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Summary:
This work presents the numerical investigation of three different microfluidics micromixer designs integrated with 
screw element and complex shape micropillar structure as a passive element. For this purpose, COMSOL Mul-
tiphysics with two physics such as laminar flow and transport diluted species to examine the fluid flow and mixing 
behavior inside a microchannel. The results revealed that the third micromixer design integrated with screw element 
and complex shape micropillar structures deliver a best mixing efficiency of 99.95% at Reynold numbers 1. In 
addition, the pressure drop from inlet to outlet is also examined that is 31.26502 Pa. The findings obtained from this 
study provide deep insights to examine the optimal micromixer design with larger mixing performance and lower 
pressure drop. 
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Introduction
Microfluidics technology has rapidly expanded 
into a vigorous interdisciplinary topic with consid-
erable attention in a wide range of biomedical 
applications such as mixing, sorting and separa-
tion [1, 2]. The fluid flow through a microchannel 
is considered as a challenging task to control ef-
ficiently due to its tiny amount of sample. Mixing 
is one of the crucial processes for mixing various 
biofluids and chemicals [3]. Microfluidics micro-
mixers are widely used for mixing purposes un-
der laminar flow conditions. Annan Xia et al. [4]
proposed a novel micromixer with “Tai Chi” 
structure with enhanced performance and low 
pressure drop. They examined mixing perfor-
mance more than 50% and pressure drop less 
than 18000 Pa for all Reynolds number. A. 
Farahinia et al. [5] investigated a passive T 
shape micromixer with different geometrical con-
figurations. They revealed the improved mixing 
efficiency up to 25%. Muhammad Waqas et al. 
[6] proposed a novel kind micromixer integrated
with screw element. They optimized the optimal
design with 98.47% mixing index. According to
current literature, most of the researchers ex-
plored various kinds of micromixer with different
geometrical configurations such as T-shape with
zigzag pattern, Tai Chi shape etc. using active
as well as passive approach but there is limited
work has been explored by combining the differ-
ent geometrical configurations such as integra-
tion of screw element and complex shape

micropillar structures. The main objective is to
design and perform numerical simulations of mi-
crofluidics micromixer integrated with and with-
out screw element and complex shape micropil-
lar structure for enhanced mixing at various 
Reynolds numbers. In addition, comparison 
study is also carried out to evaluate the optimal 
micromixer design with enhanced mixing perfor-
mance. The findings from this research work 
have meaningful practical and theoretical worth 
in biomedical field. 

Microfluidics Micromixer Design
Three different microfluidics micromixer desigs 
such as plane micromixer, integrated with screw 
element generates the rotational flow for better 
mixing and integrated with complex shape 
micropillar structures creates vertexes which 
increase the mixing. Figure 1 illustrates the 
optimal design of micromixer with geometrical 
dimensions.

Fig. 1. Microfluidics micromixer design 
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Computational domain and Meshing
Figure 2 shows the computational domain with 
two inlets and one outlet where water and 
ethanol are injected and mixed solution is 
collected respectively. In addition, tetrahedral 
mesh elements are used for meshing due to the 
channel's complex geometry.

Fig. 2. Computational domain 

Physics and Performance Parameters
Two physics such as laminar flow and transport 
of diluted species are used to model fluid flow 
and mixing of reactive species. Mixing index and 
pressure drop serve as performance parame-
ters, with the mixing index calculated using the 
following equation.
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Results
Figure 3 shows the variation of mixing index with 
Reynolds numbers (1, 10, 50, 100) for three de-
signs. Design 3 achieves the highest efficiency 
(99.95%) at Re = 1, while the plane micromixer 
shows the lowest (68.57%) at Re = 100. 

Fig. 3. Variation of mixing index with different Re

Fig. 4. Mixing concentration at five different cut planes

The screw and micropillar structures induce ro-
tational flow and micro-vortices, enhancing diffu-
sion at low Reynolds numbers. Figure 4 

illustrates mixing concentration at five cut planes 
along the channel, highlighting mixing before 
and after passive elements, with green indicating 
optimal mixing (0.5 concentration). Figure 5 
shows the pressure drop along the channel, 
caused by passive elements like screws and mi-
cropillars. The highest pressure drop, 31.27 Pa, 
occurs in design 2 at Re = 100.

Fig. 5. Pressure drops along the channel length

Conclusion
Numerical simulations of three different micro-
mixer designs are carried out using to investigate
the mixing performance at different Reynolds 
numbers. Third, micromixer design delivers the
best mixing performance compared to other de-
signs. The findings can be beneficial for re-
searchers to design optimal micromixers with en-
hanced mixing efficiency and lower pressure 
drop.
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