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Manipulation of Nanoparticles and Biomolecules in M icro/Nano Channels
Multiscale modeling of Cardiovascular System

•Objectives : to develop numerical methods and apply to model 
bio-nanofluidic phenomena at multiple lengths and time scales

•Method development
• Immersed Finite Element Method
• Molecular dynamics
• Multiscale scheme
• Parallel computing
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Read solid & fluid 
Mesh

Apply BC

Distribute F onto the fluid
FFSI,s -> FFSI

Update solids positions
dsolid =Vsolid *dt

Interpolate v fluid onto solids V solid

v fluid ->Vsolid

Fluid Mechanics (N-S)
Solve for v fluid

Solid Mechanics 
Solve for F FSI,s

Algorithm of IFEM
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Use RKPM window function as the Dirac delta mapping function
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Fluid velocity field Interaction force

solid node

Influence domain

fluid nodes

Immersed Finite Element Method
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Calculated Viscosity  vs. Shear Rate

Chien data at 0.3g/100mL fibrinogin
Chien data at 0.04g/100mL fibrinogin
Simulated result

Bulk  
aggregates

Discrete cells Cell layers

Sickle cells block in capillary vessel

Fahraeus–Lindquist effect (The apparent viscosity 
of blood flow through a tube with diameter <0.3 
mm is smaller than the bulk blood viscosity. 
Apparent viscosity decreases with decreasing 
diameter

Design for next generation artificial heart

Two major application areas

All slip occurs at the first liquid layer
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Dynamics of liquid flow in nanochannel

Continuum Fluid Dynamics Molecular Dynamics 
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•Key Feature

•Independent Lagrangian solid meshes move on top of fixed or 
prescribed Eulerian background fluid mesh 
•Interface is tracked automatically; no mesh update algorithm 
needed.

•Objectives : to develop a multiscale methods for effective modeling of cardiovascular system

• Applications
•blood cell aggregation
•heart valve-fluid interaction
•Nanowire and biomolecules manipulation by 
electric field
•Molecular transportation in nanochannels

Slip lengths at different shear rates

Multiscale modeling scheme

Diffusion length at various ion concentration

Liquid diffusion in nanochannels

Simulated Diffusion length over time

Nanoparticles and Biomolecules manipulation between  microelectrode pairs

Shear-rate-dependent blood 
viscosity

Bio-nanofluidics Laboratory


