COMSOL
CONFERENCE

2015PUNE

Modelling, Simulation and Temperature Effect
Analysis of Mutual Induction based High
Temperature Level Sensor using COMSOL
Multiphysics

Rajalakshmi R.
Subhasis Dutta

Bhabha Atomic Research Center, Mumbal



Introduction

v Liquid metal (Lead Bismuth Eutectic alloy ) is used as coolant

In Nuclear reactors.

v A level sensor based on mutual inductance principle has been
designed and developed for continuous level measurement at

high temperatures of Liquid metal .
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Sensor’s Conceptual design

0 The sensor works on the principle of

o variation of mutual inductance.

é . O The primary winding is excited with an

Vil convarter

_ ' AC constant current.

E d Due to mutual inductance an EMF is

Secondary
Windings

Primary
winding

Induced in the secondary coil.

| _- | d As the LBE is conducting eddy current
I I | flows it

O Hence the net flux linked with secondary
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decreases and voltage reduces with LBE

level



Mathematical Modeling

» Consider the coil of primary winding as a solenoid with N number of turns

and the current density through it as J

» The magnetic flux density and induced emf obtained through Maxwell's

equations are _ _ gi
= ni z
B = Hgh, =
= -N2 = ~
V= - at i ) «— Magnetic flux

Directionof current

!
»The field linked with the Liquid metal
LI 2

Ixr dz LT

> A layer of liguid metal outside the sensor of thickness dz and a circular ring

B(n=

«- Layer of liquid metal

through the layer of radius r and thickness dr concentric with the cross section

of the coil.



Mathematical Modeling contd...

108
» The conductivity of Lead Bismuth Eutectic Alloy : (gs33210.0511x1)

» The emf and eddy current induced in circular elemental section is

Ho Krl . =
Einduced = Tr igm cos ot dl

EBinducead -
Resistance of the path

» Considering the elemental circular current carrying path as a ring carrying
current. The flux density at a height h in the center of the ring is given by

-
T -

I-ll:u:l ipw coewt dz dr

= wrdlr? gy
dB————=—

B
2(h2+rf)z  2(h%4r3)2

137 434 %105 2n

»The net flux density along the length of the coil of height H, due to the
presence of Liquid metal of level L in the tank is given by

—

— Laladl i cog(tan™ LE 1)}xccls|:tan"'(ﬂ+1)}
_ 3 R
r Mol X s H
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% L cos ot

- . . 09z
»The voltage induced in the secondary due to this flux : Veaay = "N~

»>Net voltage at secondary : 1, =|V]- Veady



Modelling of sensor geometry in COMSOL

The Geometry of the sensor is modeled in 2D axi-symmetric model

wizard in COMSOL 5.0 environment is as shown.




Simulation studies using COMSOL Multiphysics

d AC/DC module
1.frequency domain studies
2.Multiturn coil domain
 Heat transfer Module
1. Stationary domain studies

2. Temperature coupling between the two modules



Equations and boundary conditions used in COMSOL

*» Equations solved in COMSOL

(a) Heat Transfer Equations
pCpu VI+V.g=Q

q=-kVT

(b) Ampere’s Law
(jwo -w’ege,) A+ V x(yﬂyr)-lB -ovX B=1]

Magnetic field density: B=V X A

¢ Boundary Conditions used in COMSOL
(a) Magnetic Insulation at geometrical boundary : n x4 =0
(b) Thermal Insulation at geometrical boundaries : - n.q=0
(c) The surface of the enclosure is at the temperature of Liquid metal and the

air at a distance from the tank is at room temperature.



Simulation Results
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Comparison of Simulation and experimental Results
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Temperature effect Analysis

Temperature (K)
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Temperature Compensation Technique

= The resistivity of liquid metal changes with its Temperature, this
causes a change in the eddy current induced and thus the Secondary

Voltage.

= Compensation with an external Resistance.

Vo X @Ri
AVy

Rext R;r;



Temperature Compensation Technique contd...
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Temperature Compensation Technique contd...

1G5 T
l —#— Vaoltzge with 350 degC of Moltzn metsl
154 — —— Voltage with 400degCof Molten metal
._ Woltage with475degC of Maoltenmetal
] 9-3 | ..h"'-“_ -h-».__
; 19 . o ~m
18.9
18.8 “
18.7
0 50 Level( ) 100 150
Change in Voltage at Secondary with the
Level of LBE
151 ———— Voltage with 360 degC of Molten)
15 metal
—il— voltage with 400 degC of Maolten
metal
14.9 Woltage with 450 degC of Maolten
metal
o 14.8 —— Voltage with 475 degC of Molten
- metal
E 147
a»
= 146
= 145
14.4
14.3
14.2 - - - - - !
o 20 40 60 30 100 120
Level(mm)

Voltage across ext. Resistance obtained through
Experimentation



Discussions

o Alinear decrease in secondary voltage with the level of Lead Bismuth
Eutectic alloy were observed through Simulation studies and

experimentation.

o The span of the sensor for 0 to 120mm of liquid metal level was 0.76

mV, while COMSOL simulations provided a span of 4 mV .

o The sensor resolution obtained through experimentation is1.57mm,

Sensor resolution obtained through COMSOL simulations is 0.3mm.



Discussions contd...

o Temperature compensation through experimentation: The variation
was reduced from 1.1% of reading to 0.45% of reading.
Temperature compensation through COMSOL simulation: The

variation was reduced from 0.21% of reading to 0.09% of reading.

o Thereis a 43 % difference on an average between the simulation and

experimental results.
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