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Abstract

On the basis of our previous papers (H.P. Tan, B. Maestre, M. Lallemand, Journal of Heat Transfer 113 (1)
(1991) 166-173; H.P. Tan, T.W. Tong, L.M. Ruan, X.L. Xia, Q.Z. Yu, Int. J. Heat Mass Transfer 42 (1999) 2967—
2980), the radiative source term in absorbing, emitting, isotropic scattering medium, caused by collimated incidence
through semitransparent boundary, is deduced in this paper. With some different sorts of boundary conditions,
optical, spectral, and scattering characters, the transient temperature response, produced by a short-time laser pulse
irradiating the surface of a semitransparent medium is simulated. The simulating results show that coating the non-
incident side of medium with strongly absorbing material and selecting suitable incident wavelength, can increase
the excess temperature of the non-incident surface, or can reduce the incident radiative intensity if keeping the
excess temperature identical to that without coating or with coating both sides of the medium, and so, the

probability of producing non-Fourier effect may be reduced. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The laser-flash method is widely used to measure the
thermal diffusivity of opaque materials. In general, the
thickness of sample should be much less than the di-
ameter, and homogeneous, constant thermophysical
properties are usually employed. When the front side
of a opaque sample is irradiated by an instantaneous
square pulse, the temperature response at back side
(non-incident surface) can be measured by infrared
detector, then the thermal diffusivity of the material
can be determined by heat conduction theory.
However, if the sample is semitransparent (such as
glass, ceram, fibre, boron silicate and porous medium),
in addition to heat conduction, the radiative heat
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transfer in medium should also be considered.
Significant errors could result if the radiative heat
transfer is not properly modeled.

Saulnier [1] treated transient heat transfer in a gray
semitransparent slab irradiated by a heat pulse, and
obtained the temperature response at an opaque black
boundary. Tan et al. [2] investigated temperature re-
sponse in semitransparent slabs with further general-
ized boundary conditions by ray tracing method and
band model. Maillet et al. [3] applied the general con-
siderations of Tan to calculations concerning the con-
ditions under which laser-flash measurements on float
glass are free of radiative contributions. Andre and
Degiovanni [4] studied heat transfer of glass specimen
with gold coat (high reflectivity) or black coat (high
absorptivity) by using a transient analysis including
radiation and conduction. Hahn et al. [5] adopted
three-flux method to calculate the temperature re-
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Nomenclature

At = [y, 1i(Ti) d2/ Jo© Ip 1 (T;) d2 fractional
spectral emissive power of spectral
band k at nodal temperature T;

C unit heat capacity (J m—> K™

hy, hy heat transfer coeflicient at surfaces of
S; and Ss, respectively (W m—> K1)

L slab thickness (m)

NB total number of spectral bands

NM total number of the nodes (control
volumes)

T k> Mef ke refractive index of STM and reference,

respectively, relative to the spectral
band k(Alx)

g%, ¢%, ¢ heat fluxes of thermal conduction,
convection heat transfer and radiative
transfer, respectively (W m™2)

S_00» Stoo  black surfaces representing the sur-
roundings

LSiSilk, radiative heat transfer coefficient in

LSiVilk isotropic scattering media relative to

LViVilk the spectral band k(AAx)

(5, external radiative source in inner node
(PH.(PL) i, at surfaces S; and S, respectively,
in non-scattering medium

((b‘;’“siw), energy of laser pulse reflected to S_o
(o Sia) and S, in non-scattering medium

[97].[@5], external radiative source in node i, at
[45?9’;’ surface S; and S,, respectively, in
scattering medium

[ s b energy of laser pulse reflected to S_o
[ Sl and S, in scattering medium

T; temperature of the node i (K)

To initial temperature (K)

Ty reference temperature (K)

t physical time (s)

I steady-state dimensionless time

t*(L) = Fo(L)= /.t/(CL*) dimensionless

time

At, Ar* time interval and dimensionless time
interval, respectively

Vi volume relative to node i

o absorption coefficient (m™")

; emissivity of surfaces

o radiative source term of the node i

Y transmissivity of surfaces

n n=1l-o

K extinction coefficient (m™")

A wavelength (um)

Ae phonic thermal conductivity (W m™!
K™

0 excess temperature 7(t) — Ty

p reflectivity of surfaces

G Stefan—Boltzmann constant

O scattering coefficient (m™")

w single-scattering albedo

Superscripts

cd, cv, r,t  refer to thermal conduction, convec-
tion, radiation and total, respectively

S specular reflection

BOP opaque spectral region

BST semitransparent spectral region

Subscripts

1,2 refer to frontiers S; and S, respect-
ively

—00, + 00 refer to frontiers S_o, and S,.., re-
spectively

a absorbed quota in the overall radia-
tive heat transfer coefficient
relative to spectral band k

s scattered quota in the overall radiative
heat transfer coefficient

Ma incident wavelength

sponse by laser irradiation in absorbing, isotropic scat-
tering slab without coating and the thermal diffusivity
of ceramic material with aluminum oxide powder were
measured. Andre and Degiovanni et al. [6] modeled
the transient one-dimensional conductive-radiative
heat transfer in a participating medium in the case of
sharp thermal excitation by a heat pulse on the front
face.

Qui and Tien [7] pointed out that in the process of
short-pulse laser heating, there are two characteristic
times on the order of a picosecond or less: the thermal-
ization time and the relaxation time. Volz et al. [§],

Jiang [9] studied Fourier-law deviation in the course of
ultrafast or high intensity transient heat conduction.
However, the laser pulse duration of the typical laser
pulse measurement of thermophysical properties are
generally on the order of a millisecond, and the inten-
sity of irradiation is not too high, so Fourier model
will be valid.

Recently studies of this object reviewed in detail by
Siegel [10], in which he suggested that since the ther-
mal diffusivity is deduced from the back-side response,
it is desirable to have high energy absorption at the
front to provide a significant response. Hence, the
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Fig. 1. The infinite slab of STM modeling by the control
volume method.

front side is often coated with a strongly absorbing
material.

On the basis of our previous papers [2,11], transient
temperature response in semitransparent isotropic scat-
tering medium, which is caused by short-time laser
pulse, is reported here. When short-time laser pulse
irradiates the surface of a medium, transient tempera-
ture response in semitransparent medium is simulated
in the conditions of some different sorts of boundary
optical characters ((a) both opaque interfaces, (b) both
semitransparent interfaces, (c) one semitransparent
interface and one opaque interface), spectral charac-
ters, and scattering characters. This work also studies
the transfer mechanisms during laser irradiation in the
semitransparent medium.

2. Physical model and boundary condition
2.1. Physical model and governing equation

The energy equation for transient coupled heat
transfer of radiation—conduction in homogeneous
absorbing, emitting and isotropic scattering slab is
given by

Sl = vl +¢) m
where C is the heat capacity per volume (J m™> K1),
and qu, q" are conductive and radiative flux densities,
respectively. One boundary surface S; of the slab is
semitransparent (no coating), the other one is S,
opaque (coating). The slab thickness is L (m), and the
slab locates between two black surfaces (S_., and
S+ o) Which indicate the environment, whose tempera-
tures are Ts_ and Ts, , respectively. The slab is
divided into NM control volumes (nodes) along its
thickness, i indicates one node (see Fig. 1). The entire
extinction coefficient x, absorption coefficient «, the

Table 1
Optical characteristics of the glasses used

Z (pm) A Pri = Po K (m™")
0.5-1.0 1.5 0.04 10
1.0-2.7 1.5 0.04 100
2.7-4.3 1.5 0.04 1000
4.3-10.3 L.5 0.06 10000
10.3-50 1.8 0.15 10000

scattering coefficient oy, the refractive index ny,, the
surface reflectivity p, the emissivity ¢ and the transmis-
sivity y are approximately simplified in a series of rec-
tangular spectral band. The total number of spectral
bands is NB. Subscript k indicates the kth region of
the band model (see Table 1). BOP indicates the
opaque region and BST indicates the semitransparent
region.

When the front surface is semitransparent, in BST
region, the radiative source of node i is composed of
two terms

(ﬁ? — (p?inl + [(D;,exl] (2)

where the first term on the right hand of the expression
is caused by the radiative heat transfer in the medium,
the second term is caused by the external radiation
(external radiative source).

2.2. Boundary condition

When square laser pulse ¢, irradiates the semi-
transparent interface S; with duration f,(s). In differ-
ent spectral regions, the boundary condition at S; can
be expressed as:

(1)keBST ¢ =¢~ x=01¢>0 (3a)

)k eBOP ¢ =q§ s +4 —e11,an

(3b)
x=00<1<t,

“=qs_s_+q¢" x=01>1n (30
The boundary conditions at the opaque boundary:
g5, + 4 =5 5. +q¢" x=L1>0 (3d)

where ¢°® is the heat conduction flux density between
the boundary node and the adjacent node. ¢ is the
heat convection flux density between the boundary
node and the environment, qs, is the radiative flux
density between the boundary surface S, and all in-
ternal nodes, including surrounding black surface S_o
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(because in the semitransparent region, radiative ray
can pass through boundary surface S;, transferring
heat to S_o directly), ¢,  and g5,  are the
radiative flux densities between S; or S, and the black
surfaces S_, Syoo, respectively, g, is the absorptiv-
ity of the surface S; at the wavelength A;,. The discrete
expression of Eq. (3d) is shown as follows:

2 N 4 4
g Z I/lm’k 52.1\'[325700]1(,#0 (Ak»T.LoQ TS,OU — A/\»,TS2 TS:)
keBST

NM
+ Zgz"k [Sz Vj]i,t—o (Ak*Tl T;l - A/‘*Tsz Téz)
J=1

20enm(Txm — Ts,)
+
Ax

B
2 4 4
Mg €2k (Ak,Tsz T's, = AkTs,., TS+oo>

=i 4)
+ho(Ts, — Ts...)

N.
=0
k=

where Agr, = [y, Ip:(T:) d2/ Jo 1p;(T;) d2 is the frac-
tion of total emissive power that is emitted in spectral
band k at nodal temperature 7;, . is the harmonic
mean heat conductivity.

3. Radiative source caused by laser pulse

When one surface of a semitransparent medium is
irradiated by collimated light (laser light), the radiation
source will be generated in it. On the assumption that
reflection at all surfaces are specular, firstly, we will
discuss the expression of radiation source (expressed as
(@) in non-scattering medium, then deduce that
(expressed as [@“**']) in isotropic scattering medium. In
the following |S;Silx, LSiVilg, LViVjlg, are spectral
radiative transfer coefficients of surface to surface, sur-
face to control volume and control volume to control
volume in isotropic scattering medium, respectively,
the expressions can be found in Ref. [11].

3.1. External radiative source in non-scattering medium

3.1.1. Both sides are opaque (0—o ) or semitransparent
boundaries in opaque spectral region (1, € BOP)

When a laser beam irradiates S;, the absorption
(cDg’:‘)BOP and the reflection (P SW)BOP are expressed
as:

ot BOP 4 o BOP ‘ s
S =€l "G NV =Py, " 9a )]

3.1.2. Both sides are semitransparent boundaries and in
semitransparent spectral region (7, € BST)

Because ¢, = &, =0, the external laser beam can
cross through two interfaces S; and S, to exchange
heat with S_o or S, directly or by reflection. So

BST BST BST
((pgl) BS? ((p_eg);t 0, but ((p:’“siw) and
(@, )>" are not equal to zero.

\BST
(@)

(] _ e—:c,mAx)l:efmluxu + péz‘ i e—K;_,ﬂ(L-%—xz,iﬂ)jI

= qaV1,, Tox
a 1 1 — pi,/llﬂp%,/llae 21, L
(i=1,...,NM)
(6)
2 K —2xK, L
BST : VP2, T
TR O P Y. e
( —00 a ] pi,ilapi;\lae 21, L
Vi s Vo _'211‘
<¢:MS+OQ)BST: [1 qla,l,A]a /2’/‘1;‘6 : 1( (8)

s s —2k;, L
= P12, " ]

3.1.3. One side is semitransparent boundary S, other
side is opaque boundary S, (t—o0 ) and in
semitransparent spectral region (1, € BST)

Because ¢y, =0, 7,,; =0, external laser light can
pass through interface S; to exchange heat with S_.,
by reflection, but cannot pass through S5, so (<I>§’“)BST
= (@, )P =0, but (#F)>" and (@ ) are
not equal to zero. The (#%)5T and ((155_,’“5_00)BST are
expressed in Egs. (6) and (7), respectively.

(dﬁexl)BST— Gra V1,00, 62.0,©
S2 1—=p° s 672rc,;mL
P1 P20,

Ky, L

©)

where x;; is the distance between node i and node j,
Vi P2, are spectral transmissivity and reflectivity of
the slab surface, respectively, k;, is the spectral extinc-
tion coefficient of the medium.

3.2. Radiative source in isotropic scattering medium

In Egs. (5)-(9), the effect of scattering is not con-
sidered, x; = o. For scattering media, x; = o + 04,
the radiative energy will be redistributed. Suppose
n=1-—w, o is the single-scattering albedo. [P*],
[0, [25)], [#%s ] and [@%(g ] indicate the exter-

—o0
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nal radiative sources in scattering medium. Subscripts
‘@’ and ‘s’ indicate the absorbing and scattering, re-
spectively.

3.2.1. Opaque (0—o ) or semitransparent boundaries in
opaque spectral region (1, € BOP)

The energy of incident laser pulse will be absorbed
by surface S; partly, and the remaining energy will be
reflected to S_.,, which are independent of scattering.
So

] BOP

(pext BOP_ e (pext _ ]0
S = €1, " qla . - pl,l]a *la ( )

3.2.2. Semitransparent boundary (t—t or t—o ) in
semitransparent spectral region (A, € BST)

3.2.2.1. First-order scattering. After the first-order scat-
tering, the corresponding quota of absorption will be
(@), the remaining part will be scattered. Notice at
the boundary of scattering medium, there is only
reflection but no scattering, which has been considered
in the above deduction, so

[¢§X1]BST’IS[_ n((p?Xl)BST
[P = 0 (@)™ (i=1,...,NM)
ext BST, lst e BST
T i
[q)?i[]BST lst_ (¢§);t)BST (170)
ext BST, lil ext BST
[0, = (9,) G (1)

3.2.2.2. Second-order scaltering

[d)eX[]BST .2nd [@em BST lst+ Z (@exl)BSTn( Vlz Vl)
h=

(i=1,...,NM)
NM
[@eX[]BST 2nd W (@Zx()BST (Vb ) (i=1,. M)
hL=2
[q)eilsim ]BST.an [QDTS R ]BST,IS[ + Z ¢72Xt BST
(Vlz S—w)

I:(peSX[:IBST,an [ esxt:IBSTli—t’_Z (@eXI)B
NM

BST.2nd o BST,I SI <I>e’“ BST
- — St 12
h=2

(Vi Stoo)(t=1)  (12)

(ViS2) (t-0)

|:¢ext

— St

3.2.2.3. (n + 1)th-order scattering.

BST
o 3 (o)

[(Dext]BST J(n+1)th [ (pext BST, nth

r1+l 1
NM NM
Z( Vi Vi) - Z( VieVis)
=1 Is=1
NM NM
ABR DA
Iy=1 hL=1
B NM
N UANAD) (13a)
hL=1

ext BST.( "*Uth n+1 exl BST
[25], Z

ln+
NM NM
D (Vi) > (Vivi)
Li=1 Is=1
NM NM
2 (Vi) - | 2 (Vive)
Iy=1 hL=1
B NM
N UANUAD) (13b)
hL=1

[(pe_xfsw]BST,(nH)m:[(pe_'xt W]BST.thU Z ((peﬁl )BST
lsi=1
NM NM
2 (ViaVi) oy 2 (Vi)
=1 Is=1
NM NM
2 (Vi) - | 3 (V)

L=1 h=1

NM

>_(ViVe)(VeS-)

h=1

(13¢)

ex JBST (i o BSTth o \BST
[os ™ o o 3 (o)
22 22 n+l

=1

NM NM

D (ViaVi) o >_(ViVi)

=1 Is=

NM NM
Z(V[5 Vl“) ’ Z(Vh Vl.z)
I4=1 =1
[ Ny
D (Vievi)(ViS2) (13d)

h=1




316 H. Tan et al. | Int. J. Heat Mass Transfer 43 (2000) 311-320

ot BST.(n+1)th ot BSTath NM ot \BST
I:(pHSMQjI :I:(DA’SJroc] to Z <(p/u+1)
lr1+|:1
NM NM
> Vi Vi) -3 2 (Vi Vis)
=1 Is=1
NM NM

Do (Vivi) - | 2o (V)

Iy=1 h=1

NM
> (ViV3) (Vi Stoo)
h=1
(13¢)

4. Simulation and temperature response

By means of the above one-dimensional model,
simulations of two cylinder samples are employed, in
which diameter D = 5 cm, thickness L is 0.25 and 0.5
cm, respectively, extinction coefficient « is infinite, heat
conductivity 4. = 0.2 W m~! KL, the initial tempera-
ture of the sample is equal to the environment tem-
perature To=Ts = Ts, =291 K, coefficient of
heat transfer iy = =16 W m~2 K, ¢ = 50 kW
m~>2, f, =1 s. The result shows that when D/L> 10,
the one-dimensional model is more advantageous in
simulating the three-dimensional heat transfer [12]. In
the following, the symbol ‘C’ indicates opaque medium
with only conduction, ‘R+ C’ indicates semitransparent
medium with radiative and conductive heat transfer,
‘0—0’, ‘t—t’, ‘t—0’ indicate two opaque boundaries, two

"0 50 100 150 200
time t(s)

f(K)

20

16+

1.0+
—@— R+C a=t

0.5 —=— R+C a=30
——— C

00 TS DN S G N W SO S WY S O

0 50 100 150

time t(s)

Fig. 2. Excess temperature response at non-incident surface of
semitransparent and opaque medium.

semitransparent boundaries, and one semitransparent,
one opaque boundaries. 0 = T(¢) — Ty is the excess
temperature; heat capacity C = 2,200,000 J m~> K.
Normal square laser pulse irradiates S;, duration #, =
1 s, then the medium will reach new heat equilibrium
by radiative and convective heat transfer with the en-
vironment. The transient temperature response of non-
incident side is simulated in this paper.

é(K)
30
25 —S— R+C 00
20 —@— R+C tt
—&— R+C t-0
15 —A— C
10
i tﬂﬁﬁ
0 y e WY A J—g—r—ﬂ
40 60 80
time t(s)

Fig. 3. Excess temperature response at non-incident surface of semitransparent medium (x/L = 1) with different interface optical
properties (0—o,t—t,t—0). (a) CO, laser, incident wavelength 4, = 9.6 pm. (b) YAG laser, incident wavelength 4, = 1.05 pm.
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:
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10

irradiative flux qla(w/m2)

l |
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Fig. 4. The excess temperature response at non-incident side (x/L = 1) (4, = 9.6 pm) and the distribution of incident energy with
t—t,t—o, interface properties: (a) o—o interface, (b) 7—¢ interface, (c) t—o interface and (d) distribution of incident energy with 7—z,

t—o interface.

4.1. Excess temperature response in semitransparent and
opaque medium with opaque boundary

There are three samples with the same thermal prop-
erties and black surface, 2. =07 W m™' K™!, L=1
cm. Samples 1 and 2 are semitransparent gray medium,
ny = 1.5, their absorption coefficients k = o« =1 and
30 m™!, respectively, sample 3 is an opaque medium.
To=Ts ., =Ts, =300K, hy=h,=7 Wm > K,
qra = 50 kW m™2, NM = 50. After laser pulse irradiat-
ing, the excess temperature response ¢ at non-incident
surface S, (x/L = 1) is shown in Fig. 2. The result in-
dicates that there are two temperature peaks at non-

incident surface in semitransparent medium with opa-
que boundary. The first peak, which is caused by
radiative heating of S| and the medium, is at ¢ = f,.
When ¢ > 1,, ¢1, = 0, at incident surface, the absorbed
radiative energy transferred by the incident surface and
the adjacent zone is less than energy transferred out
from it, so the temperature at the non-incident surface
will fall down gradually. When the absorbed energy
transferred from the incident surface (mainly by con-
duction) is larger than the rejection of heat from the
non-incident surface, there is a second temperature
peak. Because only conduction occurs in the opaque
medium, there is no first temperature peak, and the
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Fig. 5. The excess temperature response at non-incident surface (x/L = 1) of a semitransparent medium (4, = 1.05 pum): (a) ¢—¢

interface properties and (b) r—o interface properties.

temperature response peak is 0.04 K less than that in
semitransparent medium, the time required to reach
the peak is longer than that of the semitransparent
medium.

4.2. Excess temperature response in semitransparent
medium with different sorts of interface optical
properties

The thickness L of semitransparent medium is 2 cm,
its spectral properties are shown in Table 1, NM = 50,
de=1Wm' K" iy=h=5Wm?>K' T)=
Ts . =Ts,. =800 K, g, =300 kW m~2. The calcu-
lated result is shown in Fig. 3. Supposing the wave-
length of the incident ray A, =9.6 um (CO, laser)
(Fig. 3(a)), in k =1 and 2 spectral regions with opaque
boundary, the radiative transfer coefficient of S| to S,
e1k=1(S182),=; = 0.64927 and 0.05554, respectively.
When k = 3,4 and 5, the absorption coefficient is very
large (x = a = 1000 or 10,000), the radiative transfer
coefficient of S; to S, are almost equal to zero, but in
spectral region 1-2 (A =0.5-2.7 um) the incident
energy absorbed by S, is transferred to S,. So there
are two temperature peaks at the incident surface with
opaque boundary (curve Q). There is only one peak in
the case of two semitransparent boundaries (curve e)
or one semitransparent and one opaque boundaries
(curve A\). Because the spectral emissivity of the inci-
dent surface is zero (4 = 0.5-2.7 um), the distribution
of excess temperature response is similar to that of
pure conduction (curve A), while the peak is higher
than that of pure conduction, the time required to
reach the peak is shorter than that of pure conduction.

It is due to that the incident radiation can pass
through the surface and reach the inner part of the
medium directly, that makes the temperature of the
medium higher, then the conductive energy is larger.

Suppose A, = 1.05 pm (YAG laser), the results are
shown in Fig. 3(b). The incident wavelength only influ-
ences surface absorptivity in pure conduction (A) and
with opaque interface (O), but affects greatly on energy
exchange with two semitransparent interfaces (e).
When 4 =1.05 pm, absorptivity is very small, the
mean transmitting distance of the ray will increase,
part of the energy is absorbed by environment S_
and S, directly or by polyreflection. ((D:X‘SW)BST =
12202.6 is 4.07% of the incident energy, ((D:“S;m)BST:
37418.6 is 12.47% of the incident energy. The incident
wavelength affects most greatly on that with 7—o inter-
face properties (A), increasing the mean transmitting
distance of the ray will make part of the incident
energy reach the non-incident surface S, either directly
or with the aid of re-emitting by the medium, so there
is an excess temperature peak 0 = 26.79 K at non-inci-
dent surface. In the measurement of thermal-physical
properties, the higher the excess temperature at non-
incident surface is, the higher the measurement accu-
racy will be. One method can be employed that is,
coating the surface of a strong absorbing material to
increase the absorbing energy at the non-incident sur-
face, then increase the excess temperature or reduce
the intensity of the incident radiation if keeping the
excess temperature identical to that with no coating or
with both coating medium, so the non-Fourier effect
may be suppressed.
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4.3. The influence of scattering

The spectral character is shown in Table 1, when
scattering albedo w is equal to 0, 0.5 and 0.9, respect-
ively, the excess temperature response in the semi-
transparent medium is calculated. Given L =1 cm,
de=1Wm™ K™ hy=h=5Wm?> K", T)=
Ts .. =Ts,. =800 K, g, =300 kW m >, NM = 50.
The results for the conditions 4, = 9.6 um, and 4, =
1.05 pm are, respectively, shown in Figs. 4 and 5.

With o—o interface properties is, the incident energy
is absorbed by S| or reflected to S_.

At the wavelength A, = 9.6 um, the spectral extinc-
tion coefficient of the medium is very large. With ¢—¢,
t—o interface properties, the distribution of incident
energy is shown in Fig. 4(d). When o =0, the
absorbed fraction at x/L =0.09 is 0.01%, [#™¢ ]*5T
= 18,000 is 6.0% of the incident energy, and
[<DC_"ISM] = 0. When o = 0.9, because of the polyscat-
tering in the medium, the average transmitting length
of the ray will increase, 0.01% of the incident energy is
absorbed at x/L = 0.17, while the reflected energy also
increase. [@™'g 1% =80172.56 is 26.72% of the inci-
dent energy, [(De_,’“sm] =0. So with 7, t—o interface
properties, both absorbed energy and excess tempera-
ture response at non-incident surface in scattering me-
dium are less than those in non-scattering one (w = 0).

At the wavelength of A, = 1.05 pum, the incident ray
is in the weak absorbing region (xx = 100 m~"). With
t—t interface properties, most of the incident energy
will pass through medium, so the peak value of the
excess temperature response is less than that at the
wavelength of 4, =9.6 um (see Fig. 4(b)). In the
meantime, because & = 0, there is no radiative rejec-
tion of heat at surface S, so there is no rapid decrease
of temperature (see Fig. 5(a)). With ¢—o interface prop-
erty, most of the energy can transfer to non-incident
surface directly, so the peak temperature is very large
(see Fig. 5(b)). The absorptivity at surface S, is usually
great (e, € [0.85-0.96]), at the value of w = 0.9, most
of the scattering energy in the medium will be
absorbed by S, so the excess temperature is greater
than that at the value of v = 0.

With 7—o interface properties and 4, = 1.05 pm,
o = 0.9, the numerical simulating result shows that at
the values of g, = 300, 100, 30 and 15 kW m~2, the
excess temperature peaks at the non-incident surface
are 129.47, 43.97, 13.27 and 6.64 K, respectively (see
Fig. 5(b)), it indicates that the value of 6.64 K is
almost equivalent to the excess temperature peak with
qi. = 300 kW m~2 and ¢—¢, o—o interface properties,
and the temperature gradient in the medium with 7—o
interface property is much less than that with ¢, o—o
interface properties.

5. Discussion and result

In this paper, the redistribution of radiative energy
in the case of isotropic scattering is investigated, and
in absorbing, emitting, isotropic scattering medium,
the term of radiative source caused by collimated inci-
dence is deduced. The influence of boundary optical
characters, spectral characters, scattering characters of
medium, and incident wavelength on transient tem-
perature response in semitransparent medium under
the action of the short-time laser pulse are simulated.
The transfer mechanisms during laser irradiating the
semitransparent medium is discussed as well.

When both surfaces are opaque and the medium is
nonscattering, the results are well concordant with
those of Ref. [1]. Since the parameters (such as spectral
properties of medium, incident intensity, etc) are not
introduced in Ref. [5], the verification of the simulating
result in scattering medium with ¢—¢ interface proper-
ties is unavailable. So far, the study on temperature re-
sponse by laser irradiating the  scattering
semitransparent medium with /—o interface properties
has not be found yet. However, the comparison of the
other simulating result with that of Refs. [13—16] by
means of this method shows its feasibility and pre-
cision [11].

In the measurement of thermophysical properties,
the higher the excess temperature at non-incident sur-
face is, the higher the measurement accuracy will be.
The method, which is usually employed, is to coat the
incident surface with a strongly absorbing material for
the purpose of increasing the absorbing energy at inci-
dent surface, and increasing the excess temperature at
non-incident surface as well [10].

In this paper, the numerical model is put forward to
calculate the transient coupled radiative and conduc-
tive heat transfer in an absorbing, emitting and iso-
tropic scattering medium with a semitransparent
boundary at one side (no coating) and an opaque
boundary at the other side (coating), when collimated
light irradiates the semitransparent side.

The simulating result shows that coating the non-
incident surface of medium with strongly absorbing
material, and selecting suitable incident wavelength, at
which the extinction of medium is weak, can increase
the excess temperature of the non-incident surface, or
reduce the incidence radiative intensity if keeping the
excess temperature identical to that of the medium
with no coating or with both coating, so the prob-
ability of producing non-Fourier effect may be
reduced.
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