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ABSTRACT Improving the cooking experience of induction-heating users involves, among other factors,
an optimized power distribution at the bottom of the cooking vessel. Conventional ferromagnetic cookware
presents high efficiency but unequal temperature distribution with flat inductors, which subsequently leads
to uneven cooking results. In this work, we propose an alternative to the traditional cookware arrangement by
inserting some aluminum pieces in the ferromagnetic bottom of cookware. This arrangement combines the
optimal inductive performance of the ferromagnetic iron an the high thermal conductivity of aluminum.
The performance of the proposed arrangement is analyzed by means of a multiphysics tool including
electromagnetic and heat transfer sub-models which is applied to predict both the equivalent electrical
circuit and the temperature distribution in cookware. As a result, a balanced trade-off between efficiency
and temperature distribution is evidenced with the proposed solution. Experimental results also corroborates
the predictions of the proposed solution.

INDEX TERMS Induction heating, electromagnetic induction, finite element multiphysic simulation,
magnetic devices.

I. INTRODUCTION
Induction heating (IH) has become the technology of choice
for cooking due to its inherent advantages over other heat
sources such as flames, resistances, microwaves or traditional
ovens. Induction cookers are perceived by users as top range
appliances, which offer attractive features such as cleanness,
safety, high efficiency or automatic cookware detection. Part
of these advantages derive from the fact that in IH cook-
ers energy is wirelessly transferred into the pot and, conse-
quently, the wasted energy is minimized. Other advantages
derive from the advanced power electronics and user interface
devices incorporated in commercial appliances [1].

The associate editor coordinating the review of this manuscript and

approving it for publication was Giovanni Pau .

Basically, an induction burner consists of a planar coil sup-
plied by an alternating current source. The current generates
an alternating magnetic field which transfers energy towards
the workpiece by means of the electromagnetic induction
phenomenon. Part of the transferred energy can be harnessed
for cooking purposes, as is schematically shown in Fig. 1.
IH cookers involve several enabling technologies as elec-

tromagnetic design, power electronics, digital control and
heat transfer. In the last years, intense research efforts
have been carried out about the design and fabrication of
IH cookers with improved performance. This research was
mainly focused on the mentioned key enabling technologies.
Regarding electromagnetics, research activities ranges from
inductors optimization [2], [3] to electromagnetic compatibil-
ity [4], [5]. Advances in power electronics include resonant
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FIGURE 1. Representation of a domestic induction system consisting of a
planar coil and the cookware.

inverters with improved performance or increased flexibil-
ity of use [6], [7]. Machine learning techniques are also
being currently applied to automatic pot recognition [8], [9],
whereas inverse models were proposed to predict the cook-
ware temperature [10] from the electromagnetic energy
profile. These works mainly consider the different enabling
technologies separately. However, holistic approaches involv-
ing the above mentioned fields are essential for further
advances in the IH technology [11].

Simulation of IH processes requires the ability to simul-
taneously model multiple coupled physics. It is necessary to
account for the temperature dependent material parameters
such as thermal properties (e.g. conductivity, specific heat)
and electrical properties (e.g. resistivity, permeability) [12].
Finite Element (FE) analysis is the preferred tool to simulate
IH applications due to its versatility andmultiphysics analysis
capability [13].

Many works dealing with electro-thermal simulations have
been reported in the literature, mainly focused on industrial
induction heating applications with solenoidal coils [14],
[15], [16] or other eddy-current-based applications [17], [18],
[19]. Other works propose tools for obtaining the temperature
evolution in heat treatments, and also predict the stresses [20],
[21] in order to optimize the heat processing. These pro-
posed simulation strategies are also of interest for domestic
induction heating systems. However, industrial and domestic
applications have different geometries, power and temper-
ature ranges, and objectives [22]. Specifically, in domestic
applications the interest is focused on the efficiency of the
energy conversion and the uniformity of the cooking results,
which is translated into environmental benefits and user’s
cooking experience improvements.

Cooking results not only depends on the user ability but
also on the temperature profile generated in the cookware by
the induced eddy currents and its thermal behavior. In general
little attention has been paid to aspects such as tempera-
ture profile or cooking results. There are two main ways
to improve the temperature uniformity in the bottom of the
cookware when using induction heating technology. First,
the profile of the generated magnetic field in planar coils is
determined in some extent by the position of the turns. Some
design solutions, as unequally spaced turn coils, have been
patented in order to achieve a more uniform temperature pro-
file [23], [24], [25]. Moreover, other inductor arrangements

based onHalbach’s coils have also been proposed [26]. How-
ever these solutions require specific plastic housings to guide
the turns, which increases the cost and engineering complex-
ity. In general, coil arrangements with continuous turns are
preferred by manufacturers due to their specific advantages,
as cost savings, and easy of manufacturing. Regarding the
cookware design, approaches to improve the temperature
profile are not available in the current literature. In this work,
the influence of the cookware structure on the uniformity of
heating and efficiency is studied and the combination of two
different materials is proposed.

For this purpose, a multiphysics finite element (FE) sim-
ulations is used in combination with experimental results.
An electromagnetic solver was used to simulate the electric
and magnetic varying fields. Moreover, the thermal energy
transference governed by conduction, convection and radia-
tion phenomena was simulated by means of a heat transfer
solver. Due to the associated time-scales being very differ-
ent, the electromagnetic solver provides a steady-state time
harmonic solution which is coupled with the transient thermal
analysis. Simulation results are tested under working condi-
tions by means of specifically designed configurable loads
and an infrared camera.

The paper is organized as follows. Section II presents the
electromagnetic and heat-transfer analyses. An arrangement
aimed to improve the temperature profile at the bottom of
the cookware is proposed in Section III. In Section IV the
experimental validation is presented and, finally, Section V
summarizes the findings and conclusions of this work.

II. ELECTROMAGNETIC AND THERMAL ANALYSIS AND
MODELING
A. THEORETICAL FOUNDATIONS
The electromagnetic part of the IH system is governed by
Maxwell’s equations, which determine the dependency of
fields with respect to free charges and currents. Consider-
ing an impressed current density Jcoil and disregarding free
charge densities, the fields can be represented bymeans of the
magnetic vector potentialA. This representation also requires
to choose a gauge in order to cancel redundant degrees of
freedom in fields. In this case the so called Coulomb’s gauge
(∇·A = 0) is adopted. In the harmonic formulation the vector
potential satisfies the following diffusion equation:

∇
2A− jωσeA = −µJcoil, (1)

where the harmonic dependence ejωt has been omitted for
the sake of simplicity. Moreover, σe and µ are the electrical
conductivity and magnetic permeability of materials, respec-
tively. In this equation radiative effects have been neglected
because the wavelengths of the fields are much larger than the
characteristic size of typical systems. This equation is solved
by means of the FE method.

Electric E and magnetic H fields are involved in mag-
nitudes as dissipated power density, power factor, equiv-
alent impedance and efficiency. These fields can be
straightforwardly obtained from the vector potential
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as follows:

E = −jωA,

H =
1
µ
· ∇ × A. (2)

Poynting’s vector S represents the electromagnetic energy
density flowing through a surface. This magnitude is obtained
from the E and H fields:

S =
(
E×H∗

)
, (3)

whereH∗ is the conjugate of the magnetic field. At harmonic
regime, the real part of Poynting’s vector flux corresponds to
the power through a surface:

Q̇ = Re
[∫

S

[(
E×H∗

)
· n̂
]
dS
]
. (4)

where n̂ is the normal vector to the interest surface. Q̇ is the
magnitude required to couple the electromagnetic and heat
transfer analysis.

Considering the temperature distribution resulting from the
induction, the transient heat conduction equation is:

ρc
∂T
∂t
+∇(−λ∇T ) = Q̇, (5)

where T is the temperature, ρ is the density, c is the specific
heat capacity, λ is the thermal conductivity and Q̇ is the heat
source from Eq. (4). At the interest temperature range for
cooking, the thermal conductivity is assumed not to vary as a
function of temperature.

Regarding the heat conduction simulation, boundary con-
ditions are also needed. These conditions can be simply a
prescribed temperature on the boundary and/or an imposed
temperature flux in the surface. In this case, the last one
is applied considering a radiation and convection boundary
condition:

qn = h(Ts−Ta)+ σ̂ ε̂(T 4
a − T

4
s ), (6)

where qn is related to the gradient of the temperature field
in the normal direction of the surface (n), i.e. ∂T

∂n , h is the
convection surface heat transfer coefficient, Ts is the surface
temperature, Ta is the ambient temperature, σ̂ is the Stefan
Boltzmann constant and ε̂ is the emissivity of the surface.

B. COMPUTATIONAL MODELS
In this section, the expressions above described are adapted
to the finite element simulation tools.

The commercial FE tool COMSOLMultiphysics was used
for simulating the coupled electromagnetic and heat transfer
phenomena of this system. This tool provides multiphysics
simulation capability which is convenient to analyze the con-
sidered system.

Fig. 2 shows a schematic representation of the electromag-
netic model of a domestic induction heating system including
some representative parameters. This system comprises a
planar coil, the glass-ceramic cooking surface, the workpiece
to be heated, and a sheet of a aluminum placed below the

FIGURE 2. Schematic representation of the system under study with
magnitudes involved in the electromagnetic model.

other elements with the purpose of shielding the electronics
or other objects from the magnetic field. Moreover, between
the windings and shielding some ferrite bars are placed to
increase the coupling with the pot. In order to achieve high
inductive efficiency, the diameter of the cookware should be
of the same size or greater than the coil diameter.

Basically, the planar coil consists of a spiral of n turns of
a multistranded wire, also called litz wire [27]. Litz wires are
multi stranded cables mainly used at medium-high frequency
electrical applications in order to alleviate the ac losses due
to skin and proximity effects. Litz wires are arranged by
means of ns isolated fine strands of diameter φs, which are
twisted or braided together and connected in parallel [28].
Usually the dimensions of the coil are represented by means
of the internal and external radius rint and rext , and the coil
thickness tw, respectively.

The multi-turn spiral winding with the intricate litz wire
structure was modeled as an ideal current density of rectangu-
lar cross section. This current density represents the external
source required to solve (1). The current density is constant,
frequency independent and in a cylindrical coordinate system
is defined as follows:

Jcoil =
Icoil
Sturn

ϕ̂ = n
Icoil
Scoil

ϕ̂ = n
Icoil

tw (rext − rint)
ϕ̂, (7)

where the harmonic dependence of the fields is included in
the coil current Icoil = Îcoilejωt , with ω being the angular
frequency. Moreover, Sturn, Scoil are the turn and the coil
cross-sectional areas, respectively. It is convenient to remark
that this ideal coils model doesn’t capture the ohmic losses
of windings. Considering that typical induction systems have
high axial symmetry, sectors can be simulated instead of
the whole system and thus saving computation time. In this
case a quarter of the system was simulated. Electromagnetic
simulation of sectors does not require additional boundary
conditions because magnetic fields are parallel to the bound-
aries of the simulated sector. Moreover, an external domain
combined with an infinite element domain is also included
in the model with the purpose of properly simulating the fact
that the fields are null at an infinite distance. Additionally, the
Impedance Boundary Condition (IBC) is also used because it
allows replacing a domain by equivalent boundaries when the
skin depth of the fields at the frequency range of interest is

VOLUME 10, 2022 83795



E. Plumed et al.: Modeling and Design of Cookware for IH Technology

smaller than the thickness of the domain. This feature can be
applied when the electromagnetic field decays quickly in the
boundary, as occurs in good conductors at the interest work-
ing frequencies. According to this condition the equation (1)
in the cookware can be simplified as follows:

∇
2A ∼= ∂2zA = −jωµσA. (8)

The IBC condition is appropriate to reduce the number
of elements of the mesh and therefore is also appropriate to
achieve computational savings. In this case the mesh con-
sisted of 1.566.288 nodes and 230.000 tetrahedral elements.
The solver was configured to carry out frequency domain
simulations.

The equivalent impedance of an induction system is
defined as the ratio of the voltage in the coil with respect
to the current, Zeq = Vcoil/Icoil . The voltage is obtained
by integrating the electrical field over the entire coil volume
divided by the cross sectional area Scoil and multiplied by the
number of turns n:

Vcoil = −
∮

windings

E · dl = −
n

Scoil

∫ rext

rint

∫ tw

0
2πrEϕdzdr .

(9)

In general, Zeq is complex and therefore it has real and
imaginary parts. The real part represents power dissipation
whereas the imaginary part represents the equivalent induc-
tance of the system:

Zeq = Req + jωLeq. (10)

According to the ideal current density model of the coil, the
resistance Req only accounts for the power dissipated in the
cookware and the power dissipated in the shielding. Let Rp,
Rsh and Rw be the resistances representing the losses in the
cookware, shielding and windings, respectively. Therefore:

Req = Rp + Rsh. (11)

Consequently, the electrical power factor is:

PF =
Req√

R2eq +
(
ωLeq

)2 . (12)

The inductive efficiency represents the power delivered in
the load with respect to the total electrical power supplied
to the windings [27]. According to the FE model presented,
Req only represents the power dissipated in the workpiece and
the shielding, due to the adopted ideal model of windings.
According to the definition of Req, the inductive efficiency of
the domestic IH system is defined as follows:

ηind =
Rp

Req + Rw
=

Rp
Rp + Rsh + Rw

, (13)

where both Rp and Rsh can be obtained by means of the inte-
gral of the flux of the Poynting’s vector S in the boundaries
of the load and the shielding. Considering normalized fields

per Ampère Ē = E
/
Îcoil , H̄ = H

/
Îcoil , resistances can be

expressed as follows:

Rα = Re
[∫

Sα

[(
Ē× H̄∗

)
· n̂
]
dSα

]
α=p, sh (14)

The resistance of windings Rw can be analytically calcu-
lated by means of the ac-loss model of litz wires proposed in
several works [27].

The computational model and boundary conditions
adopted to evaluate the temperature distribution in the cook-
ware during the induction cooking process is as follows.
A contact interaction was activated between the bottom
surface of the cookware and the vitroceramic. A heat transfer
boundary condition was defined at this lower surface as a
consequence of the cookware-glass interaction:

−k
∂T
∂n
= hc(T − T ′), (15)

where k is the thermal conductivity of the pan or glass, hc =
50 W/(m2

·K) is the contact conductance [10], and T and T ′

the temperature at the pan and glass surfaces, respectively.
Convective boundary conditions were defined at the outer

surface of the pan and the glass. The pan surface was divided
into two parts with different film convection coefficients
obtained experimentally in previous works [10]: the external
surface (hc = 75 W/(m2

·K)) and the internal or cooking
surface (hc = 9.5W/(m2

·K)). Another convection coefficient
(hc = 75W/(m2

·K)) was used to model the heat flux from the
vitroceramic. Finally, further heat loss in the pan due to the
radiation effect was specified by the Stefan-Boltzmann law:

−k
∂T
∂n
= Aε̂σ̂ (T 4

− T 4
a ), (16)

with A being the area, ε̂ = 1 the cookware emissivity, σ̂
the Stefan-Boltzmann constant, and T and Ta the pan and
environment temperatures, respectively.

The mesh used in the electromagnetic part is mapped into
the heat transfer simulation model. Therefore, the number
of mesh elements is identical. Additionally, in this model
the solver is configured to perform transient time-domain
simulations.

III. ANALYSIS OF THE DIFFERENT COOKWARE BOTTOM
ARRANGEMENTS
A. DESCRIPTION OF THE COOKWARE BOTTOM
CONFIGURATIONS
Ferromagnetic materials based on iron alloys (ferromagnetic
steels) lead to the best performance in terms of the efficiency
of induction heating applications and therefore these materi-
als are currently preferred for panmanufacturing. Efficiencies
higher than 95% can be achieved with ferromagnetic pans in
current coil arrangements [27] whereas non-magnetic metals,
such as aluminum or copper, barely achieve 70% efficiency
even with expensive coil arrangements, which is unaccept-
able from the point of view of reliability and cost. On the
other hand, the temperature profile obtained with aluminum
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FIGURE 3. Cookware bottom with aluminum inserts.

TABLE 1. Aluminum 3003, steel AISI 304, ferrite and glass ceramic
properties.

or copper pans is more uniform due their higher thermal
conductivity, and consequently the cooking results are more
satisfactory [29].

In this work, in order to balance efficiency against cook-
ing results a solution is proposed based on combining fer-
romagnetic steel and aluminum. In this arrangement some
cylindrical aluminum inserts are place at the cookware’s bot-
tom, as it is shown in Fig. 3. Aluminum inserts modify the
temperature distribution with respect to a plain ferromagnetic
bottom. However, inserts modify the equivalent electrical
impedance of the system because some ferromagnetic mate-
rial is replaced by aluminum.

The properties of the used materials (aluminum, steel,
ferrite and glass) are shown in Table 1.

Commercial cookers are connected to the constant-voltage
mains, therefore the delivered power depends on factors such
as the material of the pot and the pot diameter. The rated
power of commercial cookers usually ranges from 2.5 kW
to 4 kW for burners of 21 cm diameter.

The temperature of the cookware’s bottom depends on the
supplied power. Moreover the temperature profile is deter-
mined by the planar shape of windings, the distance between
the cookware and windings, and the radii of turns. In order
to evaluate the performance of the proposed arrangements,
a uniformity temperature factor was proposed on the basis of
the temperature gradient. This factor was defined as follows:

Ht = 1−
1
Sp

∫ 2π

0

∫ rext

0

∣∣T − T (r, θ)∣∣
T

· r · dr · dθ (17)

where Sp is the bottom surface area, and T is the average
temperature. This factor ranges between 0 and 1, with 1 rep-
resenting perfect temperature uniformity.

B. ELECTROMAGNETIC RESULTS
Fig. 4(a) shows the power density per unit of ampere for
the homogeneous steel pan. This case illustrates the typi-
cal power density generated by a circular planar coil with
uniform turn density. As can be observed, power is mainly
concentrated in a ring due to the shape of the field generated
by circular currents, which is reflected in the temperature
profile and is negatively perceived by the users.

Although the transferred power depends on the electro-
magnetic properties of the material, the aspect of the nor-
malized power density is independent of these properties and
cannot be made more uniform by using a single piece of
either ferromagnetic or non-ferromagnetic materials. There-
fore, as mentioned above, the possibilities provided by inserts
in the bottom of the pan were explored. Fig. 4(b) shows the
normalized power density per unit of ampere corresponding
to case of a bottom with inserts of 8 mm diameter. As can
be observed, the power dissipated in the inserts is lower than
in the ferromagnetic areas, which helps to mitigate the high-
power-density ring observed in Fig. 4(a).

Apart from 8 mm inserts, other diameters were also
tested. Table 2 shows electrical parameters at 30 kHz for an
aluminum-bodied pan with a steel bottom containing alu-
minum inserts. As it can be observed, results depend on
the number and diameter of inserts, the area covered by
them (Ainserts) and the total pan area (Apan). The impedance
changes with the number of inserts, which is reflected in the
delivered power. As it is shown, inserts reduce both the power
factor and efficiency with respect to the homogeneous case;
however, differences between the inserts are small because
the area covered is similar for each insert diameter.

TABLE 2. Electrical parameters for the different bottom arrangements.

C. TEMPERATURE RESULTS
Fig. 5 presents the temperature simulated results for the two
considered bottom arrangements, the homogeneous bottom
and bottom with aluminum inserts. For the sake of clarity,
only the case corresponding to 8 mm inserts is represented
since the results were very similar to those obtained with
4 and 8 mm inserts. The delivered power and time of the sup-
plied power corresponds to the conditions of the experiments
presented in the next section. Some relevant observations can
be made. First, the maximum temperatures were similar in
both cases. Second, the minimum temperature is higher in the
case of the arrangements with aluminum inserts, Fig. 5 (b).
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FIGURE 4. Power density per ampere at the bottom of different loads. (a) Homogeneous bottom. (b) bottom with inserts of
8 mm diameter.

FIGURE 5. Temperature distribution (◦C) for different bottom arrangements: (a) homogeneous disk after 30 seconds at 3500 W, (b) bottom
with inserts after 35 seconds at 3000 W.

This result suggests that the uniformity of the temperature
could be higher than the case of homogeneous bottom.

Regarding the uniformity of the temperature distribution,
the values of parameter Ht are shown in Table 2. The
homogeneous steel bottom presented the lowest uniformity
factor (0.78) and an improvement is observed in the other
cases. In any case, this factor is similar for the different
diameters of the considered inserts.

IV. EXPERIMENTAL RESULTS
The results previously presented were checked by means of
experimental results. For this purpose, an experimental setup
was designed partially based on elements of commercial
cooktops, and other elements specifically designed to provide
some flexibility to the experiments. Commercial elements
comprise the inductor system (windings, ferrites and shield-
ing), the vitroceramic and the power electronics converter.
Windings consist of a n = 17 coplanar turns of rint = 25 mm
and rext = 102.5 mm internal and external radii, respectively.
Windings are made of a litz wire of ns = 120 strands of

diameter φs = 200µm. Windings are fed by a half-bridge
series resonant inverter connected to the mains. The power
supplied into the load is controlled by means of the inverter
switching frequency in the range comprised between 30 kHz
and 75 kHz. The operating frequency is set by means of a user
interface running in a computer.

Several loads were specifically designed for the verifica-
tion purpose, having in mind the following aspects: first,
the thermal behaviour depends on the bottom configura-
tion rather than the aluminum body, which mainly helps to
equalize the temperature. Second, loads should have different
Ainserts/Apan ratios. Third, in view of the simulation results,
where effects were more patent with inserts of diameter
8 mm, only this diameter was considered. Consequently,
loads were implemented by means of ferromagnetic disks
of 220 mm diameter with detachable inserts, as it is shown
in Fig. 6. Inserts were made of both aluminum and the
ferromagnetic base material in order to interchange them in
different experiments, moreover they were designed in such
a way that the surface facing the windings was perfectly
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FIGURE 6. Image of the developed loads with detachable inserts.

FIGURE 7. Simulated (dots) and measured (line) equivalent resistance
Req for the homogeneous disk and the disk with 128 aluminum inserts.

smooth. Apart from the holed disks, a homogeneous ferro-
magnetic disk was also built.

First tests were intended to corroborate the electromagnetic
model. The impedance of the inductor system with different
loads was measured by using the Keysight E4980A LCR
meter and the results were compared with simulations. Equiv-
alent resistance and inductance results are shown in Fig. 7
and Fig. 8, respectively. Results include the homogeneous

FIGURE 8. Simulated (dots) and measured (line) equivalent inductance
Leq for the homogeneous disk and the disk with 128 aluminum inserts.

disk and the disk with aluminum inserts of 8 mm diameter.
The equivalent resistance accounts for load, windings and
shielding contributions. An acceptable agreement between
simulations and measurements is observed at the considered
frequency range.

The second set of tests was focused on the thermal behavior
of the developed loads. Both disks were heated at the nominal
power level, however the power delivered in both cases was
slightly different because electronics was connected to the
constant voltage mains whereas the equivalent impedance of
the disks was different, as it can be observed in Table 2, Fig. 7
and Fig. 8. In any case, the power was applied during short
periods of time in order to avoid dangerous temperatures in
the setup. Temperature was recorded by means of a FLIR-
A655sc infrared camera during the heating process. Infrared
cameras have some limitations for temperature measure-
ments, for instance, they are not appropriate for measuring
the temperature of a mass of water, due to water behaving as a
black body. For this reason, the conditions of simulations and
experiments are different from the final use of the cookware,
i.e. a cooking process.

In order to check the thermal simulation model, the evo-
lution temperature at the center of the two considered bot-
tom arrangements are presented in Fig. 9. In this case the

FIGURE 9. Simulated (dots) and measured (line) temperature evolution at the center of the disk heated at the rated power. (a) Homogeneous.
(b) Inserts.
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FIGURE 10. Thermographic image of the temperature distribution for different bottom arrangements: (a) homogeneous disk after 30 seconds
at 3500 W, (b) bottom with inserts after 35 seconds at 3000 W.

FIGURE 11. Radial temperature profile in the homogeneous disk after
30 seconds at 3500 W.

FIGURE 12. Radial temperature profile in the disk with inserts after
35 seconds at 3000 W.

rated power was supplied during 50 seconds. The agreement
observed in both cases confirms that the finite element model
can be used for further analyses.

Regarding the temperature distribution, experimental
results are presented in Fig. 10. As it can be observed,
temperature qualitatively follows the temperature distribu-
tions of Fig. 5. Regarding the temperature profiles, it is also
shown in Fig. 12 that temperature profile is more uniform for

the case of the disk with inserts. This is also reflected in the
uniformity temperature factor. Simulated and experimental
results of the temperature distribution in the surface in contact
with the food are compared in Table 3. As it can be observed,
experimental values are lower than simulated. The origin of
discrepancies lies in the differences between the simulation
model and the prototypes. For instance, the contact between
the inserts and the cookware base is perfect in simulation,
whereas the detachable inserts are screwed into the base of
the prototypes. Moreover, properties of materials are constant
in simulation but these properties can change with temper-
ature. Additionally, the movement of the air surrounding
the prototypes could become turbulent when the temperature
increases and this regime mainly can affect the convective
heat interchange between the heated piece and the air.

TABLE 3. Comparison between simulated and measured uniformity
factor Ht .

V. CONCLUSION
The uniformity of the temperature profile in domestic IH
appliances is analyzed in this work and some improvement
proposals are presented. The domestic IH process is a multy-
physics problem that involves several time and length scales.
This multiscale-multiphysics problem is addressed by means
of COMSOL Multiphysics finite element tool. This tool
is used to evaluate a new arrangement for cookware bot-
toms consisting of the combination of a ferromagnetic base
with aluminum inserts. This solution takes advantage of the
benefits of both materials. On the one hand, the ferromag-
netic material provides good inductive properties and on the
other hand the aluminum provides gigh thermal conductivity.
According to the obtained results, inserts reduce the delivered
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power by 15% due to the decreased ferromagnetic surface.
However, the uniformity factor is increased by the 12%.
Therefore, the result is a balanced trade off between inductive
properties and thermal characteristics.
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