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ABSTRACT 
 
We present a microfluidic particle concentrator and 

separator employing a large flow unit array. Each flow unit 
includes a nozzle, a sharp turn, a diffuser, and a flow 
dividing segment. After acceleration in the nozzle, the 
particle starts to separate in the sharp turn due to the 
inability to follow the fluid flow. By staggering and 
cascading the flow units, we can acquire concentrated fluid 
with particles by splitting the downstream outlet. The 
concept-proving flow and particle dynamics analysis was 
performed by using the CFD-ACE+ software. Separation of 
particle sizes ranging from 5 to 20 μm and particles 
densities ranging from 600 to 2700 kg/m3 are numerically 
demonstrated. Denser and larger particles have higher 
momentum and are easier to be separated. As the particle 
goes smaller, the fluid drag force becomes more important 
and suppresses the particle separation. This type of device 
is promising for applications in a variety of inorganic 
particles and biological samples. 
 
Keywords: microfluidic, separator, concentrator, micro 
particles, cell separation 
 

1 INTRODUCTION 
 
Separation of cells, bacteria, or other particles is a 

critical step in biological, medical, and chemical research.  
Many technologies have been developed to replace the 
conventional gradient methods [1] which require bulky 
centrifuges and separation tubes that are not practical to be 
implemented in a miniaturized and automated system. 
Field-flow fractionation (FFF) [2] is a flexible elution 
technique of simultaneous separation and measurement. It 
requires outer fields such as gravitation [3-5], electrical 
field [6], thermal gradient [7], or cross flow [8]. Capillary 
hydrodynamic fraction (CHDF) [9] was used to analyze the 
size distribution of particle growth during emulsion 
polymerization. Hydrodynamic chromatography (HDC) [10] 
has been tested on separation of fluorescent nano-spheres 
and macromolecules. CHDF and HDC do not require 
external fields. The separation processes of the above-
mentioned methods are not continuous and require a 
relatively long separation time and complicated injecting 
devices. All these attributes are not suitable for large-scale 
cell or particle preparation. A preparative scale separation 
technique, pinched inlet split-flow thin fractionation 
(SPLITT) [11], was applied for the continuous size sorting 

of airborne particles. However, it requires external fields 
(gravitation) as in the case with FFF. 

In this paper, we present a novel and simple method for 
particle concentration and separation in a microfluidic 
device. This method provides continuous processing ability 
and does not need external fields. Separating of particles 
with different size and density were demonstrated 
numerically in this study. 

 
2 PRINCIPLE 

 
The microfluidic particle concentrator and separator are 

composed of a array of identical flow units, as illustrated in 
Fig. 1. The flow unit array is arranged in a cascading 
fashion that each stage has an offset, Woffset, to its preceding 
one. By staggering the flow units with proper offset, we can 
have fluid equally divided into the two following flow 
units, as illustrated by the dividing streamline in Fig. 1.  

 
Each flow unit includes a contracting nozzle segment, a 

sharp turn, a sudden-expanding diffuser segment, and a 
flow dividing segment. The nozzle accelerates the speed of 
fluid and particles. As result of increased momentum, 
particles start to resist change in direction near the sharp 
turn. Due to the inability to follow the fluid flow, the 
particles from left side of the flow unit cross the dividing 
streamline to the right side. The diffuser further helps the 
separation in the flowing dividing segment, as shown in the 
particle path in Fig. 1. 
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Figure 1: Flow unit of the microfluidic particle 
concentrator and separator.  
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The microfluidic separator employs a momentum-driven 
particle separation principle. It possesses the follow 
advantages:  

1. High throughput with the ability of continuous-flow 
processing 

2. No need for external fields for separation 
3. Small size suitable for portable device and micro-

scale analysis.  
4. Inexpensive and easy to be fabricated 
5. Ability to be stacked with arrays for large-volume 

cell separation 
 

3 METHOD OF SIMULATION 
 
The flow dynamics of the microfluidic concentrator 

and separator is analyzed with the CFD-ACE+ software 
[12]. The simulation employed transient incompressible 
flow and the spray models. The spray model tracks a 
discrete phase (e.g. solid particles) through the calculation 
domain by solving the governing mass, momentum, and 
energy conservation equations in a Lagrangian frame of 
reference. The flow model solves the time dependent 
continuity equation, the pressure-based Navier-Stokes 
equations, and the energy balance equation. The particles 
(discrete phase) can exchange momentum with the 
surrounding ambient fluid (continuous phase). The 
governing equation for the particle is:  
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where ρP, VP, and UP are the density, volume and velocity 
of the particle, respectively. CD is the drag coefficient of 
particle. ρL and UL are the density and velocity of the 
surrounding liquid. AP is the particle projected area. For a 
spherical particle, VP = πdP

3/6 and AP =πdP
2/4 where dP is 

the particle diameter. G is the gravity and S is the additional 
source term. In incompressible flow, CD is a function of 
Reynolds number, Re = ρL| UL- UP|, and can be evaluated 
as: 
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4 RESULTS AND DISCUSSIONS 
 

4.1 Particle Concentration 

Figure 2 shows the design of a microfluidic particle 
concentrator with a 25×50 flow unit array. Liquids with 
particles are introduced into the sample inlet. Fluid is split 
into two outlets downstream of the flow unit array. Most of 
the liquids without or with much less particles will exit at 

the Liquid Outlet. The concentrated liquids with particles 
can be collected at the Particle Outlet. 

 
Because the simulation of the particle-laden flow is 

computationally intensive, we used simplified geometry 
with four flow units in a row, as shown in Fig. 3. Figure 
3(a) demonstrated the three-dimensional simulation of 
particle motion in the microfluidic array. The 10 μm 
particles were introduced into far left side of inlet.  

 
Figure 3(b) shows the stream function map of a 4×8 

array. One can observe the dividing streamline and equally 
divided flow as mentioned in Fig. 1 and section 2. The 
velocity (vectors) and pressure (color) distribution are 
shown in Fig. 3(c). The particles from the far left side of the 
inlet were all focused to the far right side of the outlet in the 
4×8 array. This promises particles from any locations of the 

 
 Figure 2: Design of the microfluidic particle 
concentrator
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Figure 3: Flow and particle simulation (a) 3-D 4×4 
array, (b) Streamline, and (c) pressure and velocity. 

(a)
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inlet can be concentrated to one side of the outlet in the 
microfluidic particle concentrator.    

 
4.2 Density & Size Separation 

As traveling through the sharp turn, liquid experiences a 
centrifugal force because its inertia tends to pull it away 
from the circular path. A pressure gradient is built to 
balance the force. Particles experience the same centrifugal 
force in the sharp turn. However, if the particles have 
different density from the liquid, there will be a net force 
that pushes them away from the streamline of liquid. Our 
microfluidic separator employs this phenomenon to 
separate different particles with different densities. 

On the other hand, as the particle goes smaller, the fluid 
drag force becomes more important and suppresses the 
particle separation driven by the momentum. This is 
because hydrodynamics drag force depends on the particle 
front projected area while inertia force depends on volume 
(mass) of the particle. Therefore we can also separate 
particle with the same density but different sizes, as 
illustrated in Fig. 4.  
  

 
Figure 5 shows the design of a microfluidic particle 

separator with a 25×50 flow unit array. Liquids with 
particles are introduced into a small portion (top-left) of the 
inlet. Liquids without particles were fed to the much wider 
buffer inlet with higher flow rate.  

 
Separated particles can be collected at different 

branches (five in Fig. 5) at the end of the flow unit array. 
Lighter and smaller particles will be moved toward upper 
and left outlet branches while the denser and larger ones 
toward lower and right branches. Density and size 

separation were successfully demonstrated by the 
microfluidic simulation, as shown in Fig. 6. Figure 6(a) 
shows 20 μm particles with densities ranging from 600 to 
2700 Kg/m3 were separated. Figure 6(b) shows particle 
with sizes ranging from 5 to 20 μm were also successfully 
separated.  

 
It is worth mentioning that the efficiency of particle 

separation will be limited when the size becomes very 
small, say, diameters less than 1 um. It is because the drag 
force will be much more dominant than the momentum 
force for the size of particles. Meanwhile, the maximum 
size of particles is limited by the minimum channel width 
of the designed device. With a very large array (100 by 200 
or higher), a 100 times of concentration increase or much 
more distinct particle separation can be attained with this 
particle separation technology. There are many possible 
applications for this kind of concentrator and separator: 

1. Pre-concentration of particulates in water for 
bacteria detection or quality monitoring. 

Figure 5: Design of the microfluidic particle 
concentrator 
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Figure 6: Simulated particle separation (a) by density 
and (b) by size. 
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Figure 4: Principle of density and size separation.  
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2. Separating whole blood into red blood cells, 
platelets, and plasma. 

3. Isolation of target cells for disease diagnostics and 
genomic applications. 

4. Particle sizing for the polymer beads, ceramics, and 
pharmaceutical emulsions.  

 
5 CONCLUSIONS 

 
A momentum-driven particle separation method is 

presented. The device is composed of a large array of 
identical flow units arranged in a stagger and cascade 
fashion. Each flow units includes a nozzle segment, a sharp 
turn, a diffuser segment, and a flow dividing segment. The 
nozzle accelerates the speed of liquid and particles. With 
enough momentum, the particle starts to separate due to the 
inability to follow the fluid flow in the sharp turn. The 
diffuser and the flow dividing segment further enhance the 
separation. By staggering and cascading the flow units, we 
can acquire concentrated fluid with particles by splitting the 
downstream outlet. For small particles, the fluid drag force 
becomes important and suppresses the particle separation. 
On the other hand, denser and larger particles have higher 
momentum and are easier to be separated. These 
distinguishing characteristics are employed to separate 
particles with different density and size in the microfluidic 
particle separator.  

 
REFERENCES 

[1] A. Boyum, "Isolation of Mononuclear Cells and 
Granulocytes from Human Blood," Scand J Clin 
Lab Invest, 21-77, 1968. 

[2] J. C. Giddings, "Field-Flow Fraction – Analysis of 
Macromolecular, Colloidal, and Particulate 
Materials," Science, 260, 1456-1465, 1993. 

[3] V. Yue, R. Kowal, L. Neargarder, L. Bond, A. 
Muetterties, and R. Parsons, "Miniature Field – 
Flow Fractionation System for Analysis of Blood 
Cells," Clin. Chem., 40, 1810-1814, 1994. 

[4] W. -S. Kim, Y. H. Park, J. Y. Shin, D. W. Lee, and 
S. Lee, "Size Determination of Diesel Soot Particles 
Using Flow and Sedimentation Field-Flow 
Fractionation," Anal. Chem., 71, 3265 - 3272, 1999. 

[5] T. Chianea, N. E. Assidjo, and P. J. P. Cardot, 
"Sedimentation Field - Flow Fractionation: 
Emergence of a New Cell Separation 
Methodology," Talanta, 51, 835-847, 2000. 

[6] X. -B. Wang, J. Yang, Y. Huang, J. Vykoukal, F. F. 
Becker, and P. R. C. Gascoyne, "Cell Separation by 
Dielectrophoretic Field-flow-fractionation," Anal. 
Chem., 832 – 839, 2000. 

[7] T. L. Edwards, B. K. Gale, and A. B. Frazier, "A 
Microfabricated Thermal Field-Flow Fractionation 
System," 1211 – 1216, Anal. Chem., 2002. 

[8] W. J. Lee, B. -R. Min, and M. H. Moon, 
"Improvement in Particle Separation by Hollow 
Fiber Flow Field-Flow Fractionation and the 

Potential Use in Obtaining Particle Size 
Distribution," Anal. Chem., 71, 3446 - 3452, 1999. 

[9] C. M. Miller, E. D. Sudol, C. A. Silebi, and M. S. 
El-Aasser, "Capillary Hydrodynamic Fractionation 
(CHDF) as a Tool for Monitoring the Evolution of 
the Particle Size Distribution during Miniemulsion 
Polymerization," J. Colloid Interface Sci., 172, 249-
256, 1995. 

[10] E. Chmela, R. Tijssen, M. T. Blom, H. J. G. E. 
Gardeniers, and A. van den Berg, "A Chip System 
for Size Separation of Macromolecules and 
Particles by Hydrodynamic Chromatography," 
Anal. Chem., 3470 – 3475, 2002.  

[11] M. H. Moon, H. -J. Kim, S. -J. Lee, Y. -S. Chang, 
"Pinched inlet gravitational split-flow thin 
fractionation of airborne particles and analysis of 
size dependent level of PCDD/Fs," J. Separation 
Science, 28, 1231 - 1236, 2005.  

[12] CFD-ACE+ Modules Manuals, ESI US R&D, Inc., 
Huntsville, AL, USA, 2004. 

 

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 2006592


	280.pdf
	2. МATERIALS AND METHODS
	3.1. Principle of CPM
	REFERENCES



	373.pdf
	CONCLUSION
	REFERENCES

	771.pdf
	Preliminary cytotoxic effects of application of an AC magnetic field were obtained in CaCo-2 cell media in contact with 0.15 mg/ml of magnetite/crosslinked dextran nanoparticles.  A decrease in cell culture viability of about 60 % was found upon the application of an AC magnetic field at 3.0 kA/m and 1.0 kHz for about 45 minutes. 

	546.pdf
	3. CONCLUSIONS

	825.pdf
	 
	Each step of the bioactive functionalization was confirmed by a novel CBQCA (3-4-carboxybenzoyl quinoline-2-carboxaldehyde) fluorescence method (3). CBQCA is inherently a non-fluorescent molecule but fluoresces well when attached to amine groups that arise from the aminated surfaces and the amines from bioactive group moieties.   

	1030.pdf
	ABSTRACT
	Acknowledgements
	References


	342.pdf
	ABSTRACT
	4  CONCLUSIONS
	 
	 
	Figure 4: UV-VIS spectra of silver colloidal solution mixed with bacteria.
	 
	Figure 5: Time evolution of the major SERS peak.
	 
	Figure 7A: Tapping mode AFM image of a roughened silver surface after the landing of crystal violet molecules and subsequent thorough washing. 
	 
	Figure 7B: Flattened view of the tapping mode AFM image of the same surface shown above.
	 
	5  REFERENCES
	[
	[
	[
	[
	[
	[
	[


	228.pdf
	A
	ABSTRACT
	INTRODUCTION
	RULE BASED MODELING
	CELLULAR COMMUNICATION
	CHEMICAL  SIGNALING
	CONCLUSION
	REFERENCE

	658.pdf
	INTRODUCTION
	MATERIAL AND METHODS
	The phytoplankton
	The nutrients
	The system

	RESULTS AND DISCUTION
	CONCLUSIONS AND PRESPECTIVES
	REFERENCES

	215.pdf
	Self-Assembled Soft Nanomaterials from Renewable Resources 
	 
	 
	ABSTRACT 
	 
	Keywords: organic soft materials, amphiphiles, self-assembly, lipid nanotube, renewable resources. 
	3   RESULTS AND DISCUSSION 





	281.pdf
	Introduction
	Figure 2: Fig 1(a) shows a TEM image of lath-like single cry

	705.pdf
	Demonstrative Applications of the Infusion Process
	3.1 Anti-Fouling and Release Applications
	3.2 Enhanced Interfacial Bonding and Adhesion
	3.6 Flexible Broad band Radiation Absorbing materials

	633.pdf
	1. INTRODUCTION
	2. TECHNOLOGY & PRODUCTS
	3. APPLICATIONS
	4.  CONCLUSIONS

	995.pdf
	Electrochemical Synthesis of Polyaniline




