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Abstract

The present paper deals with the analysis of theweur of a very large Annular Linear Inductionnfjus (ALIP) for
liquid sodium. This pump is able to provide higbwil rates (more than 7,000%tm with a pressure discharge of
about 3.7 bar). Dimensions of pumping channel uttteactive part are of an average diameter ofr@86and a length
of 4,500 mm. The global and local stability of {hemp are analyzed. It is found that in the nomamaiditions, stable
operation may be obtained. The start-up of the pisgtso investigated. The coil current switch-ouasirbe carefully
analyzed in order to avoid large over-pressure wirguduring the transient.
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Introduction

The main text of the paper starts with the intraduc The use of electromagnetic induction pumpMIPE is

widespread in metallurgy. EMP may be found mainlyarious liquid light metal processing, for exampluminium,
magnesium or sodium. There are mainly two diffetgpes of EMP, namely the FLIP (Flat Linear Indootpump) and
the ALIP (Annular Linear Induction pump). Many warkave been performed so far on such pumps [1-4]. |

There is a recent interest on the developmentrgéigize ALIP, since CEA is now engaged in the tgpment
of the pilot plant ASTRID. ASTRID is the acronymrféAdvanced Sodium Technological Reactor for Indast
Demonstration”. ASTRID is a prototype of Sodium @b Fast Breeder Reactor, generating electriciifficently
powerful to be considered as industrial demonstrdatomust fill the criteria of the 4th generatioBecause of the
maturity of the knowledge in the technology of RHR-Na, the prototype ASTRID is registered likeqaging a head
of series before the commercial deployment. Thistekal plant will have a significant power of atbd00 MWelec
(1,500 MWith).

One point of study and discussion is the possjbilit use electromagnetic pumps (EMP) as circulatinmp for the
sodium contained in the secondary circuit in rephaent of classical mechanical pumps. To ensurdfizisnt heat
transfer through the secondary circuit, one neegsish the sodium with a flow of about 2.t and a head of about 3
to 4 bar. Annular Linear Induction Pumps (ALIP) baeen identified as one of the most promisingrieldgy for such
application.

The major points to be studied in order to makéaice between ALIP EMP and mechanical pumps asgaelto
guestions of stability of flow and to the abilitjthe pump to work at high temperature with a higlability (nominal
working temperature of about 400°C with the podisibio rise up to 600°C during some accidentahsiants). LCIT is
regarding technologies to make ALIP able to punghhemperature sodium. CEA owns numerical codesaaatitical
tools usable for the design of pump running fanfrany area of instability. Up to now, the MHD desipnsists in the
use of analytical codes and finite element softwareorder to predict the performances of ALIP hg mean of a
harmonic resolution of the Maxell’s electromagnetipiations in the frequency domain. It was actatlttiese tools are
not sufficient to predict instabilities. So, CEABBIMAP have undertaken studies with the objectivdbe able to
design high flow rate ALIP for sodium reactors takiinto account the aspect of fluid stability. Tdetudies are
founded on numerical simulations associated witheexnental validations on a specific bench. Thiadbeis under
design and will contain and ALIP EMP that will beghed to work into instable working range.

The present paper studies specific pumping chaistits of the Annular Linear Induction Pumps (AlLiRith
travelling field for liquid metals taking into aacaot the full magnetohydrodynamic interaction betwete
electromagnetic field and the liquid metal flow ides pump channel. Attention is focused on pumps &b-called
ASTRID pump) which are able to provide high flowias, typically pressure difference afp,,= 3.7 bar and flow rate

aroundQ = 7,000 m.h’. The specifications of the pump are : mean dian®86 mm, magnetic gap thickness 66 mm,



active length 4.5 m, pole pitch 0.318 m, supplgfrencyf = 18.3 Hz. In such induction pumps the effect afgmetic
convection over the magnetic diffusion is very impat. Various types of possible instabilities @nsients are dealt
with.

Global stability of the pump

In a first approach, which can be called “OD gloiability study”, this work aims to study the beiwar of this EMP
in terms of stability analysis taking into accotim: external characteristic of the circuit. In ffresent part, the pump
characteristic curve is computed by means of a looyfbetween two softwares COMSOL and FLUENT inasie
conditions and axisymmetric conditions. The extehyaraulic characteristic curve is of parabolipgywith a friction
coefficientk. The time evolution of the flow rat@ or the mean velocity is governed by
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Ap,(Q) being the pressure delivered by the pump,

V = 4.57 m = total volume of sodium in the whole circuit,
S=0.200 M = average area of the duct cross-section,

k = effective (turbulent) friction coefficient in thehole circuit.

The stability analysis of Eq. (1) shows that thebgl stability of the whole circuit depends on $ign of the difference
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The differencer,is an effective characteristic time related to #welution of any perturbation of the mean flow

velocity in the hydraulic circuit. It put forth twoharacteristic times linked to turbulent frictiand electromagnetic

forces. Each time scales are represented in Fighd.velocity corresponding to the maximum of teenputed pump

characteristic curve (not shown here) is equadl to9 m.s'. Beyond that maximuml—L%
e,

in Fig. 1. This means that the descending brandhefjpump characteristic is always negative as @rpe However,

is negative, as shown

the stability is also linked to the value of thietion coefficientk. In the present case the terlmE is always greater

than iM
pL ouU

of the pump characteristic.

except wherd < 2.5 m/s. The overall circuit is stable in theemgding conditions near the maximum

Three-dimensional instability

It is usual to determine the pump characteristia &sction of the slip magnetic Reynolds nurr‘daer,uoaa)G/k2 , with
U, 0, &, G and k respectively denoting the magnetic permeability, étectrical conductivity, the pulsation, the slip
and the coil wavenumber. The sipis defined ag1-kU / w) . The corresponding pump characteristic curve awvshin
Fig. 2.

The intrinsic instability arises when the slip matio Reynolds number =R, :,uoaa)G/k2 is greater than the value

of £ corresponding to the pump characteristic maximain[]). In the present case the characteristiwgumaximum
corresponds t& = 1.713 as shown in Fig. 2. It is clear that regagdihe nominal operating conditions the mean
velocity in the pump must be larger than 9 m/s.
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Fig 1 : inverse characteristic times (electromaigreatd friction) versus the mean velocity for th8 T/RID pump.
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Fig. 2 : ASTRID pump characteristic curve as a function of the slip magnetic Reynolds number.

The theoretical curve corresponds to the characteristic of an infinite ALIP.

Transient behaviour — start-up of the pump

In the present section we deal with the transigsues and especially the pump start-up. The sf@ect is important in
the case of large pump. We now compute the estaiiat of the magnetic field using the time evolataption in
COMSOL. The mean velocity inside the purilft) is time-dependent. The mean flow field inside themp is
governed by a differential equation similar to (However, in the present case the pump pressufereatice
Ap,U (t),t) is also time-dependent, and the full nonlinearagigu is solved by a Runge-Kutta method simultasgou

with the magnetic field. Figs. 3 and 4 show somengpies of transient behaviours when the pump rtirsa Fig. 3
shows the results when the inductor current ischeil on instantaneously. The steady state is rdaafter some
seconds. During the transient the pressure difteremits quite strong oscillations. However, duéht large inertia
of the whole circuit the fluid does not respondhe pressure oscillations at the frequentyHbwever, when the coil
current is increased by steps, we observe largtutitions of both the pump pressure and the melacityeas shown
by Fig. 4.1t is noticeable that the pump pressuay exceed 7 bar during the transient step. Suchmressure may be
harmful for the pump. The latter results allow asélect the optimum start-up regime of the pump.



Conclusions

We have analyzed the behaviour of a large sizéreleagnetic pump, the so-called ASTRID pump. Bhswn that the
requirements may be fulfilled for a sufficientlyde frequency. In that case, stable operating tiomdi may be found
near the pump characteristic maximum. We have stisavn that start-up conditions are crucial in ordeavoid large

over-pressure in the pump.
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Fig. 3 : Time evolution of the pump pressure (leftd the mean velocity (right) in the case of a
sudden increase of the coil current
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Fig. 4 : Time evolution of the pump pressure (leftdd the mean velocity (right) in case where
the coil current increases by steps.
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