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 Electroosmotic micromixers are utilized in microfluidic systems, especially in biochemical 

studies. This article examines an asymmetric electroosmotic micromixer to ascertain the 

effects of applied voltage and inlet velocity (Uin) on mixing index (MI) and pressure drop 

(Δp).  It is shown that without altering Δp, the applied voltage greatly increases MI. For 

instance, when Uin= 0.2 mm/s, increasing the applied voltage from 0 to 1, 3, and 6 V 

improves MI by 2.31%, 2.53%, and 5.47%, respectively.  MI is improved by 2.76%, 3.66%, 

and 8.38%, respectively, when the applied voltage is increased from 0 to 1, 3, and 6 V with 

Uin= 0.4 mm/s. MI is improved by 2.86%, 5.08%, and 11.81%, respectively, when the applied 

voltage is increased from 0 to 1, 3, and 6 V when Uin= 0.6 mm/s. MI is improved by 3.97%, 

6%, and 13.22%, respectively, when the applied voltage is increased from 0 to 1, 3, and 6 V 

with Uin= 0.8 mm/s. For a given applied voltage, it is seen that Δp increases slightly when the 

inlet velocity is raised; also, Δp is an increasing function of the applied voltage for a given 

inlet velocity, despite the little increase.       
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1. Introduction 

Small platforms known as lab-on-a-chip 
(LOC) devices combine laboratory operations 
onto a single chip, usually ranging in size from a 
few millimeters to square centimeters. These 
gadgets manipulate and examine tiny fluid 
quantities by utilizing microfluidics. The study of 
fluids at the microscale, which enables exact 
control over minuscule volumes of liquids, is 
known as microfluidics. LOCs are perfect for 
applications needing high-throughput analysis 
and low reagent use since they can handle 
incredibly tiny fluid volumes. DNA sequencing, 
medical diagnostics, and tissue engineering are 
just a few of the biomedical applications that 
employ them. They provide benefits including 

quicker analysis times, lower costs, and better 
process control. [1-3].  

Mixing, pumping, and sensing are made 
possible by the microchannels and chambers 
found in microfluidic chips. Materials like silicon, 
glass, or polymers are used to make these chips. 
The technique is appropriate for use in 
pharmaceutical engineering, biotechnology, and 
patient diagnostics as it enables multiplexing 
and high-throughput screening. Additionally, 
microfluidics facilitates the development of 
portable point-of-care devices that improve 
efficiency and accessibility in medical 
environments. With advancements in fabrication 
processes, microfluidics continues to progress 
despite the difficulties in scaling down detection 
principles and the complexity of production. All 
things considered, microfluidics and lab-on-a-
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chip technologies are revolutionizing biomedical 
research and diagnostics by offering small, 
effective, and affordable solutions [4, 5]. 

Because they provide effective fluid mixing at 
the microscale, micromixers are vital to 
microfluidics and its many applications in 
biology, chemistry, and medicine, such as drug 
creation and biomedical diagnostics. 

Active and passive are the two general 
categories into which micromixers fall. Passive 
micromixers, on the other hand, use geometric 
adjustments to enhance the contact area 
between fluids and create chaotic advection. [6-
8]. Their simplicity and minimal reagent use 
make them widely utilized in biological and 
chemical processes.  

Active micromixers improve mixing by 
generating intricate fluid movements inside the 
microchannel using external energy sources [9-
12].  

In a contraction-expansion microchannel, AC 
electroosmotic mixing was investigated by Gong 
and Cheng [13]. The study discovered that 
inertia and electroosmotic forces have an impact 
on the creation of rotating vortices. Under 
higher inlet velocities, mixing quality was 
diminished by greater inertial force. In a 70 μm 
length-channel, the optimal mixing quality 
(0.997) was attained with a pressure drop of just 
1.58 Pa at 0.2 mm/s inlet velocity and 0.1 V 
voltage.  

The fractal concept and the width-to-length 
ratio of the AC electrode were combined by Lv et 
al. [14] to offer a three-objective optimization 
approach for an AC electrothermal theory-based 
micromixer. Temperature rise, mixing energy 
cost, and mixing index were the goal functions. 
While a surrogate model was constructed using 
the response surface function approach, design 
points were chosen using the Latin Hypercube 
Sampling method. The surrogate model was 
optimized using a multi-objective genetic 
algorithm, and the best set of solutions was 
categorized using K-means clustering. According 
to the results, the micromixer's safety and 
dependability were enhanced, with a maximum 
rise in the mixing index of 19.81% and a 73.16% 
reduction in the mixing energy cost. 

In order to investigate the mixing length and 
efficiency of a T-junction micromixer based on 
AC electroosmotic flow for both Newtonian and 
non-Newtonian fluids, Alipanah and Ramiar 
offered a 3D transient single phase solver 
created in OpenFOAM. The impacts of factors 
such as the period of oscillation, conducting 
edges, and AC amplitude were examined, and the 
model and solver were verified using data from 
the literature. According to the study, even at 
high flow rates, employing conducting edges 

resulted in short mixing lengths and great 
mixing efficiency.  

To investigate the effects of applied voltage 
and inlet velocity on MI and Δp, the current 
study presents an asymmetric electroosmotic 
micromixer (Fig. 1).  

2. Governing Equations 

The following are the continuity and Navier-
Stokes equations that govern the mixing of two 
fluids in the unsteady state: 

(1) ∇ ∙ 𝑉⃗ = 0 
(2) 

𝜌 (
𝜕𝑉⃗ 

𝜕𝑡
+ 𝑉⃗ ∙ ∇𝑉⃗ ) = −∇𝑃 + 𝜇∇2𝑉⃗  

Here, 𝑉⃗  is the velocity vector, 𝑃 is the 
pressure, 𝜌 is the density, and 𝜇 is the dynamic 
viscosity.  

The convective-diffusion transport equation 
is expressed as: 

(3) 𝜕𝑐

𝜕𝑡
+ 𝑉⃗ ∙ ∇𝑐 = −𝐷∇𝑐 

where 𝑐 and 𝐷 are concentration and 
molecular diffusion coefficient, respectively. 
Equation 4 is used to determine the electric 
potential:   
∇2𝑉 = 0 (4) 

where 𝑉 is the applied voltage. Besides, the 
mixing index is calculated as follows: 

(5) 

𝑀𝐼 =

(

 
 
1 −

(

 √
1

𝑁
∑(

𝑐𝑖 − 𝑐̅

𝑐̅
)
2𝑁

𝑖=1
)

 

)

 
 
× 100 

Here, 𝑐𝑖  is the local concentration of each 
component and 𝑐̅ is the average concentration. 𝑁 
also represents the number of grid points in the 
desired cross-section. 

 

 
Fig. 1. Schematic of the present electroosmotic micromixer. 

The dimensions are in micrometers. 

3. Grid Study and Validation 

To perform the grid study, four grids 
containing 12682, 49637, 108492, and 174365 
components are taken into consideration. 
Because the findings from the two finer grids 
differ very little, it is determined that the grid 
with 108492 components is suitable for the 
simulations. Fig. 2 shows the schematic form of 
the grid that was utilized for the simulations.   
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Fig. 2. The computational grid used for the simulations. 

 
The current results are validated using the 

numerical results of Bahrami et al. [10]. The 
findings from the current numerical simulations 
are consistent with those published by Bahrami 
et al. [10], as Table 1 shows. As a result, the 
simulations may use the current numerical 
approach. 

Table 1. Values of MI for various frequencies. 

Frequency 
(Hz)  

Present 
work 

Bahrami et al. 
[10] 

2 81.32 81.28 
4 94.41 94.36 
8 93.97 93.86 

10 80.09 80.01 

4. Results 

One kind of active micromixer that improves 
fluid mixing at the microscale is an 
electroosmotic micromixer, which uses electric 
fields. An electric potential is usually applied 
across microelectrodes positioned within or 
along the walls of a microchannel in these 
devices. Electroosmotic flow (EOF), or fluid 
movement in reaction to an electric field, is 
induced by the electric field. This flow causes 
chaotic mixing and recirculation patterns by 
upsetting the microchannel's normally laminar 
flow. The zeta potential of the channel walls, the 
fluid's dielectric characteristics, and the 
intensity and arrangement of the applied electric 
field are some of the variables that affect the 
EOF. 

Molecular diffusion at microscopic scales and 
repetitive stretching and folding of fluid 
components are the basic mechanisms behind 
efficient mixing in electroosmotic micromixers. 
Through the application of time-varying electric 
fields, these micromixers can regulate the flow 
and achieve excellent mixing efficiency. By 
producing intricate fluid movements, alternating 
current (AC) electroosmosis, for instance, can 
produce transverse flows that improve mixing. 
In order to optimize mixing performance, 
electrode location and electric field parameters 
are frequently optimized during the 
construction of electroosmotic micromixers. 
These systems are frequently simulated and 
optimized using computational models. 

The concentration profile along the 
micromixer for various applied voltages is 

shown in Figs. 3 to 6 for Uin = 0.2 mm/s, 0.4 
mm/s, 0.6 mm/s, and 0.8 mm/s, respectively. 
The mixing process is carried out by the impact 
of molecular diffusion when there is no electric 
field present. The application of the electric field 
improves the mixing quality by creating some 
vortices close to the electrodes. In other words, 
the formation of vortices in an electroosmotic 
micromixer is a crucial process for enhancing 
fluid mixing at the microscale. In this process, an 
electric field often interacts with the generated 
charges in the diffuse double layer near 
electrodes or channel walls. 

 

 
Fig. 3. Concentration contour along the micromixer for 

Uin = 0.2 mm/s when the applied voltage is: (a) 0 V, (b) 1 V, 
(c) 3 V, and (d) 6 V. 

 

The amounts of MI and Δp for the several 
examples examined in this work are compared 
in Table 2. It is shown that the applied voltage 
greatly improves MI while not affecting Δp. 
When  Uin = 0.2 mm/s, MI is improved by 2.31%, 
2.53%, and 5.47% by enhancing the applied 
voltage from 0 to 1, 3, and 6 V, respectively.  
When  Uin = 0.4 mm/s, MI is improved by 2.76%, 
3.66%, and 8.38% by enhancing the applied 
voltage from 0 to 1, 3, and 6 V, respectively. 
When  Uin = 0.6 mm/s, MI is improved by 2.86%, 
5.08%, and 11.81% by enhancing the applied 
voltage from 0 to 1, 3, and 6 V, respectively. 
When  Uin = 0.8 mm/s, MI is improved by 3.97%, 
6%, and 13.22% by enhancing the applied 
voltage from 0 to 1, 3, and 6 V, respectively. It is 
observed that Δp increases slightly when the 
inlet velocity is enhanced for a given applied 
voltage. Additionally, Δp is an increasing 
function of the applied voltage for a specific inlet 
velocity, although the increase is relatively small.     
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Fig. 4. Concentration contour along the micromixer for 

Uin = 0.4 mm/s when the applied voltage is: (a) 0 V, (b) 1 V, 
(c) 3 V, and (d) 6 V. 

 

 
Fig. 5. Concentration contour along the micromixer for 

Uin = 0.6 mm/s when the applied voltage is: (a) 0 V, (b) 1 V, 
(c) 3 V, and (d) 6 V. 

 

 
Fig. 6. Concentration contour along the micromixer for 

Uin = 0.8 mm/s when the applied voltage is: (a) 0 V, (b) 1 V, 
(c) 3 V, and (d) 6 V. 

 
Table 2. MI and Δp values for different inlet velocities and 

applied voltages. 

Voltage (V) Uin (mm/s) Δp (Pa) MI (%) 
 

0 
0.2 1.06 63.42 
0.4 2.12 65.16 
0.6 3.18 65.28 
0.8 4.24 65.47 

 
1 

0.2 1.06 64.89 
0.4 2.12 66.96 
0.6 3.18 67.15 
0.8 4.24 68.07 

 
3 

0.2 1.08 65.03 
0.4 2.13 67.55 
0.6 3.19 68.60 
0.8 4.26 69.40 

 
6 

0.2 1.09 66.89 
0.4 2.15 70.62 
0.6 3.21 72.99 
0.8 4.28 74.73 

 
 

 
 

5. Conclusions 

To determine how applied voltage and inlet 
velocity affect MI and Δp, this work investigates 
an asymmetric electroosmotic micromixer.  It is 
demonstrated that the applied voltage 
significantly enhances MI without changing Δp. 
When Uin = 0.2 mm/s, MI is enhanced by 2.31%, 
2.53%, and 5.47% by boosting the applied 

voltage from 0 to 1, 3, and 6 V, respectively.  
When Uin = 0.4 mm/s, increasing the applied 
voltage from 0 to 1, 3, and 6 V improves MI by 
2.76%, 3.66%, and 8.38%, respectively. When 
Uin = 0.6 mm/s, increasing the applied voltage 
from 0 to 1, 3, and 6 V improves MI by 2.86%, 
5.08%, and 11.81%, respectively; when Uin = 0.8 
mm/s, increasing the applied voltage from 0 to 
1, 3, and 6 V improves MI by 3.97%, 6%, and 
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13.22%, respectively. It is noted that Δp 
increases slightly when the inlet velocity is 
increased for a given applied voltage; 
additionally, Δp is an increasing function of the 
applied voltage for a particular inlet velocity 
even though the increase is minimal.  
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