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Identification of dominant effects

Introduction
This project focuses on modeling the 3D printing of
thermosets filled with electromagnetically active particles.
Under the application of external fields, the particle
arrangement is tailored, leading to materials with intriguing
properties that are of great technological importance (e.g.
hearing-aids, sensors, lenses).

In order to identify the dominant effects for our system,
one should re-organize the parameters of the model into
dimensionless groups:
Step 1
Characteristic
Physical parameters
values, 𝒂𝐜
Particles
𝜖𝑝 : permittivity of the particle
Step 2
𝑅𝑝 : radius of particle
𝑁 : number of particles
Dimensionless
𝑝Ԧ𝑖 : dipole moment of particle 𝑖
𝑛𝑑 : number density
quantities,
Medium
𝒂∗ = 𝒂/𝒂𝐜
𝜖1 : permittivity of the medium
𝜂 : viscosity of the medium
Externally imposed
𝑇 : temperature
𝐸e : field intensity
Dimensionless
groups
thermal noise

General approach

𝐵∗ =

Particle arrangement studied by means of Brownian
dynamics (BD) simulations [1]:
𝐹𝑖h + 𝐹𝑖em + 𝐹𝑖B = 0

external field

dipole interaction

𝐹Ԧ𝑖em = 𝛻𝑟Ԧ𝑖 𝑝Ԧ𝑖 𝑟Ԧ𝑖 ∙ 𝐸𝑒 𝑟Ԧ𝑖

𝑛

+ 𝛻𝑟Ԧ𝑖 𝑝Ԧ𝑖 𝑟Ԧ𝑖 ·  𝑪(𝑟Ԧ𝑖 − 𝑟Ԧ𝑗 ) · 𝑝Ԧ𝑗 𝑟Ԧ𝑗
𝑗
𝑖≠𝑗

torque:

𝑇𝑖em = 𝑝Ԧ𝑖 𝑟Ԧ𝑖 × 𝐸𝑒 𝑟Ԧ𝑖
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Dynamics in dimensionless form:
𝑑𝑟𝑖∗ = 𝐶 ∗ 𝑒Ԧ 𝛻 𝑑𝑡 ∗
∗ 4 int
+ 1/𝑟𝑖𝑗 𝑒Ԧ 𝑑𝑡 ∗
∗3
+1/𝑟𝑖𝑗
+ 𝐵∗

𝑒Ԧ int,𝛻 𝑑𝑡 ∗
𝑑𝑡 ∗ 𝜉Ԧ𝑖

external field
interaction
interaction, gradient terms
thermal noise

where the vectors 𝑒Ԧ … are of order unity, and 𝜉Ԧ𝑖 is a
Gaussian distributed random vector.
: pre-factors determining the importance of the
respective term for the dynamics [2].

𝐸𝑒

force:

external field
3
4𝜋𝜖
𝐸
𝑟
1 c c
∗
𝐶 =
3𝑝c

(𝑖 = 1, … , 𝑛)

• 𝐹𝑖h : hydrodynamic interaction
• 𝐹𝑖em : electromagnetic force (external field, interaction)
1
1
• 𝐹𝑖B : Brownian force
𝑪 𝑟Ԧ =
𝛻𝛻
4𝜋𝜖1
|𝑟|
Ԧ

8𝜋𝜖1 𝑟c3 𝑘B 𝑇
9𝑝c2

𝑛

+ 𝑝Ԧ𝑖 𝑟Ԧ𝑖 ×  𝑪(𝑟Ԧ𝑖 − 𝑟Ԧ𝑗 ) ∙ 𝑝Ԧ𝑗 (𝑟Ԧ𝑗 )
𝑗
𝑖≠𝑗
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Future work
• Perform many-particle simulations with (non-)uniform
and rotating electric/magnetic fields.
• Study the solidification process of 3D-printing,
combined with dipole dynamics.
• Determine the structure formation with respect to
material composition and processing parameters.
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