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Résumé : The interest of induction cooking is directemperature obtained on pan without thermal inerta.
However to prevent overheating of the pan, it is n@ssary to obtain a well regulated temperature. Fothis
aim, we propose to use a new material, FeNICr allgylaced outside in the bottom of the pan. In thipaper,
we model the magneto thermal phenomena of system layfinite element method (FEM) for the mean to
determine the temperature evolution in the bottom bthe pan taking into account the nonlinearity of gstem.
This study shows, that a temperature value exceeti¢ desired value of cooking (200 - 300°C) ,when ogia
conventional pan (stainless steel). In the aim toawe a regulated temperature, a layer of new materia
FeNiCr alloy, witch have a low Curie point (300°C)js placed in the bottom of the pan. This techniquassures

a natural regulation of temperature.
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1. INTRODUCTION
2.

Over the last ten year, induction cooking is musled) because dfis several advantages [1]
compared to traditional heating system (resistagas, etc...), in particular direct heating of pathout
thermal inertia. The induction system (see Figcbmprises the inductor itself and a heated plate T
inductor is supplied by a medium-frequency powarrse (20 kHz) producing an alternating magnetic
field, which causes eddy currents in the bottomplatte and therefore, Joule dissipation [1-2]. The
temperature in the plate depends on the charaateref the material which constitutes (conducyivt

permeabilityy).
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Fig.1: the modelled 'éy_stem

In this paper, firstly we determine the temperataw®lution on pan bottom constituted with
conventional ferromagnetic material, using magrteérmal calculation method. Secondly, in the aim to
have a regulated temperature, we propose a techmisjng a layer of new material, FeNiCr alloy [3],
which has a low Curie point (300°C), who's placadbbttom of pan (Fig 2). The obtained results are
compared.
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Fig .2: Pan with layer of FeNiCr

This paper is organized as follows: Magneto therfaite-Element analysis is presented in
section 2. In section 3, we present the temperaguodution with conventional ferromagnetic pan. In
section 4, the proposed technique is applied taiobegulated temperature. Section 4presente seoit
discuss. Finally the conclusion is presented atice 5.

3. MAGNETO-THERMAL FINITE ELEMENT ANALYSIS
2.1DESCRIPTIVE EQUATIONS

In order to know temperature evolution in the bwitof pan, which is the image of distribution of
induced currents, it is necessary to solve the ledullaxwell's and thermal equations. For the readon
axisymetric structure of the inductor, an axisyee2D solution is possible.

Using the magnetic potentidl, electromagnetic phenomena are modelled by the kmelvn magneto-
thermal equation [4, 5]:

jwZA O [VOAL 0 [V OAL_ T (1)
r or \r or dz\r 0z
AD2T+q=mepa—T (2)
ot
q:%awzﬁﬁu (3)

A: Magnetic vector potential defined such/as rz,g, A : is the azimuthal component of the vector

potential.v is the magnetic reluctivityg is the electric conductivityp is the angular velocity, J is the
current density] is the thermal conductivity, T is the temperatuyés the heat source densipy, is the
masse density, s the specific heat and t is the time.

2.2 BOUNDARY CONDITIONS

The magneto-thermal analysis is performed by FENItéf element method) using the governing
equations (1) and (2) and the following boundamyditions (4) and (5):

Direchlet(A=0) (4)
A =pr-T,) 5)
on

h: is convection coefficient and T is ambient terapare.

The heat transfer coefficient in (5) has a roldetermining the temperature distribution on the pan
bottom of the device. Because of axisymetric stmgciof inductor, this makes h nonlinear due to the
convection effect of the air nearby [6].
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Thus we assume that h has a constant value (Tahblerig the radial direction of the axisymetric
structure in studied system.

4. TEMPERATURE EVOLUTION IN PAN WITH CONVENTIONAL RERR OMAGNETIC
MATERIALS

The pan is made by a ferromagnetic stainless-skeelcurvess(T) andp (T), of the material, are
shown respectively in Fig.3 and Fig4 [7].
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Fig.3. Curve of resistivity
1300 : :

1200

1100

Permeability

1000

900

800

i i I i i
0 100 200 300 400 500 600
Temperature (°C )

Fig.4. Curve of permeability

For heat the pan, we use an inductor with four a@twrocontaining coils (Fig.5). The other

parameters shown in (Tablel), except the condigt(T) and permeabilityt (T), can be assumed
constant during the procedure of calculation fangerature.
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Fig.4. Geometry of the model used inghegram
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Table.l Parameters of the simulated system

Symbole | Magnitude Qantity

R Radius of container 140 mm

e Inductor thickness 3.8mm

€ Gap thickness 2mm

ep Pan thickness 1mm

d Throat length 16.25 mm
€ throats thickness 2mm

s ferrite relative permeability | 2500

f Frequency 20*10° Hz
J Current density 2.5¢10° A/m?
A Thermal Conductivity 26 W/m*°K
h Convection coefficient 20W/nf°C
om Masse density 7700 kg/nd
Cp Specific heat 460 J/°C

The magneto-thermal calculation of our systemustitated in flow chart of Fig.6.
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Fig.6. Flow chart of magneto thermal program

The thermal problem is solved step by step initine using a step of 5 seconds.The temperature
evolution versus time in a point situated at theldtg of the pan is indicated in (Fig.7). The desire
temperature (200-300) °C is obtained after a tim&Q0s, but we note that the temperature can achieve
455°C in permanent regime.
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Fig.7. Temperature evolution of conventional maideri

5. Regulation temperature in pan with a layer of FeNiC alloy

The main aim of this work is to suggest, a techaigsing a layer of new material, FeNiCr alloy,
witch have low Curie point (300 °C) of , for natulienitation of temperature in bottom of the pan.

In order to obtain such solution, we consider a\pih a non magnetic material (Aluminiung €
37.16( Q.m)", wo) whose bottom is covered outside by a layer ofiEeMlloy with a thickness eé3mm
(Fig. 8). We use the same magneto thermal modééssribed in the section 3 taking the new magnetic
and electric propertiegt(T), o(T)) and thermal characteristics, pm and G),
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Fig.8: Pan with new alloy
4.1. ELECTROMAGNETIC CHARACTERISTICS OF FeNiCr ALLYO

We use three kinds of a FeNiCr alloy with a cuépat 300°C.

The electrical conductivitg(T) and the magnetic permeability(T) of the these materials
are expressed as [8]:

__ 9
oM = qt (6)
T -300
v(T):v[l—e 150 J @)
Po=1/0 o= 13.7510°Q.m;
a = 0.004;

p(M) =1k (T) and u(T) = 1A(T).

The curves ofo(T) and u (T) are shown respectively in Fig.9 and Fig.10e Malues
parameters thermal are shown in Table2.
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Table.2 : Characteristics of different FeNiCr alloy

Item | New ferromagnetic| Masse density Specific heat| Thermal My
material Pm (kg/nT) Cp(J/C°) | Conductivity| (Tc=300°C)
FeNiCr alloy A (W/m°K)

1[9] Nickel (32-35) % 8000 450 11.6 1273
Chromium (20-23) %

2[9] Nickel (36-39) % 8000 500 14.6 1273
Chromium (26-30) %

3 | Fe-Nickel-Chromium 7849 460 59 1273
[10] alloy
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Fig.9: Curve of conductivity
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Fig.10: Curve of permeability

6. RESULTS AND DISCUS

The temperature results using the three kind ofi€eldlloy are presented in (Figures
11,12 and13).

In induction heating system, the use of materighwow value Curie point assures a
natural regulation, and limits the temperature begond that value.

At the beginning of the heating, the material (gaas a considerable value of permability
which concentrates electromagnetic field. However induced current is considerable and
therefore the temperature evolution increases tuigkrsus time. Once, the temperature
approaches the Curie point, the permeability ofemalt decrease untllO, causing the decrease
of the induced current. This last phenomenon assuratural regulation of the temperature.
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Fig.11: Temperature evolution of material: 1
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Fig.12: Temperature evolution of materzal:
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Fig.13: Temperature evolution of miaie 3

7. CONCLUSION

In This paper, a new material FeNiCr alloy has besed, for a regulation of the
temperature in induction heating system. The sitiarlaresult shows that the proposed
technique gives a well regulation of temperatummgared to the use of conventional material.
The use of FeNiCr alloy at (300°C) Curie point, umesa natural regulation of temperature
between 200°C and 300°C which is suitable for tigiction cooking system.

The validation of the results obtained is quaN&tiQuantitative validation can be done in

the study of complete system for which experimemésults are available and could be a
prospect of this study.
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