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INTRODUCTION

Microwave heating is steadily getting increased atten-
tion in the materials processing domain [1,2]. More spe-
cifically, in processing applications with metals as primary
materials. It offers an effective alternative to processes
requiring heat. It can also be used in certain processes
involving preheating of materials to avoid thermal stresses
during energy-intensive processing, such as laser cladding
[3]. In conventional heating applications, the desired rate
of heating is achieved either using hot air furnaces; fired
by fossil fuels, using electric resistance heating, or induc-
tion heating. All these methods consume a large amount of
energy, harm the environment, and comprise of large heat
losses [4,5].

On the contrary, microwave energy has demonstrated
key benefits through its application in several processes
involving heat [6,7]. In recent years, several important
materials processing applications have been presented
utilizing microwave energy. This development is mainly
driven by the use of microwave irradiation for metal pro-
cessing. The advent of metal processing through micro-
waves is attributed mainly to the realization of two main
aspects. One is the use of powdered metals with particle
size to the order of depth of microwave penetration [7,8].
While the second one is the practice of indirect micro-
wave heating mechanisms derived from the use of materi-
als known as “susceptors”. These materials are microwave
absorbers with the ability to convert microwave energy into
thermal energy [9].

A few industrial-scale applications utilizing microwave
heating have evolved, such as drying and sintering [10].
However, metal processing using microwaves is confined
to lab-scale research due to limited technological evolution.
The major challenge with microwaves is to control and pre-
dict the temperature achieved during the heating process.
The subsequent sub-section presents the background of
heating accomplished using microwave irradiation.

Microwave Heating-Background

Microwave radiation is a vital and useful constituent
of the “electromagnetic” radiation spectrum with charac-
teristically longer wavelengths ranging from 1 mm to 1 m
[5]. Its unique abilities make it an inseparable part of many
engineering applications including the ones requiring heat-
ing. As stated earlier, research on metal-related micro-
wave-based processing applications is very recent and has
experienced growth in the past two decades after realizing
the concept of hybrid or indirect heating [11,12].

Fundamentally, microwave heating is an outcome
of molecular level polarization and conduction [7].
“Polarization” is associated with dipolar movements under
the effect of the electric field which is a constituent of radi-
ations that are part of the electromagnetic spectrum; it is
also known as “dielectric heating”. While “Conduction” is

attributed to mobile ions and charges within the influence
of the electric field; it is also known as “Ohmic heating”
[13]. The efficiency of microwave heating is owing to its
ability of “volumetric” heating which is exactly opposite to
“conventional” heating wherein heat is directed from the
surface to the bulk of the material. Volumetric heating is
faster and leads to a uniform temperature field resulting
in better properties in processed materials [11]. Figure
1 gives a schematic representation of volumetric heating
and conventional heating. In the former case, heat gener-
ates at the center and spreads outwards, while in the latter
case, heat transfers from outside to the inside of the bulk
material.

Sun et al. [7] reported that under the effect of micro-
wave irradiation, materials also experience heating owing
to “magnetic” losses and “discharge” related losses as well.
The former is caused when the material being processed
is magnetic while the latter is caused when the material is
electrically conductive.

Thus, dielectric properties and magnetic properties
have a profound role in governing temperature rise in irra-
diated materials. This property is quantified using complex
permittivity (¢¥) and complex permeability (¢*) as depicted
in equation 1 and equation 2 respectively.

ef=¢'—je" (1)
pr=p - )

The real term in equation 1; ¢ is the dielectric strength
which gives the measure of the ability to “store” electric
potential energy while the imaginary term, ¢” is the dielec-
tric loss which gives the measure of the ability to “convert”
the stored energy into the thermal form [5]. In equation
2, the real term (4') corresponds to the storage of energy
while the imaginary term (¢") signifies the amount of loss
of energy that results in heating.

There is another important property derived from com-
plex permittivity and complex permeability called “losstan-
gent”. It is the ratio of the imaginary term and the real
term of the two equations. If the value of loss tangents is

(@) (b)

Figure 1. (a)Volumetric heating versus (b) conventional
heating.
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small, the corresponding materials are not suitable for direct
microwave heating. To process such materials, an indirect
heating technique or a hybrid heating technique using “sus-
ceptors” is employed whereby the desired transformation
of electromagnetic energy to heat is achieved. This heat is
then transferred to the low-loss material by conventional
heat transfer modes [14].

There are several alternatives for “susceptors” discussed
in the literature with varying interaction capabilitiesunder
microwave environments [9,15,16]. This leads to a different
amount of temperature rise. The use of numerical simula-
tion in electromagnetics has been demonstrated especially
in the field of communication and to some extent infood
processing research [17,18]. In recent years, researchers
have used this multiphysics simulation approach for the
prediction of temperature rise in materials such as, “Coal”
[19], “Asphalt” [20], “Biomass” [21], etc. In all these studies,
the focus had been to study temperature rise in the chosen
materials subjected to direct exposure to microwaveradia-
tion. For instance, in the study done by Hong et al. [19], 3-D
simulation of coal heating was carried out to understand
the effect of parameters. In this study it was demonstrated
that position is key to achieve efficient heating of speci-
men. Similarly, simulation study on microwave heating of
biomass was presented by Halim and Swithenbank[21]. In
this work, temperature field for biomass was evaluated for
different dielectric properties of the material and position
inside the cavity. The study was proposed to be one of the
initial parametric studies on microwave heating ofbiomass.
However, with reference to all these studies, not much lit-
erature is available on development of regression models
and to assess the relative temperature rise in the susceptors
used for metal processing and their relative comparison.

A numerical simulation-based study to evaluate the
prominent susceptors can be significant to establish the
microwave heating process at an industrial scale. It is also
imperative to devise a reliable model to predict the temper-
ature achieved during such processes. In addition, the effect
of varying process parameters such as microwave power,
the position of susceptor block inside the microwave cav-
ity, and irradiation time would consolidate understanding
of the microwave heating process.

Furthermore, it is recognized that numerical simulation
of susceptor heating can help in speeding up the research
on microwave-based metal processing. Therefore, in this
work, parametric numerical simulation of susceptor heat-
ing derived from microwaves is carried out under different
parametric conditions. The objective has been to compare
various prominent susceptors for potential large-scale
applications and study the effect of input power, irradiation
time, and block position inside the cavity on the tempera-
ture rise. A mathematical model to relate the maximum
temperature reached during the microwave heating process
as a function of the chosen parameters is also developed for
the three susceptor materials.

MODELING OF MICROWAVE HEATING OF
SUSCEPTORS

The steps necessary for numerical simulation of heating
from microwaves, are shown in Figure 2 [22]. Microwave
heating involves two important physical phenomena; one
related to the movement of electromagnetic waves and
the other related to heat transfer. It is imperative to couple
these two physics be able to simulate the microwave heat-
ing process and hence a multiphysics processing approach
is required. Detailed discussion on these steps is presented
in the following sub-sections.

Model Generation

The first step in the analysis was to develop a multiphys-
ics model of the microwave oven cavity with a susceptor.
Three susceptors that have been extensively used in several
microwave processing applications, viz. silicon carbide, alu-
mina, and coal [9] were modeled.

The susceptors have been modeled as a block of size
100x50x50 cubic mm for assessment of temperature rise.
Figure 3 depicts the model of the microwave oven with the
susceptor. The rectangular cross-section port at the top
right-hand side receives the electromagnetic power input
at a frequency of 2450 MHz, which is the designated fre-
quency for microwave heating applications [23]. The port
operates at TE10 mode. Here TE translates to transverse
electric, that is, electric field traverses in a direction trans-
verse to the direction of wave propagation. This mode of
wave propagation is dominant for the frequency of 2450

Generate Model-2D or 3D

Assign Material Properties

Apply Initial Electromagnetic and Heat Transfer
conditions, Boundary conditions

Electromagnetic Analysis

Heat Transfer Analysis

Post Processing

Figure 2. Steps in microwave heating simulation (modified
from [22]).
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MHz and rectangular geometry of the port [24]. Following
assumptions have been made during the modeling of the
susceptor heating system.
o The susceptor materials are homogeneous and
isotropic.
o The heat transfer is limited to the susceptor material.
o The material properties such as dielectric constant,
heat capacity at constant pressure, thermal conduc-
tivity remain constant for the duration of irradiation.
o The susceptor material is linearly elastic.

Material Properties

Assigning material properties is critical to analysis and
a key step in pre-processing for any finite element- based
numerical simulation. The properties of three susceptors;
silicon carbide, coal, and alumina were obtained from
the data available in the available literature [25,26]. Table
I shows the properties of these materials. As stated in the
assumptions, the material properties were assumed to be
time-independent.

The other components of the model, such as the micro-
wave cavity and walls of the microwave oven were mod-
eled using properties of air and copper respectively which
are in-built in the software package. The properties of the
glass plate were taken from the application library of the
package.

Model Governing Equations

Microwave heating simulation requires finding a solu-
tion to a multiphysics problem having equations that gov-
ern electromagnetic wave propagation and the equations

L J s 14— Port for power input
+ ST

< L

Susceptor block

Figure 3. Model of the microwave oven with the susceptor.

Table 1. Properties of susceptors

that govern heat transfer in the materials. Electromagnetic
wave propagation is described by Maxwell’s equations.
Equation 3 governs the distribution of electric fields within
the microwave oven cavity [27].

nyrl(VxE)—kg(g,—EjEzo 3)
&

0

Here, y_is relative permeability, E is the intensity of elec-
tric field in Vm™, ¢_is the relative permittivity; o depicts the
electrical conductivity in Sm™', w is the radiation’s angular
frequency in rads™ and ¢ is the free space permittivity (8.85
x 1072 Fm™). k  represents wave number in a vacuum and is
given as (refer to equation 4):

(4)

where ¢, represents the speed of light (2.998 x 10° ms™) in
a vacuum.

Now, to evaluate temperature rise in the susceptor
block, the heat transfer equation based on Fourier’s law of
heat conduction is to be evaluated [22]. The corresponding
equation used for heat transfer in solids is expressed as fol-
lows (equation 5).

oT

mp ¥+pCPu.VT+V.q = Qted

(5)

Where p is the density of susceptor block in kgm™, C is
the specific heat capacity at constant pressure in Jkg~K™, T
is the absolute temperature in K, Q,, represents heat from
microwave energy in Wm~, and q is heat flux in Wm™3; it is
depicted by equation 6.

q=-kVT 6)

Where k is thermal conductivity in Wm™K™!
Boundary and Initial Conditions

The problem involving heating of materials inside a
microwave cavity exhibits symmetricity which allows for

Property Silicon Carbide [25] Alumina [25] Coal [26]
Relative permittivity; e 9.6 8.9 2.86-0.17j
Relative permeability; p_ 1 1 1
Electrical conductivity; o( Sm™) 0.02 0.27 10-3
Thermal conductivity; k ( Wm™K™) 250 27 0.189
Material density; p (kgm™) 3210 3900 1310
Specific heat capacity; C, (Jkg™'K™) 1000 900 4187
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Figure 4. Grid-independence study: (a) coarser mesh, (b) finer mesh, (c) extra fine mesh and (d) extremely fine mesh.

modeling only one-half of the heating setup. A boundary
condition shown by equation 7 was used to include this
effect.

nxH=0 (7)

Where, H is magnetic field intensity in Am™".

The walls of the oven and the port were assigned
impedance boundary conditions that confine the micro-
waves within the cavity. This condition is represented by
equation 8.

L’.O_an+E—(n.E)n=O (8)
&E —

Where the symbols have their usual meaning as
described after equations 2 and 7. Initial electric field inten-
sity was taken as 0.

Referring to Figure 3, microwave radiations enter inside
the cavity through the port. The wave is controlled using a
propagation constant given by the equation 9, which is:

p= ZC—”W ©9)

0

where { is the propagation constant; v is the frequency of
microwave in cps; v is the cut-off frequency in cps.

For the heat transfer in susceptor block, thermal insu-
lation boundary condition was introduced which denotes
that no heat flux exists across the boundary. The condition
is represented using the following equation 10.

—n.(-kVT)=0 (10)

Effectively, this equation signifies that there is no tem-
perature gradient across the boundary. In other words, the
temperature on either side of the boundaries must be equal.

The initial temperature of the susceptor block was kept to
be 25°C.

Meshing and Grid Independence Study

A tetrahedral mesh was used to discretize the model.
To ensure that mesh size or the number of elements doesn’t
cause significant error in temperature prediction, a grid-
independent study was carried out on all the three sus-
ceptor blocks with varying mesh size/number of elements.
Figure 4a, Figure 4b, Figure 4c, and Figure 4d representthe
models with coarser mesh, finer mesh, extra fine mesh, and
extremely fine mesh respectively.

Figures 5a, 5b, 5¢, and 5d depict the temperature attained
for the various mesh sizes for silicon carbide block radiated
with microwaves at power input (Pinpm) of 700 W for 300
s and positioned just over the glass plate (h = 15 mm). It
can be seen that the maximum temperature attained during
the simulation varied from 470°C (Coarser), 518°C (Finer),
527°C (Extra fine) to 529°C (Extremely fine). Thus illus-
trating that the change in maximum temperature got fairly
negligible with values being close to each other with the
mesh getting finer which relates to the mesh independence
of the model [28].

A similar simulation was carried out for the other two
susceptor blocks. Table 2 presents the summary of the grid
independence study for all the three materials. It is evident
that at extremely fine mesh size, the temperature values got
steadied. Hence, for carrying out the parametric sweep, sus-
ceptor blocks were meshed with extremely fine elements.

DESIGN OF SIMULATION

Trials were performed based on the concept of “design
of experiments” and a regression model was developed to
relate temperature with the three input parameters. Table
3 presents the three parameters or factors (as termed in
design of experiments) and their levels used to develop
parametric simulation conditions. The power input val-
ues, denoted by “P, | " were taken as 350 W, 490 W, and
700 W which correspond to 50%, 70%, and 100% settings
of the microwave oven with a 700 W rating. The positions
of the sample from the base, symbolized by “h” were cho-
sen such that these were equally spaced within the vertical
space of the microwave cavity to map the effect of positional
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Figure 5. Temperature rise in silicon carbide susceptor for (a) coarser mesh, (b) finer mesh, (c) extra fine mesh and (d)

extremely fine mesh at t = 300, h = 15 mm and Pinput

Table 2. Summary of grid independence study

=700 W.

Table 3. Parameters and their levels

Silicon  Alumina Coal
No. of Carbide
Mesh quality 0-0
elements  Maximum temperature
attained (in °C)
Coarser 10377 470 613 922
Finer 11629 518 614 901
Extra Fine 14485 527 615 902
Extremely Fine 25545 529 616 901

variation. Positional variation was chosen as a parameter
based on the understanding that microwave intensity varies
with the position of the load as emphasized in the published
literature [2,6,19]. The third parameter was taken as ‘irra-
diation time; ‘t’ to evaluate temperature variation with time.

Parameters Levels
e (W) 350 490 700
Position of the block
15 60 105
from the base, h (mm)
Irradiation time, t (s) 50 100 150 200 250 300

Microwave heating simulation comprises two study
steps. The first one is a frequency-domain study step
which takes care of the electromagnetic part of the analy-
sis. While the second study step is a time-dependent one.
The latter step is used to analyze the heat-transfer during
the simulation. Parametric sweep capability of the soft-
ware package was used to investigate the consequence
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of variation of the chosen parameters on the electric
field intensity and the temperature rise in the susceptor
blocks.

Model validation was carried out by comparing the
simulation results with the published results on micro-
wave heating of a coal specimen with cylindrical geom-
etry. Figure 6 shows the temperature field for the specimen
with a height of 60 mm and radius of 25 mm as described
by Huang et al. [26]. The power input for the study was
taken as 500 W and the time of irradiation was taken as
300 seconds. The frequency of radiation was kept at 2450
MHez. It is evident from Figure 6 that the maximum tem-
perature obtained in the coal specimen is around 611°C
which was found to be in close agreement with the pub-
lished result of 608.908°C. Apart from the maximum tem-
perature, the distribution of temperature (maximum to
minimum value) and the location of the hot spot is the
same as that published in the study presented by Huang
et al. [26]. Thus the procedure was employed to assess
temperature distribution in three susceptor materials. The
obtained results were used to develop regression models
describing the maximum temperature attained based on
parametric analysis for each of the susceptor materials.
The subsequent section presents the results and related
discussion.

RESULTS AND DISCUSSION

The coupled multiphysics models were simulated by
applying “parametric sweep” using the parameters stated in
Table 3. In this study, two field distributions were obtained
for evaluation of the parametric effect on microwave heat-
ing of susceptors. First one is the electric field distribution
and the other one is temperature field distribution across
the susceptors.

Time=3003 Surface: Terparature (K}

Asyy

350

500

450

400

350

¥ 303

Figure 6. Temperature distribution in a cylindrical
specimen modeled for validation.

Since microwave is an electromagnetic radiation, elec-
tric field distribution has a profound impact on the tem-
perature field. As discussed in the introduction section,
microwave heating is a function of a material’s dielectric

Pinput=700, bp=15 Time=300's Muttislice: Electric field norm (vim)

(@)

x10*

(®)

©

Figure 7. Distribution of electric field (V/m) for silicon
carbide at (a) h = 15 mm (b) h = 60 mm (c¢) h = 105 mm for
P. =700 W and t =300 s.

input
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properties. Hence, the interaction of materials with the
electric field intensity leads to the conversion of micro-
wave energy into thermal energy. That is, higher intensity
of the electric field at a given spatial location would result

—— Silicon Carbide

5289 378.69
270.16

15 60 105
hinmm

gg8g

g

Maximum Temperature in %
= w
8 8

o

Figure 8. Maximum temperature in silicon carbide versus
position of susceptor block at P, | =700 Wand t=300s.

t

Pinput=700, bp=15 Time=300s Surface: Temperature (degC)

As25

S23

522

vs21
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Pinput=700, bp=15 Time=300 s Surface: Temperature (degC)

in greater dielectric losses and higher temperatures. Thus
distribution of electric field gives an important indication
for optimum positioning of the specimen.

In Figure 7a, Figure 7b, and Figure 7c, the electric
field distribution for the silicon carbide susceptor posi-
tioned at 15 mm, 60 mm, 105 mm respectively from the
base and 700 W-microwave power and 300 s- irradiation
time.

From Figure 7a, the maximum intensity of electric field
around the susceptor block is seen to be in the range (2 x
10*- 2.5 x 10*) Vm™! for ‘i’ equal to 15 mm which reduces
to (1 x 10*- 2 x 10*) Vm™ for ‘h’ equal to 60 mm (refer to
Figure 7b) and increases slightly to (1.5 x 10*- 2.5 x 10%)
Vm™ for ‘h’ equal to 105 mm (refer to Figure 7c).

If we plot the graph (refer to Figure 8) for maximum
temperature attained corresponding to the three positions
of silicon carbide susceptor block, the position, ‘W= 15

Pinput=700, bp=15 Time=300s Surface: Temperature (degC)
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Figure 9. Distribution of temperature field (°C) in (a) silicon carbide (b)alumina and (c) coal for h=15mm, P, =700 W

inp

and t =300 s.
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Figure 10. Maximum Temperature v/s Power input for
different susceptor materials at h = 15 mm.

mm results in the highest temperature for the given power
input and time (700 W, 300 s) which is attributed to greater
dielectric loss owing to higher intensity of electric field as
shown in Figure 7a. On the contrary, there is a drop in tem-
perature for the position, ‘h’= 60 mm owing to the lowered
intensity of the electric field at the given location. There is
a slight increase in the temperature for ‘h’ =100 mm which
can be attributed to more losses owing to an increase in
average intensity of electric field across the block leading to
the enhanced transformation of electromagnetic energy to
thermal energy.

The effect of material properties of susceptors can be
understood and visualized with the help of Figure 9 a,
Figure 9 b, and Figure 9c. Herein, the input power and
position of the block were kept fixed at 700 W and 300
s respectively. Coal exhibits a larger magnitude of maxi-
mum temperature for the given parametric conditions
which is further highlighted in Figure 10. This is clearly
due to the imaginary term of permittivity which causes
loss in electromagnetic energy. Furthermore, the variation
in temperature across the block is quite extreme for coal
which signifies the existence of severe hot and cold spots
across the coal block. On the other hand, silicon carbide
and alumina show relatively uniform variations in tem-
perature distribution across the corresponding blocks.
This can be due to uneven electric field intensity which
leads to localized heating. However, due to higher conduc-
tivities, temperature uniformity is better for alumina and
silicon carbide as against coal which has very low thermal
conductivity.

In Figure 10, variations of maximum temperature
against different levels of power input have been plotted.
It further emphasizes the effect of the dielectric loss fac-
tor. X-axis depicts the three levels of power input and the
Y- axis shows the maximum temperature attained in each
of the susceptor blocks. It is revealed that at all the power
levels, coal exhibits a higher maximum temperature which
goes on the decrease for alumina and silicon carbide. This
reduction can be explained based on the dielectric and
thermal properties of the three materials. Due to the higher
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Figure 11. Temperature rise in (a) silicon carbide, (b)
alumina, and (c) coal versus P. (W) and t (s) for h = 15

input
mm.

value of dielectric loss in coal, there is a greater transforma-
tion of electromagnetic energy to heat in coal as compared
to the other two susceptors.

It can also be understood by these results that pure alu-
mina can lead to relatively high temperatures upon interac-
tion with microwave radiation. Therefore, alumina bricks
used as an insulation material tend to have only 30- 40%
alumina to avoid damage to the cavity due to excessive
heating.

The maximum temperature values obtained from the
simulation were recorded. To understand the significance of
individual parameters, regression analysis was carried out
for the tabulated data using Minitab software. Following
equations were obtained for the maximum temperature
rise in each susceptor block material; Equation 11 for sili-
con carbide, equation 12 for alumina, and equation 13 for
coal.

T, for Silicon Carbide(°C,) = -72.7 + 0.8952 t(s)

+0.2646 P (W) -0.610 h (mm) (11)
quum was of)tained as 79.99%.

T, for Alumina (°C,) = -145.5 + 1.2831 t(s)+

0.4082 P (W)-0.368 h (mm) (12)

R was obtained as 92.51%.

square
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T, for Coal (°C,) = -36.3 + 1.434 t(s)+ 0.4265
Pinpm (W) -2.564 h (mm)

R was obtained as 83.40%.

square

(13)

>

Where “T_ " (°C) is the maximum temperature, ‘Pmput
(W) is the input microwave power, ‘0’(mm) is the position
of the block from the base of the oven, ‘t’ (s) is the time of
irradiation.

For all these regression models, ‘p’ values were obtained
for the coefficients of parameters. These were found to be less
than 0.05 for all the coefficients. It implies that all the three
chosen parameters have a significant effect on the maxi-
mum temperature attained by the three susceptor blocks.
The sign of the coeflicients revealed that input microwave
power and irradiation time of the microwaves has a coact-
ive effect on the temperature rise. This is true to the phys-
ics as the microwave energy available for conversion into
thermal energy increases with the input microwave power
and the time of irradiation. Conversely, the block position
has an antagonistic effect which was discussed earlier to
be due to the reduced intensity of electric field. Moreover,
R_ .. values for all the three regression models were almost
equal to or greater than 80% which stresses the fact that the
parameters used have a significant impact on the response
variable, thatis, T _ .

For graphical visualization of parametric effects, con-
tour diagrams were plotted (refer to Figure 1la, Figure
11b, and Figure 11c). These plots show the variation of
temperature in silicon carbide, alumina, and coal blocks
as afunction of input power and time. All three figures
clearly emphasize the influence of input power and irra-
diation on the maximum temperature attained in these
blocks.

CONCLUSION

Selecting an appropriate susceptor for any microwave
processing application is a challenging task. An electromag-
netic analysis coupled with heat transfer has been used to
compare three prominent susceptors, viz. silicon carbide,
alumina, and coal to find out the maximum temperature
rise. Regression analysis for the temperature rise in the sus-
ceptor blocks has also been carried out to derive tempera-
ture as a function of chosen parameters.

It has been inferred that microwave power and time of
microwave irradiation are the two most influencing factors
in microwave heating while the position of the susceptor
block also has a significant effect on the maximum tem-
perature values.

In the context of block position, the lowest position
was found to be most effective (‘h'= 15 mm) for attaining
high temperature while power input of 700 W and time of
300 seconds led to maximum temperatures in the suscep-
tor blocks. Coal exhibited the highest temperature at 901°C
followed by alumina at 615°C and silicon carbide at 529°C.

However, it is important to note that poor thermal conduc-
tivity in coal causes the generation of hot spots and non-
uniform temperature fields which is undesirable and not
suitable for hybrid microwave heating.

The variation in temperature at different parametric com-
binations in different materials can be explained in terms
of variation in the electric field intensities at those points.
Reduced electric field intensities result in lower losses and thus
reduce the conversion of microwave energy to thermal energy.

The regression equations developed for all the three
susceptor blacks have statistically significant coefficients for
the parameters and thus can be used to predict and control
the temperature rise. This would help to attain heating at
the desired rate while using a particular susceptor. These
models can be used as a reference for designing set-ups for
various hybrid heating applications and can help to address
the issue of reliability of microwave heating in materials
processing applications.

NOMENCLATURE

E  Electric field intensity, Vm™

C, Specific heat capacity, Jkg"'K™!

q  Rate of heat flux, Wm™

Thermal conductivity, Wm™'K™!

Irradiation time, s

Temperature, °C

Maximum temperature in the susceptor block, °C
Microwave power, W

Position of the block from the base, mm
Thermoelastic damping, Wm™

Fluid velocity vector, ms™

Relative magnetic permeability, dimensionless

k

t

T
Tmax
Pinput
h
Qted
u

l.l’l’

Greek Symbols
*  Complex permittivity, dimensionless
Dielectric constant of the material, dimensionless
Free space permittivity, 8.852 x 10-12, Fm™
Dielectric loss factor, dimensionless
Angular frequency of radiations, rads™
Electrical conductivity, Sm™
Material density, kgm™

’

m m ™
=)

o aeg®
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