Optimization of an MHD Pump by Tabu Search Method
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Abstract This method that we have developed in matlab irrates
penalty methods. tabu search is used in optimaigdesf a
This paper is devoted to a global optimization rodtfior an  MHD pump. This pump consists on a magnetic in tireis
optimal design of MHD pump. This method basedlmtabu shape, two winds, two electrodes and a channéd. dssumed
search algorithm does not depend on initial gueasesgives that the fluid is an incompressible, laminar and thaterial
preference to global optima. It is showed thabgisippropriate  properties such as kinematics viscosity and deaséyconstant.
parameters in the tabu search algorithm, the cdngptime for Figure 1 and figure 2 represent respectively arselie view
solution of an optimal point is reduced consideyabl and plane geometry of the MHD pump.
The optimization procedure uses an objective fomctihich
can be the minimum of the mass. The constraintshatie of
geometrical and electromagnetic type. The obtanesdlts are

reported. Inductor

1. Introduction

Two main types of electromagnetic pump for liquietats
can be distinguished: conduction pumps, AC or DGyliich a

magnetic field is established across a tube contitiquid Coils
metal, and current is fed to the liquid throughctfedes Channel

connected to the tube walls; and induction pumpsyhich a

magnetic field induces the required current, ath@induction

motor. The induction pump takes three main formmudar Electrod

linear (Alip), flat linear (Flip), and spiral (Sip)These are
probably the most useful types of electromagnetimps for
liquid metal. And each one is examined and compamedn
attempt to predict their relative performance ahdirt main
design features [1].

Magnetohydrodynamics (MHD) is the study of the
interaction between magnetic fields and moving, deamting
fluids. The MHD phenomenon was first observed by W. Richie

Fig. 1. Schematic view of the DC pump

in 1833. The first experiments about magnetic fieffects on o ‘ — ‘ ‘ N
electrochemical systems date back more than argeago and 014 A0
have been credited to M. Faraday. However, theldpxent of o

MHD as an independent scientific discipline star&dhe first
half of the 20th century when astrophysicists meali how
ubiquitous magnetic fields and plasmas are throughbe B ]
universe. In 1940, H. Alfvén formulated the mairinpiples of Too
MHD, and in 1970 was awarded the Nobel Prize fog hi 006 ]
pioneering work in MHD. Scientists in several figldare 00n

interested in MHD, namely for plasma physics, gespts, or oo -
liquid metal flow engineering [2]. ‘ «Hcha‘nnew ‘ ‘ ‘ /’ ‘

Electromagnetic pumps have several advantages to O ow oM omom D@ ol ol ol
mechanical pumps. They offer maneuverability byedional
thrust along with quietness and are conceived waithaim of
eliminating all moving parts, being also free framoblems of
wear and tiredness of use [3].

This paper suggests a tabu method, for solvinggteeral . . .
constrained optimization problem in an MHD pumpThe The adopted procedure is schematized on figurée 3. |
presented approach has the potential to find theagloptimum Uses the magnetic model defining the device to be
and it does not need any additional informationntitae conceived. An optimization method with constraiits
dynamic model. used to reach the optimal solution (minimizing thass

Inductor A=0 —

Coils

Fig. 2Plane geometry of the DC pump

2. Optimization procedure



and satisfying the constraints of the schedule itiond).
Figure 3 shows the adopted optimization procedure.
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Fig. 3. Optimization procedure for the design of the MHD

pump
3. Optimization problem formulation

To formulate the optimization problems, it is neszgy to
define the objective function to be optimized. histcase, we
have considered the weight of an annular induddéiD pump.
The remainder of the criteria of the schedule ciol will be
used like constraints of equalities and inequalitie

In order to investigate optimal structure of a D@PUMHD,

this algorithm first performs the diversificatioit: locates the
most promising areas by fitting size of the neighibood
structure to the objective function and its deforit domain.
When the most promising areas are located, theritdgo
continues the search by intensification within guremising
area of the solution space to find the optimum gteslt has
been observed that tabu search is more likelynm tive global
minimum than many other methods [4].

It is an iterative metaheuristic technique usedifating, in a
set X of feasible solutions, the solution that minimizan
objective function f based on neighbourhood sedM8). In
tabu search, each feasible solutiohas an associated set of
neighboursN(x) c X, called the neighbourhood of It starts
with a given initial feasible solution and checke tspace& by
moving from one solution to another one in its heigurhood.
At each iteration of the process, a subset W @f) is generated
and we move from the current solutiotio a best ong,, in V,
whether or notf(x*) is better thafi(x). In some optimization
problems, including the problem at hand, when expipthe set
V we find that there are multiple optimal solutiorhen, an
important feature in these problems is to makendae choice
of a best solution,, of V. However, the main short coming of
this simple heuristic optimization algorithm lies ¢ycling. The
tabu search algorithm offers another interestingsitlity for
overcoming the above-mentioned obstacle of the é¢Bnique.
To prevent cycling, a queue called the tabu lisf length [L] is
provided. Its aim is to forbid moves between sohsi that
reinstate certain attributes of past solutions.teAf iterations
they are removed from the list and are free toelmestated [5].

Sometimes, the tabu list may forbid certain inténgs

in which an electromagnetic force directly moves ammoves, such as those that lead to a better soltlimmthe best

electromagnetic fluid, the magneto-fluid analysisodd be
carried out.
The resolution of the design problem will be egléwnato the
resolution of the optimization problem defined akofvs:
To determine the unknown vector X: which minimizéw®
objective function mass (X):
Min mass (X) Subjugated with:
Constraints of inequalities:
B(X) < 1.5Tesla
iX) < 5.10A/m?
Thrusts fixing the acceptable field:
X min < X< >(max
X=(X1, Xo. X3, X4, X5, Xg, X7, Xg).

Where:

X1. Electrode’s width
X,: Electrode’s length
Xz. channel’s radius

X4. channel’s length

Xs. inductor’s radius

Xs: inductor’s length
X7. coil's radius

Xg. coil's length

4. Tabu search method

Tabu search (TS) was originally developed by Gloxed
successfully applied to a variety of combinatoogtimization
problems. However, very few works deal with its liggiion on
the global minimization of functions depending amtnuous
variables. In order to cover a wide domain of passsolutions,

one found so far. An aspiration criterion is intnedd to cancel
the tabu status of a move when this move is judgseful.
Stopping rules must also be defined. In many céisetuding
our optimization problem), a lower bourid for the objective
function is known in advance.

As soon as this bound is reached the algorithmtésrupted.
In general, howevelf,* is not available with sufficient accuracy,
or the algorithm may not attain the lower boundireasonable
number of iterations. Therefore, a fixed maximummber of
iterations is used in practice [5].

5. Basic tabu search algorithm
As a first step towards the description of TS, efemmulate
the classical descent method as follows [6]:
e Step 1: Choose an initial solutioniin S.
Set i* =i and k=0.

e Step 2: Set k=k+1 and generate a subset V* of
solution in N (I, k) such that either one of theblia
conditions is violated or at least one of the a&jmn
conditions holds.

Step 3: Choose a best j in V* and set i=j.

Step 4: If f(i) < f(i*) then set i* = i.

Step 5: Update Tabu and aspiration conditions.
Step 6: If a stopping condition is met then stdfise
go to Step 2.

6. Tabu search stopping conditions

Some immediate stopping conditions could be thieviohg
[6]:
1. N (i, K+1) = 0. (no feasible solution in the
neighborhood of solution i)



2.
allowed.

K is larger than the maximum number of iterationsThe optimized vector dimension is used the findkuimne for the

study of electromagnetic model the results obtaisegresente

3. The number of iterations since the last improvenaént by figures below:

i* is larger than a specified number.

7. Accounting of the constraint

As mentioned earlier, the aim of the tabu methaw imove
away from local optima by allowing degradation loé tsolution
with respect to the leader’s objective. This metiogerformed
whenever no improvement of the current solutiorreached
through the local ascent phase. The tabu methsibjiped after
a maximum numbey,, of iterations without improvement [7].

The accounting of the constraints in a method
optimization stochastic is often obtained by usinfyinction of
penalty associated with the objective function. €itzdly, one
uses a function of external penalty [8], accordiogvhich the
function to be minimized becomes equal to:

W(X) = £(X)+r3.[maf0.g, (x)] @

Where:
f (x) : Objective function without constraints;

g; (X): Constraints function;
r: Penalty coefficient.

8. Results
Table 1 shows the results obtained by tabu method

Table 1.Results obtained by tabu method

Parameters Dimensions
electrode’s length (m) 0.0094
electrode’s width (m) 0.1000
inductor’s length (m) 0.1000
inductor’s radius (m) 0.0294

coil's radius (m) 0.0294
coil's length (m) 0.0200
channel’s radius (m) 0.0294
channel’s length (m) 0.1799

Iron mass (Kg) 20.9799
Coil's masse (Kg) 0.7383
Electrode’s masse (Kg) 0.4242
Mercury’'s masse (Kg) 4.2829
Pump’s masse (Kg) 26.4253

The figures (4), (5), (6), (7) and (8), repres@spectively, the
equipotential lignes, the magnetic potential vedioe magnetic
induction, the current density and the electrom#grferce in
the channel in MHD pump.
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Fig. 6The magnetic induction in the MHD
pump
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Fig. 8. Theelectromagnetic force
in the MHD channel

The optimization design procedure of an MHD purap i

applied successfully by the tabu search method.

Tabu search is a powerful algorithmic approach tiaatbeen
applied with great success to many difficult corabamial
problems. A particularly feature of tabu searchthiat it can
quite easily handle the constraints that are tyjgidaund in
many applications.

9. Conclusion

The optimization of the MHD DC pump has been dosiagi
the Tabu method with different constraints.

The obtained optimized dimensions of the pump Haeen
used in the numerical method in order to find thifedknt
characteristics such as the magnetic induction dhd
electromagnetic force to move the fluid.

The tabu search is a higher level heuristic algorifor
solving optimization problems. It is an iterativegrovement
procedure that starts from any initial solution attempts to
determine a better solution. Although tabu seascheinerally a
slow optimization method but this method, can coaewide
solution space and decrease the possibility ofptrapin local
minima. It has now become an established optintrati
approach that is rapidly spreading to many newsiel
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