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Nanotransporters advantages like drug delivery 
systems

Protection of peptides, 
vaccines and desired drugs 

against extracellular 
degradation

Selectivity of the target 
therapy 

Improvement of the 
pharmacokinetic 

profile
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Nanotransporters advantages like drug delivery 
systems

Protection of peptides, 
vaccines and desired drugs 

against extracellular 
degradation

Selectivity of the target 
therapy 

Improvement of the 
pharmacokinetic 

profile

Micelles

Liposomes

Dendrimers

Polymeric
nanoparticles
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• Nanoparticles as 
drug delivery vehicles

• Iron oxide nanoparticles 
(Fe3O4)

• Advances in synthesis allows 
potential applications in 
diagnostic/therapeutic 
techniques.

• Biocompatibility 
• Biodegradability
• Encapsulate 

hydrophilic/hydrophobic 
compounds

• Similarity to cell’s 
membranes 

• Low cytotoxicity / High 
delivery rates

Liposomes

Nanoparticles

Nano bioconjugates compounds advantages
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 Manufacture devices to outperforming 
traditional analytical and sensing instruments 
employed in scientific research. 

 Development of several industries:  medical, 
cosmetics, pharma and food. Low cost devices

 Explored for the synthesis, manipulation, and 
separation of microscopic encapsulates.

 Explore in silico and in vitro species dynamics to 
understand interaction between different 
phases in a system

Nano bioconjugates synthesis technique
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Implement multiphysics simulations to study in silico the
encapsulation of core-shell, magnetite-chitosan nanoparticles in
a microfluidic system by means of the COMSOL Multiphysics®
software.

Objectives



Liposome encapsulation of core-shell, magnetite-chitosan nanoparticles in a
microfluidic system using a multiphase Euler-Euler computational model.
COMSOL Multiphysics Software
Euler-Euler (EE) model
Parameters

10

Euler-Euler (EE) Model

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Material Property Value

H₂O Density
Dinamic Viscosity

997 [kg/mଷ]
8.9 × 10ିସ[Pa ∗ s]

CS-MNP´s Density 
Diffusivity

1100[kg/mଷ]
1.0 × 10ିଽ[mଶ/s]

Liposomes Density 
Diffusivity

1000[kg/mଷ]
1.51 × 10ିହ[mଶ/s]
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Continuity relations for continuous and dispersed phases

Mass Balance

௖ ௖ ௖ ௖ ௖ ௗ௖

ௗ ௗ ௗ ௗ ௗ ௗ௖

Continuous phase (liposomes)

Dispersed phase (CS-MNPs)

• Ф = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠

• 𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 ௄௚
௠యൗ

• 𝑢 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑚/𝑠
• 𝑚ௗ௖ = 𝑚𝑎𝑠𝑠 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 

Where

Euler-Euler (EE) Model

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Relation between volume fractions. Continuous and dispersed
phases considered incompressible

Continuous phase (liposomes)

Dispersed phase (CS-MNPs)

௖
௖ ௖

ௗ௖

௖

ௗ
ௗ ௗ

ௗ௖

ௗ

௖ ௗ

Compute volume fraction

Mass Balance

Euler-Euler (EE) Model

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Euler-Euler (EE) Model

Continuity equation continuous phase mass balance and
dispersed phase mass balance

Mass Balance

௖ ௖ ௗ ௗ
ௗ௖

௖

ௗ௖

ௗ
𝒄 𝒅

Compute mixture pressureௗ ௖ ௗ ௗ ௗ௖
௖ ௗ

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Euler-Euler (EE) Model

For fluid-solids mixtures where ௗ ௖, momentum balanced dispersed
phase is modified in the manner of Enwald

Momentum Balance

𝜌ௗФௗ

𝜕

𝜕𝑡
𝑢ௗ + 𝑢ௗ∇ ȉ 𝑢ௗ = −Фௗ∇𝑝 + 𝛁𝒑𝒔 + Фௗ𝑝ௗ𝐠 + 𝐅௠,ௗ + Фௗ𝐅ௗ − 𝑚ௗ௖ 𝑢௜௡௧ − 𝑢ௗ

• ௦

•

Ф𝒅𝛁 ȉ 𝝉𝒅

Momentum balance was assumed Newtonian fluidWhere

Continuous phase (liposomes)

𝜌௖Ф௖

𝜕

𝜕𝑡
𝑢௖ + 𝑢௖∇ ȉ 𝑢௖ = −Ф௖∇𝑝 + 𝛁𝒑𝒔 + Ф௖𝑝௖𝐠 + 𝐅௠,௖ + Ф௖𝐅௖ − 𝑚ௗ௖ 𝑢௜௡௧ − 𝑢௖

Ф𝒅𝛁 ȉ 𝝉𝒅

Dispersed phase (CS-MNPs)

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Euler-Euler (EE) Model
Viscous Stress Tensors

Continuous phase (liposomes)

Dispersed phase (CS-MNPs)

௖ ௖
௠

௖ ௖
்

௖

ௗ ௗ
௠

ௗ ௗ
்

ௗ

௖
௠

ௗ
௠Where

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Euler-Euler (EE) Model

Dispersed phase (CS-MNPs)

௖ ௗ ௗ ௗ ௗ ௗ
௠,ௗ

ௗ
ௗ௖ ௜௡௧ ௗ

•
•
• ଶ

• ௠
ே

௠య

• ே
௠య

• ௜௡௧

Momentum Balance
Using nonconservative forms

Where

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/



17

Euler-Euler (EE) Model

Dispersed phase (CS-MNPs)

Viscosity Models

Where

ௗ,௠௔௫

௠௜௫ ௖
ௗ

ௗ,௠௔௫

ିଶ.ହФ೏,೘ೌೣ

Krieger Type

Maximum packing limit

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Euler-Euler (EE) Model

Lam and Bremhorst EE Model (LB)

Damping functions - Wall BC

௪

ଶ

ଶ

Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Wall Function

Yang et al. EE Model (YS)

௪

ଶ

ଶ Wall Function𝐸 = 𝑣𝑣௧

𝜕ଶ𝑈ଶ

𝜕𝑦ଶ

Viscous stress tensor related term

𝐸 = 0

Viscous stress tensor related term



Manufacturing Process
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Figure 1. Manufacturing process

Laser engraving 
and cutting oh the 

device

Printing product Surface preparation

Device assembly using pressure and 
heat

Add inlets and outlets to the final 
product



Continuous 
phase inlet

(Liposomes)

Dispersed 
phase inlet

(MNP’s)

SARS

Serpentine  circular 
features

Chambers

Outlet
Evaluation line

Geometries and Boundary conditions

20Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Figure 2. Geometries and boundary conditions, inlets, outlets and evaluation lines



Mesh selection

21Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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Figure 3. Mesh convergence analysis for SARS geometry. Complete mesh consist of 40175 domain elements

EXC: Extremely coarse
EC: Extra coarse
CR: Coarser
C:Coarse
N:Normal
F:Fine
FR: Finer
EF: Extra fine
EXF: Extremely fine



Mesh selection
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Figure 4. Mesh quality. Left to right: SARS, Chambers and Serpentine circular features geometry



Dispersed phase Volume fraction
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Figure 5. Dispersed phase volume fraction using variations in EE Model in chambers geometry



Dispersed phase Volume fraction

24Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Figure 6. Dispersed phase volume fraction using variations in EE Model in SARS geometry



Dispersed phase Volume fraction
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Figure 7. Dispersed phase volume fraction using variations in EE Model in serpentine CF geometry



Encapsulation Efficiency (EE%)

𝑬𝑬% =
𝝓𝒅,𝒎𝒊𝒏

𝝓𝒅
𝑭𝑹𝑹ൗ

× 𝟏𝟎𝟎

𝐸𝐸 𝐸𝐸% = 38.69

𝐸𝐸 𝐿𝑏 𝐸𝐸% = 58.48

𝐸𝐸 𝑌𝑠 𝐸𝐸% = 98.69

26Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Figure 8. Encapsulation efficiency Volume fraction variation by length in chambers geometry



Encapsulation Efficiency (EE%)

𝑬𝑬% =
𝝓𝒅,𝒎𝒊𝒏

𝝓𝒅
𝑭𝑹𝑹ൗ

× 𝟏𝟎𝟎

𝐸𝐸 𝐸𝐸% = 47.58

𝐸𝐸 𝐿𝑏 𝐸𝐸% = 58.71

𝐸𝐸 𝑌𝑠 𝐸𝐸% = 90.79
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Figure 9. Encapsulation efficiency Volume fraction variation by length in SARS geometry



Encapsulation Efficiency (EE%)

𝑬𝑬% =
𝝓𝒅,𝒎𝒊𝒏

𝝓𝒅
𝑭𝑹𝑹ൗ

× 𝟏𝟎𝟎

𝐸𝐸 𝐸𝐸% = 92.18

𝐸𝐸 𝐿𝑏 𝐸𝐸% = 62.38

𝐸𝐸 𝑌𝑠 𝐸𝐸% = 92.33
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Figure 10. Encapsulation efficiency Volume fraction variation by length in serpentine CF geometry



Encapsulation Efficiency (EE%)

𝑬𝑬% =
𝝓𝒅,𝒎𝒊𝒏

𝝓𝒅
𝑭𝑹𝑹ൗ

× 𝟏𝟎𝟎

𝑆𝐴𝑅𝑆   >     𝐶ℎ𝑎𝑚𝑏𝑒𝑟𝑠   >    𝑆𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒 𝐶𝐹

29Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Figure 11. Encapsulation efficiency Volume fraction variation by length. Comparative graph



Encapsulation Efficiency (EE%)

Model/Geometry SARS Serp CF Chambers

EE 38.69 47.58 92.18

EE-Lb 58.48 58.71 62.38

EE-YS 98.69 90.79 92.33

30Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/

Table 2. Encapsulation efficiency contrast between geometries and math models



Conclusions

• By implementing near-wall damping functions in the Euler-Euler approximation,
it is possible to model the mixing process more effectively as they address the
turbulence phenomena at low Reynolds numbers by balancing the rate of of
kinetic energy dissipation and thus ensure a better encapsulation process.

• The LB and YS turbulence models had the best performance, obtaining EE%
between 58.48-62.38% and 90.79-98.69% respectively.

• The Euler-Euler model was sufficient for the analysis; however, stochastic
processes related to the mixing process will be considered in future work.

• According to the YS model with damping functions, the micromixer with the
channel SARS geometry led to the highest EE%, i.e., 98.69%.

31Inc., C. (2020). COMSOL. Retrieved from http://www.comsol.com/products/multiphysics/
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