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(A Study on the Thermal Analysis of Induction Heating Cooker with
Finite Element Method)
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Abstract

Recently, induction heating cooker(IH-Cooker) is very interested for high efficiency, the quickness of heating
time and the convenient regulation of heating spot. In this paper, we proposed the magneto-thermal analysis of
an induction heating cooker(IH-Cooker) as an efficient design, and analyzed the magnetic field intensity inside
the axisymmetric shaped cooker using three-dimensional axisymmetric finite element method(Flux2D) and the
effectual heat source was obtained by ohmic losses from eddy currents induced in the cooker. Also, we
presented the temperature characteristics of the IH-Cooker according to input frequency and relative
permeability in stainless parts and in aluminum parts.
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1. Introduction advantages in cormparison with conventional oil or
gas-fired fumace : fast heating rate, instant

Induction heating processes for heating provide controllability, high efficient and minimal
significant technological, economic and ecological environment pollution[1]-[3]. Therefore induction

heating is widely used in today’s industry, in
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(IH-Cooker) is very interested for high efficiency,
the quickness of heating time and the convenient
regulation of heating spot. The magnetic field
intensity and the heat source in the TH-Cooker
should be exactly calculated in order to make
temperature distribution required on the surface of
the IH-Cooker. But, the waste of time and cost has
been increased because the design method of the
IH-Cooker in the industry is depending on the
experience. Therefore, it is continuously required
that the development of precision design method is
based on the exact magnetic field intensity and heat
source. And, numerical simulation of IH-Cooker
clearly involves two coupled phenomena
electromagnetism and heating. An efficient eddy
current computation has to be performed in order to
obtain the source term to be plugged into the heat
equation[4]-{7].

In this paper, the magneto-thermal analysis of
the IH-Cooker was presented as an efficient design.
The magnetic field intensity inside the
axisymmetric shaped cooker was analyzed using
three-dimensional axisymmetric finite  element
method(FEM) and the effectual heat source was
obtained by ohmic losses from eddy currents
induced in the IH-Cooker. The heat was calculated
using the heat source and heating equation. Also,
it was represented the temperature characteristics
of the IH-Cooker according to input frequency and
relative permeability in stainless parts and in
aluminum parts.

2. Three—dimensional Axisymmetric FEM

The construction of the IH-Cooker can apply to
the three-dimensional axisymmetric FEM because
it is the same form for circular direction. We can
summarize the Maxwell’s equation describing the
systems with eddy currents as follows equation (
D~®).
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where H is the intensity of magnetic field, ] is the
sinusoidal exciting current density, ¢ is the electric
conductivity of mass, E is the intensity of electric
field, A is the magnetic vector potential, ¢ is the
scalar potential, B is the magnetic flux density and
4 is the permeability of mass. For the system, we
can set the V¢ in equation(3) to zero[7), the final
governing equation for A is the equation(6).
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where w represents the angular input
frequency of the sinusoidal exciting current.
The energy functional whose Euler-Lagrange
equation is the same as goveming eguation(6)
can be expressed as equation(7).
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After discretizing of the system, minimization
condition of the energy functional equation(7) gives
the system matrix equations(8).

[PI{A} +[Q{A} = (R} ®

where [P] and [Q] are the coefficient matrices

and {R} is the forcing vector. The coefficient

matrices and the forcing vector can be assembled

with element matrices written as equation(9) ~(11).
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where 4 ° is the area of that elerment.

It can be calculated the magnetic vector potential,
the eddy current and the heat source in each node
by solving the system matrix equation. And the
eddy current, J, . is the equation(12) from ohms

law as shown below.

J.= oE, = ~o‘97“} = —jwoA (12)

The heat source per unit volume, As[ Wm® ], is

written as equation(13).
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3. Magnetic Analysis

Table 1 and Fig. 1 are respectively the material
constants and scales of the IH-Cooker and the
actual shape for the exciting coil of it.

Table 1. The material constants and the scales
of the IH-Cooker

StaSirblElzzlss Aluminum
Relative permeability | {(case 1) 1
(py) 10(case 2) | 0-25*10
Electric conductivity 6 .
1.667x10 4.0x10
(0
Thermal conductivity 20 204
(A
Thickness [mm] 0.8°0% 3.008
Radius of bottom 115.2 1114
[mm]
Height [mm] 83.94 83.94

ez

Fig. 1. Exciting coil

Fig. 2 is the three-dimensional axisymmetric
FE-model of the IH-Cooker, and is the structure of
double layer with aluminum and stainless. Fig. 3 is
the flux lines of case 1( ¢, = 1) with the leakage
flux at the inner IH-Cooker and Fig. 4 is the flux
lines of case 2( ¢, = 10). Here we know that the
flux lines cannot pass through the inner TH-Cooker
because of the skin effect of the stainless steel.

Aluminum
Stainless Steel

Exciting Coil

Fig. 2. The FE-model of the IH-Cooker

(Input frequency=20lkHz], ¢, = 1)

Fig. 3. The flux lines of the |H-
Cooker
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(Input frequency=25[kHz], £, = 10)

Fig. 4. The flux lines of the IH-
Cooker

4. Thermal Analysis

The three-dimensional axisymmetric heat
conduction equation in the steady state is expressed
as follow:

1 _a _
o (kr—=— )+ (k )— hy (14

where A, is the heat sources and % is the
thermal conductivity.  The complex boundary
condition between the surface of the IH-Cooker and
the area around it is described by equation (15).
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where £ is the convective exchange coefficient,
T is the temperature in the boundary surfaces,

T is the temperature of the fluid and %T is

the normal component of the temperature in
boundary surfaces. Arranging equation (14), we
obtain equation (16).
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The heat conduction equation can be obtained
with the standard Galerkin's method as follows.
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And the element matrix can be expressed by the
equations (18), (19) and (20).
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where 7y is (7, + 7y +73)/3.

Also, the element matrix equation in the complex
boundary is expressed as follows:

[K°+ K1T° = [F + F] @1)
where,
-/ ON“NTdS (22)
r= [ enas (23)
A;

where ois hlk gis hTw/k and Aj is the
elements on the boundary with the complex
boundary condition.

If o is constant inside an element and the
opposite side of node i—th i1s the complex
boundary surface, the equations (22) and (23) can
be respectively expressed in terms of equations (24)
and (25).
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Substituting equation (21) into equations (24) and
(25), we can obtain the element matrix with the
complex boundary condition. The system matrix is
constructed using the above equations and is solved
using the ICCG{Incommplete Choleski Conjugate
Gradient) algorithm, and the temperatures in each
node can be obtained.

5. Temperature Characteristics

Fig. 5 represents points to calculate the
temperature in stainless steel parts and in
aluminum parts. Figs. 6 and 7 represent
respectively the temperature characteristics of the
TH-Cooker according to input frequency and
relative permeability in stainless steel parts and in
aluminum parts.
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Fig. 5. Points to calculate the temperature
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Fig. 6. The temperature curve of the [H-

Cooker in stainless steel.
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Fig. 7. The temperature curve of the
IH-Cooker in aluminum.

We know that the temperature of aluminum is
higher than that of stainless steel at point distant
from the heat source because the thermal
conductivity of aluminum is larger than that of
stainless steel. Also we know that the temperature
of the IH-Cooker is rapidly reached its peak value
as the value of relative permeability and of input
frequency are high.

6. Conclusions

In this paper, the magneto-therrmal of TH~Cooker
was analyzed using three- dimensional
axisymmetric finite element method(FEMD. And the
heat was calculated using the heat source and
heating equation.  Also, it was represented the
temperature  characteristics of the IH-Cooker
according to input frequency and relative
permeability in stainless parts and in aluminum
parts. The temperature of aluminum is higher than
that of stainless steel at point distant from the heat
source because the thermal conductivity of
aluminum is larger than that of stainless steel. Also
we know that the temperature of the IH-Cooker is
rapidly reached its peak value as the value of
relative permeability and of frequency are high.
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