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Abstract  
  
The paper explores the development of micromixers for lab-on-chip applications through the stages of design, 
simulation, fabrication, and analysis. The primary focus is on achieving optimal mixing efficiency and film bonding 
stability at low Reynolds numbers, while minimizing pressure drop using cost-effective polymer microfluidic devices. 
Specifically, the impact of structural dimensions on mixing behavior is investigated in Split and Recombine Micro 
Channel using circular, square, and diamond-shaped obstacles at various Reynolds numbers ranging from 0.1 to 60.  
Mixing efficiency of the circular obstacle-based SAR micromixer is found to be better at a very short length without 
damaging the thin film bonding layer at Re 45.  
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1. Introduction 
 
"The Micromixer: An Essential Device for Microfluidic 
Mixing in Lab-on-a-Chip Applications. Mixing of 
multiple fluids in microscale channels presents a 
significant challenge in microfluidics due to the laminar 
flow behavior, making it a key area of research for 
applications such as chemical reactions, nano material 
synthesis, biological screening, biosensors, and genetic 
analysis (Chew, Xia, and Shu 2007; Jeong et al. 2010; 
Adam et al. 2014)." "Enhancing Mixing Performance in 
Microfluidic Channels: An Overview of Micromixers. 
Micromixers can be classified as either active or 
passive, with active micromixers requiring external 
energy sources such as thermal energy, magnetic fields, 
frequency vibration, or surface acoustic waves for 
mixing (Français et al. 2006; Wang et al. 2008; Oberti, 
Neild, and Nga 2009; Tseng et al. 2006). Passive 
micromixers, on the other hand, do not require 
external energy sources and are easier to implement. 
Mixing performance in passive micromixers can be 
improved by modifying the structural dimensions of 
the microchannel. Research has explored different 
structural dimensions to enhance mixing, including Y-
shaped micromixers with rectangular and triangular 
obstacles (Karthikeyan, Sujatha, and Sudharsan 2017), 
split and recombination micromixers (Nimafar, 
Viktorov, and Martinelli 2012), and cylindrical 
obstructions within curved microchannels (Alam et al. 
2014).  
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These studies have shown mixing efficiencies ranging 
from 72-100% at Reynolds numbers from 0.083 to 60." 
"Afzal and Kim (2014) conducted a shape optimization 
for two-fluid mixing in a three-dimensional 
herringbone micromixer and obtained a mixing 
efficiency less than 90%. Jen et al. (2003) designed and 
simulated chaotic mixers with T-shaped three-
dimensional structures in twisted microchannels. Most 
passive micromixers have different microstructures for 
achieving good mixing performance with high flow rate 
and low pressure drop. A key aspect in micromixer 
design is sealing the channel, for which several 
bonding techniques have been developed, including 
PDMS bonding (Cha et al. 2006), UV cured adhesive 
bonding (Kapilmanoharan and Lekurwale 2014), and 
bonding with SU8-Metal (Svasek et al. 2004). Saragih 
and Ko (2009) bonded a three-dimensional spring-like 
micromixer to the substrate using a controllable 
furnace." 
 

         This paper presents the fabrication and 
performance characteristics of three passive 
micromixer structures, including the Arrow Type Split 
and Recombine Type Micromixer with circular, 
diamond, and square-shaped obstacles. Typically, the 
pressure drop in microchannels is proportional to both 
the flow rate and the structural dimensions of the 
device. High flow rates can damage the bonding 
strength between the PDMS microchannel and glass 
substrate due to the device's structural dimensions. 
Therefore, it is important to determine the permissible 
flow rate of the micromixer device to avoid damage. To 
address this issue, we have introduced a low-cost thin 

http://inpressco.com/category/ijcet


Sanjay A. Pawar and Vimal Kumar Chouksey    Investigating Flow Rate and Mixing Performance in Arrow Type split and Recombine Micromixers 

 

66| International Journal of Current Engineering and Technology, Vol.13, No.2 (March/April 2023) 

 

film PDMS bonding technique as an alternative to 
existing methods such as plasma, thermal, corona 
discharge, and UV curing processes. Finally, we have 
studied the permissible flow rate and mixing efficiency 
of the micromixer devices mentioned above. We have 
also compared the mixing efficiency and pressure drop 
of the simulated devices for all the micromixers 
discussed. 
 
2. Design of micromixer 
 
The micromixers under investigation include the 
Arrow Type Split and Recombine Type Micromixer 
with circular, diamond, and square-shaped obstacles. 
 

 
 

Figure 2.1: Arrow Type Split and Recombine Type 
Micromixer with Circular shaped Obstacle, Diamond 

shaped Obstacle, Square shaped Obstacle 
 
To mix two liquids A and B, Arrow Type Split and 
Recombine Type Micromixer with circular, diamond, 
and square-shaped obstacles are employed. The micro 
mixer consists of a long Arrow Type channel of 
approximately 12.10 mm length with two inlets, each 
around 1500 μm in length. The micro-channel width is 
200 μm, and the inlet and outlet reservoirs have a 
diameter of 3000 μm. Circular, diamond, and square-
shaped obstacles with a radius of 150 μm, 200 μm are 
used, and their dimensions are illustrated in Figure 2.1. 
 
3. Simulations of micromixers 
 
Simulations were carried out with COMSOL 

Multiphysics CAD tool. The structures were drawn 

using the design values given in the previous section. 

 

3.1 Micro mixture Performance Criteria 

 

A statistical metric that indicates the uniform level of 

species concentration in a particular fluid is the mixing 

index. The mixing index of the species at any cross 

section in micro channel is calculated using following 

equation [1]: 

 

 M = 1 − √
1

N
∑ (

Ci−C̅

C̅
)

2
N
i=1             (1) 

 
Where, M is the mixing index, 

N is total number of grid points 
 
Ciis the normalized concentration at any cross section 
 
C̅ is the average normalized concentration of the 
domain. 
 
Mixing index ranges from 0 to 1 (M = 0 for no mixing 
and M = 1 for 100 % mixing). 
    
Pressure Drop 
 
Better and quicker mixing demand flow restrictions or 

obstructions, which results in drop in fluid pressure. 

Thus, one of the most important design considerations 

for a micro-fluidic channel design is to minimize the 

pressure drop. The pressure drop in a straight 

rectangular channel is mainly due to friction and is 

determined by using the Darcy-Weisbach equation [27] 

which can be expressed as:  

 

∆P = [
f×Re

2
] × [

μ×u×L

(Dh)²
]                     (2) 

 
Where,ΔP is the pressure difference within the channel 
in Pa and L is channel length in mm.  
 
 

 
 

Figure 3.1: simulated result for the Reynold number 
0.1 for Circular shaped obstacles 

 

 
 

Figure3.2: simulated result for the Reynold number 
0.1 for Diamond shaped obstacles 
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Figure 3.3: simulated result for the Reynold number 
0.1 for Square shaped Obstacle 

 

The Figure: 3.4 shows  computational analysis 
investigates the impact of Reynolds number (Re) on 
the mixing index by varying Re at values of 0.1, 1, 5, 10, 
15, 30, 45, and 60. The mixing index is calculated by 
measuring the concentration at a specific location for 
all considered Re values. Concentration profiles for 
Arrow Type SAR with circular obstacles of 150 µm and 
200 μm. at eight different Re values (0.1, 1, 5, 10, 15, 
30, 45, and 60) are presented.  
 

 
 

Figure 3.4: Mixing index as a function of Reynolds 
number for Circular Obstacle-based SAR micromixer 

 
The Figure: 3.5 shows computational analysis 
investigates the impact of Reynolds number (Re) 
Concentration profiles for Arrow Type SAR with 
diamond Obstacle 150 µm and 200 μm. at eight 
different Re values (0.1, 1, 5, 10, 15, 30, 45, and 60) are 
presented.  
 

 
 

Figure. 3.5: Mixing Index as a function of Reynolds 
number for diamond Obstacle-based SAR micromixer 

The Figure: 3.6 shows computational analysis 
investigates the impact of Reynolds number (Re) 
Concentration profiles for Arrow Type SAR with square 
obstacle 150 µm and 200 μm. at eight different Re 
values (0.1, 1, 5, 10, 15, 30, 45, and 60) are presented. 
 

 
 

Figure 3.6:  Mixing index as a function of Reynolds 
number for square obstacle-based SAR micromixer 

 

The results presented in Figures 3.4, 3.5, and 3.6 
demonstrate that the mixing index is highest at Re 0.1 
and decreases as Re increases up to 10. Subsequently, 
the mixing index increases with increasing Re from 10 
to 60. This trend is observed for Arrow Type SAR with 
circular obstacles, diamond obstacles, and square 
obstacles with sizes of both 150 µm and 200 µm. 

At Re 0.1, higher mixing indices are observed for 
both Arrow Type SAR micromixers with circular 
obstacles of sizes 150µm and 200µm compared to 
Diamond shaped Obstacle and Square shaped Obstacle 
because diffusion is the only mixing mechanism at this 
lower Reynolds number. As the Reynolds number 
increases from 0.1 to 10, the fluid has less time for 
diffusion and there is no significant advection and 
growth of secondary flows, causing the mixing index to 
decrease. However, with further increase in Re from 10 
to 60, the mixing index gradually increases due to the 
advection effect becoming more significant and the 
generation of secondary flows becoming more 
prominent. With an increase in the size of obstacles 
from 150µm to 200µm, advection becomes more 
significant, enhancing secondary flow generation and 
leading to better mixing performance. Thus, the mixing 
index for Arrow Type SAR with circular obstacles of 
sizes 150µm and 200µm is observed to be higher 
compared to Diamond shaped Obstacle and Square 
shaped Obstacle 

 

 
 

Figure 3.7: Pressure drop as a function of Reynolds 
number for Circular Obstacle-based SAR micromixer 
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Figure 3.8: Pressure drop as a function of Reynolds 
number for diamond Obstacle-based SAR micromixer 

 

 
 

Figure 3.9: Pressure drop as a function of Reynolds 
number for square Obstacle-based SAR micromixer 

 
The data presented in Figures 3.7, 3.8, and 3.9 indicate 

that there is a positive correlation between pressure 

drop and Reynolds number. The SAR design featuring 

circular obstacles with a size of 150 µm and square 

obstacles exhibit the minimum pressure drop, while 

the arrow type SAR design featuring circular obstacles 

with a size of 200 µm and diamond-shaped obstacles 

have the highest pressure drop. The presence of 

obstacles in the flow direction creates restrictions that 

impede the flow and result in an increase in pressure 

drop. As the size of the obstacles increases, the 

pressure drop also increases. 
 

4. Fabrication of Arrow Type micromixers 

 
4.1 Processes involved in fabrication of prime mould 
micromixer device 
 
 To create the prime mold, SU8 2075 was utilized via a 

UV lithography process. A silicon substrate measuring 

50 mm x 50 mm was spin-coated with 3 ml of SU8 

2075 negative photoresist for 10 seconds at 500 rpm, 

then ramped up to 2200 rpm for 30 seconds. Following 

this, the sample underwent pre-baking for 5 minutes at 

65°C and 12 minutes at 95°C. Next, the sample was 

exposed to UV (365 nm) for 12 seconds and then post-

baked for 5 minutes at 65°C and 10 minutes at 95°C. 

The sample was then developed for 20 seconds using 

an ultrasonic bath with SU8 developer solution, which 

is a fast and effective method compared to dip and 

immerse types of developing methods. The 

ultrasonication time varies based on the thickness of 

SU8 layers. The photoresist-develop process continued 

until the white precipitation disappeared and the 

desired pattern was achieved. The sample was then 

washed with IPA and deionized water before being 

hard-baked for 1 hour at 95°C (Karthikeyan and 

Sujatha, 2017) 

 

 
 

Figure 4.1: Graphical illustration of Experimental 
setup 
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Figure 4.2: simulated result and Experimental result of 

Circular Obstacle-based SAR micromixer 
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Figure 4.3: simulated result and Experimental result of 

diamond Obstacle based SAR micromixer 
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Figure 4.4: simulated result and Experimental result of 

square Obstacle based SAR micromixer 

The mixing index of the fabricated microchannels were 
evaluated experimentally by capturing images at 
different mixing lengths in the direction of flow as 
shown Fig. 4.2, Fig.4.3 and Fig. 4.4. The mixing index 
were also generated from the computational model 
using Eq. (1) and compared with the experimentally 
obtained mixing indices for circular shaped obstacles, 
diamond obstacles, and square obstacles with an 
obstacle size of 150 μm radius. It was found that 
circular shaped obstacles had a higher mixing index 
compared to diamond obstacles and square obstacles, 
as shown in Fig. 4.5. 
 

 
 

Figure 4.5: Experimental result of circular, diamond, 
square Obstacle based SAR micromixer 

 
Conclusion 
 
This study describes the design, simulation, and 
fabrication of passive micromixers with circular, 
square, and diamond-shaped obstacles. The pressure 
drop and mixing index are evaluated at various 
Reynolds numbers ranging from 0.1 to 60 and 
microchannel lengths. The devices are fabricated using 
a soft lithography technique, and bonding with the 
glass substrate is achieved using a thin PDMS adhesive 
layer. The circular obstacle-based SAR micromixer 
shows better mixing efficiency than the diamond and 
square obstacle-based SAR micromixers. The 
permissible Reynolds numbers of the fabricated 
micromixer devices are optimized, and the mixing 
efficiency of the circular obstacle-based SAR 
micromixer is found to be better at a very short length 
without damaging the thin film bonding layer at Re 45. 
Therefore, this type of micromixer is more suitable for 
low diffusivity fluids and low flow rate applications, 
such as enzyme immobilization, biosensor and 
diagnostic devices that require low input energy, 
increased stability, repeatability and longer device 
lifespan. 
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