entirely depends on the molecular 

diffusion [8]. Hence long length and a long time are required to 

yield good mixing [9]. Microdevices offer many advantages over 

traditional equipment such as process safety, low cost to 

manufacture, better process control, simpler process 

optimization, rapid design implementation, and easier scale-up 

through numbering up [7], [10]-[12]. Another major advantage 

of micromixers is the consumption of significantly less amount 

of sample and reagent than other known experimental platforms 

due to its small dimension [13]-[14]. 

Micromixers are generally divided into two categories, 

active and passive [15]-[16]. Passive mixers have no active 

components but use the long channel length and specific 

geometric configuration to increase the interfacial area between 

fluids for higher mixing [12]. On contrary, active mixers use 

active elements to achieve mixing such as acoustic/ultrasonic, 

dielectrophoretic, electrokinetic time-pulse, pressure 

perturbation, electro-hydrodynamic, magnetic or thermal 

techniques to enhance the mixing performance [17]. Though 

active mixer is more compact and offers higher efficiency [18], 

passive mixers are economical, convenient, and can easily be 

incorporated into LOC systems, and protect sensitive bio- 

regents [19]. 

The earliest and the simplest passive mixers are T shape and 

Y shape micromixers. The detailed evaluation and working 

principle of passive mixer including T-shaped micromixers have 

been investigated extensively in recent years [19]-[24]. Many 

authors investigate the flow regime, the influence of secondary 

flow, vortex flow, and mixing performance of T mixers 

numerically or/and experimentally [2], [11], [25]-[27]. Simple T 

mixer has low efficiency due to its laminar flow and absence of 

chaotic advection at low Reynolds number. As a result, good 

mixing requires long channel length and longtime [28]. To 

negate this disadvantage, obstacles or grooves are introduced 

inside the mixers to introduce chaotic advection. Many T mixers 

have been investigated [12], [29]-[33] which provide an 

improved mixing quality but incurred a considerably large 

pressure drop due to the presence of obstacles. Therefore, it is 

still a challenge to design and optimize T-shaped micromixers 

with obstacles to achieve higher mixing efficiency with lower 

mixing costs. 

In this present work, a simple T mixer and a modified T 

mixer are presented. The purpose of the work is to improve the 

efficiency of the modified T mixer by introducing 3D obstacles. 

Circular-shaped and hexagonal-shaped obstacles are introduced 

inside the modified T mixers to enhance the mixing performance. 

https://doi.org/10.38032/jea.2021.02.004
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Numerical simulation is performed using ANSYS Fluent 15 over 

a wide range of Reynolds numbers from 1 to 500. The numerical 

data for a simple T mixer is compared with published work to 

validate the numerical work. Finally, the overall comparative 

analysis is performed to propose the best-performing mixer. 

2 Design of Device 

A simple T shape mixer generally has two inlets and one 

outlet. The geometry of a simple T mixer investigated by Gianni 

Orsi et al. [34] is presented in Fig. 1. The inlet channels present 

a square cross-section, i.e., 𝑊𝑖 = 𝐻 = 0.1 𝑚𝑚, whereas the 

outflow channel has an aspect ratio 2:1, i.e., 𝑊𝑜 = 2𝐻 =

0.2 𝑚𝑚. A modified T shape mixer was designed with same 

inlets and outlet configuration (Fig. 1). The mixing length is kept 

constant for both mixers, 𝐿 = 80𝐻 = 8 𝑚𝑚. 

To improve the mixing performance, two different types of 

3D obstacles namely, circular and hexagonal shapes are placed 

inside the modified T mixer. The proposed modified T mixer 

consists of 8 identical elements, each element is 1 𝑚𝑚 long; the 

minimum and maximum width is 0.1 𝑚𝑚 and 0.2 𝑚𝑚, 

respectively. Fig. 2 shows the dimension and location of different 

obstacles inside of an element, as an example of the proposed 

modified T mixer.  

 

 

(a)        (b) 

Fig. 1 (a) Simple T mixer and (b) modified T mixer with dimension 

 

Fig. 2 A single element of modified T, modified T with circular obstacle and modified T with hexagonal mixer
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3 Simulation Setup and Numerical Methodology 

A commercial software ANSYS Fluent 15 is used for 

numerical simulation purpose. The fluids are considered as 

Newtonian, steady, incompressible, and the flow field solves 

using continuity, Navier-Stokes, and advection-diffusion 

equations as given below [12], [35]-[36]: 

 

𝛻 ∙ 𝑉 = 0   (1) 

𝜌𝑉 𝛻 ∙ 𝑉 = −𝛻𝑃 + 𝜇 𝛻2𝑉 (2) 

𝐽𝑉 ∙ 𝛻𝐶 = 𝐷𝛻2𝐶 (3) 

Where 𝑉, ρ, 𝑃, 𝜇, 𝐶, and 𝐷 are the fluid velocity, fluid 

density, fluid pressure, fluid viscosity, fluid molar concentration, 

and diffusivity, respectively. 

Numerical simulation is performed considering no-slip 

velocity condition at all walls, uniform concentration, and two 

inlets are set to velocity inlet and one outlet is set to pressure 

outlet with zero (0) gauge pressure [37]. The two inlet fluids are 

considered to have the same properties as water at 20°C with 

density 𝜌 = 998.2 𝐾𝑔/𝑚3, dynamics viscosity 𝜇 = 0.001 𝑃𝑎𝑠 

and diffusivity 𝐷 = 1 × 10−9 𝑚2/𝑠 [1], [4]. The fluid 

concentration at the two inlets is set to 1 and 0, respectively. The 

SIMPLEC algorithm is used to couple the velocity and pressure 

fields [10]. Numerical simulation always affects by artificial 

diffusive flux and it is impossible to rid of the numerical error 

completely. But these errors can be reduced by applying a 

higher-order solving scheme and decreasing mesh size. Hence, 

second-order upwind scheme have been used for solving the 

governing equations [38]. The convergence criterion was set 1 ×
10−6 for all parameters. 

The Reynolds numbers (𝑅𝑒) are calculated using the 

following equation using hydraulic diameter (𝑑) [34]. 

 

𝑅𝑒 =
𝜌𝑉𝑑

𝜇
 (4) 

𝑑 =
2𝑊𝐻

𝑊 + 𝐻
 

(5) 

 

Where W and H are the mixing channel width and height, 

respectively. The mixing index is calculated by using the 

following equations [39]-[40].  

𝜎 = √
1

𝑁
∑(𝐶𝑖 − 𝐶𝑎𝑣)2

𝑁

𝑖−1

 (6) 

𝜂 = 1 − √
𝜎2

𝜎2
𝑚𝑎𝑥

 

(7) 

Where, 𝐶𝑖, 𝐶𝑎𝑣 , 𝜎 and 𝜎𝑚𝑎𝑥  are the concentration at the ith 

node, average concentration, standard deviation, and maximum 

standard deviation which is 0.5, respectively. The mixing 

efficiency is denoted by 𝜂 which ranged from 0 to 1. Complete 

mixing is equivalent to 1 and non-mixing is equivalent to 0.  

To have a comprehensive comparative performance of the 

mixers, mixing cost (𝑀𝐶) which is the ratio of efficiency to 

pressure-drop is computed by following equation [19], [41]: 

 

𝑀𝐶 =
𝜂

∆𝑃
 (8) 

 

where 𝑀𝐶, ∆𝑃 and 𝜂 denote the mixing cost in 1/𝑃𝑎, the 

pressure drop in 𝑃𝑎, and the mixing efficiency, respectively. 

3.1 Meshing 

Uniform hexahedral mesh was created by applying the 

sweep method in the Fluent platform. Fig. 3 shows the grid 

system of the modified T mixer and modified T mixer with 

circular obstacles, as an example. 

The grid independence study was performed for various 

nodes for all mixers. Fig. 4 shows the grid dependency test of 

modified T mixer with circular obstacle for six different number 

of nodes from 3.45 × 105 to 9.31 × 105. The mixing index was 

calculated at the outlet at 𝑅𝑒 = 50. It is clear that mixing index 

decreases considerably with the increase of members of nodes, 

as expected. However, the variation is very small, about 0.98 % 

in mixing index between 7.11 × 105 to 9.31 × 105 nodes. 

Hence 7.11 × 105 nodes are used for further analysis of 

modified T mixer which will cost-effectively provide acceptable 

numerical data. Similarly, analyses were performed, and 4.9 ×
105, 5.21 × 105, 6.61 × 105 grid cells were chosen for simple 

T mixer, modified T mixer, and modified T mixer with 

hexagonal obstacles, respectively.  

 

(a)        (b) 

Fig. 3 Uniform hexagonal grid systems inside the (a) modified T and (b) modified T with circular obstacles mixers

 

 



M. R. Mahmud /JEA Vol. 02(02) 2021, pp 87-94 

90 

 

 

Fig. 4 Dependency of mixing efficiency at the outlet of 

modified T mixer with circular obstacles at 𝑅𝑒 = 50 

 

Fig. 5 Comparison of mixing efficiency at a distance of 0.5 mm 

(𝐿 = 0.5 𝑚𝑚) of a simple T mixer 

4 Results and Discussion 

Since this work involves numerical simulation, qualitative 

validation of the CFD model was performed by comparing 

published data. For this purpose, a simple T mixer is constructed 

keeping the geometrical configuration exactly the same as the 

published work by Gianni Orsi et al. [36]. The mixing efficiency 

of a simple T mixer is compared with the published data [36] for 

water-water mixing and is demonstrated in Fig. 5. The data 

shows a similar trend and the similarity between them is in an 

acceptable range because it is quite difficult to replicate exact 

simulation results due to lack of detailed information. Hence it 

can be safely assumed that the simulation model is acceptable for 

the purpose of this work. 

Now the comparison between a simple T mixer and the 

modified T mixer is present in Fig. 6. The mixing efficiency is 

calculated at the outlet for both mixers (𝐿 = 8 𝑚𝑚). The 

efficiency is relatively low for both mixers, less than 30%, but 

the modified T mixer shows three times higher efficiency 

compare to the simple T mixer. Hence modified T mixer is 

chosen for further analysis with different shaped obstacles. 

 

Fig. 6 Mixing efficiency at the outlet (𝐿 = 8.5 𝑚𝑚) of a simple 

T and the modified T mixer 

 

Fig. 7 Mixing efficiency at the outlet of modified T mixers 

 To improve the mixing performance, circular-shaped and 

hexagonal-shaped obstacles are places inside the modified T 

mixer. Fig. 7 presents the progress of mixing at different 

Reynolds numbers inside the modified T mixer with circular 

obstacles and modified T mixer with hexagonal obstacles. The 

efficiency is computed at the outlet of all mixers on the XY plane 

for 1 ≤ 𝑅𝑒 ≤ 500. All mixers have good mixing efficiency, 

(more than 70%) at low Reynolds numbers (𝑅𝑒 ≤ 1). It is also 

found that mixing efficiency of three mixers subsequently 

decreases with the increase of Reynolds numbers. T mixer with 

circular obstacle shows the highest efficiency (𝜂 > 60%) 

throughout the Reynolds numbers range compare to the other 

two mixers. At low Reynolds numbers (𝑅𝑒 ≤ 1) fluids have 

more time to mix inside the mixer channel, hence all mixers show 

good efficiency. At high Reynolds numbers (𝑅𝑒 ≥ 10), mixing 

time decrease and as a consequence efficiency decreases as well. 

The fluids concentration inside the three mixers at 𝑅𝑒 = 1 and 

𝑅𝑒 = 100 are presented in the Fig. 8. It is clear that fluids 

homogeneity decreases at higher Reynolds numbers (𝑅𝑒 =
100) which indicate efficiency will be higher at low Reynolds 

number (𝑅𝑒 = 1) for all three mixers, as confirmed in Fig. 7. 



M. R. Mahmud /JEA Vol. 02(02) 2021, pp 87-94 

91 

 

The distributions of the mass fraction of liquid 1 (water) 

along the horizontal mid-line, i.e. x = 8 mm, y = 0, z = 0.05 mm 

at the outlet of the four micromixers as shown in Fig. 9. A 

constant value of the mass fraction equal to 0.5 represents ideal 

mixing. The distributions of the mass fraction of liquid 1 for the 

modified T mixer with hexagonal and circular obstacles are close 

to the ideal distribution, at the minimum and maximum Reynolds 

number compare to the modified T mixer.  

The lowest mass fraction values correspond to the modified 

T mixer with circular obstacle exhibiting the highest mixing 

efficiency among the investigated micromixers corresponds to 

Fig. 7. The change in mass fraction of liquid 1 becomes steeper 

as the Reynolds number increases for all mixers. This implies a 

lower mixing performance at higher Reynolds numbers. 

The fluids streamlines presented in Fig. 10 show flow 

patterns of the three micromixers at 𝑅𝑒 = 100. In case of 

modified T mixers, the streamlines were parallel and smooth, but 

streamlines become rough inside the rest two mixers. The two 

modified T micromixers with obstructions show the split-and-

recombination streamlines, which increase the path length of the 

fluids and responsible for good mixing compared to the modified 

T mixer.  

 

Fig. 8 Concentration of mass fraction of liquids along the channel length of modified T mixer 

 

Fig. 9 Distributaries of mass fraction of liquid 1 along the horizontal mid-line (z = 0.05 mm) at the outlet of modified T mixers at (a) 

𝑅𝑒 = 1 and (b) 𝑅𝑒 = 10 

(a) (b) 
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Fig. 10 Fluids streamline inside the modified T mixers at 𝑅𝑒 = 100 

     

Fig. 11 Mixing efficiency along the length of modified T mixers at (a) 𝑅𝑒 = 1 and (b) 𝑅𝑒 = 10

Mixing efficiency is calculated at several cross-sections 

along the three micromixer channels at different Reynolds 

numbers. The efficiency along the axial length at 𝑅𝑒 = 1 and 

𝑅𝑒 = 100 is presented in Fig. 11. The highest mixing indices 

correspond to the T mixer with circular obstacles. Modified T 

mixer shows the lowest efficiency among the three mixers 

because of the absence of obstacles. Efficiency increases with the 

increase of channel length due to a longer mixing time for 

diffusion.  

Efficiency also decreases at a higher Reynolds number, 

which corresponds to Fig. 7. The two new micromixer designs, 

modified T and modified T with hexagonal obstacles have 

mixing indices of 60% and 77% respectively, at the outlet for 

𝑅𝑒 = 1. Whereas, the efficiency is 82% in the case of the 

modified T mixer with circular obstacles. At 𝑅𝑒 = 10, efficiency 

decrease to 28%, 53%, and 63% at the outlet of modified T, 

modified T with hexagonal obstacles, and modified T with 

circular obstacles, respectively. 

The pressure-drop variation as a function of Reynolds 

numbers for micromixers is shown in Fig. 12. The energy 

required to drive the fluid from the inlet to the outlet depends on 

the pressure drop which in turn increases with an increase in 

Reynolds numbers and vice versa. The lowest pressure drop is 

observed for the modified T mixer due to the absence of 

obstacles. Whereas, modified T mixer with circular obstacles 

shows the highest pressure drop. To have better overall mixing 

performance, a parameter named, mixing cost is computed. The 

best design of a micromixer can be determined by computing the 

(a) (b) 
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mixing cost for three micromixers. The computed mixing cost 

for three mixers at 𝑅𝑒 = 1 and 𝑅𝑒 = 100 is present in Fig. 13. 

The mixing cost of the modified T mixer with circular obstacles 

is the lowest one compare to the studied three mixers. Modified 

T mixer with circular obstacles, has the highest efficiency and 

lowest mixing cost, indicates the best performing mixers among 

three micromixers. 

 

Fig. 12: Pressure-drop at the outlet of modified T mixers 

 

 

Fig. 13: Mixing cost of modified T mixers at (a) Re=1 and (b) 

Re=100 

5 Conclusion 

T mixer is one of the earliest and simplest passive 

micromixer designs. It is easy to construct and apply in various 

applications but it has the limitation of poor mixing except at 

very low Reynolds numbers (𝑅𝑒 < 1). Many T mixers 

incorporate 2D and 3D dimensional baffles or obstacles to 

overcome these limitations. However, pressure drop always 

increases due to the presence of obstacles. In the present study, a 

simple T and a modified T mixer are designed and analyzed for 

a wide range of Reynolds numbers by ANSYS Fluent 15. The 

numerical data yield from the simple T mixer is compared with 

published results to justify the present numerical work. A small 

improvement in mixing performance over the Reynolds numbers 

ranging from 1 to 500 is obtained by the modified T mixer over 

a simple T mixer. Two kinds of obstacles, namely circular and 

hexagonal are introduced in the modified T mixers to observe the 

further increase in mixing performance. The modified T mixer 

with circular obstacles and modified T mixer with hexagonal 

obstacles have shown considerable improvement in mixing, but 

both designs have no notable effect to improve the secondary 

flow. However, the path lengths of fluids increase inside the 

modified T mixers with obstacles which in turn give fluids more 

time to mix, and as a consequence efficiency increases at 

Reynolds numbers at the mid and high range of Reynolds 

numbers (10 ≤ 𝑅𝑒 ≤ 500). Modified T mixer with circular 

obstacles shows 60% more efficiency compare to a simple T 

mixer irrespective of Reynolds numbers. Mixing cost is also 

computed, which allows for a comparison of the performance of 

all presented micromixers. Though the modified T mixer with 

circular obstacles provides the highest pressure drop, it also has 

the highest efficiency and lowest mixing cost at all examined 

Reynolds numbers (1 ≤ 𝑅𝑒 ≤ 500). 
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