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Abstract-The use of wide-band or gray-gas models in coupled heat transfer calculations frequently leads 
to significant errors due to spectral correlations between the emitted flux intensity and gas transmissivity. 
In the present study, the random statistical narrow-band model with the exponential-tailed-inverse 
distribution and the Curtis-Godson approximation are used with a 25cm-’ spectral resolution; our 
parameters are generated from a line-by-line calculation. Coupled dynamic and energy equations are 
solved for an emitting and absorbing laminar gas flow between two parallel walls at fixed temperature. 
The influence of radiative and thermophysical property variations with temperature is analysed for H20- 
air mixtures under strong temperature gradients. A large range of optical thickness is studied. Different 
temperature and heat flux profiles are found when the walls are heated or cooled. Finally, results obtained 

with the statistical narrow-band model and the exponential wide-band model are compared. 

1. INTRODUCTION 

MANY applications of interest (rocket and aircraft 
propulsion, boilers and furnaces, nuclear reactors, 
etc.) involve infra-red active gas mixtures at high 
temperature. In these situations, the gas-gas and gas- 
wall radiative transfers are important or predominant. 
Coupled radiative-conductive and convective heat 
transfer in flowing systems has thus received consider- 
able attention in the last 20 years. 

Some authors use the gray-gas approximation [l- 
41 or the Planck or Rosseland mean absorption 
coefficient [S-7] to model the radiative properties of 
gases. More accurate approaches [S-17] take into 
account the discrete absorption bands with the expon- 
ential wide-band model due to Edwards and Menard 
[18] and use sometimes the Tien-Lowder correlation 
[ 19,201. Nichols [2 1 J used a random-statistical wide- 
band model with uniform intensity distribution and 
assumed a constant blackbody intensity over each 
absorption band. Recent developments in gas molecu- 
lar spectroscopy have improved knowledge of radiat- 
ive properties. A line-by-line calculation has been 
developed for H20-CO,-CO transparent gas mix- 
tures and for temperatures up to 2000 K [22,23], but 
its use is impractical for most engineering applications. 
The accuracy of low resolution radiative models has 
been studied in detail in a previous publication [24] 
for a combined conductive and radiative transfer in 
a planar gas medium. Results obtained for H,O-air 
and CO,-air mixtures show that wide-band models 
can lead to significant temperature and flux discrep- 
ancies, because spectral correlations between gas 
transmissivity and emitted flux intensities exist even 
inside an absorption band. 

On the other hand, the frequent use of constant 
thermophysical fluid properties [l-3, 9, lo], and of 

dynamical or thermal established profiles [l-5, 9, 10, 
131, or linearized radiative fluxes [16, 171 can only 
be justified in the case of small temperature differences. 

We propose, in this paper, a laminar channel flow 
model, for the coupled conductive, radiative and 
convective transfer, which does not require the pre- 
vious approximations. The strong temperature differ- 
ence imposed between the walls and the fluid requires 
the use of temperature-dependent fluid physical prop- 
erties, and of an accurate radiative modelling of 
non-isothermal medium (high-resolution correlations 
between absorption and emission spectra). The radiat- 
ive treatment is based on a random-statistical narrow- 
band model with a 25 cm- ’ resolution and on the 
Curtis-Godson approximation. The flow equations 
and the energy conservation equation are solved 
simultaneously in order to describe the interaction 
between temperature, radiative and conductive fluxes 
and velocity profiles. Dynamical and thermal entrance 
regions are studied either in the case of weak interac- 
tion (predominance of conductive or radiative mode) 
and when the two modes are of the same order of 
magnitude. Results obtained when cooling and when 
heating the absorbing and emitting fluid are then 
compared. Finally, the results obtained with the 
exponential wide-band model due to Edwards are 
compared to those obtained with the statistical 
narrow-band model in a wide range of optical thick- 
nesses. 

2. BASIC EQUATIONS 

2.1. Flow equations 

We consider a steady laminar flow between two 
parallel walls at fixed temperature T,. The walls 
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NOMENCLATURE 

A matrix corresponding to geometrical Greek symbols 
integrated transmissivity F mean line width to spacing ratio 

a, c thermal conductivity between calculation li half-width of an absorption line 
grids 6 equivalent line spacing 

B vector corresponding to radiative inten- Av low resolution spectral range 
sities emissivity 

b (a + d/2 f molecular thermal conductivity 

CP specific heat at constant pressure P viscosity or angle cosine in radiative 
d length of column developments 
E distance between the walls V wave number 
Ib blackbody intensity P density 
.C mean line intensity to spacing ratio inside r transmissivity 

Av cp flux transfered to fluid. 
?il mass flow rate per unit area 
M number of lines inside Av Subscripts 
N number of gas layers plus two transverse component 
P pressure ; inlet conditions 

qR radiative flux V monochromatic quantity 

SWI intensity of the mth absorption line j, I, m discretization over the Y-direction 
T local temperature cv convective 

Tb mixed mean temperature cd conductive 
U axial velocity R radiative. 
II transverse velocity 
X flow direction Superscripts 

;, 
molar fraction of species i -~ mean properties over the spectral range 
path length, xiPd Av 

Y transverse direction. 
z 

discretization over the x-direction 
spectral band. 

are diffuse but not necessarily gray. The fluid is a energy conservation 
homogeneous absorbing, emitting and non-scattering /-?I 
gas mixture in local thermodynamic equilibrium. 
Viscous dissipation effects and axial diffusion are 
neglected in the energy equation; the contributions of 
transverse convection are assumed to be very small 
compared to those of axial convection both in the 
momentum and in the energy conservation equations. 
We also neglect the axial dissipation of the radiative 
flux in comparison with its transverse dissipation; De 
Soto [93 discusses this assumption and shows that it 
is justified for a downstream location three times 
greater than the hydraulic diameter. Under these 
conditions, the basic equations of the flow reduce to: 

The boundary conditions are 

T(x,O) = T(x, E) = T, (4) 

u(x, 0) = u(x, E) = 0 (5) 

where E is the distance between the walls. The inlet 
conditions can be of any kind: two conditions will be 
studied here 

continuity 

-$PU) + $PU, = 0; 

T(0, y) = T, and ~(0, y) = m = u0 
P(G) 

(6) 

(1) 
6h T(0, y) = To and u (0, y) = ____ 

E’P(TO) 
Y(E--Y) (7) 

momentum equation projected on the axial direc- 
tion 

where ti is the mass flow rate per unit cross-sectional 
area. The first conditions, equation (6), enable the 
study of radiation effects on the dynamic establish- 

(-4 ment of the flow while the second correspond to a 
fully developed, isothermal flow at the inlet. 
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FIG. 1. Absorption spectra of pure H,O at: -, 400K; and ----, 12OOK; for different column 
lengths d. 

2.2. Radiative model 
Various wide- and narrow-band radiative models 

have been recently tested with a line-by-line calcu- 
lation for conducting and radiating CO,-air and 
H,O-air mixtures [24]. The most accurate tempera- 
ture and flux distributions are obtained with the 
narrow-band model which assumes the absorption 
lines to be randomly placed and the intensities to 
obey an exponential-tailed-inverse distribution. The 
transmissivity of a homogeneous column, averaged 
over the spectral range Av, is given by 

where xi, P and d are the molar fraction of the 
absorbing species i, total pressure and length of the 
column, respectively. Parameters E and n are given 

by 

p = 2n$ (9) 
4 M 

k=& 2 s,. 
m-1 

(10) 

(12) 

Here y, and S, are the half-width and the integrated 
intensity of line m respectively; M is the number of 
lines inside Av. The mean parameters of this model, 
generated from a line-by-line calculation, have been 
published for H,O and CO, [23, 241. As an illus- 
tration, Fig. 1 shows the absorption spectra of pure 
water vapour at 400 and 12OOK, for three column 
lengths, in the 150-6OOOcm-’ range (infra-red range 
used in this study) and with a 25 cm- 1 resolution. 

These spectra are related to three flows studied further: 
d = 20cm corresponds to a predominantly radiative 
transfer; d = 2.5 cm refers to a predominantly conduc- 
tive transfer, and d = 5 cm to similar order of magni- 
tude of the two modes. 

For a non-isothermal or non-homogeneous col- 
umn, the Curtis-Godson approximation leads to very 
accurate results when pressure gradients are moderate 
[24]. This approximation assigns to such a column 
an equivalent homogeneous column with suitably 
defined spectroscopic parameters k; and E [20] 

x,k’ = 
I 

Xd 
CdX (13) 

0 

x,pB’ = 

I 

Xd 

@dX (14) 
0 

where Xd is the product x,Pd. Radiation from this 
equivalent column is then calculated from equation 

(8). 

3. METHOD OF SOLUTION 

3.1. General method 
The frequently used numerical methods for the 

solution of partial differential equations including 
radiation effects are: (i) finite differences [12, 13, 25, 
261, (ii) finite elements [4, 271 for more complex 
geometries and (iii) series expansion [ 11, 163. 

We have retained a semi-implict finite-difference 
method for the solution of the parabolic equations (2) 
and (3). As pointed out by De Soto [9], dimensionless 
treatment of these equations has a very limited utility 
in the case of realistic gas band radiation and when 
thermophysical properties are temperature depen- 
dent; the resolution is thus undertaken in dimensional 
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missivity of a column of length Ay/p of the layer. 
Spectral integration of equation (21) leads to 

s 

1 

A;,,, = 2 (fvj+,_, - fvj,._, - fvj+,,_ + fvj,.hh (22) 

0 

where T,j,n is the correlated transmissivity, averaged 
over Av, of the non-isothermal column of length 
(m - j + 1) Ay/p between layers m and j. For two 
adjacent layers 

A!,]+ I = 2 
I 

‘(1 - fyj - ivj+, + ?,j,j+,)pdp. (23) 
0 

The term A!j accounts for emission of layer j and is 
given by 

l 

1 

Ajj = -4 (1 - 5,,)pdp. (24) 
0 

Terms A!, and A$ of equation (19) correspond to 
the gas-wall radiation transfer, i.e. 

A’;,2 = +A:,, (25) 

3<j<N-1, A”l,j = 2 
I 

‘(fvzj - f,,,,)PdP (26) 
0 

Ai- I,N = -+A:-W-1 (27) 

2<j<N-2, 

A:,, = 2 
I 

l(fvj+,,N-, - ?,,,,_,)pdp. (28) 
0 

The last term of the matrix accounts for the wall- 
wall exchange, i.e. 

(29) 

The previous set of equations is completed by the 
relation which gives the radiosities B: and Bk of the 
diffuse walls 

B; = Bk, = ~,rnAvl$(T,) + (1 - &,I) 5 A&B: (30) 
1=2 

where &s is the spectral emissivity of the wall. 
The determination of the radiative dissipation 

involves the calculation of a layer-layer transmissivity 

matrix with terms as 
s 

1 
TYj.p dp. This geometrical 

0 

integration leads, with a gray gas or a box model, to 
the integro-exponential function E,; with the random 
statistical model used here, we find 

+ 2nx,Pk;(lm - j( + 1)Ay 

PB’ > >I - 1 Cl+ (31) 

where k; and 8’ are the mean Curtis-Godson par- 
ameters averaged over the optical path of length 

Table 1. Thermophysical properties of air (1) and water 
vapour (2) 

z Unit In 

A, 
Wm-‘K-l 0 3.76 x 1o-4 0.747 

A2 -0.0166 1.05 x 1o-4 1 
PI 

10-6Nsm-2 
1 0.4837 0.639 

P2 -3.071 0.0407 1 
C 
c:: .Ikg-‘K-’ 

930 0.2073 1 
1680 0.600 1 

(Im - jl + l)Ay/p. Numerical integration for each flow 
cross-section and each pair (j, m) requires substantial 
computer time. The following approximation has 
been used 

where 

= t + 0.0425 cos (n(t - 0.5)) 

x exp(-2(r - OS)‘)exp(-X,) (32) 

X1 = s;. 
n’ 

X, = 2xiPk;(lm - jl + 1)Ay; 

*=EiX*(J(l+?)-1)). (33) 

The integro-exponential function E3 is given by 

I 

1 

WI = ev ( - zhck dp (34) 
0 

and has been calculated using a series expansion[29]. 
The approximation in equation (32) leads to a 

maximum error of 1% for the variation ranges of R 
and B’ involved for H,O. These mean parameters 
have been tabulated at ten intermediate temperatures 
and a simple interpolation is used for any other 
temperature. 

3.3. Thermophysical properties 
Thermophysical properties of a mixture of air, 

noted 1, and H,O, noted 2, obtained from a compi- 
lation of different values [30, 313, are given by 
equations (35)-(38) and Table 1, where xi (i = 1, 2) is 
the molar fraction of species i. Viscosity p, thermal 
conductivity 1 and specific heat at constant pressure 
C, are approximated with 1% maximum error in the 
400-1200 K temperature range by 

+ P2/Cl + (x1/x2) x 1.6@34,2(P,/P,)l (35) 

$12 = 0.219(1 + O.888J(pi//~J)~ (36) 

1 = A,/[1 + (x2/x,)(0.955 - 0.1417x,)] 

+ A?/[1 + (x,/x2)(0.7282 - 0.1083x,)] (37) 
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FIG. 3. Bulk temperature. evolution for H,O-air mixture; 
dotted curves correspond to calculations without radiation. 

Z=F+GF. (38) 

The state equation for a perfect gas is used to 
calculate density. 

4. RESULTS 

The following calculations are performed for H,O- 
air mixtures flowing between two parallel walls of 
constant emissivity. When the fluid is heated, reference 
temperatures are To = 400 K and T, = 12OOK. When 
the fluid is cooled, To = 1200 K and T, = 400K. 
Optical thickness of the medium is modulated by 
adjusting the water vapour molar fraction xHIO and 
the distance E between the walls. The mass flow rate 
per unit area tir is calculated in such a manner that 
the Reynolds number, based on the mean temperature 
of 8OOK, remains equal to 2500. 

4.1. Temperature, velocity and radiative jlux fields 
Figure 3 shows the evolution of the bulk tempera- 

ture 

s E 

HW’dy 
Tb= OE 

I 
PC,U dy 

cl 

(39) 

along the x abscissa, in the case of a heated mixture 
with E = 3cm, lir = 1.3 kgm-‘s-l, xHIO = 0.2 and 1, 
and for an established velocity profile at the inlet. 
Curves with dotted lines correspond to calculations 
without radiation. It appears that radiation always 
reduces the difference (Tw - Tb). The molar fraction 
xuzo seems to have little effect on the bulk temperature 
calculated with radiation. This is due to the very 
different thermophysical properties of the two mix- 
tures; more precisely, the specific heat of water vapour 
is nearly two times greater than that of air. In order 
to remove this ambiguity, only pure water vapour 
flow results will be presented below. 

FIG. 4. Temperature profiles: ----,with radiation; -~- -, and 
without radiation; at different downstream locations (x). 

'3 0' 
Cooled 

HZ0 
X’(m) 

3 0 05 

Y/E 

FIG. 5. Temperature profiles: -, with radiation; and 
----, without radiation; at different downstream locations 

(x). 

Temperature profiles along the axial direction are 
shown in Figs. 4 and 5. Four cases, corresponding to 
calculations with and without radiation, for heating 
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FIG. 6. Dynamic establishment of the flow: -, with 
radiation; and ----, without radiation; cooled Hz0 case. 

and for cooling the fluid, are presented in each of 
these figures. The velocity inlet profile is parabolic, 
equation (7), and the channel thickness is 2.5 and 
20cm in the cases of Figs. 4 and 5, respectively. Pure 
H,O absorption spectra for these two column lengths 
and for the limiting temperatures 400 and 1200 K, are 
presented in Fig. 1. Temperature profile shapes are 
not appreciably modified by radiation when the 
medium is nat very thick (Fig. 4); the temperature 
gradient at the wall is diminished in this case for both 
heated and cooled fluids. This classical result [ 13, 251 
is explained by the fact that the difference (T, - 7-J 
is lower in the presence of radiation while the dimen- 
sionless temperature (T, - r)l(T. - Tb) is not appre- 
ciably affected. In the case of Fig. 5, optical paths 
become important and gas-gas radiation tends to 
make the temperature uniform at the centre region of 
the flow; that leads to very important gradients at the 
wall. Near the entrance region, this wall temperature 
gradient is greater than that obtained with pure 
convection, but the result is reversed far away from 
the inlet because of the very small value of the 
difference (T, - Tb). 

The temperature profiles obtained for a thick 
medium are different in the two cases of heated and 
cooled fluid. In the first case, the region just near the 
wall is strongly heated by direct absorption of wall 
radiation which leads to the appearance of two 
inflection points on the temperature profile; in the 
cooled gas case, there are no inflection points since 
the gas itself is the heat source. Finally it is worthy 
of notice that radiation accelerates thermal develop- 
ment in all cases. 

Radiation has no influence on the establishment 
and on the shape of velocity profiles. This is shown 
for example in Fig. 6 for the cooled gas case and for 
a uniform velocity profile at the inlet cross-section. 
In fact, as pointed out by Im and Ahluwalia [25], 
radiation effects on the velocity field are only due to 
variations of p and I( with temperature, since radiation 
pressure is negligible. 

Profiles obtained for the radiative dissipation term 
dq,$dy corresponding to different values of E have 
similar shapes. The absolute values of dq,,/dy first 

x(m) 

-m,o : 
8’ I I I 0 

-050 -025 0 025 050 

Y/E 
FIG. 7. Transverse radiative dissipation in the case of heated 

fluid. 

decrease rapidly with E, and then slowly. Figure 7 
shows the evolution of this radiative dissipation term 
for heated water vapour with E = 5cm. Near the 
channel entrance, the maximum of dq,,,/dy is located 
between the flow centre and the wall in this case; in 
fact, the temperature profile at the centre flow region 
is still uniform and a relatively cold gas layer exists 
just near the layer directly heated by the wall. This 
phenomenon does not appear when the fluid is cooled. 
It is worth noticing on Fig. 7 the existence of a 
radiative boundary layer near the wall where hot gas 
emits more radiation than it absorbs. The thickness 
of this layer does not vary appreciably along the flow. 
A similar radiative boundary layer is found when the 
fluid is cooled; the cold gas near the wall absorbs 
more radiation, coming from the flow centre region, 
than it emits. 

4.2. Heat transfer 
Conductive, total and radiative fluxes (pEd, cp, and 

(~a, respectively) transfered by wall unit area between 
the wall and the fluid are given by 

(PEd = -L(T,) c- 0 ay y=. 

s E 

vpt = i 
0 
Gu$dy (41) 

VIt = VI - (Pcd. (42) 

The coefficient f in equation (41) accounts for the 
transfer with the two walls. Flux results are frequently 
given in terms of conductive, radiative, and total 
Nusselt numbers; but depending on the temperature 
used for the evaluation of these Nusselt numbers, the 
conclusions may be quite different. Results will then 
be presented here in terms of heat transfer coefficients, 
i.e. (p/(T, - Tb). Figure 8 shows the evolution of 
radiative, conductive and total heat transfer 
coefficients and of the convective coefficient obtained 
in the absence of radiation, for E = 5cm. The two 
cases of heated and cooled pure water vapour are 
illustrated in this figure. Figure 9 shows the same 
evolution for the optically thicker medium corre- 
sponding to E = 20 cm. In any case, radiation effects 
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FIG. 8. Total, radiative, conductive and without radiation, 
heat transfer coefficients. 
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FIG. 9. Total, radiative, conductive and without radiation, 
heat transfer coefficients. 

increase the conductive transfer coefficient, even if 

the conductive flux is sometimes diminished. As 
mentioned before, this is due to radiation that tends 

01 
, 5 30 

x Cm) 

FIG. 10. Total, radiative and conductive heat transfer rates; 
dotted curves are obtained with thermophysical properties 

evaluated at 800 K. 

to make the temperature profile uniform at the centre 
flow region, and so, increases the temperature gradient 
at the wall. The two cases of heated and cooled fluid 
lead to different results; in the first case, the conductive 
heat transfer coefficient goes through a minimum at 
a certain downstream location (as pointed out by 
Azad and Modest [26]), while the radiative transfer 
rate increases monotonically. In the case of hot fluid 
and cold walls, all heat transfer coefficients decrease 
monotonically and tend to asymptotic values. In a 
general way, for the same values of IT,,, - 7’,‘,( and 
(T, + T,)/2, radiative heat transfer is greater when 
the fluid is heated than when cooled. In fact, the 
absorption coefficient decreases with temperature 
near the band centres, in spite of the hot absorption 
bands which lead to an increase of band widths at 
high temperature (see Fig. 1). 

The influence of temperature-dependent thermo- 
physical properties on heat transfer coefficients is 
shown in Fig. 10 for heated water vapour with 
E = 2Scm. Previous results are compared to those 
obtained when all the physical properties, except 
radiative ones, are calculated at the mean temperature, 
800 K. The radiative transfer coefficient is not appreci- 
ably affected, but, as the bulk temperature is lower 
with constant thermophysical properties, the radiative 
flux is overestimated. When the strong variations of 
Hz0 thermal conductivity with temperature are not 
taken into account, wall conductive flux errors up to 
35% are obtained. 

4.3. Comparison of wide-band results with statistical 
narrow-band results 

Calculations based on the statistical narrow-band 

model consumes more computer time than those 

using wide-band models, which assume radiative 
properties to be constant over a whole absorption 
band. The aim of this section is to show some limits 
of the use of wide-band models in heat transfer 
calculations. 

Comparisons are made for real Hz0 flows with a 
large temperature difference between the walls and 
the gas. The wide-band model chosen is the classical 
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FIG. 11. Temperature profiles at downstream location 
x = 1Sm: -, narrow-band results; ----, exponential 

wide-band results. 

exponential-tailed model due to Edwards and the 
method explained in ref. [33] is strictly used, in 
particular, equations (196)-(198) are used to approxi- 
mate radiation from non-isothermal gases. The Hz0 
absorption bands, considered for both the narrow- 
and wide-band calculations are those centred at 1.8, 
2.7, 6.3pm and the rotational band. For the latter, 
the wave-number location V~ is set equal to 5OOcm- ’ 
as suggested in ref. [ 123. Comparisons are carried out 
for black walls in order to remove the difficulty which 
is inherent to the use of the exponential wide-band 
model for non-black wall calculations. 

Figures 11 and 12 show, the temperature and the 
radiative dissipation profiles respectively, at fixed 
downstream locations, while Fig. 13 is related to 
the evolution of the radiative transfer coefficient 
(&I Tb - 7J) vs x. These three figures are related to 
the cooled Hz0 case with a channel thickness E 
growing from 2.5 to 80cm. 

A difference up to 50K between the wide- and the 
narrow-band temperature profiles is observed in Fig. 
11 for intermediate channel thicknesses. On the other 
hand, it is obvious that in the two limits of optically 
thin medium (predominance of convective transfer) 
and optically thick medium (weak penetration depth 
of radiation), the two models lead to similar results. 

For the radiative flux divergence dq,@y, discrep- 
ancies up to 35% between narrow- and wide-band 
results can be observed in the conditions of Fig. 

FIG. 12. Radiative dissipation at downstream location 
x = 0.2m: -, narrow-band results; ----, exponential 

wide-band results. 
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FIG. 13. Evolution of the radiative transfer coefficient: -, 
narrow-band model; ----, exponential wide-band model. 
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12. The exponential wide-band model overestimates 
absorption and emission from water vapour. A similar 
conclusion is drawn from Fig. 13; substantial devi- 
ations are found for the radiative transfer coefficient, in 
particular, near the entrance of the channel (x < 0.5 m) 
while temperature profiles obtained with the two 
models are practically identical. Conductive fluxes at 
the walls are not appreciably modified when the wide- 
band model is used. 

Results similar to those presented in Figs. 11-13 are 
obtained when water vapour is heated. Comparisons 
given in this section are representative of the accuracy 
of wide-band models for the temperature range used 
in this study. 

5. CONCLUDING REMARKS 

A statistical narrow-band model has been applied 
to the coupled conductive, radiative and convective 
problem in a laminar flow of emitting and absorbing 
H,O-air mixtures, between two parallel and iso- 
thermal walls. The conclusions of this study are given 
below. 

(1) Radiation affects the dynamic flow field only 
through density and viscosity variations with tem- 
perature. The shape of the velocity profile remains 
unchanged. 

(2) An important temperature profile modification 
is observed when the medium is optically thick in the 
absorption bands. 

(3) Radiation generally increases the conductive 
transfer coefficient as it tends to homogenize tempera- 
ture in the flow centre region. 

(4) Appreciably different results, both for tempera- 
ture profiles and for heat transfer rates, are obtained 
when heating and when cooling the fluid. When the 
values of inlet temperature and wall temperature are 
permuted, the cold gas and hot wall case leads to the 
greatest radiative transfer because the mean absorp- 
tion coefficient is greater at low temperature. 

(5) In the two cases, a radiative boundary layer 
exists near the wall; inside this layer, the strong 
temperature gradient makes the sign of the radiative 
dissipation term opposite to that obtained at the 
centre flow region. 

(6) The exponential wide-band model results have 
been compared to those of the statistical narrow- 
band model in a large range of optical thicknesses. 
The most important discrepancies are observed when 
the optical thickness of the medium is intermediate. 
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APPLICATION DES MODELES STATISTIQUES A BANDES ETROITES AU COUPLAGE 
CONVECTION RAYONNEMENT A TEMPERATURE ELEVEE 

Rbsumi-L‘utilisation des modtles $ bandes larges ou de gaz gris dans des calculs de transferts coupI& 
conduit frkquemment ii des erreurs importantes dues aux corr&lations spectrales entre kmission. trans- 
mission et absorption par le gaz. Dans cette &ude. un mod$le statistique i bandes Ctroites i loi de 
distribution inverse-exponentielle des intensitts et l’approximation de Curtis-Godson. sont utilis&s avec 
une discr&isation spectrale de 25 cm- ’ ; nos paramttres sont engendrks i partir d’un calcul raie par raie. 
Les Cquations dynamiques et l’kquation de conservation de l’inergie sont risolues simultanCment dans le 
cas d’un Ccoulement gazeux entre deux parois parallkles i temptrature imposke. L’influence des variations 
des propriktks thermophysiques et radiatlves avec la tempirature est analyste pour des mklanges H,O-air. 
soumis ri des gradients importants de tempirature. Un vaste domaine d’tpaisseurs optiques est ktudi&. Des 
protils de temperature et de tlux thermique diffkrents sont obtenus lorsque les parois sont chauffies ou 
refroidies. Enfin, les rksultats obtenus avec notre modele statistique i bandes ttroites et un modtle 

exponential i bandes larges sont cornparks. 

ANWENDUNG EINES STATISTISCHEN SCHMALBANDMODELLS AUF DIE 
GEKOPPELTEN VORGiiNGE VON STRAHLUNG UND KONVEKTION BE1 

HOHER TEMPERATUR 

Zusammenfassung-Die Verwendung eines Breitband- oder Graugasmodells in gekoppelten War- 
meiibertragungsberechnungen fiihrt vielfach zu bedeutenden Fehlern, die auf spektrale Korrelationen 
zwischen der lntensitit der Emission und der Gastransmission zuriickzufiihren sind. In der vorliegenden 
Untersuchung werden das statistische Zufallsschmalbandmodell mit dem inversen exponentiellen Flan- 
kenabfall und die Curtis-Godson-NHherung benutzt, bei einer Spektralaufl(isung von 25 cm-’ ; die Pa- 
rameter werden mittels einer Zeile-fiir-Zeile-Berechnung erzeugt. Die gekoppelten Bewegungs- und Ener- 
giegleichungen werden fiir einen emittierenden und absorbierenden laminaren Gasstrom zwischen zwei 
parallelen Wanden mit konstanter Temperatur gel&t. Die Temperaturabhingigkeit der Strahlungs- und 
der thermophysikalischen Eigenschaften wird fiir H,O-Luft-Mischungen bei groBen Temperaturgradienten 
analysiert. Ein groBer Bereich der optischen Dicke wird untersucht. Verschiedene Profile von Temperatur 
und WHrmestromdichte treten auf, wenn die Winde geheizt oder gekiihlt werden. SchlieRlich werden die 
Ergebnisse aus dem statistischen Schmalbandmodell und dem exponentiellen Breitbandmodell verglichen. 

HPMMEHEHME CTATMCTW’4ECKOR Y3KOI-IOJIOCHOR MOAEJIM K COBMECTHOMY 
PAAWAqWOHHOMY II KOHBEKTMBHOMY HEPEHOCY HPM BbICOKOI? 

TEMIIEPATYPE 

AIwoTa48~-IlpAMeHeH5ie mepoKononocHbIx h4onenefi unrt Moneneti ceporo ra38 B pacVeTax cMemaH- 

HOrO TcnJIOO6McHa 'iaCT npHBOn&iT K 3HaYATcJbHblM OIIm6KaM A3-3a CWKTpa,IbHbIX KOppenffImti 

MeWly AHTeHCABHOCTbH) paLViaWiOHHOr0 IIOTOKa H K03+$AL(HeHTOM IlpOnyCKaHEia ra3a. B pa6o-re 
SiCIIOJIb3yfOTCa CTaTBCTAYcCKall y3KOnOnOCHaa MOneJIb C paCnpe!JeJIeHHeM, HMeIOmAM 3KCrIOHeHLIHa,,b- 

Hblii XBOCT, H npu6nuXemie KepTuca-ToncoHa CO CneKTpanbHblM pa3pemeHneM 25 CM - 1 ; napaMeTpb1 
MonenH nonygeiibl Ha 0cHoae paweTa nnn nuaafi. Ypamiemin nan)Kemin u 3Hepruri pemaIoTcs coa- 
Mec-rno nns AsnyVaIomero u nornomaH3mero naMHHapHor0 ra3oaoro noToKa Mexcny ~BYMX napan- 
JIeJIbHbIMU CTcHKaMU npll 3aAaHHOii TcMnepaType. BnwIH~e Bb13BaHHbIX TeMnepaTypOfi H3McHeHHfi 

pamiauuoHHbIx u Tenno&i3wIecKHx CB~~ZTB aaane3rrpyeTcn nnK cMecH H20-~03nyx npu 6onbmsx 
TeMncpaTypHbIX rpan&ieHTaX. kCJIcLlyeTCa 6onbmoii iWaIIa30H OIITWICCKHX TOJImBH. HakneHbI 

npo&um TeMnepaTypbI M TennoBoro noToKa npki Harpeee II oxna~neH5iH cTeHoK. CpaemiBamTcn 

pc3ynbTaTb1, "0,IyYeHHbIc C IIOMOmbIO CTaTaCTWIeCKOii y3KOIIOJIOCHOti 5, 3KCnOHeHL,Aa,IbHOii IIIapOKO- 

nonocHoti h4oneneii. 


