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ABSTRACT: The numerical study in this paper investigates the effect of inlet and outlet areas  

of micromixer channels on fluid flow behavior and mass transfer performance. The ratio of the outlet  

to the junction area is varied from 0.6−2 while the ratio of the inlet to junction area is from 0.6−1.4.  

The flow patterns obtained for various mixers indicate that vortices or recirculation zones are created 

as the two fluids turn and enter the outlet channel. The formation of recirculation regions results  

in enhanced mixing rates. The micromixers are evaluated in terms of mixing quality, pressure drop, 

and mixing effectiveness parameters. The mixing quality increases up to 10 times when the outlet area 

ratio increases from 0.6 to 2. The rise in pressure drop due to the increased outlet area is about 50%. 

The inlet area also influences the mixing rate and pressure drop. The mixing quality first increases 

and then decreases with an increase in area. The pressure drop, whereas, continuously decreases 

when the inlet area ratio increases from 0.6 to 1.4.  Suitable dimensions of micromixers are suggested 

based on mixing effectiveness. A mixer device with an outlet/junction area ratio of 1.2 and  

an inlet/junction area ratio 0.8−1 is found to provide better performance.  
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INTRODUCTION 

Microfluidic systems are widely used in the scientific 

fields of chemical, biomedical, pharmaceutical, and 

materials science [1-5]. An integral component in these 

systems is the micromixer which fulfills the mixing 

requirements of important processes such as organic 

synthesis, polymerization, DNA analysis, protein folding, 

and enzyme reactions [6-10]. Micromixers are of an active 

or passive type. The passive type is generally preferred  

 

 

 

due to the ease of designing, fabrication, and integration 

with the external microfluidic system. A limitation of a 

passive micromixer is that laminar flow conditions are 

prevalent and the rate of mixing is relatively low. Several 

studies, therefore, have proposed geometrical modifications  

to create secondary flows that reduce the diffusion length 

and enhance mixing.  

Due to advancements in computational methods and  
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resources, Computational Fluid Dynamics (CFD) now is 

an effective tool for understanding complex hydrodynamics 

and designing various flow systems [11, 12]. CFD 

technique has been utilized to examine the flow and 

mixing behavior in mixer devices also. Gobby et al. [13] 

studied the effect of confluence angle and throttling at the 

junction of a T-shaped microchannel. The authors found 

that the throttling decreases the mixing length and 

enhances the mixing performance. Soleymani et al. [14] 

examined the effect of throttle size, aspect ratio, and 

mixing angle and showed that these parameters strongly 

affect secondary flow development and mixing behavior. 

The numerical work of Su et al. [15] on angled 

micromixers revealed that mixing efficiency is inversely 

related to channel width and flow velocity. Darbandi et al. [16] 

studied throttle mixers with varying widths and shapes and 

reported that the mixing length decreases with a decrease 

in throttle width. An analysis of L and V-shaped 

micromixers in 3D space was carried out by Zare et al. [17]. 

The L-shaped micromixers had better mixing performance 

than the V-shaped micromixers. The experimental and 

numerical study of Wong et al. [18] indicated that  

at an inlet pressure of 5.5 bars (or higher), the fluids mix 

within a millisecond after they come in contact. The 

experimental investigations of Silva et al. [19] found that 

the asymmetric fluid flow conditions in a mixing device 

are beneficial for improved mass transfer performance. 

Micro laser-imaging and particle imaging velocimetry 

techniques were used by Hoffmann et al. [20] to visualize 

the flow and the mixing characteristics. It was found that 

at a certain value of Reynolds number, the flow regime 

changes from stratified/vortex to engulfment. The present 

authors studied fluid flow and mass transfer in mixer 

channels and proposed suitable confluence angles for 

micromixer devices [21]. In addition to relatively simple 

geometries, several other complex designs have been 

recommended by researchers such as micromixers with 

stirrers [22] with obstructions [23-25] or with complex 

internal structures [26-28].  Many of these micromixer 

types, however, are difficult to fabricate and integrate  

with the other microsystem components. The review of the 

literature shows that several studies have been performed 

to investigate the flow and the mixing characteristics of 

micromixers. These studies show that geometric 

parameters like confluence angle and width-to-height 

aspect ratios influence mixing efficiency. To the authors’ 

knowledge, the variation of area ratio that is the inlet  

to the junction area and similarly, the outlet to the junction 

area has not been examined in detail. In the present work, 

therefore, T-shaped mixers with varying dimensions of 

inlet and outlet channels are considered. The simulations 

are conducted at different Reynolds numbers and based on 

calculations of mixing parameters appropriate widths of inlet 

and outlet channels are indicated.  

 

THEORETICAL SECTION 

Modeling 

CFD analysis is carried out for the study of flow 

behavior and mass transfer in mixer channels. The 

dimensions such as length, width, and height of 

micromixer channels can differ due to a variety of 

applications. In the present work, T-shaped mixers with 

typical channel dimensions are considered. The schematic 

for the micromixer device is shown in Fig. 1. The channel 

height h and the width at junction wj are constant and equal 

to 400 microns. The widths of the inlet channels wi and the 

outlet channel wo and thus the inlet and the outlet channel 

areas Ai and Ao, respectively are variable. The ratios of  

Ai and Ao per unit junction area Aj are denoted as Ri and  

Ro, respectively. The lengths of both inlets and outlet 

channels are 6000 microns. The channel area ratios studied 

in this paper are given in Table 1. Water is supplied from 

one of the mixer inlets while tracer/due solution is supplied 

from the other. The characteristics of fluids used in micromixers 

often have the same properties. The density ρ and viscosity μ 

of water and the dye solution (tracer) is thus assumed  

the same and the values are 998 kg/m3 and 0.001 kg/m·s, 

respectively. The diffusivity of the tracer in water is 1.5  10-9 m2/s 

which results in a Schmidt number of 650.  

A structured mesh is created for the CFD analysis  

as shown in Fig. 2. In the mixing zone (i.e. at the junction) 

and adjacent to the walls the mesh/grid density is higher. 

The mesh cells gradually increase in size away from  

the junction. To ensure that the results are grid-

independent, a preliminary convergence study is carried 

out. The mixing quality calculated for a case at different 

grids is shown in Fig. 3. An optimal mesh of 8.5 x 105  

is chosen based on a tradeoff between the calculation time 

and the accuracy of the solution. The gravitational effect  

is ignored by assuming the micromixer is in a horizontal 

orientation. Velocity is specified at the inlet for water and 

tracer fluids. At the exit, the pressure is set to 0 Pa.  
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Table 1: Micromixer geometries/channel area ratios considered in this work. 

Inlet / Junction Area Ratio Ri 1 1 1 1 1 1 1 1 0.6 0.8 1.2 1.4 

Outlet / Junction Area Ratio Ro 1 0.6 0.8 1.2 1.4 1.6 1.8 2 1 1 1 1 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Geometry and computational domain for micromixers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Cross-sectional top view of mesh used for a  micromixer 

(Ro = 1.4, Ri = 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Grid independence study for a T-shaped micromixer  

(Ro = Ri = 1, Re = 260). 

The remaining surfaces are impermeable walls on which  

no-slip conditions are imposed. The governing equations  

for steady, laminar, and isothermal flow which includes 

species transport without reaction are continuity, momentum, 

and concentration equations as given in Equations (1-5): 
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The equations are solved using CFD code ANSYS 

Fluent. The second-order upwind scheme is used for  

the discretization of momentum and concentration/mass 

transfer equations and SIMPLE (Semi-Implicit Method for 

Pressure Linked Equations) algorithm is used to couple 

pressure and velocity fields [29]. The convergence 

criterion for residuals of continuity, momentum, and mass 

fraction is set equal to 10-5. 

The flow in microfluidic devices is usually laminar. 

The simulations are therefore conducted at Reynolds 

numbers which are in the laminar range i.e. 20, 100, 180, 

and 260. The Reynolds number is defined as: 
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avu d
Re

v
                  (6) 

Where uav is the average velocity in the mixing (outlet) 

channel, d is hydraulic diameter and ν is kinematic 

viscosity. The hydraulic diameter is defined in Eq. (7) 

where ℎ is the height of the channel and 𝑤av is the average 

width of the outlet channel. 
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The flow characteristics are also explained in terms  

of vorticity along the mixing channel. For this purpose,  

a related quantity termed circulation 𝜔𝑦is determined. 

y

w u
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x z
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The mixing is characterized using a volumetric-based 

mixing quality 𝛼 as proposed by Lobasov et al. [30]: 

2

2
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1
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                       (10) 

Where 𝜎 is the standard deviation of the mass fraction 

of the tracer from its mean value 𝑚𝐴 whereas 𝜎0 is the 

maximum standard deviation of the mass fraction of  

the tracer 𝑚𝐴. 𝜎 and 𝜎0 are calculated using Eqs (11) and (12) 

respectively 
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Where V is the volume of the computational domain. 

 2
A A0 m 1 m                                (12) 

In the case of complete mixing 𝛼 = 1 whereas 𝛼 = 0 

means no mixing. 

Suitable designs of micromixers are proposed based on 

‘Mixing effectiveness’ (ME) which is a ratio of mixing 

quality and Euler number  ∆𝑝/𝜌𝑢2 as given in Eq. (13)  

ME
Eu


                                       (13) 

For evaluation, the present results are compared 

qualitatively with the work of Hoffmann et al. [20].  

The quantitative comparison is done by determining  

the friction factor from pressure drop and segregation 

index using the standard deviation of the mass fraction  

at various sections in the mixing channel. The comparison 

is done with the work of Aoki et al. [2, 3]. The relations  

for friction factor f and segregation index SI are: 

2
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RESULTS AND DISCUSSION 

The velocity and the mass fraction contours in 

micromixers with different Ro ratios are shown in Fig. 4. 

The velocity profiles indicate that as the outlet area ratio 

Ro increases, the local velocity in the center of the mixing 

channel increases. Since the Reynolds number is the same 

in all the cases, the increment of velocity magnitude in the 

center increases the size of the low-velocity region at the 

corners of the mixing channels. The mass fraction contours 

are also affected by the change in outlet channel width wo 

(or Ro ratio). When Ro is small, the variation of mass 

fractions is only observed in a thin region. At large Ro 

ratios (such as Ro = 1.4–2) local mass fractions are found 

to be varying more.  

The fluid flow in the mixing channel is mainly in the 

y-direction i.e. the v-velocity is the major component.  

The magnitudes of u and w velocity components,  

however, increase as the fluids take a sharp turn at the 

junction of the inlets and the mixing channels. The velocity 

vector plots, thus, as shown in Fig. 5 show recirculation 

zones of considerable size. A comparison of different 

mixers indicates that velocity has relatively high 

magnitudes when the mixing channel has a large area  

(or Ro value). In mixers with large area ratios particularly 

when Ro = 1.8 or 2, a region is also noticed in which  

the velocity vectors appear as dots. This means that  

the flow is axial in this region.  

To predict the intensity of rotational movement and its 

variation with the mixing channel, circulation ωy is calculated 

and shown in Fig. 6a. The circulation is a maximum  

at the beginning of the mixing channel due to a major 

change in the fluid direction. It then decreases as the two 

fluids streamline while flowing toward the outlet section. 

The circulation plots versus distance also indicate  that
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Fig. 4: Contours of velocity and mass fraction of tracer in different micromixers (Ri = 1, Re = 260). 

 

 

Fig. 5: Velocity vectors in mixers with different Ro at y = 0.5 mm (Re =260). 



Iran. J. Chem. Chem. Eng. Fatima U. et al. Vol. 41, No. 5, 2022 

 

1732                                                                                                                                                                Research Article 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: (a) Variation of circulation along the mixing channel (b) 

velocity vectors for a mixer with Ro = 2 at y = 0.5, 1, and 2 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Concentration contours (at outlet cross-section) for 

different Ro (Re = 260). 

 

the flow rotations generally increase with an increase in Ro. 

The reason is that the mixers with a large Ro ratio have 

large diverging angles (as the junction area Aj or width wj 

is the same). The diverging channel allows more space for 

the formation of vortices. The circulation behavior in 

velocity vector form is given for one of the geometries (Ro = 2) 

in Fig. 6b. The vectors at different y locations reveal 

significant fluid motion in the transverse plane at y = 0.5 mm. 

As the fluid moves ahead toward the outlet section,  

the strength of vortices is reduced and the flow direction 

becomes mostly axial (i.e. u ≈ 0, w ≈ 0) as can be seen  

in the plane of y = 2 mm. The mass fraction/concentration 

contours in Fig. 7 show that the mixing of two fluids 

streams is restricted only in the thin interface region when 

Ro = 0.6. At large Ro ratios, for example, Ro ≥ 1, the regions 

of the mixed fluids layer (which have an average mass 

fraction value of about 0.5 kg/kg) are found at the central 

interface as well as at the channel’s walls. When Ro ≥ 1.4, 

the contours are observed as asymmetric in the horizontal 

(xy-plane). This is due to the presence of high-velocity 

vortices previously seen in Fig. 5.  

The effect of the inlet area ratio (Ri = Ai/Aj) on the 

circulation component ωy is shown in Fig. 8. The Figure 

shows that when Ri is 0.8 or 1.0, the circulation values are 

high, in particular, up to a distance of 2000 μm. The 

circulation then decreases rapidly with distance/length 

along the mixing channel. The circulation in channels with 

a large inlet area (i.e. Ri = 1.2 or 1.4) is relatively less 

which means the flow is almost stabilized or less rotational. 

Similarly in the geometry with small Ri (Ri = 0.6), flow 

turning into the mixing channel is fairly smooth which 

results in low circulations at different locations. 

The circulation or formation of vortices in mixer 

narrow channels directly affects the mass transfer process 

as can be seen in Fig. 9. The mass fraction contours at the 

exit section illustrate that the mixed region (in which mA ≈ 0.5) 

is in the middle vertical plane of the channel and near  

the walls in cases of Ri = 0.8, 1.0 or 1.2. When Ri is small 

or large (0.6 or 1.4, respectively), the mass fraction profile 

shows water and tracer as almost segregated streams  

due to inappreciable flow rotations.  

The quantitative results for mixing quality (α) and 

pressure drop (Δp) are shown in Fig. 10. The trend of  

α versus Re, for most of the geometries (i.e. Ro ≥ 0.8), 

shows that mixing quality increases with the Reynolds 

number. This is due to the fact that the dominant mixing 

phenomenon at a low Reynolds number is molecular 

diffusion while at a high Reynolds number the secondary 

flow structures facilitate the intermingling of the fluid 

streams. In the case of Ro = 0.6, the mixing qualities are 

very low due to smooth and streamlined flow. 

Since there is a sufficient rise in mixing quality with 

the Reynolds number, the flow in mixers with Ro ≥ 0.8  

can be within the vortex or the engulfment regime.  
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Fig. 8: Circulation along the mixing channel for different Ri 

(Re = 260). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Concentration contours (at outlet cross-section) for 

different Ri (Re = 260). 

 

The plot in Fig. 10(b) shows that the micromixers  

with Ri = 0.8 or 1 which results in more circulation (as observed 

in Fig. 8) are found to yield high mixing qualities.  

In the mixer with a small Ri ratio of 0.6, the mixing process  

is restricted due to more viscous effects in the inlet 

channel. Similarly, in the cases of large Ri (i.e. 1.2 or 1.4), 

the movement of fluids from a large area into a narrow region 

decreases flow rotation and limits the mixing process.  

The mixing quality is thus low in these mixer geometries. 

The increase in Reynolds number increases shear drag 

at the mixer walls and form drag due to a sudden change 

in the flow direction. The pressure drops thus simply 

increase with an increase in Reynolds number as expected. 

When the outlet area is small (Ro = 0.6) the viscous loss is 

more whereas the loss due to flow circulation is low. As Ro 

increases (Ro = 0.8 or 1) the viscous loss decreases while 

loss associated with circulation or change in flow direction 

increases. The total pressure drop at any Reynolds number 

hence remains almost the same when 0.6 ≤ Ro ≤ 1. Further 

enlargement of the mixing channel area (i.e. Ro > 1) does 

not reduce viscous loss much but increases the size of  

the separation or recirculation region. This in turn 

increases the hydraulic / pressure drop. The increase in 

area ratio (Ri or Ai /Aj) reduces friction which decreases the 

pressure drop which can clearly be observed in Fig. 10d. 

As the pressure drop has a direct relation with Reynolds 

number and outlet area ratio and an inverse relation with 

Ri, a simple correlation is developed and given in equation 

(16). It can be used to predict pressure drops in T-shaped 

mixers. 

1.16 0.33 0.69
o ip 5.21Re R R                             (16) 

The mixing effectiveness (ME) is calculated using 

equation (13) and shown in Fig. 11. Since dimensionless 

pressure drop (∆𝑝 𝜌𝑢2⁄ ) drops due to an increase in 

velocity or Reynolds number, the increase in Reynolds 

number considerably increases mixing effectiveness (ME). 

The effect of area ratio Ro in Fig. 11(a) shows that for Ro = 

0.6, the rise in ME with Reynolds number is less rapid in 

comparison to others. The optimal area ratio Ro for the mixer 

based on mixing effectiveness depends on the Reynolds 

number. At a Reynolds number of 100, the mixing 

effectiveness is found to be high when Ro = 2. At high 

Reynolds numbers of 180 or 260, the mixers with large Ro 

(≥ 1.4) result in high-pressure drops as previously seen  

in Fig.10(c). A geometry with Ro = 1.2, which has  

a reasonable value of mixing quality with moderate pressure 

drop results in maximum effectiveness. The micromixers 

with Ro close to 1.2 can be considered superior in terms of 

mixing effectiveness parameters. The curves of ME for 

different Ri indicate that the effectiveness, similar to mixing 

quality is found high when Ri = 0.8 or 1. This suggests that 

varying the dimensions/area ratio of the inlet channel from 

unity does not have any useful effect on the mixing process.  

The mixing rates in micromixers are related to the 

various laminar flow regimes (stratified, vortex,  

and engulfment) as known from previous literature.  

The types of mass fraction/concentration profiles 

observed depending on the flow regime are further 

examined and depicted in Fig. 12. The Figure shows  
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Fig. 10: (a,b) Mixing quality and (c,d) pressure drop versus Reynolds number for different area ratios Ro and Ri . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Effect of Reynolds number and area ratios (a) Ro and (b) Ri on mixing effectiveness. 

 

three types of profiles in which (a)tracer-water mixing  

is found only in the thin central portion, (b) mixed layers 

are present in the vertical central region and at wall 

boundaries, or (c) asymmetric mass fraction distribution  

is seen. The three types of profiles are due to stratified, 

vortex, and engulfment regimes, respectively. The 

comparison of these profiles with the calculated mixing 

quality reveals that the mixing quality is low when the flow 

is stratified. It increases in the vortex regime and then 

further increases in the engulfment range. 
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Table 2: Reynolds number ranges for the flow regimes in different micromixers. 

Mixer Geometry/ Flow Regimes Stratified Vortex Engulfment 

Ri = 0.6, Ro = 1 Re ≤ 260 --- --- 

Ri = 0.8, Ro = 1 Re ≤ 100 100 < Re ≤ 260 --- 

Ri = 1, Ro = 1 Re ≤ 100 100 < Re ≤ 260 --- 

Ri = 1.2, Ro = 1 Re ≤ 100 100 < Re ≤ 260 --- 

Ri = 1.4, Ro = 1 Re ≤ 260 --- --- 

Ri = 1, Ro = 0.6 Re ≤ 260 --- --- 

Ri = 1, Ro = 0.8 Re ≤ 100 100 < Re ≤ 260 --- 

Ri = 1, Ro = 1.2 Re ≤ 100 100 < Re ≤ 180 Re > 180 

Ri = 1, Ro = 1.4 Re ≤ 100 100 < Re ≤ 180 Re > 180 

Ri = 1, Ro = 1.6 Re ≤ 20 20 < Re ≤ 180 Re > 180 

Ri = 1, Ro = 1.8 Re ≤ 20 20 < Re ≤ 180 Re > 180 

Ri = 1, Ro = 2 Re ≤ 20 20 < Re ≤ 180 Re > 180 

 

 
Fig. 12: Mass fraction contours at the exit for (a) stratified (b) vortex (c) engulfment flow (Ro = 1.4). 

 
The Reynolds number at which the transition to 

engulfment takes place depends on the type of geometry. 

In the present work, from the evaluation of mass fraction 

distribution, the ranges of Reynolds numbers in which  

the three regimes that exist are identified. Table 2 shows 

that when the area ratio Ri is low or high (i.e. 0.6 or 1.4)  

the flow is stratified in the entire range of Reynolds numbers 

considered in this study. When 0.8 ≤ Ri ≤ 1.2, vortex flow 

takes place when the Reynolds number is 180 and 260. The 

ranges for Ro indicate that the flow remains stratified up to 

Re = 260 when Ro = 0.6. When Ro is 0.8 or 1, the regime 

is stratified up to Re = 100 and vortex flow is seen when 

Re = 180 or 260. The engulfment regime that is the 

asymmetric mass fraction distribution is only observed 

when Ro ≥ 1.2 and the Reynolds number is 260.  

The critical Reynolds number for the engulfment flow 

is obtained from the degree of asymmetry found in the 

mass fraction contours. In the cases of stratified and vortex 

flow, the top and bottom portions of mass fraction contours 

are exactly the same. In the engulfment regime, the 

distribution is non-uniform about xy plane and the average 

concentration in the top and bottom portions are not equal. 

The degree is asymmetry is calculated at Re = 260 by 

determining the difference in average concentrations  

at the top and the bottom i.e.  |𝑚̅𝐴−𝑡𝑜𝑝 − 𝑚̅𝐴−𝑏𝑜𝑡|  and  

is plotted in Fig. 13a. The critical Reynolds number  

for the engulfment flow is predicted from the degree  

of asymmetry and is shown in Fig. 13b. As obvious from  

the Figure, the degree of asymmetry increases, and the critical 

Reynolds number decrease with an increase in area ratio Ro.   
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Fig. 13: Effect of area ratio on (a) the degree of asymmetry (for Re = 260) and (b) the estimated critical Reynolds number. 

 

The analysis of circulation values, mass fraction 

contours, mixing quality and critical Reynolds number 

shows that a mixer channel with a large area ratio Ro is 

superior in performance. A small ratio of 1.2 for Ro, 

however, can be suggested better in terms of mixing 

effectiveness for most of the Reynolds numbers. 

Increasing the inlet area ratio Ri (i.e. Ri > 1) is not 

advantageous as the mixing quality and the effectiveness 

both are reduced. The micromixer with an inlet area ratio 

≈ 1 can therefore is satisfactory for the micromixer units.  

The present numerical work is evaluated with the help 

of previous results available in the literature. The distribution of 

mass fraction obtained in this work and the concentration 

field obtained experimentally by Hoffmann et al. [20]  

is shown in Fig. 14a. The comparison shows the similarity 

of the mass fraction/concentration profiles. The friction 

factors are determined from pressure drops using Eq. (14) 

and are compared with the friction factors obtained in the 

experimental work of Aoki et al. [2]. The plot in Fig. 14b 

shows that the CFD results through over-predict friction 

factors; the difference is within 20%. Perfect agreement is 

not expected due to the accuracy limits of the measurement 

devices in experiments and numerical errors and 

uncertainties involved in computational techniques The 

numerical results are also compared with the work of Aoki 

et al. [3] in which the segregation index was computed 

using standard deviation ratios at different cross-sections. 

The comparison of the segregation index versus length or 

residence time shows that the differences in results are 

within the acceptable range. The numerical study in this 

paper, therefore, is found reasonable for the comparison of 

different micromixer geometries. 

CONCLUSIONS 

The flow patterns and mixing rates are determined  

in narrow channels of micromixers. The effect of cross-

section areas of the inlet and the outlet channels  

are examined on several parameters such as circulation, 

mixing quality, pressure drop, and mixing effectiveness. 

The main findings from the research are: 

 An increase in the outlet area increases the size  

of the separation zone which enhances flow recirculation. 

This flow behavior allows the layers of the fluid to intertwine 

more which augments the mixing process. The large 

recirculation zones, but, also lead to increased pressure 

losses.  

 A quantitative comparison of micromixers shows that 

for most of the Reynolds numbers, mixing quality 

continuously increases with an increase in outlet area ratio 

Ro. Based on mixing effectiveness (mixing quality divided 

by Euler number), however, a micromixer with a Ro value 

of 1.2 is found better than the others.  

 The simulations for the effects of inlet area ratio Ri 

show that both mixing quality and effectiveness are high 

when Ri is 0.8 or 1.  

 From the mass fraction distributions, the flow 

regimes and the critical Reynolds numbers are predicted. 

The flow in micromixers is stratified up to Re = 260 when 

area ratios Ro or Ri are small (Ro or Ri = 0.6). Similarly,  

the regime is stratified when Ri = 1.4. In mixers with Ro ≥ 1.2, 

the flow is found to be in the engulfment regime at a high 

Reynolds number. In the remaining cases, the flows  

are found in the vortex regime. 

 The in-depth analysis of the effect of channel 

dimensions on mixing efficiency can be useful for the design
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Fig. 14: Comparison of present numerical simulations (Ro = 2) with (a) experimentally visualized concentration field [20]  

(b) friction factor from experiments [2] (c) segregation index determined computationally [3]. 

 

of micromixer/microfluidic devices. The Reynolds numbers 

in practical applications can be higher or lower than those 

considered in the present work. The effect of diffusion 

coefficient or Schmidt number also needs to be 

investigated in detail as it depends on the type of fluid and 

significantly affects the mixing performance. The research 

is in progress to simulate the mixing process for various 

fluids in a wide range of Reynolds numbers.     
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Nomenclature 

Ai      Area of inlet channels, m 

Aj           Area of micromixer at the junction, m 

Ao     Area of the outlet channel, m 

CFD           Computational Fluid Dynamics 

d                                 Hydraulic diameter, m 

DAB           Mass diffusivity, m2/s 

Eu                Euler number 

f        Friction factor 

h               Height, m 

mA       Mass fraction of tracer, kg/kg 

mA            Mean mass fraction of tracer, kg/kg 

ME            Mixing Effectiveness 

∆p           Pressure drop, Pa 

Re          Reynolds number 

Recrit                           Critical Reynolds number 

Ri  Area of inlet channels/area of the junction 

Ro  Area of outlet channel/area of the junction 

SI         Segregation index 

u                      x-component of velocity, m/s 

uav           Average velocity, m/s 

v       y-component of velocity, m/s 

V Volume (m3) of the computational domain 

w                      z-component of velocity, m/s 

wav          Average width, m 

wi            Width of inlet channels, m 

wj       Width of micromixer at the junction, m 

wo          Width of the outlet channel, 

m 

α                 Mixing Quality 
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ρ       Density, kg/m3 

σ           Standard deviation of mass fraction of tracer, kg/kg 

σ0                          Maximum standard deviation of the mass  

                                                       fraction of tracer, kg/kg 

μ          Viscosity, kg/m.s 

ν     Kinematic viscosity, m2/s 

ω                                         Circulation, m2/s 
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