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Abstract. The spectral modeling of the radiative properties of participating gases is one of the most significant research
fields in the heat transfer by thermal radiation. However, the correct representation of the spectral dependence of the
absorption coefficient of a participating gas, such as water vapor and carbon dioxide, is a difficult undertaking, since it
depends on the solution of the line-by-line (LBL) integration to accurately solve the radiative transfer equation (RTE). When
the medium is contained within a non-gray enclosure and the spectral dependence of the boundaries must also be taken
into account, this complexity increases even further. In this framework, to compute the radiative exchanges between a
participating medium and non-gray walls, the present paper proposes the development and application of a wide-band
model based on the weighted-sum-of-gray-gases (WSGG). In this method, the spectrum is divided into a set of regions and
these spectral intervals are synchronized with the spectral emissivity distribution of the non-gray boundaries. The WSGG
model is used to solve the contribution of the radiative heat flux and radiative heat source of each one of these segments.
The results show that the proposed methodology led to maximum deviations of 8 % compared to the LBL solution.
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1. INTRODUCTION

The radiative heat transfer is important in many physical and engineering processes. Due to the presence of participating
gases, soot and particulates at elevated temperatures, such as furnaces for heat treatment, steam generators, engine chambers
and flares in the oil industry, the thermal radiation is typically the dominant mechanism of heat transfer in the combustion
systems (Modest, 2013; Modest and Haworth, 2016). The calculation of the thermal radiation in participating gases, such
as water vapor and carbon dioxide, is a considerably complex task in virtue of the strongly irregular dependence on the
wavenumber of the radiative properties of these chemical species. Furthermore, the flames are characterized by intense
variations in their temperature and concentration fields of the participating species (Modest, 2013).

In the most engineering applications, the emission and absorption of the thermal radiation in gases result from transitions
in vibrational and rotational energy states, generating spectral lines distributed around specific wavenumbers (Howell
et al., 2016). Currently, databases related to spectral lines are available, such as HITEMP (Rothman et al., 2010) and
HITRAN (Gordon et al., 2021), from which it is possible to obtain the properties of the gases with a high level of detailing.
The thermal radiation can be calculated with considerable accuracy through line-by-line (LBL) integration (Taine, 1983),
summing the contributions of the emission and absorption of each one of the spectral lines. However, this methodology
requires a prohibitive computational cost in some scenarios, due to the large number of lines that cover the radiation
spectrum. The absorption spectrum of a gas can contain hundreds of thousands or millions of spectral lines. In the modeling
of real engineering problems, such as in combustion processes, which may involve irregular geometries and the coupling
of multiple phenomena, for instance, chemical kinetics, turbulent transport and heat transfer combining convection and
radiation, the computation of each spectral line of the spectrum is a practically unfeasible task, thus establishing the need to
develop reliable models of spectral integration.
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In this framework, the development and application of gas models represent a useful alternative to reduce the
computational cost in the solution of the spectral part of the radiative transfer problem without incurring in a loss of the
accuracy of the results. In the radiation field, the literature continues to present studies from the simplest models, such as
the gray gas (GG) and the weighted-sum-of-gray-gases (WSGG) (Hottel and Sarofim, 1967), to the more recent models
based on the distribution functions built directly from the spectrum, such as the spectral line-based WSGG (SLW) model
(Denison and Webb, 1993), the full-spectrum correlated-k (FSK) distribution (Modest and Zhang, 2000) and the cumulative
wavenumber (CW) method (Solovjov and Webb, 2002). The WSGG model, though older, has recently experienced ongoing
improvements, leading to conclusions that are equally as accurate as the most sophisticated spectral models, which has led
to its use in recent papers (Dorigon et al., 2013; Cassol et al., 2014; Coelho and Franca, 2018; Wang and Xuan, 2019;
Bordbar et al., 2021; He et al., 2021; Silva et al., 2021; Selhorst et al., 2022).

The boundaries of the domain are frequently portrayed as black surfaces in the literature on the use of gas models. This
assumption enables the decoupling of the spectral integration of the medium in relation to the surface, in order to develop
spectral gas models regardless of the conditions at the boundaries. In contrast to research that works on the assumption that
boundaries are black, the study of radiation exchanges between participating gases and non-gray surfaces has received little
attention in the literature. At the non-gray boundaries, the radiative transfer equation (RTE) must be solved iteratively, in
order to account for the reflection of the radiation intensity on the walls, which is given as a function of the intensity incident
on them (which, in turn, depends on the properties of the medium). This fact makes the calculation computationally more
expensive than on black surfaces, in which the intensities at the boundaries are known and, therefore, te RTE is solved in a
single step. Some examples of studies about this topic are found in Denison and Webb, 1994, Solovjov et al., 2013, Fonseca
et al., 2018, Bordbar et al., 2019, Liu et al., 2019, and Fonseca et al., 2021b.

In the present paper, the wide-band based on WSGG (WBW) model is applied to solve the spectral integration of the
RTE. This model aims to refine the spectrum, dividing it into a series of spectral intervals, and using it to solve each one of
these intervals, in order to improve the standard WSGG model. A preliminary implementation of this method was recently
presented by Fonseca et al., 2021a, but with a participating medium composed only of pure H,O, and not a mixture of water
vapor and carbon dioxide, as it will be explored in this work and it was studied in detail in Fonseca, 2022. In this approach,
the one-dimensional system presents non-gray boundaries, i.e., the walls have radiative properties (spectral emissivity and
absorptivity) that depend on the wavenumber. The spectrum was divided into five spectral intervals and to each one of them
was assigned 4 gray gases employing the WBW correlations generated by Fonseca, 2022, for a gaseous mixture composed
of H,0 and CO, in the mole fraction ratio of 2. The regions into which the spectrum was divided and the spectral ranges
of the emissivity profile of the surfaces were assumed to be coincident. The results obtained with the WBW model are
compared against the LBL solution, whose the absorption spectra were generated through the HITEMP 2010 database for a
wavenumber range of 0 cm™' < 77 < 25000 cm™!, with a spectral resolution of 0.067 cm™".

2. RADIATION MODELING

This section presents a discussion of the concepts about thermal radiation, the governing equations and the theoretical
basis on which the proposed model was developed.

2.1 The line-by-line method

For a participating medium without scattering, the variation of the spectral intensity is governed by the RTE, such as
(Modest, 2013; Howell et al., 2016)

dr,
I =—kply+kylpy, @))
where I, is the spectral radiation intensity, «;, is the spectral absorption coefficient of the medium and I, is the blackbody
spectral radiation intensity. This last quantity is computed from the Planck’s distribution function for a wavenumber 7 and a
temperature 7 along a given path.

For a diffuse and non-gray surface located at x = 0, the RTE is subjected to the following boundary condition:

=177,0 =577[b17,0+(1 _af])li],i7 2
x=0
in which g,, and «,, are the spectral emissivity and the spectral absorptivity of the surface, respectively, I, ¢ is the spectral
blackbody intensity evaluated at the boundary x = 0 and T]l is the average spectral intensity that is incident on the wall.
For the other wall, i.e., x = L, the boundary condition is analogous to the above equation; however, it is evaluated on the
right boundary. The quantity 7, ; is defined as

— 1

2
I']si = —/ I?],i cos(@i)dw,- . (3)
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where I, ; is the spectral intensity reaching on the wall surface from direction dw;. On the right side of Eq. (2), the first and
second terms account for the emission and reflection from the boundary, respectively. In problems in which the walls are
perfectly diffuse, &,, = a;.

Once Eq. (1) subjected to Eq. (2) is solved, the total radiative intensity can be determined as I = /000 I;dn. In an
analogous way, the total emissivity and absorptivity of the wall are defined by integrating the spectral intensity that leaves
the boundary over the entire spectrum, such as Iy = fooo 15,0 dn. Integrating the above equation yields

Iy=elyo+(1-a)l;, C))
in which the blackbody radiative intensity evaluated on the left wall (i.e., at x = 0) is given by
Ipo = / Ipyody, )
0

and the incident intensity is calculated as

I_i = L 17],1' d77 . (6)

Finally, the the total emissivity € and the total absorptivity @ of the surface are given, respectively, by

/000 81711777,0 dTI

g=20 - " (7)
Ip0
“a 1, ;dn
UYL ®)
I;

After solving the spectral intensity of each wavenumber 7 according to Eq. (1) via Eq. (3), the total intensity / can
be calculated simply integrating /,, over the whole spectrum. Therefore, the calculation of the variation regarding the
wavenumber of the spectral emissivity and absorptivity is inherent to the LBL method, which means that the solution of the
spectral intensity for each value of 7 is not a difficult task, even though it is a procedure in which an elevated computational
time is required. Nevertheless, for gas spectral models, in which the spectral absorption coefficient is commonly modeled
along the spectrum without regard to specific spectral locations, it becomes more convenient to define constant values for
the wall emissivity € and absorptivity « for these cases.

Finally, integrating the RTE and solving for the spectral radiation intensities for a set of directions, it is also possible to
determine the radiative heat flux and radiative heat source at each position in the domain, such that

0 =Y, [ 2mmn 13,0 = 1,0 | an. ©
=1 Jn

S,(x) = Z / 27K wy [I;;’l(x) + I,_]J(x)] —4nkylp,(x)dn , (10)
1=1 Y"1

where ng is the number of directions used for the directional integration of the RTE, y; is the directional cosine and w;
is the weight for the Gauss-Legendre quadrature; the terms ; ;and [ ;. are the positive and negative spectral radiation
intensities, respectively.

2.2 Application to global spectral models

The methodology discussed in this section to exemplify the application of the proposed model for non-gray surfaces to
gas models will be presented in the context of the WBW model, which is derived from the standard WSGG model. Details
on the standard formulation of the WSGG model can be found in Hottel and Sarofim, 1967, Modest, 2013, and Howell
et al., 2016.

As discussed in the present study, the solution of the RTE requires a spectral integration over the entire spectrum.
Despite offering an accurate solution for the problem, the LBL method has a high computational cost, what makes it
impractical for use in real situations. Therefore, it becomes more important to develop and apply global spectral models,
such as the WSGG model, which simplify the treatment of the behavior of the absorption coefficient of a gas in these cases.
In this model, the irregular behavior of the absorption coefficient of a gas is replaced by a small set of gray gases, with
uniform absorption coefficients, plus the transparent windows. The gray gases are assumed to be randomly spread along the
spectrum. The pressure-absorption coeflicient of each gray gas occupies a non-contiguous portion of the spectrum and is
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assumed to be independent of temperature and wavenumber. The effect of the mole fraction of the participating species is
described in the method through its partial pressure p,.

The wide-band model based on WSGG (WBW) (Fonseca et al., 2021a; Fonseca, 2022) is an attempt to enhance the
WSGG model by the development of a technique that involves segmenting the radiation spectrum into a set of spectral
intervals. For each spectral interval, a set of gray gases is assigned and the WSGG model is used to solve the contributions
of the RTE, the radiative heat flux and the radiative heat source. The global results are given by a summation of the
contributions from each one of these regions. The advantage of the proposed method is that, although it is a spectral model
in which it is not possible to define the location of the gray gases, as the spectrum was divided into intervals, even if it is not
possible to specify where the gases are, it is known that their positions are restricted to the spectral bands. In this way, the
coupling of the radiative properties of gases with those of non-gray surfaces becomes simpler.

In this study, a methodology to compute the radiative exchanges between a participating medium and non-gray walls is
proposed. Nevertheless, the coupling between the spectral treatment of the radiative properties of the medium and surfaces
is an issue in the development of a model for this purpose. In these scenarios, it is impossible to directly relate the solution
of the RTE through a global model with non-gray surfaces, since the information about the spectral position of the gray
gases is lost. On the other hand, since the variation of the absorption coeflicient of the gases in band models is known, the
coupling can be carried out immediately. In the present study, it was assumed that the regions into which the spectrum was
divided coincide with the intervals of the spectral distribution of the emissivities of the surfaces, which are considered
identical, for simplicity. In future works, it is planned to find other more real ways of coupling the spectral intervals of the
WBW model with the emissivity profiles of the non-gray boundaries.

Adopting the hypotheses of the WBW model for an arbitrary spectral interval k and a gray gas j, the RTE has the format
below

dl;j
dx

=—KpjkPaljk +KpjkPaljifilp, (11)

In the above equation, k,; i is the pressure-absorption coefficient of the gray gas j, I;  is the partial intensity of the gray
gas j, aj i is the temperature coefficient of the gas j, fi is the fraction of blackbody energy that emanates from the spectral
interval Ang, all of them in relation to the spectral band &, and I}, is the total blackbody radiation intensity. The parameters
Kpjk and aj  of the k-th band can be determined from fittings of LBL data of emittance through the high-resolution
spectral databases, such as HITEMP 2010. The emittance € for each spectral interval Any is computed as

_ ﬂfAnk Ipy [1 = exp(=kpypaS)| dn

€ = , (12)
-/Ank [bn dn

in which the denominator of the above equation is given by /Ank Iy, dn = fxlp, S is the path length and «,,, = k5, /pa is
the spectral pressure-absorption coeflicient.
Under the assumptions of the WBW model, Eq. (12) becomes

J
€ = Zaj(T) [1—exp(—kpjpaS)]| . (13)
=1

Integrating Eq. (11) over the interval An; and assuming an arbitrary band k, it is subjected to the following boundary
condition

Ijk

=1jro0= / [57],k1b77,0 + (I =y lyix|dn =erajxofiolpo+ (1 —ar)ljix, (14)
x=0 An

where £ and ay are the partial emissivity and absorptivity, both in relation to the boundary; the term fi o is multiplying
the blackbody total intensity I, because is necessary to measure the energy fraction of blackbody that is emitted in each
spectral interval. For a spectral interval k, the emissivity and absorptivity are given, respectively, by

/ » S)],k]bn,odn
g = (15)
ajolpo
/Aﬂk ar],klr],i,kdn

I;

@y = (16)

For the calculation of the radiative heat flux and radiative heat source also is required to account for the fraction f; of
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each segment in which the spectrum was divided. So, ¢, and S, are computed as

np, ng J

ar0 =y > 3 2w |1, 0 = 17, )| (17)

k=1 I1=1 j=1

np  ng

J
S = 30 3 2wk kpawr |1 () + 17 k(0| = 47K kpaas i filn (3). (18)

k=1 I=1 j=I

in which ny, is the number of segments in which the spectrum was divided, and I;.’ Lk and I]T | i are the radiation intensities
of the gray gas j in the positive and negative directions.

2.3 The problem under study

In this paper, the heat transfer by thermal radiation for a one-dimensional medium slab was investigated. The 1D domain
is composed by two diffuse, non-gray walls that bound a participating medium, which is formed by a non-homogeneous
and non-isothermal mixture of water vapor and carbon dioxide. The temperature and mole fraction profiles evaluated are
described in Section 3. The distance between the plates is L = 1 m and the total pressure is p = 1 atm. The domain under
study is shown in Fig. 1. The WBW model, which was preliminarily presented in Fonseca et al., 2021a, was used to solve
the spectral integration of the RTE and the directional integration was carried out with the discrete ordinates method (DOM)
for 12 directions, following the criteria proposed by Lathrop and Carlson, 1964. The spatial domain is divided into 200
equal-sized cells. The choice and adoption of these parameters of directional and spatial discretizations were discussed in
detail in Fonseca, 2022, and it was proved to be adequate for simulations with the same physical conditions studied in this
work.

The spectral emissivity distribution for the non-gray walls is given by a five-band stepwise variation, such that: &, = 0.5
forOcm™! < n < 1000 cm™!; &, = 0.6 for 1000 cm! < n < 2600 cm™ ! &, = 0.7 for 2600 cm! < n <4400 cm™ ! g;=0.8
for 4400cm™" < 7 < 6000cm™!; and &,, = 0.9 for 6000 cm™" < 7 < 25000 cm™!. Both walls were assumed to be identical,
although the proposed methodology is not restricted to these scenarios. The spectral modeling of the problem is solved by
applying the WBW model and the LBL solution to each one of the segments in which the spectrum was divided. The set of
correlations of the WBW model for 4 gray gases in each one of the five spectral intervals, presented by Fonseca, 2022,
was used. The segments in which the spectrum was divided are the same that were mentioned in the description of the
emissivity profile of the surfaces. The results were obtained in terms of the radiative heat flux and radiative heat source and
compared against the LBL solution, and they will be present in the next section.

Figure 1. Schematic representation of the one-dimensional medium slab.

3. RESULTS AND DISCUSSION

In order to evaluate the accuracy of the proposed methodology regarding the LBL integration, three temperature profiles
were tested, which are given by the following equations

T (%) = 400 + 1400 sin* (%) , )

T(#) = 400 + 1400 sin®(27%) , (20)
880 + 920 sin?(27%), if £ < 0.25

TE) =400+ 1400{1 —sin32[27/3(% - 0.25)]},1&2 > 025’

2y

where £ = x/L is the dimensionless distance from the left wall. Eq. (19) presents a profile with simple symmetry in relation
to the x-axis, with both walls at 400 K, average temperature of 1100 K and maximum temperature of 1800 K. Eq. (20) is a
doubly symmetrical profile in relation to the x-axis, with the walls and the average and maximum temperatures analogous
to the previous profile. Eq. (21) represents a profile without symmetry, with average and maximum temperatures of 1100 K
and 1800 K, respectively, and the left wall at 880 K and the right wall at 400 K. Fig. 2(a) shows the behaviors of these
temperatures profiles.
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In addition, three mole fraction profiles were also evaluated, according to the equations below
Y. (%) = 0.1sin*(n8), (22)

Y. (%) = 0.1sin*(27%) , (23)
0.1sin?(278),if £ < 0.25

Ye(£) = 0.1{1 _Sins/z[zﬂ/s(;e—0.25)]},1152 >0.25

(24)

in which Y, is the mole fraction profile of CO,. In Eq. (22), the CO, mole fraction profile has simple symmetry in relation
to the x-axis, with a peak of 0.1 in the middle of the domain and an average value of mole fraction equal to 0.05. Eq. (23)
presents a profile with double symmetry in relation to the x-axis, with two peaks of 0.1 in £ = 0.25 and £ = 0.75, and an
average mole fraction of Y, = 0.05. Finally, Eq. (24) does not present symmetry in relation to the x-axis, although the
average and maximum values of Y, are 0.05 and 0.1, respectively, as in both previous profiles. In Fig. 2(b) is presented
these mole fraction profiles. In all the cases, the mole fraction of water vapor Y,, is twice that of carbon dioxide (i.e.,
Yy = 2Y.), so that the ratio between the partial pressures of these species is kept constant at p,, /p. = 2.

In order to describe the behaviors of 7 and Y, along the domain and to calculate the radiative heat flux and radiative
heat source, the temperature and CO, mole fraction profiles were merged in this section. The combinations were created
based on whether or not there is symmetry about the x-axis. So, Eqgs. (19) and (22) together are referred to as Profile 1,
Egs. (20) and (23) are referred to as Profile 2, while Eqgs. (21) and (24) together are referred to as Profile 3.

The accuracy of the proposed methodology was tested against the LBL solution through calculations of percentage
deviations. In this framework, a normalized percentage deviation was defined as

|¢LBL. — PwBW|
_ 25
max(|dLpL) )

where ¢ is either the radiative heat flux, ¢, or the radiative heat source, S,, the subscripts “LBL” and “WBW” represent the
LBL and WBW solutions, respectively, and the term max(|¢ypL|) is the maximum absolute value of ¢.

To assess the accuracy of the proposed method regarding the LBL solution, a set of test cases was analyzed. The
temperature and mole fraction profiles are given by Egs. (19)—(24); the mole fraction of H,O is twice that of CO,
(pw/pc =2) and the total pressure is 1 atm. Egs. (9) and (17) are used to calculate the radiative heat flux for the LBL
solution and the WBW model, respectively; for the radiative heat source, Eqgs. (10) and (18) are used, respectively. The
radiation spectrum is divided into five regions and to each spectral interval is assigned 4 gray gases via WBW model.

Fig. 3 presents the radiative heat flux and radiative heat source for Profile 1 (which is formed by the combination
of Eq. (19) for the temperature profile and Eq. (22) for the CO, mole fraction profile). This figure shows the solutions
with the LBL method and the WBW model assuming that the plates that bound the participating medium are non-gray,
in addition to the approach with the WBW model proposed in Fonseca et al., 2021a, but with black walls (curves in the
aforementioned figure identified as “LBL’, “WBW non-gray” and “WBW black”, respectively). The normalized percentage
deviations of the tested approaches in relation to LBL integration are shown in Table 1. By this table, one can observe a
good agreement between the non-gray approaches, since the results obtained with the WBW model presented a maximum
deviation regarding the reference solution of 6.1 % for ¢, and 4.47 % for S,.. In the case in which the walls of the domain
are wrongly assumed to be black, when they should be treated as non-gray, the deviations with the WBW model can reach
16.9 % and 8 % for the radiative heat flux and radiative heat source, respectively.

T
g\ @
1500 .
S qo00f /[ S O i
500( /. RSN ,
- | | | L ~ ) 4 .
0 02 04 06 08 1 0 02 04 06 08 1
% £

....... Profile 1 —— Profile 2 - - - Profile 3

Figure 2. Profiles under study in this paper: (a) temperature profile; (b) CO, mole fraction profile.



19th Brazilian Congress of Thermal Sciences and Engineering
November 6th—10th, 2022, Bento Gongalves - RS - Brazil

0

E B
~ ~
2 £ 200
& 4

—-400

| | | | | | B | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

=
=

o LBL —— WBW non-gray --- WBW black

Figure 3. Radiative heat transfer for Profile 1: (a) radiative heat flux; (b) radiative heat source.

In Fig. 4, the radiative heat flux and radiative heat source for Profile 2 (formed by joining Eq. (20) for the temperature
profile and Eq. (23) for the mole fraction profile of carbon dioxide) are shown. Analogously to the previous case, this figure
presents the curves that represent the solutions for non-gray walls, obtained through the LBL and WBW methods, and the
approach for black boundaries, also determined with the WBW model. According to the figure and Table 1, a satisfactory
match between the approaches that describe the behavior of the solutions with non-gray surfaces was verified. For the
radiative heat flux, the maximum error of the “WBW non-gray” approach in relation to the LBL integration was 6.68 %,
and, for the radiative heat source, the maximum deviation was 5.95 %. Comparing the “LBL non-gray” solution and the
approach with black walls, the maximum deviations for g, and S, were 18.93 % and 8.94 %, respectively.

‘ 200 7
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& =
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-200
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—-400

Sh vy b
—600 |- | | | | ® ]
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o LBL —— WBW non-gray --- WBW black

Figure 4. Radiative heat transfer for Profile 2: (a) radiative heat flux; (b) radiative heat source.

Finally, Fig. 5 depicts the behaviors of the radiative heat flux and radiative heat source for Profile 3 (Eq. (21) for the
temperature profile and Eq. (24) for the mole fraction profile of carbon dioxide). By this figure and Table 1, it is noticed a
greater discrepancy between the solutions for non-gray boundaries compared to the previous test cases, mainly with regard
to the radiative heat flux, since the maximum error found was 8.13 %; for S,, the maximum deviation in relation to the LBL
method was close to that found with Profile 1, with a value of 4.56 %. When mistakenly treating the surfaces as black and
when using the WBW model also to solve the spectral integration of the problem, the errors in relation to the reference
solution reached 26 %, in the case of the radiative heat flux, and almost 10 %, for the radiative heat source.

In general, the application of the WBW model to the solution of non-gray surfaces presented a good performance when

Table 1. Maximum and average normalized deviations between the LBL integration and the different approaches of the

WBW model.
LBL non-gray X WBW non-gray [%] LBL non-gray x WBW black [%]
Profile  (Ag,)max (AQr)avg (AS;)max ~ (AS; )avg (AGr)max (ACIr)avg (AS;)max  (AS, )avg
1 6.10 3.92 4.47 1.53 16.90 10.67 8.03 4.21
2 6.68 2.90 5.95 1.65 18.93 8.24 8.94 3.77

3 8.13 4.25 4.56 1.17 26.08 16.82 9.94 3.56
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Figure 5. Radiative heat transfer for Profile 3: (a) radiative heat flux; (b) radiative heat source.

compared with the LBL method, since the maximum errors obtained were between 6 % and 8 % for the cases tested in the
present study. According to the literature, when a wide-band model is adopted, which is the case of the WBW model applied
in this paper, the accuracy even with black surfaces is unsatisfactory, since errors of 30 % are typically found (Modest,
2013). Based on this fact, the proposed methodology proved to be a great alternative, because even with non-gray surfaces
it presented much better results than those reported in the literature. In future studies, it is initially planned to optimize the
number of gray gases in each band in which the spectrum was divided according to the importance of each region for the
calculation of the thermal radiation. Moreover, another perspective of study is to find other ways to synchronize the spectral
intervals of the WBW model with the bands of the emissivity profile of the non-gray surfaces.

4. CONCLUSIONS

This paper presented a methodology for the application of the WBW model, which is a wide-band model based on
the WSGG, for the calculation of the radiative heat transfer of a participating medium confined by non-gray walls. The
methodology consists of assuming that the spectral intervals in which the radiation spectral was divided are coincident
with the regions that represent the profile distribution of the spectral emissivity of the non-gray surfaces. A small set of
test cases described by a non-isothermal and non-homogeneous mixture of water vapor and carbon dioxide was studied
and the accuracy of the proposed methodology was evaluated against the LBL integration. The reference solution was
also compared with the WBW model applied to black boundaries, in order to measure the discrepancies in assuming
black surfaces that are actually non-gray. The results showed that the formulation presented in this paper leads to smaller
deviations regarding the LBL solution than those found in the literature with the usage of band models. For future works,
new ways of combining the bands of the WBW model with those of the emissivity profile of the boundaries will be
investigated, as well as the inclusion of soot and other participating species.
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