
  

  

Abstract— Single cell analysis has become the interest of a 
wide range of biological and biomedical engineering research. 
It could provide precise information of the individual cells 
which leads to important knowledge regarding human’s 
diseases. Many attempts have been done to perform single cell 
analysis which require the isolation of individual cells before 
further manipulation could be carried out. Recently, 
microfluidic has been widely used for cell trapping and single 
cell analysis such as mechanical and electrical detection. 
Hydrodynamic trapping could be applied in the microfluidic 
device to trap a single cell thus providing platform for further 
cell characterization. This paper presents a finite element 
model for single cell trapping using hydrodynamic concept. The 
proposed microfluidic device consists of two parallel 
microchannels (main channel and trapping channel). Fluid’s 
flow rates are optimized by performing microchannel 
geometrical size manipulation to isolate a 5 μm yeast cell. The 
analysis was carried out using finite element ABAQUS-FEA 
software. The optimized RhMain/RhTrap ratio was 3.5 and above 
for successful trapping.  

   

I. INTRODUCTION 

Nowadays, the Lab on a Chip (LOC) or Micro Total 
Analysis Systems (µTAS) based on microfluidics has 
attracted the researchers attention in biotechnological and 
biomedical engineering areas. The arises of the interest is due 
to the utilization of these devices in a broad range of 
biological and biomedical application areas including 
genomics, enzymatic analysis, diseases diagnosis, cell 
treatment, drug screening, single cell analysis, drug delivery 
etc. In cellular biology, single cell analysis refers to the study 
of individual cells isolated from tissues in multi-cellular 
organisms. Conventionally, cell analyses are conducted with 
large populations of cells and data measurement can only 
represent the average values summed over the responses of 
many cells. Therefore, single cell analysis is important to 
obtain more precise information and to reveal the properties 
of individual cells and cell-to-cell differences [1].  

In order to perform single cell analysis in microfluidic 
devices, trapping of a single cell is necessary. Variety of 
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techniques have been employed to trap an individual cell. For 
example, microwell-based [2–4], dielectrophoresis-based [5–
7] and hydrodynamic-based [8–11] microfluidic devices for 
single cell trapping have been developed in response to an 
increasing demand for simple yet reliable tools for high-
throughput cell manipulation at the single cell level. In 
microwell-based platforms, designing the microwells with a 
precise geometry is required to achieve a high trapping 
efficiency [2]. Dielectrophoresis-based cell trapping applied a 
non-uniform AC field to manipulate polarized particles in 
suspension and is an effective technique to efficiently 
manipulate single cell. However, it appears to damage the 
trapped cells, thus affecting the cell proliferation. 
Hydrodynamic trapping uses the altered fluidic resistance 
created by microstructures on a fluid path, such as sieve-like 
traps [8-9] or small trapping sites [10–13] to control the 
movement of cells in a microchannel. Fot the straight or 
serpentine-shaped channels with trapping sites, the fluidic 
resistances of these channels are carefully calculated so that 
the fluid and cells in the main channel will preferentially flow 
into the trapping sites when they are empty, but bypass them 
when they are occupied with a cell. The main challenge in 
hydrodynamic trapping is that it requires a precise 
microfluidic control of multiple streams. In addition, further 
investigation and optimization on cells trapping efficiencies 
are still requested [14]. 

In this work, a proof of concept demonstration of a cell 
positioning platform using hydrodynamic manipulation to 
trap a single cell is presented. The proposed microfluidic 
device consists of two parallel microchannels (main channel 
and trapping channel). The flow rates in the microfluidic 
devices are optimized by performing microchannel 
geometrical size optimization. Numerical simulations are 
conducted to evaluate the cells trapping efficiencies for a 
variety of geometrical parameters. 

 

II. THE IDEA AND CONCEPT OF THE MODEL 

The concept of hydrodynamic trapping was originally 
proposed by Tan et al.[12] where the microchannels are 
designed such that: (a) the trapping channel has a lower flow 
resistance than that of the by-pass channel when a trapping 
site is empty, and will make the beads/cells flow into the 
trapping stream and directed into the trap; (b) when a 
bead/cell was trapped, it will act as a plug and will increase 
the flow resistance along the trapping channel drastically;  
and (c) the main flow will change from the trap channel to the 
by-pass channel (main channel in our model) and the next 
beads/cells will be directed to the by-pass stream, pass by the 
filled trapping site[15]. Darcy-Weisbach equation is used to 
determine the pressure drop or pressure difference in a 
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microchannel and solving the continuity 
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2C shows the assembly setup with a yeast cell positioned in 
the main channel, near the channel’s inlet (left).  

The microchannel consists of two channels; the main 
channel (loop channel) with the width and depth of 7 µm and 
total length of the main path (refer figure 1 on the path of 
RhMain) varies from 46 µm to 268 µm and a trap channel with 
7 µm of length, width and depth. There is one rectangular 
trap hole placed at the centre edge of the trap channel with 
the dimension of 1 µm and 7 µm of length and height, 
respectively. The height of suction hole is a variable ranging 
from 1.5 - 2.0 µm, with 2.0 µm was set as the height for the 
initial simulation analysis.  

A sphere-shaped yeast cell (5 µm in diameter) was model 
as an elastic 3D standard solid deformable C3D8R and an 8-
node linear brick 3D part with the yeast properties (Young’s 
Modulus, Poisson’s Ratio, density, etc.) obtained from 
literature [19–26]. The developed parts were assembled to 
develop the finite element model of the proposed system 
(Figure 2C).  The fluid channel and cell was meshed using 
hexahedron and tetrahedron mesh types, respectively.  Total 
mesh total elements ranged from 10627 to 22 485 elements. 
No-inflow and non-reflecting outflow Eulerian boundary 
conditions were applied to the channel’s wall. Inflow velocity 
of 0.5 µms-1 was applied to the inlet and atmosphere pressure 
was applied to the outlet of the channel for all the models 
analyzed. Various main channel’s length ranging from 46 µm 
to 268 and trap hole’s width ranging from 1.5 µm to 2.0 µm 
were applied to produce the appropriate Rh for single cell 
trapping analysis. The initial position of cell was fixed to the 
same position (distance between cell and trap channel) for all 
the models used. Interaction between objects and water was 
set as general contact with rough tangential behaviour and the 
interaction between cell surface and channel’s wall was set as 
frictionless. 

 

IV. RESULTS AND DISCUSSION  
According to the hydrodynamic trapping concept 

proposed by Tan and Takeuchi (2007), single cell/particle 
trapping should able to be achieved when QTrap/QMain ratio is 
above 1 [12]. The finite element analysis was carried out to 
verify the concept and geometry manipulation optimization 
was performed to achieve appropriate channel’s dimension to 
trap a 5 µm single yeast cell. The main channel’s length was 

manipulated to develop the hydrodynamic ratio between 
main channel to the trap channel (RhMain/RhTrap) ranging from 
1 to 6. Increasing the RhMain/RhTrap is proportional with the 
increase in main channel’s (loop path) length. Abaqus FEA 
uses the Navier-Stokes equation in solving the fluid motion. 
Initially, the trap hole’s width of 2 µm was used for the 
analysis and yeast cell model was found able to be trapped 
when RhMain/RhTrap of 3.5 and higher was used (figure 3C- 
3D). Results obtained showed that the concept didn’t work 
for the model with RhMain/RhTrap of 1.0 – 3.0 and the cell 
movement was found not directed to the trap channel but 
moved passed through the trap channel (refer figure 3(A-B) 
for RhMain/RhTrap model of 1.5 and 2.5, results for 
RhMain/RhTrap model of 1.0 and 2.0 are not shown).  
Subsequent simulation was carried out using the model  with 
trap hole’s width 1.5 µm and similar results were obtained 
when the trap hole’s width was decrease to 1.5 µm (refer 
table 1). The hydrodynamic concept works accordingly when 
RhMain/RhTrap is 3.5 and above and the single yeast cell model 
able to be directed towards the trap channel with the fluid 
stream.  

Streamline plots of model with suction hole’s width of 2 
µm were obtained for RhMain/RhTrap ratio of 1.5 to 4.5 are 
shown in figure 5. The streamline velocity field for 
RhMain/RhTrap 3.5 and above (figure 4 C and D) show that the 
flow diverged from main channel to the trap channel and all 
the streamlines were directed towards the trap channel. In 
contrast to the RhMain/RhTrap below 3.5 (figure 4A- 4B), the 
velocity streamlines were not fully directed to the trap 
channel as portions of the streamlines were directed pass 
through the main channel and towards the trap channel. The 
velocity streamlines obtained were not fully focusing towards 
trapping channel and unable to produce enough force to trap 
the cell into trapping channel. Colour contours in the results 
show different velocity from low (dark blue) to high (light 
grey). 

 

 

 
Figure 3: Cell trapping results of the single cell trapping at 
simulation time of 28 s with different Rh ratio for channel’s model 
with trapping hole’s width of 2µm and RhMain/RhTrap ratio of (A) 1.5 
(B) 2.5 (C) 3.5 and (D) 4.5. 

 
Figure 2: Construction of the finite element model of single cell 
trapping system and parts involved (A) Eulerian part (fluid channel’s 
top view)  (B) 3D deformable part (yeast cell model) (C) Simulation’s 
assembly setup. 
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Table 1: Simulation findings for single cell trapping for different trap 
hole’s width. 

Ratio of 
RhMain/RhTrap 

Ability to trap cell 

Trap hole’s W : 
1.5 µm 

Trap hole’s W : 
2.0 µm 

1.0 x x 

1.5 x x 
2.0 x x 
2.5 x x 
3.0 x x 
3.5 yes yes 

4.5 yes yes 
5.0 yes yes 
5.5 yes yes 
6.0 yes yes 

 
 

Figure 5 shows the fluid’s velocity distribution before cell 
reach the trap channel (simulation time 14 s) for single cell 
trapping model (trapping hole’s width 2 µm) with 
RhMain/RhTrap between 1.5 to 4.5. Results show that the main 
channel’s (loop path) fluid velocity of the single cell trapping 
model with RhMain/RhTrap of 1.5 and 2.5 (figure 5A-B) is high 
compared to the trap channel’s fluid velocity. Therefore the 
main stream will direct the yeast cell to flow to the main 
channel’s path and bypass the trap channel. In contrast to the 
model with RhMain/RhTrap of 3.5 and 4.5 (figure 5C-D), the 
fluid’s velocity distribution from the trap hole to the trap 
channel is higher compared to the fluid’s velocity in the main 
channel. These show that the trap channel produced lower 
hydrodynamic resistance than the main channel and the main 
stream will direct the yeast cell into the trap channel (refer 
figure 4C-D).  However, results show that both model with 
RhMain/RhTrap of 3.5 and 4.5 produced almost the same fluid’s 
velocity pattern that will produced appropriate pressure drop 
for the cell to be trapped. Similar results were observed with 
the single cell trapping model with trapping hole’s width 2 
µm (data not shown). 

 From the simulation results, it was found that the single 
cell  trapping model with RhMain/RhTrap below 3.5 failed to 
trap the yeast cell model and trapping was successful when 
the RhMain/RhTrap is above the value of 3.5 (refer table 1). 
However, there are variations in the complete cell trapping 
time (time when the cell touch the surface of trap channel) 
obtained between different RhMain/RhTrap ratio. Higher ratio 
requires shorter time for trapping process compared to the 
lower ratio. Graph in figure 6 shows the results of trapping 
time for the single cell trapping model with trapping hole’s 
width 1.5µm and 2.0 µm for RhMain/RhTrap from 3.5 to 6.0. 
From the graph, it shows that the trapping time decreased 
with the increasing of RhMain/RhTrap. This is probably because 
higher RhMain/RhTrap able to perform velocity distribution 
(from suction hole’s to the whole area of trap channel) in a 
shorter time compared to the lower RhMain/RhTrap. A greater 
RhMain/RhTrap ratio was found could provide a lower 
hydrodynamic resistance in the trap channel and could 
transfer the fluid at a faster rate. The velocity distribution 
produced different pressure from main channel to the trap 
hole, making the flow resistance inside the trapping channel 
lower than the main channel. Therefore, together with the 
fluid, cell will flow to the lower flow resistance area and be 
trapped.  Bigger suction hole’s height (2.0 µm) able to 
produced shorter trapping time compared to the smaller 
height (1.5 µm). Both design with suction hole’s width of 1.5 
µm and 2.0 µm able to obey the hydrodynamic trapping 
concept as cell was found able to be trap into the trap 
channel.  

This study provides a finite element model for single cell 
trapping for a yeast cell model. Trap channel’s was designed 
to specifically trap a 5 μm yeast cell via hydrodynamic 
resistance manipulation using a trapping hole placed in the 
edge of the trap channel. The channel’s geometry was 
optimized to produce appropriate ratio of hydrodynamic 
resistance between the trap channel and the main channel 
(loop path). The single cell trapping finite element model was 

  
Figure 5: Velocity of fluid before cell trapping for single cell trapping 
model with trapping hole’s width of 2 µm for RhMain/RhTrap of (A) 1.5 
(B) 2.5 (C) 3.5 (D) 4.5. Round structure inside the channel represent 
the yeast cell model.  

 
Figure 4:  Streamline velocity field of the single cell trapping model 
(top view) with trapping hole’swidth of 2 µm for RhMain/RhTrap of  (A) 
1.5 (B) 2.5 (C) 3.5 (D) 4.5. 
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found able to trap a single yeast cell into the trap channel 
with optimized main channel’s geometry and appropriate 
RhMain/RhTrap.  

Single cell trapping channel is important in providing a 
good platform for cell manipulation in studying the 
biological, biophysical or biomedical aspect of the cells. 
Optimization of the trap channel geometry able to be carried 
out by analyzing the fluid’s (water) velocity distribution and 
by observing the success of cell trapping into trap hole in the 
analyzed model. Suction hole’s height of 1.5 μm should be 
chosen to carry out single cell analysis because the size is not 
too big and enough to trap single cell and to minimize access 
stress from executing the trapped cell. However, the size of 
suction hole to be chosen is dependent on the type of cell and 
type of experiment or analysis and how will it be performed. 

V. CONCLUSION  
 This study presents the finite element model of single cell 
trapping inside microfluidic channel. This single cell trapping 
system able to be constructed using Abaqus-FEA™ software. 
The single cell trapping model able to follow the 
hydrodynamic resistance trapping concept. The appropriate 
RhMain/RhTrap to perform cell trapping using hydrodynamic 
resistance concept is the ratio value above than 3.5. A 5 μm 
yeast cell model able to be trapped inside a trap channel with 
height, width and length of 7 μm by manipulating the main 
channel’s length of the model with trap hole’s width 1.5 and 
2.0 μm which situated at the centre edge of the trap channel. 
This cell trapping model able to isolate an individual yeast 
cell inside fluidic environment thus provide a platform to 
further study the mechanical or biological behaviour of single 
cell. Single cell manipulation such as chemical and 
biophysical treatments and also mechanical characterization 
could be performed inside the microfluidic channel using this 
system. 
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