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Introduction

As micro fluidic devicesgetsmallereverydayoptimizingsuchsmalldevicesare
becomingmoredifficult eachday. Onenew approachfor optimizing suchsmalldevices
is throughcomputersimulationsusingsoftwaresuchasFEMLAB. In this particularcase
the interactionsof nanoparticleon cells imbeddedin gel were studied.The goalis to
developa modelthat would describethe experimentand could be usedto improvethe
design.One areaof interestwas how the permeabilitywould changedependingon the
numberof cells embeddedand how the injectednanoparticlesvould travel acrossthe
porous gel.

To simplify the simulation model, a 2-D model was used and the following
assumptions were made:

¥ Theliquid containingthe particlesinjectedinto the gel haspropertiesof water (

density, viscosity, etc)

¥ The flow is induced by a pressure gradient.

¥ Insulation/Symmetry boundary conditions
Severalsimulationswere donewith different numberof cells, andthe permeabilityof
eachrun was calculatedusing DarcyO4 aw. The parameterdor DarcyOd.aw were
obtainedfrom standarditerature valuesand using the propertiesof water. A control
simulationwith no cellswasdoneto verify the simulationwasrunningcorrectly before
proceedingwith the restof the simulations;the permeabilitycalculatedirom the control
simulationwascomparedwvith the permeabilitythatwasinputtedto verify the simulation

was running correctly.



Set up

A numberof simulationswith differentnumberof cellsweredone,howeverthis

report will explain only one run in detail for example.
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Figure 1. Simulation with 20 cells embedded
Figure 1 representshe setup for a 2-D simulationdonewith 20 cells embeddedEach
boundaryconditionfor the cellsis setto insulation/symmetryDarcyOsaw wasusedto
develop this model. The equation for DarcyOs Law in FEMLAB is:
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Standarditeraturevaluesfor waterwere usedto carry out the computationswherethe
various quantities were:
= 1 glent (density)
" =1.5 x 10" cn? (permeability)
(U =0.01 g/cm_s (dynamic viscosity)
p =1 pa (pressure)

And the following quantity was calculated by FEMLAB:



u = cm/s (velocity)

To checkif the simulationswere running properly the simulationwith no cells
embeddedvas donefirst, andthenthe permeabilitywas calculatedby rearranginghe
equationfor DarcyO4.aw using the velocity calculatedby FEMLAB. The calculated
permeabilitywas comparedwith the literaturevalue inputtedin the beginningof the
simulationand was found to be identical, thus verifying the simulationwas running

correctly.

Results
A simulationwith no cellsembeddedvasdonefirst to verify the simulationwas

running correctly.
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Figure 2. Simulation with No Cells Embedded



Theresultsshowedno variationin color becausehe velocitiesof eachparticleremained
constantasit movedacrosghe gel; sincetherewereno cellsembeddedhatwould cause
the velocity to change Also thered streamlinesrepresentinghe particle pathwayswere
linear since there were no cells embedded to cause an obstacle for the particles.

Figure 3 is an example of one of the results obtained from simulations.
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Figure 3. Simulation with 55 Cells Embedded
Theredstreamlinesrepresenthe particlepathwaysasthe particlemovesthroughouthe
porousgel. The different colors representdifferent velocities of the particles.The
velocities of the particlesbetweeneachcell decreasesignificantly comparedto the
velocity of particlesthat haveno cells in its pathway.This is becausen the region
betweenthe cells, the particlesare moving by diffusion hencethe particlesare moving

significantly slower compared to other particles.
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Figure 4. Velocity profile of a Cross Section of the Gel.

Figure 4 showsthe velocity profile througha crosssectionof the porousgel

material. The velocity profile showsa repeategatternof the velocity increasingandthen

decreasin@sthe particlemovesacrosshe gel. This is againbecausef the particlesare

moving by diffusion the region between cells

Eachsimulationwasdoneunderthe sameconditionsonly changingthe numberof

cells embedded within the gel. The numerical results are shown in Table 1.

N 0 20 30 36 40 55
Velocity (m/s) 6.25E-16 | 5.36E-16 | 5.01E-16 | 4.85E-16 | 4.75E-16 | 4.31E-16
Dynamic Viscosity(pa*s) 0.001 0.001 0.001 0.001 0.001 0.001
Pressure (pa) 1 1 1 1 1 1
Calculated Overall

Permeability(m?) 1.5E-18 | 1.29E-18 1.2E-18 | 1.16E-18 | 1.14E-18 | 1.04E-18
Void Fraction (%) 0 | 6.541667 9.8125 11.775 | 13.08333 | 17.98958

Table 1. Calculated Permeability for Each Simulation




The changein permeabilityversusthe numberof cells wasplottedasin Figure5. The
permeabilityshowsaninverselylinear relationshipwith the numberof cellsembedded,;

the permeability decreases linearly as the numbers of cells are increases.
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Figure 5. Plot of Permeability vs. Number of Cells Embedded

A simulationto studythe changein concentratiorwith respecto time wasalso
done to study the movementof the particlesacrossthe porousgel material. This
simulationwas doneby creatingan animationshowinghow the concentratiorprofile
changesastime progresseshowinghow the particleswould moveacrosshe porousgel

material. Figure 6 is a snap shot of the simulation.
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Figure 6. Snap Shot of Change in Concentration
Figure 6 showsthe concentratiormoving acrosghe gel fasterin the regionswherethere
areno cellsin the pathwayof the particles,andthe concentratiorchangingmuchslower
in the regionsbetweencells. Onceagainthis is becausehe particlesare moving by

diffusion in those regions.

Conclusions and Recommendations

The permeabilityclearly showsan inverselylinear relationshipwith the number
of cellsembeddedAs the numberof cellsembeddedncreaseshe permeabilitydecreases

proportionally.The velocity of the particlesshowsa significantdecreasen the region



betweeneachcell, becausehe particleis moving by diffusion ratherthanthe pressure
gradient in these regions.
For furtherresearcH recommendunning3-D simulationsto study permeability

and movement of particles in more detail in a porous gel material.



