
Results: The solution for the magnetic flux density is
shown in Fig. 2-6, whereas the gas volume fraction as well
as the velocity field are visualized in Fig. 7-9. Finally, the
cell tracing is depicted in Fig. 10.

Summary
Cell cultures in a perturbed medium subjected to SMF were 
studied with magnetic field no currents, bubbly flow, particle 
tracing. One-way coupling was used based on Re numbers.
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Fig. 2. Intensity, direction 
and shape of B.

Fig. 8. Gas phase velocity.Fig. 7. Gas volume fraction.

Fig. 10. Particle (cell) tracing.Fig. 9. Liquid phase velocity.

Introduction: Effects of static magnetic fields (SMF) on living
matter is a promising research field. Efforts have been given
to understand underlying mechanisms. We study cell cultures
subjected to SMF in the lab and with COMSOL Multiphysics ®.

Fig. 1. (a) Ring of magnets surrounding a glass flask with a medium for cell
cultures. (b) 3D geometry model. (c) 2D axis symmetric model from 3D geometry.

Computational methods
Step 1: stationary study of Maxwell equations applied to
magnetostatics to solve B for an array of magnets [1].
Step 2: time-dependent study of Navier-Stokes equations
applied to a multiphase bubbly flow to solve velocity and
pressure fields of liquid and gas phase, coupled with B [2,3].
Step 3: time-dependent study of Newton’s law for fluid particle
tracing (cells), coupled with the velocity field [4].

Maxwell equations

Faraday’s law 𝛻 × 𝑩 = 𝜇0𝑱 + 𝜇0𝜀0
𝜕𝑬

𝜕𝑡

Gauss’ law (magnetism) 𝛻 ∙ 𝑩 = 0

Constitutive relations

Magnets 𝑩 = 𝜇m(𝑯 +𝑴) 𝜇m and 𝜇 i permeability of

Medium 𝑩 = 𝜇i𝑯 magnet and medium i

Navier-Stokes equations

Continuity 𝜕

𝜕𝑡
(Φ𝑙𝜌𝑙 +Φ𝑔𝜌𝑔) + 𝛻 ∙ Φ𝑙𝜌𝑙𝒖𝒍 +Φ𝑔𝜌𝑔𝒖𝒈 = 0

Momentum Φ𝑙𝜌𝑙
𝜕

𝜕𝑡
𝒖𝒍 + 𝜌 𝒖𝒍 ∙ 𝛻 𝒖𝒍 = 𝛻 ∙ −𝑝𝑰 + 𝝉 + 𝜌𝒈 + 𝒇𝒎

𝝉: viscous stress tensor (see [3])

Magnetic gradient force 𝒇𝒎 = −𝜒𝑣
𝑩∙𝛻 𝑩

𝜇0

𝜒𝑣 : volumetric susceptibility 𝜇𝑟 =
𝜇𝑖

𝜇0
= 𝜒𝑣 + 1

Particle tracing for cells

Newton’s law 𝑑

𝑑𝑡
(𝑚𝑝𝒗𝒄𝒆𝒍𝒍) = 𝑭𝒅𝒓𝒂𝒈 + 𝑭𝒈 + 𝑭𝒎

Solution strategy

Reynolds 𝑅𝑒 =
𝜌𝑙 𝑈 𝐿

𝜇𝑤
> 10000  Turbulent flow

Magnetic Re 𝑅𝑒𝑚 =
𝑈𝐿

𝜆
≪ 1, magnetic diffusivity 𝜆 = 1

𝜇0𝜎𝑖

B will tend to relax towards diffusive state, determined by BC, 
not fluid flow ⇒ One way coupling

(a) (b) (c)
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