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Abstract—The production of high magnetic fields dfers new
opportunities of magneto-mechanical interactions. In ths paper,
we investigate the possible fiects of magnetic volume forces on
a diamagnetic yield stress fluid flow. The numerical computabn
of magnetic volume forces requires a particular care for the
magnetic field calculation. We study a magnetic configuratio
using two parallel surface current density. This configuraton
generates magnetic forces — usually used for magnetic leaiion
— which are able to modify the flow of a yield stress fluid. Two
dimensionless numbers are introduced to define the necessar
conditions to act on the fluid. Numerical investigations of he
coupled problem are performed using a finite element softwag. -20, 1 ‘2 é ‘4 é 6
We show the _opportunity of a solid-gel transition in different Magnetic field, H (4m) 108
parts of the fluid.
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element methods. pensions of bentonite.
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|. INTRODUCTION

Yield stress fluids have amazing mechanical propertigsogycts. The simplest model for this mechanical behaviour
They can behave as solids under small applied stresses gpdgingham model (1) describing the evolution of the shear

flow like liquids above a certain load, called yield stressyress: toward the shear rate with the help of the Bingham
These fluids have attracted considerable academic a”d'i”‘i}@cosity X

trial attention over the past few decades and their norafine y=0 if <1
behaviour is widely used in many applications.It turns @t t {
unambiguously determining the yield stress of a fluid from

experiments is quite dlicult. Part of the problem is due to the  Bentonite suspensions show no particular electrical or-mag
existence of a wall slip féect when acting on the fluid. We netical properties. They behave mainly as a dielectric and
propose to use magnetic forces produced contactless by highmagnetic fluid. The diamagnetism of the water outweighs
magnetic fields to act on yield stress fluids. These forces haye paramagnetic behaviour of the clay as shown in Fig. 1.

been successfully used to act on fluids [1]-[2]-[3] and we'gthe volume magnetic susceptibility is aroupds —3 x 1076.
like to explore their &ects on yield stress fluids flows.
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B. Magnetic forces
Il. EXPLORING POSSIBILITIES

Magnetic forces acting on a fluid element of dengityan be
derived from the Helmholtz free energy. According to [4k th
magnetic forces experienced by a unit volume of an insulator

Bentonite is a smectite clay mineral with many applicatiorffiid in a magnetic fieldH can be expressed as
that take advantage of its interesting rheological propert

in water-based colloidal suspensions. Wheffisigntly con- E = ENOXVHZ. 2)
centrated, bentonite suspensions have a yield strpghat 2

results from the colloidal interactions among the particleln magnetic levitation, magnetic forces are used to coanter
Bentonite is therefore an important component of materialse efects of gravity. In our case, there is no direct link
such as drilling muds, paper coatings and pharmaceutibatween the magnetic forces and the shear stress generated

A. Magnetic, electrical and mechanical properties of tgpic
water-based yield stress fluid
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in the fluid. Numerical investigations of the coupled prable 01 0.02
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For an arbitrary unit volume of fluid in a gravitational fiejd 0.02
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and a magnetic fieltH, the conservation of momentum leads o_ .

to the general form of the Navier-Stokes equation for the 0.02
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A dimensional analysis leads to

o0 = o & ~ Nez~s Figure 2: The velocity field (ii8) modifications of a yield
Stgp +0-VO=Stg+V-&+—-VH". ) stress fluid under high magnetic field.
All tilded quantities are dimensionless and we introduce th ‘ ‘
usual Strouhal number St and a new dimensionless number Ne 5 —— no magnetic field |
defined as —— high magnetic field£ 6 T)
orH3
Ne=22C%0 (5)
pug
whereHq andug are characteristic values of the magnetic field 11 i
and the velocity field. Large values [Ne| could led to a flow
modification.
I1l. N UMERICAL INVESTIGATIONS
A 3 0 | | |
A. Computation of magnetic forces -2 -1 0 1 2
Magnetic volume forces are computed with a finite element y (cm)

software using a potential vector formulation. Lagranglitu g, e 3: velocity field (crys) with and without magnetic field.
finite elements are requested to obtaifffisient accuracy for

the forces. In a 2D Cartesian configuration, with a potential

vector A = A, e,, the forces are given by D. Results
A, 0%A, OA, O°A, For low values of the Bingham number Bn and large values
E_X By dyox  Ox Oy? 5 of |Ne|, we observe changes in the velocity field of the fluid
" o oA 02A, . oA, 2A, | ®)  flow in Fig. 2 and F_ig. 3. With La character_istic length of the
oy 0 T ox oxay flow, the relevant dimensionless number to increase fiieets

of the magnetic forces is
INel _ Il (i)

Lty

B. Magnetic configuration

Several configurations have been tested. We present an 5 =
efficient configuration consisting of two parallel infinite Bn P
surfaces flown by two current densitigsand j, alonge,. The
below current densityj, is constantly = 10° A/mm although
the above current density is modulated with a wavenumber

(10)
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