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o Magnetic labeling of cells and viral
vectors with magnetic nanoparticles

o Targeted transfer of genetic material
in the cardiovascular system

e Accumulation of the labeled material
in blood vessels and the heart
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Optimized field sources

» Homogeneous distribution of particles in
artery

e Accumulation of particles in a certain region

= Prediction and manipulation of particle
trajectories
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Theory

Forces on the particles

* Magnetic force (x V|B]|)
» Hydrodynamic force (Stokes Law)

* Minor forces (e.g. gravitation,
avalanche effect, ...)

= Major forces can be calculated with

Comsol
= Algorithm for the equation of motion
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Homogeneous distribution of particles

e Mouse aorta

e Surrounded by four groups of three
magnets

e Laminar inflow, constant outlet

pressure
* Non-newtonian fluid (Carreau
Model)
y
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Magnetostatics

Magnetic Flux Density (in Th
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Fluiddynamics

Velocity Magnitude [in m/s)
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Particle Trajectories

Problems with Comsol

e Gradient on the mesh
o Stiff differential equation

e No “random” parameters
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Processing in Matlab

e Export into Matlab

Spline interpolation of the magnetic
and fluidic fields

Gradient on the Spline

Generating particle properties

Solving the differential equation
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Particle Trajectories

Exemplary trajectories of ten particles
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Particle Distribution
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Particle Distribution (weighted by diameter)
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Size Distribution

2 B Al particles
B Trapped particles
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Experimental Results

Experimental data by D. Wenzel, Universitat Bonn
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Conclusion

e Successful simulation of particle
trajectories

e Possible to find the optimal particle types

o Design of adequate field sources
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Minor forces

Magnetisation of particles

Fluid-structure interaction

More complicated geometries
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Thank You for Your Attention!
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Properties

Vin=0.2m/s
H,,p =100 nm

o Mpp=2-1071% kg
® fpp=5" 10713 Am?
o mV = pV B+ 6m(§)rmp(ii — V) — mg

u
1(3) = Noo + (0 = T1s0) - (1+ (A9)2)" 2
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