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ABSTRACT 
The isolation and separation of circulating tumor cells 

(CTCs) from peripheral blood without compromising their 
viability is crucial for cancer diagnostics and prognosis. 
However, the successful isolation of CTCs is often quite 
challenging due to their low concentrations and size overlap 
with other blood cells. Microfluidics devices incorporating 
inertial forces in recent times have emerged as a promising tool 
for CTC separation with high throughput and minimal 
invasiveness. Despite these advantages, CTC isolation using 
inertial microfluidic devices still faces challenges in practical 
application due to their inability to separate CTCs having 
overlapping sizes with WBCs. To, tackle this issue, the present 
study offers a curved contraction-expansion structured inertial 
microfluidic device equipped with DEP, that possess the 
potential of continuous and high throughput separation of CTCs 
from WBCs regardless of their size overlap. The use of DEP force 
ensures the successful separation of similarly sized CTCs from 
WBCs from blood samples, and the use of a contraction-
expansion structure offers precise microenvironment that 
enables the efficient use of DEP force for continuous label-free 
separation. The characteristics of cell transport and cell 
positioning are quantified through coupled physics analyses to 
evaluate the effects of different parameters such as: the aspect 
ratio of the rectangular channel on contraction zones and the 
ratio of sheath and mixture flow on separation efficiency of the 
proposed device. 

Keywords: Circulating tumor cells, Label-free separation, 
Contraction-expansion channel, Dielectrophoresis, Inertial 
microfluidics 

NOMENCLATURE 
CTC  Circulating Tumor Cell 

WBC  White Blood Cell 

DEP  Dielectrophoresis 

AR   Aspect Ratio [Width/Height] 

1. INTRODUCTION 
Isolation of circulating tumor cells (CTC) from blood 

samples is a crucial step in clinical diagnosis and prognosis of 
cancer in human body[1]. CTCs carry essential biomarkers for 
cancer progression, that can offer requisite information to detect 
and stop the spread of secondary tumor formation (metastasis). 
Thus, successful detection and separation of CTCs from blood 
cells offers a key component in cancer research, since metastasis 
is the leading factor for the termination of 90% of cancer 
patients[2]. 

In recent times, microfluidic devices have emerged to be an 
excellent candidate to enable high throughput cell separations 
with greater separation efficiency. The technique utilized in 
majority of microfluidic devices are mainly categorized into two 
types: active and passive. Active methods use an external force 
field in the form of electrical[3], magnetic[4], and acoustic 
waves[5], to enable cell separation based on the inherent 
characteristic physical differences of CTCs from other blood 
cells. On the contrary, separation of cells can also be achieved 
with the help of their intrinsic properties such as density, size and 
deformability in passive methods. Furthermore, the channel 
geometry and the flow rate can also affect cell separation criteria 
for different passive methods of cell separation such as: pinch 
flow fractionation (PFF), deterministic lateral displacement 
(DLD)[6], [7], hydrodynamic filtration[8] and inertial methods 
[9] etc. 

Among most other passive techniques, inertial migration of 
particles inside microchannels offer superior performance 
including high-throughput and label free separation along with 
simple geometric structure [10]. In inertial microfluidic devices, 
the randomly dispersed particles take equilibrium positions that 
are affected by various inertial forces acting on them. However, 
the equilibrium position taken by the particles are totally size 
dependent, thus inertial microfluidic devices can only separate 
cells depending on the dimensions of the particles[11]. It has 
been already reported by various researchers that, many white 
blood cells ((WBCs) overlap in size with CTCs present in blood 
samples that generate a major drawback of inertial microfluidics 
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in practical applications [12]. To tackle this challenge, it is 
required to couple active techniques with inertial devices to form 
a hybrid separation technique, that can offer alternatives to 
earlier mentioned limitations. 

The performance of coupled microfluidic devices has been 
explored by a number of researchers. Kim et al.[13] presented an 
inertia-acoustophoresis hybrid microchannel that can achieve 
more than 99% of separation efficiency for 5 and 13 µm particles 
with throughput as high as 100 µL/min. Seo et al.[14] presented 
a hybrid cell sorter through combination of hydrodynamics and 
magnetophoresis where cells are separated by using magnetic 
susceptibility. But both of these models separate the cells of 
different size only. Zhang et al.[15] reported a novel DEP-inertial 
device capable of achieving a lateral separation distance of about 
29 µm, but that also works when there is a significant size 
difference between the cells. Thus, these studies fail to overcome 
the limitations with overlapping sized CTCs with WBCs. 
Moreover, Aghamo et al.[16] combined DLD with DEP to 
separate similarly sized CTCs from WBCs in blood sample. It 
exhibits a low throughput of about 2 µL/min. Alazzam et al.[17] 
proposed a DEP-inertial microfluidic device designed to separate 
MDA-MB-231 CTCs from heterogenous mixture of blood cells. 
Their design also allows for only 6 µL/min of sample flow rate. 
It can be seen that; a few studies have been reported that has the 
capability to separate overlapping sized CTCs from WBCs 
having higher throughputs for faster sample processing. 

Our group has previously reported a hybrid microfluidic 
device that has the potential to separate CTCs from similar-sized 
WBCs using a zigzag structure equipped with DEP forces [18]. 
Despite using DEP forces, the proposed device has a very low 
separation distance that can generate complexities for precise 
cell separation [19]. To tackle this issue, in a later work, we have 
presented a DEP enabled contraction-extraction structured 
inertial microfluidic device that can achieve as high as 233 µm 
lateral separation distance between circulating tumor cells from 
other blood cells [20]. The proposed device also offers a very 
high throughput that can be tuned for different applied voltage 
(DEP force) to achieve better separation efficiency of CTCs from 
similarly sized white blood cells. The reported study presented 
the effect of flow rate and applied voltage on the separation 
criteria of the device. It has been already reported that, the cell 
separation criteria inside inertial devices are greatly dependent 
on channel dimensions[21]. It is necessary to study the effects of 
channel aspect ratio of the curved geometry of any to fully 
understand the design aspects. On the other hand, to handle large 
amount of blood samples, the throughput of device is a parameter 
of great interests. Thus, in order to obtain an overall 
understanding of the device presented, this study presents the 
effects of rectangular channel aspect ratio and the mixture to 
sheath flow ratio on CTC separation from blood samples. 
 
2. THEORETICAL BACKGROUND 
2.1 Inertial migration 

Inertial microfluidics functions on the principle of particle 

lateral migration inside fluid fields to reach equilibrium 

positions[21]. Typically, in a micro-scale channel device, 

Reynolds number ranges from 1 to 100[10]. In straight channels, 

particles migrate under inertial lift force, that includes wall-

induced lift force and shear gradient lift force. The resultant lift 

force on the particles can be expressed as[22], [23] : 𝐹𝐿 = 𝑓𝐿 (𝑅𝑒,   𝑧)𝜌𝑓𝑈𝑚2 𝑎𝑝4𝐷ℎ2                               (1) 𝑅𝑒 = 𝜌𝑓𝑈𝑚𝐷ℎµ                                           (2)                      

where ρf, Um, μ, ap, Dh, and fL are fluid density, the maximum 

velocity of the fluid, dynamic viscosity, cell diameter, the 

hydraulic diameter of the channel, and lift coefficient, 

respectively. The lift coefficient, fL, depends on the channel 

Reynolds number (Re) and vertical position (z) within the 

channel cross-section. It remains almost constant for Re < 100 

and its approximate value is 0.5 in most cases[24].  
In curved channels, particles also experience a drag force 

due to the Dean flow (secondary flow) in the channel cross 

section. This generates due to the presence of curvature 

downstream of fluid flow, that creates a centrifugal force radially 

outward resulting in two counter-rotating vortices termed as 

Dean vortices. The Dean number can be expressed by[25]:  𝐷𝑒 = 𝜌𝑓𝑈𝑚𝐷ℎµ √𝐷ℎ2𝑅                              (3) 

where R is the radius of the curvature of the channel. The 

Dean flow introduces a force known as the Dean drag force 

(FDean) which is expressed as[26]: 𝐹𝐷𝑒𝑎𝑛 = 5.4 × 10−4𝜋𝜇𝑎𝑝(𝐷𝑒)1.63        (4) 
where ap is the radius of the particle. The combination of 

both the Dean drag force and inertial lift force determines the 

number of equilibrium positions of particles or cells. 

 
2.2 Dielectrophoresis 

When particles in a fluid medium experience electric force 

due to interactions between non-uniform electric fields and field-

induced electrical polarization of particles, the force is termed as 

Dielectrophoretic (DEP) force. The particles emerged in an 

alternating electric field will be affected by a time averaged DEP 

force given by[27]: 𝐹𝐷𝐸𝑃 = 2𝜋ε𝑚𝑒𝑑𝑎𝑝3𝑅𝑒[𝐾𝐶𝑀(𝑓)]∇𝐸2          (5) 
where ε𝑚𝑒𝑑 and  𝑓 are the permittivity of the suspension 

medium and the frequency of the applied non-uniform electric 

field of strength E respectively. It can be noted from equation 

(5), if Re[KCM)] > 0, the DEP force is positive and particles are 
attracted to the regions of strong electric fields, while if 
Re[KCM)] < 0, the DEP force is negative and the particles are 
repelled opposite the regions of electric fields. 

The term 𝑅𝑒[𝐾𝐶𝑀(𝑓)] reflects the magnitude of the real part 

of the Clausius-Mossotti (CM) factor that is defined by: 𝐾𝐶𝑀(𝑓) = ε̅𝑐𝑒𝑙𝑙− ε̅𝑚𝑒𝑑ε̅𝑐𝑒𝑙𝑙+2ε̅𝑚𝑒𝑑  (6) 

where  ε̅𝑐𝑒𝑙𝑙  and ε̅𝑚𝑒𝑑  are complex permittivity of cell and 

medium, respectively, and both of them are the function of the 

applied frequency. 

In the present work, an array of interdigitated electrode 

(IDE) was patterned on the inner side walls of the contraction 
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zones of a contraction-expansion structured curved microfluidic 

device to generate a negative DEP (n-DEP) on the particles and 

push them towards outer the outer wall. Since the DEP force in 

the horizontal and vertical direction is too weak to alter particle 

positions due to a high flow speed, the lateral DEP force (FDEPy) 

counteracts with the lift force generated due to inertial effects 

along lateral directions. The DEP force in the whole manuscript 

indicates the DEP force component in the lateral (y) direction. 

 

2.3 Particle separation mechanism in DEP enabled 
curved contraction expansion microchannel 

The present study offers a curved array of contraction-

expansion microchannel having the potential to separate the 

CTCs from WBCs from blood samples regardless of their size 

overlap. Due to fluid stream, shear induced lift force is generated 

throughout the channel, that pushes the cells toward the outer 

wall from the channel center. Additionally, the wall induced lift 

force acts in the opposite direction and pushes the cells towards 

channel center. A sharp cross-sectional area modification along 

the flow direction makes the fluid stream follow a curved path. 

Since, smaller particles are strongly influenced by forces due to 

dean flow, these particles tend to move towards the outer wall of 

the curved geometry, while the larger particles experience 

greater shear induced lift force, pushing them to reach inner wall 

of the channel. Thus, complete size-based separation can be 

achieved by the contraction-expansion structured microfluidic 

device without the use of DEP force. 

It has been introduced earlier that shear-induced lift force is 

stronger in the contraction regions due to the flow acceleration 

in the contraction region[28]. That is why, in our design, the 

interdigitated electrode arrays are placed outside of the inner 

wall of the contraction region to generate DEP force in the lateral 

direction to counter the shear induced lift force of targeted 

particles to obtain successful separation of CTCs from identical 

sized WBCs. A sheath flow pinches the particles towards the 

inner side walls of the channel. AC electric field having a cross 

over frequency of CTCs is utilized when the cells are reached 

near the inner side of the contraction region. The equilibrium 

position obtained by different particles will be governed by the 

strength of the lift force, FL, and DEP force, FDEP. Due to the 

cross over frequency adjustments, CTCs experiencing negligible 

DEP forces, reaches the equilibrium positions based on the lift 

forces towards the inner wall of the channel. WBCs will strongly 

get affected by the DEP force and will attain an equilibrium 

position towards the outer wall of the channel, generating a 

successful separation regardless of their identical dimensions. 

 

3. WORKING MODEL 
The curved contraction expansion structured microchannel 

consists of rectangular shaped channel. The inner and outer 

radius of the curvature is 2150 µm and 2500 µm respectively, 

having a width 350 µm on the expansion zones. The width of the 

channel on contraction zones is adjusted from 25 to 200 µm. The 

height of the channel is considered 50 µm. 

There are two inlets separated at the inlet to introduce 

mixture and sheath flow. As presented in figure 1, the sheath 

flow is used to pinch the cells towards the inner wall of the 

channel. In all of the study, the sample flow is kept constant at 

10 µL/min and the sheath flow is adjusted on a range of values 

to study the effect of the sheath flow and mixture flow ratio on 

the cell separation efficiency. 

 

 
FIGURE 1: WORKING MODEL OF THE CURVED 

CONTRACTION EXPANSION STRUCTURED MICROFLUIDIC 

DEVICE. 
 

In this study, A549 cells and Granulocytes are considered as 

representatives of CTCs and WBCs respectively. Since, 

Granulocytes has a significant size overlap with CTCs and they 

also have a large abundance in human body, their selection 

justifies a wide range of practical applications. Since, the size of 

CTCs are usually larger than WBCs, smaller sized WBCs are 

also used in this analysis to demonstrate the separation capacity 

of the presented device regardless of the dimensions of the cells. 

The cell properties regarding the dimensions and dielectric 

properties are presented in table 1.  

 

TABLE 1 
DIELECTRIC PROPERTIES OF THE CELL BEADS WITH 
MEDIUM CONDUCTIVITY OF 0.055 S/M AND RELATIVE 
PERMITTIVITY OF 80 FOR BOTH CTCS AND WBCS. 
 

 

Cell type 

Radius 

r  

(µm) 

Crossover 

frequency 

fc  

(kHz) 

Cytoplasm 

conductivity 𝝈𝒄𝒑  

(S/m) 

Cytoplasm 

complex 

permittivity 𝜺̅𝒄𝒑 

Membrane 

thickness 

D 

(nm) 

Membrane 

conductivity 𝝈m  

(S/m) 

Membrane 

complex 

permittivity 𝛆̅𝒎 

A-549 CTCs 7.75±0.25 65±2.5 0.99 100 10 2×10-6 27 

Similar-sized 

WBCs 

(Granulocytes) 
7.75±0.1 156.65±2 0.72 111 5 1×10-6 5.54  

Different-sized 

WBCs 

(Lymphocytes) 
3.75±0.25 325±21 0.72 111 5 1×10-6 5.54 

 

As discussed in the theory sections, the Clausius-Mossotti 

(CM) factor that depends on the applied frequency dictates if 

positive DEP (pDEP), negative DEP (nDEP), or zero DEP force 

work on a particular type of cells. In our analysis, we device it 

such a way that a negative DEP force acts upon the white blood 

cells to push them towards the outer side walls, and the CTCs 

will experience zero DEP force as the frequency applied is set to 
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the cross over frequency of CTCs. Figure 2 presents the change 

of CM factor against a range of applied frequencies and the mean 

CTC cross-over-frequency is shown by the vertical line that is 

65 kHz. 

 

 

FIGURE 2: THE REAL PART OF CLAUSIUS-MOSSOTTI 

FACTOR AT DIFFERENT APPLIED FREQUNECY THAT 

DETERMINES THE NATURE OF DEP FORCE ACTING ON 

PARTICLES. THE CROSS-OVER FREQUENCY IS MARKED 

WITH BLACK COLOUR. 

 

4. NUMERICAL MODEL 
In order to model fluid flow, electric field and cell 

separation, COMSOL 6.0 is used in the current study. AC/DC 

module of COMSOL 6.0 is used to solve the electric field 

generated by the electrodes. The velocity field is solved initially 

through laminar flow module that solves the following Navier-

Stokes equations accompanied with continuity equation, 𝜌 [ 𝜕𝜈𝜕𝑡 + 𝜈 ⋅ ∇𝜈 ] = 𝛻 ⋅  [−𝑝𝐼 +  𝜇(𝛻𝜈 + (𝛻𝜈)𝑇 )] + 𝐹𝑣   (7)                             ∇ ⋅ 𝜈 = 0                            (8) 
where 𝜌, 𝜈, µ and 𝑝 are the fluid density, velocity, viscosity, 

and pressure, respectively. Here, Fv denotes the volume force 
which is created by the fluid-cell interaction. 

The following equations are solved to obtain the electric 
field, 𝐸 = −∇𝜙            (9)  ∇ ∙ (ε𝑚𝐸) = 𝜌𝐸                          (10) ∂𝜌𝐸∂𝑡 + ∇ ∙ (σ𝐸) = 0                       (11) 

Where 𝜙, ε𝑚, 𝜌𝐸  and  𝜎 are the electric potential, medium 

permittivity, net volumetric free charge density, and medium 

conductivity, respectively. 

While passing through the channel, the cells are affected by 

the combined effects of lift, drag, sedimentation, basset and DEP 

forces. The net number of forces acting on a particle determines 

the trajectory of the cells. To account for the effects of these 

forces while travelling through the channel Newton’s second law 

is applied by the transient solver to solve for their motion in fluid 

domain. The following equation of motion is solved by the 

transient solver, 𝑚𝑐𝑒𝑙𝑙 𝑑𝑑𝑡 (𝑣𝑐𝑒𝑙𝑙) = 𝐹𝐷𝑟𝑎𝑔 + 𝐹𝐿𝑖𝑓𝑡 + 𝐹𝐷𝐸𝑃 + 𝐹𝑆𝑒𝑑𝑖𝑚 + 𝐹𝐵𝑎𝑠𝑠𝑒𝑡       (12) 
To evaluate drag force on the particles, the Schiller-

Naumann drag model is used, 𝐹𝐷𝑟𝑎𝑔 = ( 1𝜏𝑝)𝑚𝑐𝑒𝑙𝑙(𝑢 − 𝑣𝑐𝑒𝑙𝑙)                  (13) 
Where, u is the fluid velocity. The term 𝜏𝑝 represent 

velocity response time that is defined by: 𝜏𝑝 =  4𝜌𝑝𝑑23𝜇𝐶𝑑𝑅𝑒                                  (14) 
Where, 𝜌𝑝, Cd and d are cell density, drag coefficient, and 

cell diameter, respectively. A particle passing through a fluid 

domain, generates a lagging boundary layer with the change of 

relative velocity (acceleration). This lagging boundary layer 

development causes the Basset force to origin accounting for the 

viscous effects of the fluid. In our analysis, the ratio of the fluid 
and particle density being very small, the basset force is quite 
negligible compared to the drag force (the medium density, ρm = 
1000 kg/m3 and cell density, ρp = 1050 kg/m3)[29]. Since, 
densities of cell and medium are very close to each other, we can 
also ignore the sedimentation force in the current study. The 
volume force mentioned earlier is created due to fluid/cell 
interaction that equals the total drag force and acts in the opposite 
direction to the drag force. The volume force is expressed as: 𝐹𝑉(𝑟) = − ∑ 𝐹𝐷𝑟𝑎𝑔,𝑖𝑛𝑖=1 𝛿(𝑟 − 𝑞𝑖)                    (15) 

Where r, 𝛿, qi, and n are the position of the cell, Dirac delta 
function, position vector, and the total number of cells, 
respectively. DEP force formed through non-uniform electric 
field can be obtained from equation (5). However, the cells 
contain different elements such as cytoplasm, cell nucleus, and 
cell membrane that determines the dielectric behavior of cells. 
To characterize the biological cells, an equation derived from 
single shell model can be used equivalent of complex 
permittivity of cells[30]: ε̅𝑐𝑒𝑙𝑙 = ε̅𝑚 ( 𝑟𝑟−𝑑)3+2(ε̅𝑖−ε̅𝑚ε̅𝑖+ε̅𝑚)( 𝑟𝑟−𝑑)3−(ε̅𝑖−ε̅𝑚ε̅𝑖+ε̅𝑚)                         (16 

Where r, d, 𝜀𝑚̅ ,  𝜀𝑖̅,  and 𝜀𝑐̅𝑒𝑙𝑙  are the cell radius, membrane 

thickness, complex permittivity of the membrane, the complex 

permittivity of cytoplasm, and equivalent complex permittivity 

of the cell, respectively. In order to solve the numerical model, 

GMRES solver is used. 

 

5. RESULTS AND DISCUSSION 
The findings from thorough examination of our presented 

microfluidic device consisting of a number of contraction-

expansion structure on separation performance are presented in 

this section. The first sub-section deals with the validation of the 

numerical model used in this study. The later sub-sections 

present further scrutiny of channel aspect ratio and mixture to 

sheath flow ratio to determine optimum design criteria of our 

device. 
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5.1 Validation of the numerical model 
The numerical model used in this study is compared with 

results presented in Lee et al. [31]. As presented in figure 3, the 

probability density of particle position from the simulation is 

closely aligned with the experiments. It is also found out that the 

correlation coefficient and root mean square error (RMSE) 

between the experiment and simulation are 0.87 and 0.07 

respectively. That suggests the data from our numerical model 

significantly aligns with the experiments. 

 

 
FIGURE 3: COMPARISON BETWEEN DATA FROM 

NUMERICAL SIMULATIONS AND EXPERIMENTAL REPORTED 

BY LEE ET AL. [31] 
 
5.2 Effects of the rectangular channel aspect ratio 

This section presents the effects of aspect ratio of the 

rectangular shaped channel on cell separation. As presented by 

Cruz and Hjort [32], the cell separation characteristics in a 

microfluidic device is strongly affected by the channel aspect 

ratio. In our proposed design, the particles experience greater 

shear gradient lift and secondary drag forces in the contraction 

region of the device. Thus, the aspect ratio of the channel on the 

contraction region is the parameter of interest to design 

contraction-expansion structured microfluidic devices targeted 

to cell separation. 

From figure 4, the lateral position of cells at outlet is greatly 

impacted by the aspect ratio of the channel at the contraction 

region. An aspect ratio of 1 with equal height and width of 50 

µm, offers maximum separation distance between CTCs and the 

WBCs. Higher aspect ratio channels are obtained through 

increasing the width of the contraction area. Since, our model 

contains electrodes placement at the sidewalls of the channel, the 

effect of DEP force greatly depends upon the channel width. By 

increasing the width more, the effects of DEP forces are seen 

deteriorating. And, when the DEP force is not strong enough to 

counter the lift forces, the larger particles (CTCs and similar 

sized WBCs) get focused together and the device shows size-

based separation. This also presents the capability of the curved 

contraction-expansion device to generate size-based separation 

in a high aspect ratio channel. 

 

 
FIGURE 4. LATERAL POSITION OF CELLS AT THE 

OUTLET VS RECTANGULAR CHANNEL ASPECT RATIO. 

 

 
FIGURE 5. HORIZONTAL VELOCITY DISTRIBUTION IN 

CONTRACTION REGION WITH DIFFERENT CHANNEL 

ASPECT RATIO. 

 

In order to study the separation techniques of the curved 

contraction expansion channel at different aspect ratio, velocity 

vectors at contraction-expansion-contraction entrance are 

AR 0.5 AR 1.0 

AR 2.0 

AR 1.25 AR 1.5 
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presented in figure 5. At very small aspect ratio, a small vortex 

is seen in the expansion zone due to sudden increase in area, that 

is not suitable for efficient inertial separation. This phenomenon 

is consistent with experimental works reported in [33]. On the 

other hand, higher aspect ratio channels are more suitable for 

inertial separation since small and larger particles get precise 

focusing along the streamline. 

 

5.3 Effects of the mixture to sheath flow ratio 
This section reports the effect of mixture to sheath flow ratio 

on the separation efficiency of CTCs from white blood cells. The 

mixture flow rate is kept constant at 10 µL/min and 50-volt 

electric potential is applied on the electrodes. Sheath flow is 

adjusted from 10 µL/min to 200 µL/min that results in a ratio of 

1:1 to 1:20, to test the sheathing effect on high throughput cell 

separation criteria. It has been observed from the study that, a 

mixture to sheath flow ratio of 1:10 provides highest separation 

distance between the circulating tumor cells from the white 

blood cells with a very narrow distribution of cells on the lateral 

position in the outlets. This point acts as a pivoting position for 

the analysis as increasing or decreasing the ratio results in poor 

separation distances between the set of cells from the mixture. 

The effect of mixture to sheath flow ratio is critical in order 

to obtain better separation efficiency and high throughput. A 

higher sheath to mixture flow ratio generates more wall induced 

lift force within the channel that overcomes the lateral DEP 

force, and thus, larger white blood cells tend to move towards 

the inner side wall of the channel, causing the focusing distance 

of CTCs and WBCs to get reduced. On the other hand, large 

sheath to mixture flow ratio causes the smaller WBCs to acquire 

different focusing positions due to variation in the lift forces with 

increased flow velocity. 

 

 
FIGURE 6. LATERAL POSITION OF CELLS AT THE 

OUTLET AT DIFFERENT MIXTURE TO SHEATH FLOW 

RATIO. 

 

6. CONCLUSION 
This study presents a curved contraction-expansion 

structured hybrid microfluidic device having the potential of 

separating CTC from other blood cells regardless of their size. 

The effects of aspect ratio of the rectangular channel on cell 

separation characteristics are presented to propose a design and 

application guidelines for similar devices. The cell separation 

performance of the device is also investigated on the ratio of the 

mixture to sheath flow ratio. It has been found that, an aspect 

ratio of 1 in the contraction region with mixture to sheath flow 

ratio of 10:1 produces maximum lateral cell separation in the 

device. The results presented through the analysis will layout the 

guidelines to applying contraction-expansion based hybrid 

microfluidic device for targeted cancer cell separation 

techniques. 
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