
Analysis of the Transient Performance of an Annular
Linear Induction Pump Using COMSOL

Prashant Sharma, B. K. Nashine, Awadhesh Mani

Homi Bhabha National Institute (HBNI)
Indira Gandhi Centre for Atomic Research

Department of Atomic Energy
Kalpakkam-603102, INDIA

COMSOL Conference 2019, Bangalore, INDIA

Prashant Sharma, B. K. Nashine, Awadhesh ManiAnalysis of the Transient Performance of an Annular Linear Induction Pump Using COMSOL1 / 17



Transient Response of ALIP Contents

Contents

Introduction

Applicable Equations

COMSOL Simulation

Results of Step Decrease in Flow

Simulation Results of Step Increase in Flow

Conclusion

Prashant Sharma, B. K. Nashine, Awadhesh ManiAnalysis of the Transient Performance of an Annular Linear Induction Pump Using COMSOL2 / 17



Electromagnetic Pumps Introduction

Introduction

Liquid metals are used as coolant in Fast Reactors. Circulation of
coolant is required for heat transfer and other process activities.

Circulation of liquid metal is done either by mechanical centrifugal
pumps or by electromagnetic (EM) pumps

EM pumps have no moving parts and have hermetically sealed
construction

EM Pumps works on the principle that a current carrying conductor
placed in a magnetic field experiences a force

There are various type of EM Pumps of which the Annular Linear
Induction Pump (ALIP) is the most commonly used one.

ALIP has many similarities with induction motor, in particular, the
linear induction motors, yet there are many differences also

A detailed analysis of ALIP requires solution of Maxwell’s equations to
take into account the discontinuous magnetic circuit and end effects.
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Electromagnetic Pumps Annular Linear Induction Pump (ALIP)

An Annular Linear Induction Pump (ALIP) has an annular
construction and the induced currents circulates in annular
(azimuthal) direction.

In ALIP, the annular duct contains the liquid metal e.g. sodium.
The stator consists of three-phase circular distributed winding over
the duct. The coils are placed in the slots of laminated stator stacks.
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Annular Linear Induction Pump 3-Dimensional View
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Annular Linear Induction Pump Why Transient Simulation ?

Transient Simulation

Steady State simulation yields pump characteristics corresponding to
steady state and therefore transient phenomena are not covered

Transient simulation can give information about variation of
parameters with time. Phenomenon like double supply pressure
pulsation can be captured in transient simulation only.

Response of the system to transients also requires a transient model

In order to analyze the transient behaviour Maxwell’s and Navier
Stokes equations are to be solved simultaneously in time domain

In order to achieve this, an axisymmetric 2-dimensional model was
made in COMSOL and was solved in time domain.
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COMSOL Simulation of ALIP Applicable Equations

∇× ~H = ~J (1)

∇× ~E = −∂
~B

∂t
(2)

~J = σ
(
~E + ~v × ~B

)
(3)

∇. ~B = 0 (4)

The electromagnetic force per unit volume is given by

fEM = ~J × ~B (5)

The Navier-Stokes equation for time dependent flow is given by

ρ
∂~v

∂t
+ ρ (~v .∇) ~v = −∇p + η∇2~v + fEM (6)

Continuity eqn. :
∂ρ

∂t
+∇. (ρ~v) = 0 (7)
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COMSOL Simulation of ALIP COMSOL Model

COMSOL Model & its Solution

The simulation of ALIP has been done in time domain transient study of
COMSOL.

1 Both Maxwell’s and Navier Stokes equations are solved together.
2 Velocity term in AC/DC module links the induced voltage to the

velocity of liquid metal
3 The electromagnetic force produced in the liquid metal is coupled to

the fluid flow by adding the electromagnetic force to the
Navier-Stokes equation as a volume force.
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Transient Simulation Results Sudden decrease in flow

Sudden decrease in flow

1 In order to analyze the response of ALIP to transients - a sudden
decrease in flow is simulated by suddenly decreasing the velocity to
half of its initial value.

2 Implemented by using step function in COMSOL

3 The step change is implemented once start-up transients due to
in-rush currents have settled down.
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Transient Simulation Results Results for sudden decrease in flow

Results

R-Phase Current

Y-Phase Current
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Transient Simulation Results Results for sudden decrease in flow

Flux variation

R-Phase Flux

Y-Phase Flux
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Transient Simulation Results Results for sudden decrease in flow

Power & Developed Pressure variation

Power

Pressure
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Transient Simulation Results Sudden Increase in flow

Sudden increase in flow

1 Next, a sudden increase in flow is simulated by suddenly increasing
the velocity.

2 Again this is implemented by using step function in COMSOL

3 Here, only a 20 % step increase is implemented so that the pump
does not enter into generating zone.
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Transient Simulation Results Sudden Increase in flow

R-Phase current & flux

R-Phase Current

R-Phase Flux
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Transient Simulation Results Sudden Increase in flow

Total Input Power & Output Pressure

Power

Pressure

Prashant Sharma, B. K. Nashine, Awadhesh ManiAnalysis of the Transient Performance of an Annular Linear Induction Pump Using COMSOL15 / 17
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Conclusion

Conclusion

A trasient model of ALIP made in COMSOL and response of ALIP to
flow transients analyzed.

It is found that once the transients die out, the various parameters
attain values corresponding to steady state pressure vs flow
characteristics of ALIP.

Presence of double supply frequency pulsations is also observed in
developed pressure, though no significant double supply frequency
pulsation was observed in flow rate.

Future Works

Fluid-Structure Interaction coupled with magnetohydrodynamics
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Conclusion

Thanks
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