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A magnetohydrodynamic (MHD) inertial actuator using a liquid metal rather than a solid mass is presented. The liquid, inside an
annular channel, is accelerated thanks to transverse electric and magnetic fields. This paper proposes an electric vector potential
formulation to compute the angular momentum’s device under the assumption that the flow is laminar.
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|. INTRODUCTION

M OST of the time, reaction and momentum wheels (DC
brushless motors) are used to perform the attitude
control of satellites. Despite significant improvements on
electronic parts, they have many drawbacks, directly linked to
their ball bearings [1]. To overcome this situation, that means
using no moving solid component, a solution consists in using
a conductive liquid accelerated by the Lorentz force thanks to
transverse electric and magnetic fields. A MHD reaction wheel
has been studied using a dynamic lumped parameter model
based on a 1D steady state analytical model [2].

This paper proposes a steady state approach in wrdie-
rive an axisymmetric model of an inertial MHD adtwa[3].
We use the electric vector potential approach austef the
classical electric scalar potential or the magnegictor poten-
tial ones [4][5]. The first section presents thé sk MHD
equations. The second section describes the stutfeite.
The third one concerns the steady state 2D MHD tdde
last part proposes some of the obtained resultth&yfinite
difference method.

Il. MHD SET OF EQUATIONS

The Navier-Stokes (NS) equation describes the matio
fluids submitted to a driving force densify Considering an
incompressible fluid, NS equation yields:

p%v+p(v-V)v=—Vp+uV2v+f ()
with p the mass density; the dynamic viscosity, p, the non-
hydrostatic pressure and, the fluid speed. We use the hy-
pothesis of quasi-static approximation, the Maxwedlqua-
tions are given by the set of equations (2):

VAE = _ 9%

V.B=0 o VAB = ,j
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with B, the magnetic field density, the electric fieldj the

f=jaB j=o0(E+vaB) 3)
with o the electrical conductivity. In steady state affigira
introducing the electric vector potentiB| following equations
are obtained from equations (1)-(3):

VA(VAT) = 0.VA(v OB) 4)

p(v:V)v=—Vp + uv?v + (VAT)AB ®)

(4)-(5) constitute the MHD set of equations at dyestate.

The studied device is composed by an annular ctanitle
rectangular section. A liquid metal can flow inAt.DC cur-
rent | is imposed at each electrode creating aal atectric
field, as illustrated on Fig. 1. A DC radial magdodield By, is
imposed by means of an electromagnet for instance.
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Fig. 1. A cross section of the annular channel

IV. AXISYMMETRIC MODELLING

The geometry and the magnetic field are invariantdia-
tion around the axis Oz. 2D axisymmetric assumgticen be
applied. In this case, there is no pressure gradienges and

current density ang,, the magnetic permeability. Equationsa|| variables do not depend ah Therefore the speed is as-

(1) and (2) are coupled through the Lorentz forpeagion and
the generalized Ohm'’s law:

sumed to be ortho-radial and is of the form:

v=v(r,z)eg

(6)



Due to Ampere’s law, the current density induces a magnetic
field density b. As (O, r, z) is a plane of symmetry for the
current density, b is ortho-radial. Assuming that the imposed 1

magnetic flux density is radial and divergence free the Zos
magnetic field density B in the channel is given by: Sos
; 04
_ BmRm Bo2
B(r,z) = e+ b(r,z).eq @) o
0
1
B, is the imposed magnetic flux density at the middle of
channel (r = R,;). In the final paper, it will be shown that the
electric vector potential can be taken equal to ul i
0
These assumptions and equations (4)-(5) yield: relative axial position to w 4 09 0%
relative radius to Rm
b a (v TNl . .
Ab — = + 1ooBL Ry = (;) =0 (8) Fig. 2: Distribution of velocity in the study domain
The type of results is shown on Fig. 2. From the distribution
Av—2L 4 BmBmd gy ¢ (9) of velocity and the induced magnetic field density in the study
r2  wyg r? or

domain the electromechanical quantities can be computed.
Some of them are compared to the ones obtained from the 1D

To these equations, the boundary conditions musidded. model presented in [3] on Table I,

The fluid has no velocity at the vertical wall aatdthe hori-
zontal electrodes:

TABLE I
COMPARISON OF 1D AND 2D MODELS
v(Rm+gz)=0 (10) 1D model 2D model
Torque 0.0043 N.m 0.0044 N.m
Mean velocity 0.229 m/s 0.227 m/s
v(r,tw) =0 (11) Angular Momentun 0.1962 kg.r?/s 0.1984kg.n?/s
At the vertical non-conductive walls the currentsigy is VI. CONCLUSION

tangential so that the axial gradientods equal to zero: . ..
g g d We propose a new formulation to model a MHD inertial

actuator by using the electric vector potential instead of the
classical electric scalar potential. This formulation is well
adapted when the current is imposed instead of the electric

By calculating the circulation of the current démshrough  potential drop. In the final paper, equations (8) and (9) will be
an horizontal section at z vertical position anthgsStoke's explicitly deduced from (4) and (5). The evaluated
theorem we have: electromechanical quantities like torque, angular momentum
Joule losses and voltage drop will be shown.

= b(r, £w) =0 (12)

b(R, —g2z) =0 (13)
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