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Abstract-This paper presents transient heat transfer characteristics of an effective energy conversion 
between high-temperature gas enthalpy and thermal radiation by means of porous medii. A theoretical 
analysis is conducted for the one-dimensional system where conduction, convection and radiation take 
place simultaneously. The porous medium is assumed to be a homogeneous continuum which absorbs and 
emits thermal radiation. The coupled energy equations for gas and porous media are solved numerically. 
To confirm the validity of the analysis, experiments which strictly correspond to the analytical model are 

performed. The predicted results agree well with those of the experiments. 

1, INTRODUCTION 

IN HIGH-temperature systems, a key to the heat trans- 
fer enhancement is the effective use of thermal radi- 
ation which becomes increasingly efficient as the sys- 
tem temperature increases. The emissive power of gas, 
however, is so small that a ‘radiative converter’, which 
converts the energy of high-temperature gas into ther- 
mal radiation, is necessary. 

One of the authors analyzed a heat transfer system 
where high-temperature gas passes through a porous 
medium placed in a duct, and showed that the porous 
medium can effectively convert the gas enthaipy into 
thermal radiation f I]. Thii conversion consists of two 
heat transfer processes : one is the convection between 
gas and porous media due to the high heat transfer 
coefficient and the large surface area; the other is the 
radiation from the porous medium the emissive power 
of which is much higher than that of gases. The most 
outstanding feature of the phenomenon is that, 
thermal radiation emitted from the porous medium 
propagates chiefly in the upstream direction. Owing 
to the strong ~~ion~i~ of this radiative converter, 
it has been applied to various industrial furnaces, and 
has attained remarkable energy-saving and com- 
bustion enhancement (24. 

Although the original theoretical analysis [I] clari- 
fied the basic heat transfer characteristics of the radi- 
ative converter, there are still many important aspects 

t~p~tst~yisc~iy~nn~to~heat~er 
chamcteristics of the regenerator used in Stirling engines. 

which have not been discussed yet. The essential 
assumptions introduced in the previous analysis are : 
the system is one-dimensional and steady ; the work- 
ing gas is nonradiating; and scattering in the porous 
medium is negligible. Since these assumptions are not 
always valid in a variety of apportion, theoretical 
studies complementary to the original work have also 
been required. Of these, Wang and Tien [9] inves- 
tigated the effect of scattering in the porous medium, 
while Echigo et ul. [IO] studied the e&t of gaseous 
radiation which is not always small if radiating gases 
such as carbon dioxide or steam are contained in the 
working t&id. 

The purpose of this study is to examine the transient 
heat transfer response relevant to actual operations 
of the radiative convertert Thii problem also mes 
as a benchmark to develop an accurate analytical 
model, because the system undergoes a rapid change 
with a large temperature difference. Accuracy of the 
analytical model and numerical code is cordlrmed in 
terms of the comparison with actual experimentation 
of the method. 

2. ANALYSIS 

2.1. Analytical model and govemihg equations 
A schematic diagram of the physical system is 

shown in Fig. 1. A porous medium (geometric thick- 
ness x,,, optical thickness r,,, and porosity $) is placed 
normal to a gas Sow, and the Sow and heat transfer 
are one-dimensional. Initially (for time t < 0), the 
gas and porous medium are at room temperature & 
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g gas 
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upstream boundary 

II entrance of a porous medium 
III exit of a porous medium 
IV downstream boundary. 

Superscripts 
+ forward direction 
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J 

throughout. While the gas steadily passes through the 
porous medium with velocity u, its temperature 6, is 
suddenly raised to 8, at time t = 0. Simultaneously, 
incident radiations t; = &?,4 and rd = a&j from the 
upstream and downstream sides, respectively, are 
applied to the system. 

the energy equation. This is based on the fact that the 
porosity tj of the porous medium dealt with here is 
close to unity, and thus (1 - $) is nearly equal to zero. 
A~ordingly, the effective thermal conductivity of the 
porous medium is negligible. 

To obtain the basic equations for the system, the 
following assumptions are introduced. 

(1) The porous medium is a homogeneous con- 
tinuum the thermophysical properties of which are 
given. by multiplying those of the porous material by 
a factor of (1 - $f). 

(3) Owing to the high porosity mentioned above, 
the gas flow is free from the blockage effect of the 
porous medium. Hence, the interaction between gas 
and porous media appears only in the heat transfer 
term in the energy equations. 

(2) In practice, however, the factor (1 - $) is impor- 
tant only to evaluate the bulk density of the porous 
medium pp which is included in the unsteady term of 

(4) All the thermophysical properties are constant. 

In addition to these gumptions, we consider the 
case for a non-~diating gas and a non-~tte~ng 
medium. Thus, the optical depth and thickness of the 
porous medium are given by T = &x and or = K+ 

respectively, where K is the absorption coefficient. On 
the basis of the previous analysis conducted by Bchigo 
[l], we can obtain the following governing equations 
for transient heat transfer. 

Energy equation for gas 

Energy equation for porous medium 

radiation Xp 

% 

ae,_ 
PPCP at - - 2 -hs(ep-8,). (2) 

FIG. 1. Schematic diagram of the physical system. It should be noted in equation (I) that the heat con- 
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duction term, which was neglected in the previous 
analysis for steady state, is taken into account in the 
present case. The necessity of this term is described 
later in connection with the boundary conditions. The 
last terms on the right-hand sides of equations (1) and 
(2) express the heat transfer between the gas and the 
porous medium, where h and s are its coefficient and 
surface area per unit volume (specific surface area), 
respectively. The net radiative heat flux q. appearing 
in equation (2) is written in terms of the heat flux in 
the forward and backward directions as 

%I = (I +-q- (3) 

q+(t) = 2 r,E,(r)+ 

[ I 

1 

d,(7')‘E2(7-7') dt’ 1 (4) 
0 

q-(T) = 2 
[ 

rdEl(7p-7) 

5 
+ 

s 
a&,(7’)‘E2(7’-7) dr’ 1 (5) 

where E2 and E, are the exponential integrals given 
by 

4(7) = 
1 
~'~-2exp(-7~~)d~‘ (6) 

Using the recurrence relation for the exponential 
integrals 

; E,(7) ZC -Ej-l(7) 0'8 2) (7) 

the divergence of net radiative heat flux is expressed 
as 

t - rd E2 (fp -r)+%+- 5 0 
ae,(r’)‘E, (7 -7') dr’ 

*P 

-s 
0~,(r')~E,(7'-r) dt’ 1 . (8) 

Since the radiative heat llux (or its divergence) can 
be expressed as a function of the porous medium 
temperature 0,, equations (1) and (2) constitute the 
coupled integro-differential equations for the un- 
knowns of 0, and 8, 

Dimensionless variables and parameters are intro- 
duced as follows : 

where fe is the Peclet number, Nu the Nusselt number, 
I the characteristic length of the porous medium (here, 
the diameter of fine wires), L the length scale ratio, 
N, the conduction-radiation parameter, and P the 
thermal capacitance ratio. Using these dimensionless 
variables and parameters, the governing equations 
(l)-(5), and (8) are normalized as follows : 

aQ, W- 
3T -7 

ao, a% 
-pez+ ax2 2 - N,(Q, - 0,) 1 

(10) 

dO, _ aQn NJ% 
aT - --*at - -pp-Qp) (11) 

Qn = Q+ -Q- (12) 

Q+(t) = 2 [R.E,(t)+~ @,,(r’)‘E,(t-r’) dr’] 

(13) 

Q-(7) = 2 %&(7p-71 

5 
+ O,(r’)‘E,(t’-7) ds’ 1 (14) 

3QJ7) = 2 
a7 

-R,E2(~)-%&(7,-tf 

+20,*- 
s; 

@,(7’)*E,(7-7’) de’ 
0 

- ” O,(r’)‘E,(r’-9 dr’ 1 * (1% 
In the present analysis, the Reynolds number does 

not appear explicitly in the governing equations. 
However, its effect is included implicitly in the Nusselt 
number, Nu. That is, the heat transfer coefficient 
between the gas and porous medium is evaluated by 
assuming that the porous medium consists of fine 
wires (cylinders), and using the empirical correlation 
for a cylinder in cross flow ill]. Thus, Nu is given as 
a function of the Reynolds number. 

2.2. Bowtdary and initial conditions 
Equations (10) and (11) are to be solved by pre- 

scribing appropriate boundary and initial conditions. 
In the previous analysis, not taking into account the 
gas-phase conduction fl], the boundary condition for 
the gas temperature is given at the upstream end of 
the porous medium ; namely, S, = 0, at X = Xi, (see 
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Porous medium 

x=x;, -- x;, x0.& 
i =-IO. 0. so,51 

I=d 
x,=+x,=1 

AX=Xp/n =1/n 

FOG. 2, Computationa domain and nodal points. 

Fig. 2). This boundary condition is reasonable for the 
steady state where the porous medium temperature 
0, at X = Xi, is also high (and, of course, the Peclet 
number Pe is not very small). In the initial period of 
transient heat transfer, however, the porous medium 
temperature 0, at X = Xi, is so low that the gas tem- 
perature 0, at X = 0 also decreases. As a result, there 
exists a large gradient of the gas temperature in the 
region immediately upstream from the porous 
medium. To predict such phenomena approp~ateIy, 
the heat conduction term is included and the 
computational domain is extended over the region 
upstream of the porous medium as well as the porous 
region (Fig. 2). Hence, the boundary conditions are 
given as follows : 

x=x,: o,=o, (16) 

x=x,“: dO,/t?X = 0. (17) 

The calculated results with and without the gas-phase 
conduction are compared in Appendix A. On the 
other hand, the initial condition is 

T<O: O,=O,=Oi,. 

2.3. Numerical procedures 

08) 

The transient energy equations (10) and (11) were 
solved by numerica means. We used an implicit 
scheme based on the two-level time discretixation, 
which is analogous to the Crank-Nicolson method. It 
should be noted here that the types of equations, 
equations (10) and (1 l), differ a great deal from each 
other; the former is a parabolic partial differential 
equation, while the latter is a non-linear integro- 
differential equation without the second derivative. 

As shown in Fig. 2, a uniform grid of 62 nodal 
points was used (i.e. i = - 10 -+ - 1 for the upstream 
region ; i = 0 * 50 for the porous region ; i = 51 for 
the downstream regions). The solution procedure for 
each nodal point is as follows. 

I= . -9- - 1. Since the porous medium does not 
exist in the region, only equation (10) is solved, omit- 
ting the heat transfer term. 

i 3: 0. In the control volume of -AX/2 < X 
< AX/2, there exists a porous medium on the posi- 
tive side (0 G X Q AX/z), whereas it does not exist 
on the negative side (-AX/2 Q X Q 0). Hence, by 
integrating the equations over the control volume, 

we obtain the energy balance in the volume, and 
solve the equations for 0, and Q, 

i = 1 Y 49. Equations (10) and (I 1) are directly 
solved according to the usual finite difference scheme 
(without the integration of equations as explained at 
i = 0). 

i =f 50. Since the situation is similar to that for i = 0, 
we soive the equations for 0, and O,, noting the 
boundary condition at X = Xiv. 

Owing to the neglection of scattering, the equations 
can be solved rigorously. The numerical integrations 
of the radiative heat flux and its divergence are carried 
out using the trapezoidal rule. Results are expressed 
in terms of the summation of matrices which consist 
of the exponential integrals. The terms including 0, 
in equations (13)-f 15) are calculated as follows (the 
detailed derivation and the nomenclature are shown 
in Appendix 3) : *i s C$,(T’)~E~(T~-T’) dt’ 
0 

=,~O~~~,E3MA~(i~~~~ WI 

Q3p(~‘)4E2(f-~i) dr’ 

1 

2@p(7i)4- I t$,(~‘)~E,(t--t’) dr’ 
0 

Here, the exponential integrals E2 and El are trans- 
formed to E, and EI, respectively, using the recurrence 
relation. The energy balance obtained from the cal- 
culated results is satisfied within the accuracy of about 
1%. 

3. EXPERtMENf 

Experiments were performed in order to cot&m 
the validity of the analysis. For this purpose, the 
apparatus was designed to correspond exactly to the 
analytical model. The points on which special atten- 
tion was paid were : 

(1) one-dimensionality of flow and heat transfer ; 
(2) ability to independently set gas temperature and 

incident radiation temperature ; 
(3) step change of the gas temperature. 

In addition to these points, the choice of a working 
gas was also crucial. Provided that combustion gas is 
used as the working gas, condensation and evap- 
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FIG. 3. Schematic outline of the experimental apparatus. 

oration of Hz0 contained in it complicate the heat 
transfer phenomena. Hence, we used hot air as the 
high-temperature working gas instead of combustion 
gas. This choice has another merit that the air is vir- 
tually a non-radiating iluid. 

3.1. Apparatus 
The schematic outline of the apparatus is shown in 

Fig. 3, and details of the test section are shown in Fig. 
4. The air was heated to about 1000 K by a heat 
exchanger with a combustion load of 100 IcW. Six air 
inlets were installed around the test section ; the piping 
between the heat exchanger and the inlets was 
subheated to prevent the air from cooling. The tem- 
perature of incident radiation was set independently 
from that of the working gas; a radiant plate was 
installed upstream of a quartz glass, and its tempera- 
ture was controlled via an electric heater or cooling 
water. The radiant plate (stainless steel) was oxidixed 
so that its emissivity was approximately unity. The 
diameter of the porous medium was 150 mm, and the 
spacing between the porous medium and radiant plate 
was 24 mm, which gave the configuration factor of 
0.73. Although this factor is somewhat smaller than 
unity, a one-dimensionality of radiative heat transfer 
was considered to be sufficient because the test section 
was insulated. To achieve the step change in the gas 
temperature, an alternative method was adopted ; that 
is, the porous medium was designed so that it could 
be mounted instantaneously on the experimental 
apparatus. 

Heating or c&ii 
tokurim kImI 

Fto. 4. Detailed schematic of the test section. 

3.2. Porous medium 
The porous medium used in the present experiment 

consisted of stacks of 40 stainless-steel wire mesh 
screens of nominal mesh length l/50 in. ; the thickness 
x, was 16 mm, and the absorption coefficient K was 
1.25 x 10’ m- ‘. The absorption coefficient was 
obtained by measuring the amount of attenuation of 
a laser beam in traveling through the porous medium. 
Since the scattering was negligible in the present 
porous medium, the optical thickness was given by 

?P = uxp = 20. The temperature of the porous 
medium was measured by six chromel-alumel ther- 
mocouples inserted between mesh screens. Since the 
diameter of the.thermocouples was the same as that 
of the mesh screens, the measured temperature was 
regarded as the porous medium temperature. The 
amplified output of the thermocouples was processed 
by an on-line microcomputer system. 

3.3. Procedure 
Prior to the transient heat transfer experiment, it 

is necessary for the experimental system, except the 
porous medium, to reach a steady-state thermal con- 
dition (0 = 8 ,). For this, a temporary porous medium 
was first installed in place of the measuring porous 
medium. After the system reached the steady-state 
condition, the temporary porous medium was 
replaced instantaneously with the measuring porous 
medium. Since this condition was carried out 
manually, the time uncertainty associated with the 
operation was about 1 s, which was negligible com- 
pared to the time constant of the phenomena. As 
the principal parameters of the experiment, the gas 
velocity u and the incident radiation temperature from 
the upstream side B,, were varied systematically. The 
temperature of the high-temperature working gas 6, 
was constant (about 1000 K). 

In addition to the experiments described above, 
we also made a ‘cooling’ experiment. In the cooling 
experiment, the porous medium, which had already 
reached the steady state for the high-temperature 
working gas (6, = fI,), was cooled by the low- 
temperature gas (0, = 6,). To perform the cooling 
experiment we prepared an apparatus which was simi- 
lar to that shown in Fig. 3 but without heating equip 
ment for the working gas. 

4. RESULTS AND DISCUSSION 

4.1. Outline of measured temperature history 
Prior to the comparison between analytical and 

experimental results, we show a typical example of 
the measured temperature variations. In Fig. 5 the 
variations of the porous medium temperature 6, are 
displayed for three gas velocities. The temperature rise 
at the entrance of the porous medium (denoted by 
# 1) is much quicker than that observed at the exit 
(denoted by # 6). Although the time constant for the 
whole system increases with decreasing gas velocity u, 
it is merely an order of 100 s even in the case of the 
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FIG. 5. Measured temperature variations : (a) u = I .35 m s- ’ ; (b) u = 0.66 m S- ’ ; (c) u = 0.31 m S- ‘, 

lowest gas velocity (Fig. 5(c)). Owing to such a quick 
response, the system exhibits high potentiality as a 
radiative converter for use in industry. 

4.2. Comparison of predictions with experimental data 
Figures 6(a)-(c) compare the predicted and mea- 

sured temperatures for three sets of 0, and Pe. Sub- 
sidiarily, the results of the cooling process are com- 
pared in Fig. 7. In each line pair, the dotted line is the 
dimensionless gas temperature O,, while the solid line 
the dimensionless porous medium temperature 0,. 
The open symbols denote the measured data of 8, 
The agreement between the analysis and experiment 
is satisfactory. Thus, we conclude that the assump 
tions and numerical scheme used in the analysis are 
valid. 

4.3. Discussion based on the predicted results 
Since the prediction proved to be accurate enough. 

we discuss the heat transfer characteristics of the sys- 
tem on the basis of the predicted results. Before exam- 
ining the effect of various parameters, we point out 
some features which are common to all cases shown 
in Fig. 6. 

(1) The calculated temperatures 0, and 0, are very 
close to each other. This is because the heat transfer 
between the gas and porous media is very efficient 
owing to the small characteristic length and large heat 
transfer area. 

(2) For an initial period, the exit gas temperature 
(0, at X = I) does not increase from that of the room 
temperature, O,,. In this period, the available energy 
of the working gas is perfectly transferred to the 
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FIG. 6. Comparison of measured and predicted temperatures: (a) Pe = 153 (N, = 9120), 8. = 0.97; (b) 
Pe = 153 (iV, = 9120), 0, = 0.32; (c) Pe = 38 (A’, = 5620). 8, = 0.32. 

porous medium, and the radiative heat transfer to the 
downstream direction is negligible. Hence, the present 
radiative converter serves also as a thermal insulator 
during this period. The duration is an important 
factor when designing unsteadily operated equipment 
with a porous medium. 

Comparison between Figs. 6(a) and (b) shows the 
effect of incident radiation from the upstream side 
(the effect of 03. The porous medium temperature 
0, decreases with decreasing 8,. As shown later, this 
is ascribed to the increase of thermal energy trans- 
ferred to the upstream direction from the porous 
medium. 

The effect of the Peclet number Pe is shown by 
comparing Figs. 6(b) and (c). It is evident that for a 
small Peclet number the gas temperature sharply 
drops at the region immediately upstream of the 
porous medium. The temperature drop is caused by 
heat conduction to the downstream region where the 
gas is cooled by the porous medium. 

The energy transport in the system can be readily 

X 
FIG. 7. Comparison of measured and predicted temperatures 

in the cooling experiment. 

understood in terms of the radiative heat flux. First, 
its steady-state distributions are shown in Figs. 8(a)- 
(c), corresponding to Figs. 6(a)-(c), respectively. As 
is clearly seen in the figures, the absolute value of the 
net radiative heat flux IQ.1 is zero in the majority of 
the porous medium, but increases sharply near the 
entrance and exit of the porous medium. One of the 
most important quantities of the radiative converter 
is the net radiative heat flux at the entrance of the 
porous medium 7 = 0. Hence, in the following, atten- 
tion is focused chiefly on it. In Fig. 8(b) where 
0, < 0 ,, the net radiative heat flux has a large nega- 
tive value, which means that the energy is transferred 
to the upstream direction ; such a directional transport 
(Qn < 0) is essential for the radiative converter. On 
the other hand, in Fig. 8(a) where 0, = 0, = 1, the 
net radiative heat flux Q. at 7 = 0 is about zero; this 
radiation shield (Q,, N 0) is attained by large Q- 
(u I?,), and is also useful for practical applications. 

Figures 9(a)-(c) show the transient behavior of the 
radiative heat flux. Solid lines denote Qn, Q+, and Q- 
at the entrance of the porous medium, while dotted 
lines denote Q. at the exit. At X = 0, even in case (c) 
of the relatively low Peclet number, Q. reaches the 
steady value for T = 0.1, which corresponds to about 
50 s in an actual operating condition. At X = X,, 
however, the time constant for Q. is about one order 
of magnitude larger than that at X = 0. The period 
when Q. at X = X, remains zero corresponds to that 
when the exit gas temperature (0, at X = 1) does not 
increase from the room temperature O,,. 

5. CONCLUSIONS 

The transient characteristics of combined conduc- 
tion, convection and radiation heat transfer in the 
porous medium were analyzed assuming the porous 
medium to be a homogeneous continuum. To assess 
the accuracy of the predictions, experiments which 
corresponded strictly to the analyzed system were 
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petfomxd. The predictions were found to agree sat- The principal results concerning the thermal 
isfactorily with the experimental data. The significant response of the radiative converter are summarized as 
improvement of the predicted results compared with follows. 
those of the previous paper is ascribed to take into 
account the gas-phase heat conduction. (I) The time constant of the whole system increases 

-1 - 
CC) 

0 0.5 1 
T 

FIG. 9. Transient behavior of radiative heat flux at the entrance of the porous medium: (a) PC = 153 
(A$ = 9120). 8. = 0.97; (b) Pe = 153 (i$ = 9120). 8, = 0.32; (c) Pe = 38 (N, = 5620). Q. = 0.32. 
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with decreasing gas velocity ; in practical workingcon- 
d&ions, it is of the order of 100 s. The local time 
constant, however, varies largely in the porous 
medium. The response at the entrance of the porous 
medium is much quicker than that at the exit. 

(2) As a result, the net radiative heat flux at the 
entrance of the porous medium, which is one of the 
most important quantities for the radiative converter, 
rapidiy reaches the steady value (usually within 50 s). 

(3) The relatively slow response at the exit of the 
porous medium is also significant, especially for 
periodically operated equipment. 
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FIG. Al. Initial response at the entrance of the porous 
medium with and without gas-phase conduction. 

APPENDIX A 

The effect of gas-phase conduction is discussed in the 
folIowing. Figure Al shows the initial response at the 
entrance of the porous medium for the cBI# of relatively low 
Peclet number. The solid and dotted lines denote the results 
with and without the gas-phase conduction, respectively. The 
most essential difference is seen in the variations of the gas 
temperature 8 , In the case without conduction, 8, is con- 
stant and equal to unity because it is fixed by the boundary 
condition. In the case with conduction, however, 8, gradu- 
ally incrrases and asymptotically reaches 0.88. As a result, 
the calculated response for the case without conduction is 
much quicker than that with conduction (oi the real case). 

The temperature distributions for the steady-state con- 
dition are compared in Fig. A2. Although, there is con- 
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FIG. A2. Steady-state temperature distributions with and 
without gas-phase conduction: (a) gas temperature; (b) 

~ro~-rn~~ temperature. 
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equation (20) 

B,(t’)“E,(r’- t) d7’ 

FIG. Bl. Numerical integration using the trapezoidai rule. 

siderable difference near the upstream end of the porous 
medium, the overall distributions do not differ much from 
each other. Hence, we conclude the gas-phase conduction 
becomes important for the initial period with low Pellet 
number. 

APPENDIX 6 

A complete derivation of equations (19)-(21) is presented 
here. As shown in Fig. Bl, the trapezoidal rule is used to 
numerically integrate the radiative heat flux and its diver- 
gence. Using the arrays of variables listed in Table Bl , they 
are appro~mat~ as follows : 

equation (19) 

‘* s O,,(T')~E~(~,-T') dr’ 
0 

7,) dr’ 
> 

-wr,- I.J -7im 

-0,(7,)‘IE,t7,-7i)--E~(7”_In-7, )I 

= -0,(7,)“[E,(-DTUt(i,13)-EJ(OfI 

- i O,(r,)‘[E,(-DTIJl(i,n) 
,-il.1 

-Ed--DTIJ(i.A)l 

= ,ci [(“);jE3MATW~~91 ; 

equation (21) 

c 
~E),(T$+-- 

I 
@,(t’f4E,(s-z’) dz’ 

0 

5 

-s 
0,(7’)41E,(7’-7) d7’ 

= @,W I ‘0.1 

&(T, - T’) dr’ 
ro = 20&,)‘-0&,)’ 

%.I 
E,(T,-73dr’ 

D 

Et(~‘r-~*) ds’ 
-,s, (0.(r,~‘~,‘E,(r,-r’~ drj 

5 

+ @&,Y s E2 (7, - 7’) dr’ 
’ 1-k/ - 0,(7,)’ 

s 
E,(T;-7’) dr’ 

.- !,I 
= O,(s,)‘[E,(t-7,,)-E,(7,-7o)I 

1-I LCI 

+ 1 (0~(T,)4~~~(7i-7j,,+,)-E~(7i-7j-~.j)l) -@,(7,Y 
s. 

E, (7’ - 7,) dr’ 

J-1 

+0,(7~)‘[~~(7i-7i)-~.i(7i-7,-1.;)1 
i--i 

= C 0,(r,)‘[~,(DTIJl(i,n)-E,(DTIJ(~,~~)] 

-,:~,~~~*j~4~~~~~7~-?~~dT~) 

j-0 5 

+ 0,(7,)‘[&(0) - EdDTIJ(L O)l -(3phY 
s 

E,(r’-7J dr’ 
a-1.1 

= j$o [@;~E3MATW,,~l; WI = 2Q,(r,)‘-Q,(r,)‘[~,(ri-t,,)-~2(~,-~~)1 

Table BL Arrays of new variabks introduced in equations (Bl)-(B3) 

Variables Arrays 

71 -)I TAU(i) 
7t.w I = (7,-f-7,+ I)/2 -* TAUl(i) = (TAU(i)+TAU(i+ I))/2 
7- 1.0 = 70 +TAUI(- I) = TAU(0) 
7lkl+ I = f* -)I TAUl(n) = TAU(n) 
7i-7j- l.j -, DTIJ(i,/l = TAU(i)-TAUl(j- 1) 
7s-rj.J+ t -DTIJl(i,n = TAU(i)-TAUlQ> 

W 
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i- I i- 1 

-,x, (Qpt17j)‘faZ(7~-yj.j+ l)-EZ(7t-7j- Ljll) 
_ 

= ,~~~~~(s,)‘tEt(D~IJ(Ln) -~~(DT~l(~,~~l~ 

-@pt7,)4[Ez(7i-7r) -&(7,-7i- dl +~~~~,)‘2Er~DTIJfi,z~) 

+@p(ri)‘[EZ(7i.i+ I -S)-EI(Ti-Ti)l + i &$(qYW- D’I’IJ I W3, 

n-1 
,-i+, 

+ C (8p(7,)*[E*(7j,j+ I -Ti)-E2(7j- ~,,-dl) -E,(-DTIJ(i.j?)]) 
j-i+1 

+@p(7*)“lw7.-73 -M7.- I.,--ZJI 
= i [@,E2MAT(i,I’)]. 

j-0 

CARACTERISTIQUES VARIABLES DU TRANSFERT THERMIQUE COUPLE PAR 
CONDUCTION, CONVECTION ET RAYONNEMENT DANS LES MILIEUX POREUX 

Rbwd-On pr6sente les caracttistiques variables de transfert thermique d’une convection effective 
d’inergie entre l’enthalpie du gaz g haute temp6rature et le rayonnement g l’aide du milieu poreux. Une 
anafyse th&orique est conduite pour un syst&me monodimensionnel si&ge de conduction, convection et 
rayonnement. On suppose que le milieu poreux est homog&e et qu’il absorbe et imet le myonn~~t. Les 
Lquations d’tnergie coupIceS pour Ie gaz et fe milieu poreux sont r&sofues nurn~~q~~t. Pour confIrmer 
la validiti de l’analyse, des experiences sont conduites dans le conditions correspondant au mod&te 

anafytique. Les r&s&&s du calcut s’accordent bien avec ceux de l’exp&ience. 

DAS INSTATIONARE VERHALTEN DES WARMEOBERGANGS DURCH 
WARMELEITUNG, KONVEKTION UND STRAHLUNG IN EINEM PGR&$EN MEDIUM 

Z~~f~~-In dieser Arbeit wird iiber das instationiire Verhatten des W~~e~~r~n~ von einem 
Gas hoher Temperatur an ein por&es Medium berichtet. Ein ein~mensionat~ System wird theoretisch 
untersucht, in dem gteichxeitig W&meleitung, Konvektion und Strahlung stattfinden. Das por&se Medium 
wird als homogenes Kontinuum angesehen, das Wiirmestrahlung absorbiert und emittiert. Die gekop 
peltcn Energiegleichungen fiir das Gas und das poriise Medium werden numerisch eli%t. Die Rech- 
energebnisse werden mit entsprechenden Versuchsdaten verglichen, wobei sich gute pr bereinstimmung 

zeigt. 

(B3) 


