Measurement of Thermomagnetic Convection Effect in a
Cooling Process
Sleimane Nasser El Dine, Xavier Mininger, Caroline Nore, Sophie Neveu,
Frédéric Bouillault

To cite this version:
Sleimane Nasser El Dine, Xavier Mininger, Caroline Nore, Sophie Neveu, Frédéric Bouillault. Measurement of Thermomagnetic Convection Effect in a Cooling Process. International Conference on
Magnetic Fluids ICMF 2019, Jul 2019, Paris, France. �hal-03144416�

HAL Id: hal-03144416
https://hal-centralesupelec.archives-ouvertes.fr/hal-03144416
Submitted on 18 Feb 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Measurement of Thermomagnetic Convection Effect in
a Cooling Process
S. Nasser El Dine1,2, X. Mininger1, C. Nore2, S. Neveu3, F. Bouillault1
GeePs, UMR 8507 CNRS / CentraleSupelec - Sorbonne Université et UPSud, 91192 Gif sur Yvette cedex, France,
Sleimane.Nassereldine@geeps.centralesupelec.fr, Xavier.Mininger@geeps.centralesupelec.fr, Frederic.Bouillault@geeps.centralesupelec.fr
2
LIMSI, CNRS, Univ. Paris-Sud, Université Paris-Saclay, F-91405 Orsay, France, Caroline.Nore@limsi.fr
3
PHENIX, UMR 8234, Sorbonne Université, 75252 PARIS Cedex 05, France, sophie.neveu@upmc.fr

1

Results

Context & Motivation
Cooling of electromagnetic systems (e.g.
transformers)
using
ferrofluids,
i.e.
suspensions of magnetic nanoparticles in a
liquid carrier, is studied at GeePs and LIMSI
labs.

Thermomagnetic Convection Effect
Two sensors record temperature in the fluid and at the coil.
The current direction in each resistor is initially the same, then it
reverses every 60 minutes to activate/deactivate the
thermomagnetic convection in the experiment and the
computation.

The objective is to understand the
effect of the nanoparticles on heat
transfers using both experimental
and numerical approaches.

Crenellations
with
equal
amplitude of 2,2 °C are
approximately reproduced.
When the thermomagnetic
convection is active, the coil
temperature decreases.

Experimental & Numerical Setup
An experimental setup uses a coil immersed in a cylinder filled
with a cobalt-based surfactant ferrofluid (5% volume fraction of
nanoparticles), carrier liquid is a vegetable oil

Impact on velocity and temperature

Symmetry axis

The fluid flow around the coil is modified by the Helmholtz magnetic
force. The temperature decrease is 1.9 °C.
Velocity magnitude U (m/s), streamlines (u,w) and temperature (°C)
at t = 280 min and t = 330 min respectively:

Setup model
Langevin’s theory for linear magnetic material is used for the M-H
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relation:
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Navier-Stokes, energy and magnetostatic equations are solved
using Boussinesq approximation and an incompressible
Newtonian fluid.
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The thermophysical properties
of the ferrofluid are calculated
using mixed laws.

Activation Method
The solenoid consists of a copper coil, in the form of a two-wire
conductor as below:
(a) Currents directions in the two
wires
are
opposite:
Thermomagnetic
convection
deactivated
(b) Currents directions in the two
wires
are
identical:
Thermomagnetic
convection
activated

Without Helmholtz force

With Helmholtz force
New convection cell

Conclusion
An experimental setup is developed to study the heat transfer of an
electromagnetic system cooled by a ferrofluid.
The modeling assumptions lead to numerical results in agreement
with the measurements.
The thermomagnetic convection leads to a decrease of coil
temperature. Further developments will turn to more realistic
devices with different types of load.
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