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Abstract

The effect of internal absorption and emission of radiation on the heating/melting process of small fused silica particles is analyzed.
The particle is considered to be semitransparent to radiation, and the radiative transfer theory is used to predict the local volumetric
absorption/emission rate. The transient energy equation with conduction and radiation accounted for is solved to predict the tempera-
ture distribution in the particle and the solid–liquid interface position after the melting has started. The radiative transfer calculations are
carried out on the spectral basis using published spectral optical property data for fused silica. Results of parametric calculations for
different diameter particles, surroundings temperatures and external flow conditions are reported and discussed.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Radiation effects; Semitransparent particle; Phase change
1. Introduction

The heating and melting of particles is encountered in a
very broad range of industrial applications. Examples
include spray coating processes using plasma to heat and
melt suspended particles [1], feeding of silicon pellets into
a melt pool to produce crystal products [2], laser melting
of gold particles in nanoscale [3], manufacturing of steel
[4] and others. In all of these applications absorption of
radiation has not been considered or radiation was treated
only as a surface phenomenon. Of particular interest in this
study is the theoretical investigation of the relative impor-
tance of radiative heat transfer on the heating/melting of a
semitransparent particle.

Many man-made and technologically important materi-
als such as glass, crystals, fused silica (SiO2) are semitrans-
parent to radiation [5,6]. When analyzing the heating/
melting of such particles by convection and radiation not
only heat conduction in the interior of the particle but vol-
umetric absorption/emission of radiation need to be con-
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sidered. Typically, the raw materials are melted in beds,
but there are also situations where preforms are being
melted. Since most of the semitransparent materials are
highly selective and have high melting temperatures, cor-
rect treatment of radiative transfer is critical in predicting
the melting dynamics. To gain fundamental understanding
of the phenomena, the focus of the discussion is on melting
of a single isolated particle rather than of the bed.

The main difference between the present problem and
those discussed in the literature is that the contribution
to the irradiance by the external radiation sources, and
the internal emission by the matter needs to be considered
at higher particle temperature. As a concrete example, we
consider fused silica as a typical material to perform the
simulations, because it has a high and unique melting tem-
perature. Also, the thermophysical and radiative properties
are available in the literature, and the material is very
important technologically.

Liquid melt produced at the phase change interface may
or may not be removed. This condition depends on the sur-
face tension at the liquid–gas interface and the gravita-
tional body force acting on the melt. Even through the
surface tension can support the liquid for a wide range of
droplet diameters, it can no longer support the droplet
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Nomenclature

c specific heat (J/kg K)
D particle diameter (m)
G irradiance (W/m2)
Dhf latent heat of fusion (J/kg)
I intensity (W/m2 lm)
k thermal conductivity (W/m K) or absorption

index (–)
l optical geometric function (m)
n refractive index (–)
R particle radius (m)
r radius coordinate (m)
T temperature (K)
t time (s)

Greek symbols

a absorptance or absorptivity (–)
b angle (rad)
� emissivity (–)
f dimensionless radius, r/R (–)
h angle (rad)
j absorption coefficient 4pk/k, (1/m)

k wavelength (lm)
q density (kg/m3) or reflectivity (–)
s transmissivity (�)
sd optical diameter, jD, (–)
/ porosity (–)
w angle (rad)

Superscripts

o refers to external
– refers to mean value

Subscripts

ext refers to external
f refers to fusion
g refers to gas
int refers to internal
m refers to melt
s refers to solid
sur refers to surroundings
k refers to spectral value
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when the critical value of the surface tension has been
exceeded. The surface tension for SiO2 (1883 K) is not con-
stant but depends on the surface temperature and is given
by Fujino et al. [7]. The results of available calculations [8]
reveal that for a droplet of SiO2 melt with the diameter
greater than 5.5 mm, the liquid would no longer be sup-
ported by the surface tension at the fusion temperature.
This means that when melting small SiO2 particles for
which the diameter is smaller than 5 mm, two interface
conditions are needed to describe the melting process;
one is for the liquid–gas interface and another is just for
the solid–liquid interface.

The relative importance of radiation absorption on
enhancing the heating/melting processes of a semitranspar-
ent spherical particle exposed to external radiation is not
fully understood. For example, under what conditions
and to what level of detail is it necessary to consider radi-
ative transfer when heating/melting a semitransparent par-
ticle exposed to radiation? And to what level of detail?
Would neglect of radiation (i.e., assuming the particle is
transparent to radiation) or treating the particle as semi-
transparent to radiation and use radiative transfer theory
to predict [6] local volumetric absorption/emission rate be
required? In addition, since the spectrum of medium may
have weakly (semitransparent or transparent) and strongly
(opaque) absorbing bands, is it possible to identify an opti-
mum heating source (surroundings temperature) for heat-
ing the medium? The purpose of the paper is to develop
a radiative transfer model for heating/melting of a sus-
pended (isolated) semitransparent particle which is exposed
to irradiation from an external source. The model is then
combined with a thermal energy model to examine the rel-
ative importance of radiative transfer vs. convection on the
heating/melting process, and the predictions are compared
with those based on simplified models.

2. Analysis

Rigorous treatment of heating of a polydisperse cloud of
particles by convection and radiation, with phase change
taking place, is exceeding complex and does not appear
to have been analyzed. In order to make the analysis more
treatable, we consider a single, isolated particle and focus
on its convective and radiative heating. The interaction
between particle and the external gas flow is not consid-
ered. Convection is treated parametrically by prescribing
the heat transfer coefficient. External radiation incident
on the particle is also treated parametrically by assuming
the radiation field (intensity) incident on the outside of
the particle originates from sources (i.e., walls of the
‘‘enclosure’’ and ambient gas/particle mixture) at an effec-
tive surroundings temperature Tsur. The incident radiation
intensity is assumed to be isotropic (i.e., independent of
direction).

We assume that an isolated semitransparent spherical
particle is initially at its ambient temperature, and then it
is suddenly placed in a high temperature environment to
be heated by convection and radiation (Fig. 1). The melting
of the material begins when the surface temperature
reaches the fusion temperature. Thus, the time period
before the particle begins to melt is referred as the heating
period, followed by the melting period. For the purpose of



Fig. 1. Schematic representation of semitransparent particle heating/
melting.

C.C. Tseng, R. Viskanta / International Journal of Heat and Mass Transfer 49 (2006) 2995–3003 2997
simplicity, the following assumptions are made in this anal-
ysis: (1) heat conduction and radiation are one-dimen-
sional; (2) radiative heat transfer is of quasi-steady-state;
(3) the particle is spherical in shape, and its diameter is
much larger than the wavelength of radiation; (4) sublima-
tion of the solid-phase and evaporation of the melt are
neglected; (5) melting occurs at the solid/liquid interface;
(6) the interface is optically smooth and remains at a
known constant melting temperature after the particle
has been heated to this temperature; (7) intensity of radia-
tion incident on the particle is independent of direction and
comes from a black body source at temperature Tsur; (8)
the particle is homogeneous and scattering is negligible in
comparison to absorption; (9) the liquid melt produced
during the phase change is assumed to remain surrounding
the solid. The idealizations made are reasonable. Assump-
tion three can be relaxed by considering polarization of
radiation [9,10]. Flow and drag on the particle may cause
it to loose its spherical shape (Assumption 4), but the dis-
tortion of the melt shape from a spherical shell is not con-
sidered to be serious for small particles. The gravitational
force would tend to distort the melt surrounding the
solid-phase, but the surface tension force would opposite
it. Analysis has shown [8] that a fused silica droplet with
a diameter greater than 5.5 mm is no longer supported by
the surface tension, and the melt would be distorted from
the spherical shape (Assumption 9).

Particles are heated from the ambient temperature to the
fusion temperature, and the process can be separated into
two time regimes. The time regime before the surface tem-
perature reaches the fusion temperature is referred to as
heating period. After the heating period and when the par-
ticle begins melting, the time regime is referred to as the
melting period. The two time regimes are analyzed
separately.

During the heating period of a semitransparent particle,
conduction and radiation are the only two modes of heat
transfer. The one-dimensional transient energy equation
for heating of a spherical particle capable of absorbing
and emitting radiation is
qici
oT i

ot
¼ 1

r2

o

or
kir2 oT i

or

� �
�
Z 1

0

jk½4pn2
kIb;kðT iÞ�Gk;iðr; tÞ�dk;

i¼ s;m. ð1Þ

In the equation, s and m represent for the solid and the
melt, respectively. The spectral irradiance Gk,i is defined
by [6]

Gk;iðr; tÞ �
Z

4p
Ik;iðr; h;/; tÞdX ¼ 2p

Z 1

�1

Ik;iðr; l; tÞdl. ð2Þ

The first term on the right-hand-side of Eq. (1) accounts for
heat conduction, and the second term represents the radia-
tive transfer [6]. The spectral radiance (intensity of radia-
tion) along a pencil of rays in spherical coordinates for
non-scattering semitransparent material is calculated from
the radiative transfer equation. The direction cosine (l) is
of the angle (h) between the radius vector ðr̂Þ and the direc-
tion vector ð̂sÞ of the radiation beam. During the heating
period (before the particle starts melting) only the solid-
phase energy equation is solved, but after melting starts
both the solid and liquid phase equations are solved.

During the preheating period, the heat transfer rate
across the interface is balanced by conduction, convection,
and surface radiation. Thus, the energy equation, Eq. (1), is
subject to the following boundary condition, at the surface
(r = R):

ki
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akIo
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The first term on the right-hand-side of this equation ac-
counts for convection. The average heat transfer coefficient
is calculated from the recommended correlation [11,12].
The second term represents the incident radiation absorbed
at the surface in the cutoff wavelength range Dkop in which
the particle is considered to be opaque to radiation. The
third term represents emission of radiation from the sur-
face in the opaque part of the spectrum. In the equation
Io
k represents the intensity of radiation emitted by the sur-

roundings, i.e., Io
k ¼ Ib;kðT surÞ, and incident on the particle.

The absorptance ak and the emittance �k in Eq. (3) are as-
sumed to be the same, i.e., ak = �k, following Kirchhoff’s
Law. Additional details for determining the absorptance
are provided in the section to follow. At the center of the
particle the temperature profile is symmetric, and initially
the temperature of the particle is assumed to be uniform.

After the particle starts melting at the phase change
interface, r = rf(t), the energy balance is given by
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where Dhf is the latent heat of fusion. Of course, the parti-
cle is assumed to change phase at a definite fusion temper-
ature Tf.
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Fig. 2. Spectral distribution of irradiance inside a spherical fused silica
particle (in solid-phase) by the external radiation source, Tsur = 2500 K.
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It is assumed that the phase change of the particle (con-
sidered to be homogeneous and without any microscopic
inclusions) occurs at the interface, and the material melts
at the fusion temperature. Internal melting, even though
the temperature of the solid-phase may exceed the fusion
temperature owing to the internal deposition of radiant
energy, is excluded from consideration [13].

3. Radiative transfer

To make the problem tractable mathematically and gain
fundamental understanding of radiative transfer, a mono-
disperse semitransparent particle is considered. The focus
is on the deposition (absorption) of radiation originating
from the surroundings. Thermal and radiative interaction
between the particle and the external gaseous flow field, if
any, is neglected. The particle is placed in an environment
in which the gas composition and temperature do not
change with time (Fig. 1). The effect of radiation is modeled
parametrically by imposing a blackbody effective tempera-
ture of the surroundings Tsur, which may consist of the sur-
rounding walls and radiating gases/particles mixture.

The nature of the heating/melting of particles cannot be
considered as either opaque or transparent but must be
treated as being semitransparent to radiation. The radia-
tion field inside a homogeneous semitransparent particle
can be calculated using the radiative transfer [5,6] or the
electromagnetic [14] (EM) theory. Since the former is con-
siderably simpler than the latter, the radiative transfer the-
ory is used to calculate the local radiation field and the
local volumetric absorption rate of radiation by a particle.
Also, accounting for radiation reflection at an interface or
of radiation interreflections inside of the particle is exceed-
ingly difficult using the EM theory.

The radiative transfer equation (RTE) describes the
intensity of radiation in the direction of the unit vector
(̂s). The intensity is attenuated by absorption and enhanced
by emission. Thus, the RTE for the solid-phase in spherical
coordinates can be expressed as

l
oIk;i

or
þ ð1� l2Þ

r
oIk;i

ol
¼ oIk;i

os
¼ jk;i½Ib;kðT iÞ � Ik;i�; i ¼ s;m.

ð5Þ
The first term on the right-hand-side accounts for emission
and the second for absorption of radiation. This equation
is subjected to the boundary conditions of which the
RTE is considered for heating/melting period.

During the heating period the spectral intensity leaving
the solid–gas interface (r = R) in the �l direction (referred
to Fig. 2) is a sum of transmitted and reflected contribu-
tions and can be expressed as

Ik;sðR;�lsÞ ¼ sk;sðloÞIo
kðR;loÞ þ qk;sðlsÞIk;sðR; lsÞ; ð6Þ

where sk,s = 1 � qk,s is the directional transmissivity at the
solid–gas interface, and qk,s is the directional reflectivity
which can be evaluated by Fresnel’s law [6]. The intensity
in the direction �ls consists of the transmitted and internal
reflected contributions.

The boundary condition at the center of the particle
(r = 0) is given by

Ik;sð0;�lsÞ ¼ Ik;sð0; lsÞ. ð7Þ
It means that at the center of the particle the radiation field
is symmetrical.

During the melting period two interfaces are present:
one is formed at the phase-change boundary at the solid–
liquid interface, and another is at the liquid–gas interface.
The boundary condition for the RTE at the solid–liquid
interface (r = rf) is the same as that given by Eq. (6). The
directional reflectivity can be evaluated by general Fresnel’s
law [15]. In the equation the directional cosine of the solid
(ls) is related to that in the liquid (lm) determined by the
Snell’s law [6]

nk;s sin hs ¼ nk;m sin hm. ð8Þ
Since the center (r = 0) is still occupied by the solid-phase,
the boundary condition is the same as that in the heating
period, Eq. (7).

Solution of Eq. (5) with the boundary conditions, Eqs.
(6)–(8) and substitution of the resulting equation in the def-
inition of the spectral irradiance, Eq. (2), results in compli-
cated equations for the solid and melt phases; therefore,
they are not given here but can be found elsewhere [8].
As an example, the expression for the spectral irradiance
in the solid due to external irradiation based on the geo-
metrical optics theory can be written as [8]

Gext;kðrÞ ¼
Z hcr

0

skðhÞpIo
k sin 2h

f2 cos b

expð�l1Þ þ expð�l2Þ
1� qkðhÞ expð�l3Þ

� �
dh;

0 6 r < R; ð9Þ

where b = sin�1[sinh/(nkf)], sk is the transmissivity defined
by 1 � qk evaluated from Fresnel’s law, and the critical
angle hcr is determined by sinhcr/nk < f < 1. The optical
distances in Eq. (9) are defined as follows:
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In the above equations sd,k (=jkD) is the spectral optical
diameter. Note that in deriving Eq. (9) the emission by
the particle has been neglected. With emission accounted
for, the expressions for the local spectral irradiances (e.g.,
Gint,k) in the solid and melt phases are much more complex.
The lengthy derivation details are not provided in this
paper but can be found elsewhere [8].

The optical diameter is an important parameter for
determining the opacity of a particle. However, the value
is not constant but changes as a consequence of melting.
The particle can range from being opaque to semitranspar-
ent. The dynamics of the process is important in determin-
ing the spectral local absorption of radiation in the
semitransparent and opaque parts of the spectrum. When
the particle is ‘‘opaque’’ to radiation, there is no need to
account for radiative transfer in the energy equation but
only in the boundary condition.

The spectral irradiance distributions for a fused silica
particles are shown in Fig. 2 for external irradiation (no
internal emission). For wavelengths having larger optical
diameters the irradiance practically vanishes inside the par-
ticle and are quite small at the surface as evident in the fig-
ure. This indicates that for these wavelengths the particle is
effectively opaque. Also, for larger particles, the spectral
irradiances in the solid and liquid phases becomes more sig-
nificant when the internal emission is accounted for [8].

3.1. Method of solution

The energy equation for both preheating and melting
periods can be solved by the backward-time (or implicit)
centered-space (BTCS) finite differential approximation
method [16]. This method is unconditionally stable, and
the truncation error is bounded by the order of O(Dt + Dr2)
[16]. The interface condition, Eq. (4), was satisfied by iter-
atively solving the equation and determining the velocity
(dr/dt) to within the desired accuracy. However, before
solving the system of equations, the distribution of the
internal volumetric radiant energy absorption rate needs
to be calculated.

The spectral internal irradiance, Eq. (9), is calculated
using Simpson’s 1/3 rule. The computation is performed
as a summation over the spectrum. Thus, the local absorp-
tion rate distribution is evaluated by

A ¼
Z 1

0

jkGk dk ’
XM

i

jkiðGext;ki þ Gint;kiÞDki; ð11Þ

where M represents the number of spectral increments.
The number of bands M chosen is dependent on the
optical diameter of the particle. If the optical diameter cor-
responding to a given wavelength is much greater than one,
the particle is considered to be opaque to radiation for the
wavelength. For more accurate evaluation of the local
absorption rate, increasing the band number M is inevita-
ble. However, the choice of too large a number of bands
is impractical due to excessive computer time requirements.
Sensitivity studies were conducted to determine the appro-
priate time step Dt, the radial increment Dr as well as the
number of spectral bands M to obtain numerical results
that are independent of these numerical parameters.

4. Results and discussion

4.1. Scope and model parameters

Silicon dioxide or silica (SiO2) is being widely used in
many modern technologically important applications such
as fiber-optics, electronics, semiconductors, and material
industries [1]. The spectral absorption coefficient of fused
silica varies by about eight orders of magnitude in the spec-
tral range between 0.4 and 50 lm [17,18]. For wavelengths
greater than 4.5 lm fused silica is strongly absorbing.
Owing to its technological importance and the fact that
its thermodynamic, thermophysical, and optical properties
are well established, fused silica was chosen as an example
of a semitransparent material for this study. At high tem-
perature the melting process is significantly affected by
internal volumetric absorption and emission of radiant
energy. Heating/melting is involved in fused silica process-
ing operations and, therefore, understanding of heat trans-
fer during such operations is required. The thermophysical
and optical properties are available; therefore, it is used as
an example semitransparent material. Complex index of
refraction (mk = nk � ikk) data are taken from Palik
(0.6 nm–500 lm) [17] and Kashan and Nassif (0.2 lm–
3.0 lm) [18]. It is recognized that the refractive index is
dependent on temperature as described in the literature
[19–21]. However, since the available data are lacking
and for simplifying the computation, the index of refrac-
tion is assumed to be independent of temperature in the
numerical calculations.

Owing to the non-interactive nature of the model (i.e.,
gas flow outside the particle is not coupled to the particle),
convective heat transfer from the ambient gas to the parti-
cle and radiative transfer from external radiation source(s)
are treated parametrically. A wide range of particle diame-
ters (from 0.1 mm to 10 mm), velocities and temperatures
of the ambient gas, and surroundings (radiation sources)
temperatures are considered, and results presented and
discussed.

4.2. Temperature distributions

A semitransparent particle traps radiant energy inside
the particle, and the temperature in the interior of the
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particle could be higher than the fusion temperature due to
internal absorption of radiation. Since the melting rate
depends on the temperature gradients on the both sides
of the interface, as shown by Eq. (4), superheating may
cause the temperature gradient on the solid side to be
negative. This is expected to increase the melting rate.

Figs. 3 and 4 show the temperature distributions during
melting for particles of 1 mm and 2 mm diameter particles,
respectively. The temperature distributions at earlier times
are not given in the figures, because they vary little with the
radius, show the expected trends and do not reveal new
phenomena. For larger size particles the radiant energy
absorbed and emitted is much greater than for small parti-
cles. Thus, the instantaneous temperature at the center is
much higher than that of small particles. The discontinu-
ities in the temperature gradients in the figures correspond
to the interface positions during melting. The profiles have
been calculated by accounting for both internal absorption
and emission of radiation. No generalizations about the
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Fig. 3. Temperature distributions of a fused silica particle: D = 1 mm,
Re = 0, T0 = 300 K, Tf = 1883 K, and Tg = Tsur = 2500 K.
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relative importance of radiation versus convection on the
heating and melting of fused silica particles can be made
without performing detailed calculations for the specific
particle diameter and external flow and heating conditions.
Some special cases have been examined and the results of
calculations are given elsewhere [8].

Fig. 5 show the temperature distributions during the
melting for a 5 mm diameter particle. The interface
advances gradually from the surface to the center. Mean-
while, the temperature at the center decreases and finally
approaches the fusion temperature. Also, the temperature
gradient on the left-hand-side of the interface becomes flat-
ter. Heat transfer in the interior of the particle is dominated
by conduction, because the thermal conductivity of fused
silica is relatively high and the fact that the spectral opacity
of the particle is quite small.

The effect of surroundings temperature on the heating
processes of a 10 mm diameter fused silica particle is shown
in Fig. 6. Since an increase in the surroundings temperature
shifts to the opaque as well as the semitransparent parts of
the spectral range of the incident radiation, the tempera-
ture has been varied to examine the effect. The figure shows
that the core (center) temperature of the particle becomes
gradually higher than the surface temperature as the sur-
roundings temperature is increased. This is due to the fact
that a larger fraction of the blackbody energy shifts from in
the opaque part of the spectrum to in the semitransparent
part of the spectrum. In other words, the radiant energy
absorbed and emitted by the surface of the particle shifts
more to the volume of the particle.

In this work the particle is considered to be suspended as
it is being heated to be melted. Thus, the effect of Reynolds
number based on the gas free stream velocity and the par-
ticle diameter on the heating and melting processes is
examined parametrically. A comparison of temperature
histories show the effect of the Reynolds number on the
heating (given in Fig. 7) and reveal that the surface and
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the core (center) temperatures are differ more when Rey-
nolds number is larger. This is due to intense heating at
the particle surface.

4.3. Interface motion

Fig. 8 shows the effect of Reynolds number on the inter-
face position. As expected, the Reynolds number does not
influence the interface position of a larger particle as much
as it does the small particle. This is owing to the fact that
the average heat transfer coefficient �h [11] is inversely pro-
portional to D, i.e., �h ¼ kNuDðReDÞ=D � 1=Dn in which
n = 1 when the Reynolds number is zero. An attempt has
been made to scale the time as t/D2 in order to collapse
the results for all particle diameters to a single curve. This
would have been possible in the absence of radiative trans-
fer and/or when heating/melting processes are controlled
by diffusion. Unfortunately, the heating/melting processes
of the particle are not controlled by diffusion for the condi-
tions considered, and the curves for different size particles
do not collapse to a single set.

The effect of gas temperature on the heating and melting
processes of a fused silica particle is illustrated in Fig. 9.
The results show trends in the interface positions with the
change in the gas temperature. A decrease in the gas tem-
perature Tg results in a decrease in the convective heat flux
and, therefore, a decrease in the melting rate, all other
parameters being equal.

4.4. Heat transfer

A comparison of the convective and the surface radia-
tive heat fluxes at the particle surface is shown in Fig. 10.
Both the convective heat flux and the net surface radiative
heat flux decrease as time increases, because the surface
temperature increases during the heating process. The fig-
ure reveals that convective heat flux is higher than the
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net surface radiation for smaller particles. This indicates
that convection dominates the heat transfer rate when the
particles are small. The figure shows that the net surface
radiative flux for D = 1 mm is close to that for 10 mm. This
is due to the fact that the opaque parts of the spectrum for
1 mm and 10 mm particle are close to each other.

The effect of Reynolds number on the heat transfer rate
is shown in Figs. 11 and 12 for D = 0.1 mm and D =
10 mm, respectively. The two figures show that increasing
the Reynolds number reduces the surface heat transfer rate.
For small particles (as shown in Fig. 11) convection dom-
inates the surface heat transfer rate. Thus, the surface radi-
ation and the internal radiative transfer rates are affected
by convection due to the surface temperature being signif-
icantly affected by convection. For large SiO2 particles (as
shown in Fig. 12) increasing the Reynolds number does not
greatly affect the heat transfer rate.
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Since a semitransparent particle traps radiant energy
within the particle, the temperature in the interior of the
particle could be higher than the fusion temperature due
to internal absorption of radiation. Hence, the melting rate
is dependent on the temperature gradients on both sides of
the interface, as shown by Eq. (3). Superheating may cause
the temperature gradient on the solid side to be negative.
This increases the melting rate.

5. Concluding remarks

The heating and melting of a semitransparent SiO2 par-
ticle has been formulated by developing a model to
describe the heating/melting of a fused silica particle as
an example. The effect of absorption and emission of radi-
ation was considered. Because a semitransparent particle
traps radiant energy inside the particle, the temperature
in the interior of the particle can be higher than the fusion
temperature due to internal absorption of radiation. Since
melting rate is dependent on the temperature gradients on
both sides of the interface, superheating may cause the tem-
perature gradient on the solid-phase side to be negative.
This increases (or enhances) the melting rate. Based on
the results obtained, the conclusions from the results of
the numerical simulations can be summarized as follows:

• Absorption of external radiation strongly affects the
heating and melting processes of a fused silica particle.
Emission of radiation becomes significant when the tem-
perature of the particle is sufficiently high. The sur-
roundings temperature significantly influences the
heating and melting processes since it affects the radiant
energy distribution in the opaque and in the semitrans-
parent parts of the spectrum. Therefore, the surround-
ings temperature is expected to impact the radiation
absorption in the semitransparent part of the spectrum
and cause the internal temperature to be higher than
the fusion temperature (overheating) resulting in an
increased melting rate.
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• Absorption and emission of radiation are not important
for very small size fused silica particles (D < 1 mm). This
is because convective heat transfer predominates over
radiation during the heating/melting of the small parti-
cles. When convective heat transfer to the particle pre-
dominates over radiation (D < 1 mm), increasing the
convective heat flux by either increasing the ambient
gas velocity and/or ambient gas temperature, enhances
the melting rate, but for larger particles when radiation
predominates over convection the heating/melting rate
is affected little by convection.

• No generalization about the relative importance of radi-
ative transfer in the heating/melting of a semitranspar-
ent particle can be reached based on the results
obtained for fused silica. Detailed calculations would
have to be made for the specific material, its thermody-
namic, thermophysical, and radiation properties, parti-
cle diameter and imposed external flow and heating
conditions.

• No published experimental data could be identified in
the literature; therefore, the model validation remains
a task for the future.

• The assumption that there is no interaction between the
external gas flow field and the melting particle needs to
be relaxed, and this remains a significant task for the
future.
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