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Abstract

The effect of the presence of molecular water impurity of various concentrations in absorbing and scattering glass media on the te
field in a layer subjected to thermal infrared radiation is investigated. The analysed mediumis treated as a multicomponent medium consist
of glass matrix and water impurity. The effect of radiation on the medium is expressed by heat sources in each component due to
of radiation. It is shown that the presence of water impurity in the glass medium should be accounted for in order to predict the tem
distribution during radiation action. The effect of scattering of radiation by water molecules on thermal and diffusive processes in the
medium is shown to be insignificant.
 2004 Elsevier SAS. All rights reserved.
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1. Introduction

In most radiative transfer problems glass materials
treated as one-component media. Absorption coefficien
such media is measured experimentally and usually app
imated by a piece-wise homogeneous function. In majority
cases such an approximation works well enough for prac
applications. In the meantime, most glasses contain imp
ties in the form of gaseous species whose presence in m
cases affects overall behavior of a glass product and o
is undesirable as having detrimental effects on many p
erties of glasses. In particular, it is well known that wa
impurity increases the optical transmission losses, imp
the characteristics of opticalfibers amplifiers [1]. Moreover
water causes deterioration of thermal, chemical and mecha
ical properties of glasses in general [2].
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The presence of gaseous impurity in a semitranspa
glass medium becomes even more prominent in the ca
incident radiation. This is due to the fact that gaseous im
rity usually creates no chemical bonds with glass matrix t
retaining its identityand therefore has its own response to
cident radiation which may differ significantly from that
glass matrix. The spectral absorption coefficient of a gas
impurity in a glass is often higher than that of glass mat
Together with the fact that, for example, water impurity co
centration may reach 0.5–2.3 wt.% in geological glasses
and even 1.5–10 wt.% in some aluminosilicate glasses
its contribution to thermal state in glass should not be
glected.

Presence of gaseous impurity in glasses implies its mo
ity within glass matrix. Redistribution of gaseous impur
in a glass due to diffusion may contribute to overall therm
state in glass subjected to radiation. In addition, diffusion
a gaseous impurity in glass due to incident radiation is o
dependent interest because of aforementioned importan



108 T. Kournyts’kyi et al. / International Journal of Thermal Sciences 44 (2005) 107–114
Nomenclature

a absorption coefficient . . . . . . . . . . . . . . . . . . . m−1

b asymmetry factor of scattering phase function
BiT Biot criterium for heat exchange
Bic Biot criterium for mass exchange
c dimensionless admixture concentration
c1, c2 radiative constants
C heat capacity . . . . . . . . . . . . . . . . . . . J·kg−1·K −1

D diffusivity . . . . . . . . . . . . . . . . . . . . . . . . . . m2·s−1

D0 diffusion factor . . . . . . . . . . . . . . . . . . . . . . m2·s−1

E molar energy . . . . . . . . . . . . . . . . . . . . . . . J·mol−1

Eact diffusion activation energy . . . . . . . . . . . J·mol−1

h thickness of the layer . . . . . . . . . . . . . . . . . . . . . m
I radiation intensity . . . . . . W·m−2· ster−1·µm−1

J intensity of absorption band [12] . . . cm2·Pa−1

J mass flux . . . . . . . . . . . . . . . . . . . . . . . kg·m−2·s−1

Greek symbols

β direction of radiation propagation in the layer
�ωef effective width of the absorptive . . . . . . . . . . s−1

θλn optical thickness of the medium
κ thermal diffusivity . . . . . . . . . . . . . . . . . . m2·s −1

λ wavelength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . µm
λc cutoff wavelength . . . . . . . . . . . . . . . . . . . . . . . µm
ν direction cosine of radiation propagation
ρ density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kg·m−3

σ scattering coefficient . . . . . . . . . . . . . . . . . . . m−1

τc dimensionless time in Eq. (12)
τT dimensionless time in Eq. (11)
Ω spectral albedo,= σ

a+σ
Φ phase function
χ thermal conductivity . . . . . . . . . . . . W·m−1·K−1

k coefficient in Eq. (3)
l spatial grid for optical length
MI molar weight of impurity . . . . . . . . . . . kg·mol−1

M number of spatial points
N number of ordinate directions
nλ refractive index
P total number of absorption bands
Q power of heat source per unit mass . . . W·kg−1

�R universal gas constant . . . . . . . . . . J·K −1·mol−1

Rλ reflectivity
t time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s
T temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K
Ta ambient temperature . . . . . . . . . . . . . . . . . . . . . K
w weight of the quadrature
z thickness coordinate . . . . . . . . . . . . . . . . . . . . . . m
z̄ dimensionless coordinate,= z/h

Subscripts

j spatial point
max maximal value
n ordinate direction
s quantity related to surrounding
λ,ω spectral quantities
0 initial value

Superscripts

atm value calculated at atmospheric pressure
acording to Clapeyron equation

I,M quantities related to impurity and matrix,
respectively
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the influence of gaseous impurity on operating efficiency
glass products.

Presence of absorption bands proper for gaseous im
ties in absorption spectrum of a glass proves that they re
their identity, at least in terms of radiative properties [
Therefore, a more accurate consideration of radiative trans-
fer in glasses requires accounting for their real struct
Consequently, we have to treat such glasses as multico
nent media their components being glass matrix and gas
impurities.

Importance of diffusion of certain constituents as well
of the difference in the values of absorption coefficients
different constituents is reported in experimental works [4
on composites, which represent another type of multicom
nent media where individual constituents retain their ind
tities. In particular, it has been established in [4] that a co
posite fabricated by microwave radiation sintering has
proved mechanical properties over conventionally sinte
materials. This has been attributed to an essential differ
between values of absorption coefficients of different c
stituents at high temperature. Similarly, it was shown in
-

-
s

that selective absorption by certain constituents prom
solid phase diffusion and actually drops the apparent d
sion activation energy. However, no theoretical models w
presented in [4,5] to capture these phenomena. Also, it
been shown in [6] that individual responses to radiation
aluminium particles and solid matrix in a solid compos
propellant led to unwanted agglomeration of aluminium p
ticles thus reducing operating efficiency of the product.

Therefore, it is of interest and practical need to develo
a model decoupling relative effects of different compone
in multicomponent media on their overall behavior. This
per contributes to the field by analysing the selective ef
of radiation on a multicomponent glass medium. Previ
investigations presented in [7,8] are improved here by
counting for radiation scattering by water impurities mo
cules. A selective effect of radiation is accounted for
only by different thermal states of constituents, but also
a specific water diffusion rate. We investigate the correla
between water impurity concentration and temperature
in fused silica glass subjected to infrared radiation and s
that at a certain value of waterconcentration its presence
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glass should be accounted for in order to obtain the accura
prediction of the temperature field.

2. Radiation equations

Presence of an impurity in a semitransparent medium
makes the latter optically inhomogeneous resulting in r
ation scattering. The radiation transfer equation for a o
dimensional layer in an approximation of a “cold” mediu
will then appear as [9]

ν
∂Iλ(z̄, ν)

∂θλ

= −Iλ(z̄, ν) + Ωλ

2

1∫
−1

Iλ(z̄, νi)Φ(νi, ν)dνi

ν = cosβ (1)

At the boundaries̄z = 0 andz̄ = 1 of the layer we assum
conditions of diffuse reflection:

Iλ(0, ν) = I
(0)
λ + 2Rλ

0∫
−1

νiIλ(νi)dνi

Iλ(1, ν) = I
(1)
λ + 2Rλ

1∫
0

νiIλ(νi)dνi (2)

In (2) I
(0)
λ , I

(1)
λ are portions of radiation intensities, lea

ing respective boundaries of the layer, due to external t
mal radiation sources. The sources of thermal radia
from appropriate sides of the layer are heated to cer
temperaturesT (0), T (1) , and their spectral intensities are d
fined by the well-known Planck’s law

I
(s)
λ = k(s) 2n2

λc1

λ5 exp(c2/λT (s) − 1)
, s = 0,1, k(s) = const

(3)

wherec1, c2 are radiation constants [10] andk(0), k(1) [8]
are dimensionless coefficients accounting for the emissivit
of the real radiation source as well as for its geometrical
sition with respect to an irradiated object. In particular c
of the radiation source in a shape of infinite surface para
to an infinite irradiated layer, the coefficientk(s) is simply
the emissivity of the radiation source. Coefficientsk(0), k(1)

are assumed to be independent of the direction of radia
propagation, coordinate and wavelengthλ, therefore radia-
tion is homogeneous and diffusive [10].

To get the quantitative solution of the radiation trans
equation one needs to know, among other things, the va
of spectral absorption coefficient and phase function.
absorption coefficient for the medium considered here m
be taken as a sum of those for glass matrix and water im
rity [11]

aλ = aM
λ + aI

λ (4)
Usually the absorption coefficient of a glass matrix can
approximated within several bands model [12], which
vides the entire spectrum range by two or more wide in
vals where absorption coefficient has constant values. In
meantime, molecular water isknown to absorb radiation i
narrow spectral intervals called bands and its absorption
efficient can be written as follows

aλ = aω = Jω

�ωef

where quantityJω, calculated per unit frequency interva
and �ωef are intensity and effective width of absorption
band [13], respectively. Unlike solids with constant den
ties, water in glass is represented by separate molecule
thus may have various densities. Since radiation absorp
by water in glass is ultimately determined by a number of
sorptive centers, i.e., the number of molecules, the water ab
sorption coefficient should necessarily depend upon its
sity in glass. This dependence may be accepted linear
Then treating water vapor densityρw at atmospheric pres
sure (ρw

atm) as the reference density, we obtain

aλ = J atm
ω

�ωatm
ef

ρw

ρw
atm

Introducing dimensionless water mass concentrationc =
ρI /ρ (whereρI and ρ are density of water impurity an
total density of glass medium, respectively) in the last
pression yields

aI
λ = āI

λc, whereāI
λ = J atm

ω

�ωatm
ef

ρ

ρI
atm

(5)

Here ρI
atm is the density of water impurity at atmosphe

pressure. In the glass medium water molecules are loc
far from each other and thus canbe treated independently. I
that case radiation is also scattered independently by
arate molecules and the phase function for the exam
medium is the same as for a single molecule. Water m
cules are scattering objects with a small size parameter
scattering by these particles may be represented by a l
anisotropic phase function in the form [9]

Φ(νi, ν) = 1+ bνiν

where parameterb is asymmetry factor whose values lie b
tween−1 and 1. Particular cases ofb equal to−1, 0, and
1 correspond to backward, isotropic, and forward scatter
respectively.

Now let us specify the effect of radiation in terms of he
sources per unit mass of matrix and water impurity due
absorption of radiation. They are obtained by multiply
spectral intensity of radiation by appropriate spectral abs
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tion coefficient and integrating the product over solid an
and wavelength and appear as

QM(z̄, c) = 2π

ρM

∞∫
0

aM
λ

( 1∫
−1

Iλ(z̄, ν, c)dν

)
dλ

QI (z̄, c) = 2π

ρI

P∑
k=1

∞∫
0

aI
λk

(c)

( 1∫
−1

Iλ(z̄, ν, c)dν

)
dλ (6)

Then the total heat sources in the layer are

Q = QM + QI (7)

Since the glass matrix absorbs radiation in the entire ra
of spectrum, while water impurity does that in narrow ban
in the entire spectrum range two kinds of intervals can
distinguished, namely those where just matrix absorbs
those where both matrix and water absorb. By accoun
for that in Eq. (6) we obtain

QM(z̄, c) = 2π

ρM

P∑
k=0

( λk+1,l∫
λk,r

aM
λ Īλ dλ +

λk+1,r∫
λk+1,l

aM
λ Īλ dλ

)

QI(z̄, c) = 2π

ρI

P∑
k=1

λk,r∫
λk,l

aI
λk

(c)Īλ dλ

Īλ =
1∫

−1

Iλ(z̄, ν, c)dλ (8)

Hereλk,l andλk,r are left and right edges of thekth band
respectively (λk,r − λk,l = �λk

ef where�λk
ef is the effec-

tive width of thekth band in terms of wavelength),λ0,r =
0; λP+1,l = λP+1,r = ∞. In the spectrum rangesλk,r < λ <

λk+1,l , k = 0,1, . . . ,P , where just glass matrix absorbs, t
spectral intensity of radiation̄Iλ becomes a function of̄z and
ν only. The spectral intervals of water impurity absorpt
and scattering are assumed to coincide.

3. Governing equations

The set of governing equations of the model consist
the transient energy equation for the entire medium and
water impurity diffusion equation, supplemented by app
priate boundary conditions. Effect of radiation is taken i
account in these equations by total heat sourcesQ present
in the transient energy equation and implicitly by quan
EI , which is a function ofQI , in the impurity diffusion
equation [7]. The transient energy equation and the w
impurity diffusion equation appear as follows

ρC
∂T

∂t
= χ

∂2T

∂z2
+ ρQ,

∂c

∂t
= ∂

∂z

(
D

(
EI

)∂c

∂z

)
Introducing in these equations corresponding dimension
timesτT = κt/h2 andτc = D0t/h2 (κ is the thermal diffu-
sivity), we obtain the following equations
∂T

∂τT

= ∂2T

∂z̄2
+ h2

χ
ρQ (9)

∂c

∂τc

= ∂

∂z̄

(
D(EI )

D0

∂c

∂z̄

)
(10)

Here diffusivityD(EI ) is defined by the expression [7,8]

D
(
EI

) = D0 exp
(−Eact/E

I
)
.

Quantity EI is introduced in the model in order to ca
ture the effect of selective absorption of radiation by wa
impurity. The value ofEI is balanced by absorption of rad
ation and energy dissipation on thermal vibrations of the
trix [7]. In the considered glass medium the water phase
the form of separate molecules. Therefore, macroscopic
siderations cannot be involved in determining water ph
temperature, as it was done for the aluminium phase
solid composite in [6]. Indeed, individual molecules do n
possess physical characteristics proper for their agglom
tion. To overcome this difficulty, the method to determ
EI approximately was proposed in [8]. Omitting technic
ities given there, we arrive at the following equation for t
determination ofEI

EI = 2

3
MIQI t + �RT0 � EI

max, if L(z) � 1 (11a)

EI = �RT, if L(z) < 1 (11b)

HereT0 is the initial temperature. ParameterL was intro-
duced in the model [7] to determine the prevailing way
energy exchange for the impurity. This is a complex para
ter dependent on characteristics of the radiation intensity and
parameters of impurity diffusion. IfL � 1 it means that the
rate of absorption of radiation energy by impurity is mu
higher than the rate of its energy dissipation on the g
matrix and the thermal state of the impurity is determin
by its energyEI � �RT (the heating of impurity according t
Eq. (11a) lasts untilEI reaches its maximum valueEI

max).
The case ofL < 1 corresponds to the situation where th
is no specific effect of radiation on impurity and its therm
state is the same as of the entire medium, namelyEI = �RT .

At the boundaries of the layer the following heat and m
exchange conditions are taken

∂T (0)

∂z̄
− BiT

(
T (0) − Ta

) = 0

∂T (1)

∂z̄
+ BiT

(
T (1) − Ta

) = 0
(12)

J(0) − Bic
(
c(0) − cs

) = 0

J(1) + Bic
(
c(1) − cs

) = 0
(13)

where J is the mass flux in the direction normal to axisz, Ta

is the ambient temperature,cs is the impurity concentration
in surroundings. Therefore, together with initial condition

T (z̄)|t=0 = T0(z̄) (14)

c(z̄)|t=0 = c0(z̄) (15)
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they complete the formulation of the model equations c
sisting of the radiation transfer equations (1)–(2), the tr
sient energy equation (9), the water impurity diffusion eq
tion (10), the equation for determining impurity molar e
ergyEI (11), the heat and mass exchange boundary co
tions (12), (13) and initial conditions (14), (15).

4. Numerical procedure

The system of model equations (1), (9)–(11) toget
with corresponding boundary conditions (2), (12)–(15) was
solved by an iterative method. As an initial approximati
the solution of model equations obtained at the value
spectral absorption coefficientaλ, diffusion coefficient of
impurity D and impurity molar energyEI , calculated at
initial distributions of the impurity concentration and t
temperature is taken. For each time moment, on a pa
ular iteration the radiation transfer equation is solved fi
The spectral intensity of radiation is found, the total h
sourcesQ and heat sources in water impurityQI are com-
puted. These quantities are then substituted into the tran
energy equation and the impurity diffusion equation. Fo
temperature and concentration of the impurity are then u
in the radiation transfer equation to compute updated s
tral intensity of radiation. Iterations are halted when the p
determined accuracy is reached.

On a particular iterations, the radiation transfer equa
was solved by the discrete ordinates method while for s
ing the transient energy equation and the impurity diffus
equation the finite difference method was applied. In solv
the latter equations a fully implicit time-marching techniq
was used. To obtain solution to the radiation transfer eq
tion by the discrete ordinate method we used the res
presented in Fiveland’s work [9]. In doing so, the radiat
transfer equation (1) in a given spatial point is split in a
of N equations written for a discrete number of ordin
directionsN and the integrals are replaced by a numer
quadrature in each of these equations to appear as

νn
∂In

∂θ
= −In + Ω

2

N∑
n′=1

In′Φnn′wn′ , n′ = 1,2, . . . ,N

(16)

Herewn′ are weights of the quadrature; subscriptλ, denoting
spectral quantity, is omitted here and further on for the s
of simplicity. In a similar manner boundary conditions (
are written as

In(0) = In(0) + 2R

N∑
n′=1;νn′<0

In′νn′wn′

z = 0, n′ = 1,2, . . . ,N

In(1) = In(1) + 2R

N∑
n′=1;νn′>0

In′νn′wn′

z = 1, n′ = 1,2, . . . ,N (17)
t

A number of numerical quadratures were proposed
the discrete ordinate method. In this studyS–N quadrature
weights and points were taken as proven to be sufficie
accurate for the one-dimensional case [9]. In particula
this paperS–N quadrature weights are used, which we
constructed in [9] in the way to satisfy the first moment
radiation intensity over half range (surfacial radiation flu
what is important in combinedheat transfer mode problem

To relate intensities in neighbouring points of spatia
grid different spatial differencing schemes were propo
for 2D and 3D problems [14]. In the examined here o
dimensional case, intensities are coupled by using a sim
difference form to appear as follows for positive ordinate
rections [9]

In
j+1 = (νn/l − 1/2)In

j + Ω
2

∑N
n′=1 In′

j Φnn′wn′

(νn/l + 1/2)
(18)

and in a similar form for negative ordinate directions. H
l = (a + σ)h/M, whereM is the number of spatial point
Solution procedure for each ofn directions is iterative sinc
intensities in Eq. (18) are coupled on both spatial and
gular grids. Computations begin by assuming nonreflec
boundaries and zero in-scattering terms. On marchin
both positive and negative ordinate directions the spe
intensitiesIn

j (j = 1,2, . . . ,M, n = 1,2, . . . ,N) are found.
On subsequent iterations real boundary conditions and in
scattering terms are involved. Iterations take place u
a pre-determined accuracy of radiation intensity value
reached.

Two issues, treated as drawbacks of discrete ordinate
method, are often discussed by the researchers, na
the ray effect and false scattering. These drawbacks
attributed to angular and spatial discretisations, res
tively [15]. The ray effect is associated with the situati
when some walls in 2D or 3D enclosure are unseen by
beam while from the physical consideration of the probl
it appears to be impossible. It is usually the case when
a small strip on one of the walls emits. The one-dimensio
problem examined here is free of ray effect because e
ray emitted by the boundary of the layer reachs the op
site boundary, except for those completely attenuated. F
scattering is associated with the case when radiation fa
propagates in some directions though it is known to be
possible. Again, false scattering is related to a partic
situation when small parts of the wall emit and thus it d
not concern the case examined here.

5. Computational experiments

Calculations were carried out for a 1 cm thick layer. O
boundaryz = 0 of the layer was irradiated. Schematics of
model is presented in Fig. 1. The medium separating the
diation source and the layer was assumed to be transpa
In all cases initial temperature and water impurity conc
tration in the layer were assumed uniform.
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In our computations fused silica glass as a material of
layer was chosen. Its spectral absorption coefficient is g
as follows [16]

aM
λ = a1, 0.2� λ � 2.8 µm

aM
λ = a2, 2.8� λ � 4.8 µm

aM
λ = a3, 4.8< λ µm

It was shown recently [16] thataccounting for absorption i
the range 0.2� λ � 2.8 µm is important for the accurate pr
diction of the temperature field in the fiber drawing proce
despite low values of the absorption coefficient in this ran
Five bands model for water absorption [13] was conside
here.

5.1. Effect of scattering

Water heat sources distributions in the cases of p
absorption and absorption and scattering are comp
in Fig. 2. In the case we are interested in here accoun
for scattering brings little changes to heat sources in
water impurity. In particular, heat sources are higher w
accounting for scattering compared to the pure absorp
case, near irradiated boundary of the layer. In the cas
scattering some extra amount of radiation is reflected by
boundary thus increasing the value of radiation intensit
be absorbed in the vicinity of the boundary of the layer.

The effect of scattering on water diffusion was also
amined. Since diffusion is a very slow process, conside

Fig. 1. Schematics of the model.

Fig. 2. Dimensionless water heat sources in the case of pure absorpti
and absorption and scattering (2).
)

above little changes in heat sources in water brought by ac
counting for scattering translate to insignificant change
diffusion. However, a general tendency is observed tha
higher the scattering coefficient is, the slower is diffusi
For example, after 8 hours of radiation action the total m
of water released from the layer due to diffusion is 2.
in the case of pure absorption and 2.6% in the case of
sorption and scattering. Although the effect of scattering
water diffusion is small, general considerations within
model suggest that this effect can be more pronounce
impurities with higher diffusion activation energy irradiat
by relatively low intensities. Under those conditions it wou
take more time forQI to get their steady values. As tho
values are reached the thermal state of impurity no lon
depends on radiation intensity and, therefore, on partial
tributions of absorption and scattering.

5.2. Effect of water impurity on the temperature field

The water content in glasses may vary in a very w
range [5,16] so that investigations of temperature distr
tions at different values of water concentrations in the laye
are carried out. It is established that the presence of wate
fluences the temperature fieldand the effect is maximum a
certain value of water concentration. In Fig. 3 tempera
distributions over the thickness of the layer are presente
three different values of water concentration. Curve 2 c
responds to the case where layer is, in fact, free of w
(c0 = 10−8). Increase in the water concentration cause
temperature rise. The maximum value of concentratio
this case isc0 = 10−3 (curve 1). Further increase of wat
concentration, however, does not lead to continuing tem
ature rise. Moreover, temperature decreases, and at w
concentration equal to 0.1 (curve 3) the temperature fie
in the layer practically coincides with that in the water fr
layer. This temperature behavior can be explained analy
distributions of heat sources in water,QI , plotted in Fig. 4.
In the case ofc0 = 10−3 water concentration is high enoug
to absorb radiation in the amount making a noticeable ef
on the temperature in the layer, while allowing a subst

Fig. 3. Steady-state temperature distributions at different water impurity
concentrations.
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Fig. 4. Water heat sources at different concentrations.

Fig. 5. Steady-state temperature distributions at different spectral content
radiation. (1)TS = 3000 K; (2)TS = 2000 K; (3)TS = 1500 K.)

tial portion of radiation to get inside the layer. When wa
concentration is 10−8 heat sources are almost uniformly d
tributed over the thickness of the layer. However, they are
small to produce any significant effect on the temperatur
the layer. When water is present in the layer with concentra
tion 0.1, its heat sources become surfacial ones (not sho
due to very strong absorption, therefore producing a neg
ble effect on the temperature of the layer.

In Fig. 5 the effect of the temperature of thermal radiat
source on the temperature distributions in the impurity f
layer is demonstrated. Coefficientk(0) in expression (3) for
each radiation source temperature is selected in such a
that it provides the same level of maximum temperatur
the layer. Curves 1–3 correspond to radiation source tem
atures 3000, 2000, and 1500 K, respectively. In can be
cluded from Fig. 5 that the radiation intensity shift to shor
wavelengths results in reducing temperature gradients in
layer. This can be attributed to the fact that fused silica g
is essentially transparent in the range 0.2� λ � 2.8 µm.

6. Conclusions

In this study we have examined the effect of the pr
ence of molecular water impurity in the fused silica gla
on the temperature field in the layer subjected to ther
infrared radiation. Radiation absorption and scattering w
taken into account in the developed model. It was establis
y

-

that the presence of water impurity may influence sign
cantly on the temperature distribution in the layer. This ef
grows with increasing water concentrations and has its ma
imum impact at certain value of water concentration. Furthe
increase of water concentration, however, leads to a decrea
of this impact. In particular, at the maximum possible va
of water concentration this effect is practically negligib
which can be attributed to water becoming opaque at
concentration. It has been shown that the radiation inten
shift to shorter wavelengths range produces smaller tem
ature gradients in the layer.

We have also analysed the effect of scattering on the
and diffusive processes in the considered medium. Sca
ing makes heat sources in the water more nonuniform
the thickness of the layer. However, the resultant temp
ture field is not affected since water impurity heat sour
represent a small part of the total heat sources in the g
Effect of scattering on diffusion is generally insignifica
though diffusion tends to be slower with larger scatter
coefficient.

One of the important results of the present model is
an external radiation provides selective effect on individ
constituent of multicomponent semitransparent solid result-
ing in specific value of impurity diffusion coefficient an
promotion of impurity diffusion. This agrees well with th
experimental results presented in [4,5] where obtaining
composite (i.e., multicomponent) materials with improv
mechanical properties was explained by individual respo
of different constituent to external microwave radiation le
ing to enhanced diffusion of certain constituent. In t
sense, the model developed here may be treated as an a
to give theoretical description of selective effect of radiat
on multicomponent materials.
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