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A differential fotal absorptivity (DTAjsolution to the radiative transfer equation is assessed
for application in the discrete transfer radiation model (DTRM).The new solution technique
treats the source temperature dependence of adsorption explicitly, without the need for
spectral integration. Predictions are presentedfor the radiative intensity across single lines
of sight, andfor the volumetric source pariations in e fuflDTRM calculation between solid
walls. DTA exhibits superior performance relative to a differential total transmissivity
solution and the weighted sum of gray gases solution. Additionally, gray gas solutions and a
homogeneous isothermal path solution are shown to be unsatisfactory.

INTRODUCTION

Radiation modeling is a criticall component in the prediction of highly
temperature-dependent pollutant formation and wall heat transfer in complex
combustion systems. The nature of solution is especially important in coupled CFD
heat transfer calculations in which it is necessary to strike a compromise between
accuracy and computational effort.

The radiative properties of combustion systems are a complicated function of
wavelength, temperature, pressure, composition, and path length. Modeling of
these dependencies demands three levels of delineation. First, a global model is
required to describe the physics of radiation and how it links to the overall analysis
of heat transfer and fluid dynamics. Within a particular model, solution of the
radiative transfer equation can then be addressed in a number of ways. Finaly, a
method is required to represent the radiative properties of the participating media.
The anadysis is further complicated by the different representations of solid-gas
and gas-gas radiation. This article presents an assessment of a differential tota
absorptivity (DTA) solution technique as applied in the discrete transfer radiation
model (DTRM) due to Lockwood and Shah {1].

The DTRM represents one of the most popular methods used for the
modeling of radiation in a variety of combustion situations including furnaces [2],
combustors [3], and flames {4]. The method is a ray-tracing process that solves the
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NOMENCLATURE
a gray-gas polynomial weighting Subscripts
coefficient
E mean percentage absol ute error
i radiativeintensity, kW /m?sr b black-body quantities
i radiativeintensity, kW /m?sr cm c carbon dioxide
k absorption coefficient, m~! h water
k mean line-strength-to-spacing t Species
parameter, cm ! j spectral band or gray gas component
i path length, m m ray descriptor
P partial pressure, atm n, r, ' computational grid cell
q- incident radiativeflux, kW /m? N final cdl in path
s,s’, 5" distance, m @) origin of path
S volumetric radiative source, kW S source temperature
T temperature, K \Y; wave number
w weighting of radiative intensity, s
a absorptivity
spectral line half-width, ¢cm~! Superscripts
1/6  mean strong line parameter, cm
AA area of a surface element, m?
€ emissivity c correlated solution
o Stefan-Boltzmann constant, T total property
kW,/m? K*
T transmissivity

radiative transfer equation, RTE, along a discrete set of representative directions
from fixed points on solid surfaces. It provides approximations to the radiative flux
at solid boundaries and to the contributicn made by radiation to the energy
equation. When a gray gas approximation is used, solution of the RTE is relatively
straightforward. However, the approximation lacks physical realism for many
combustion situations that are nongray. Kim et a. [5] demonstrate poor perfor-
mance of the gray gas assumption in the discrete ordinates radiation model. A
homogeneous isothermal path solution, as well as a range of constant absorption-
coefficient solutions, are applied in the present article to confirm these observa-
tions,

Many models have been developed to represent the nongray behavior of
combustion products, and they have been used successfully to solve the RTE.
Viskanta and Menguc [6] provide brief descriptions of the models and methods
without presenting detailed comparisons of their performance. Some comparisons
have been made for the discrete ordinates radiation model. Kim et al. [5] show that
the computational time savings offered by gray-band solutions, relative to both
narrow- and wide-band solutions. is accompanied by a considerable loss in accuracy
in the internal fluxes and radiative source distributions across inhomogeneous dabs
between black walls. Song [7] compares the wide-band results from [95 with a
weighted-sum of gray gases (WSGG) solution, a modified WSGG solution, and a
gray gas solution. The WSGG solutions are shown to model accurately the nongray
layers considered. Both [5] and [7] analyze only layers between black walls. In the
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DTRM, Docherty and Fairweather [8] compare exponential wide-band and statisti-
cal narrow-band solutions, but only for individual lines of sight.

In view of the above discussion, the increasing popularity of the DTRM
demands a clear appreciation of the less computationally expensive solution
techniques for application in coupled CFD heat transfer calculations. Using a
differential narrow-band solution as a basis for comparisons, the assessment of
DTA is presented relative to a differential total transmissivity solution, a weighted
sum of gray gases solution, a range of constant absorption coefficient solutions, and
a homogeneous isothermal path solution. Additionally, gas-gas radiation is distin-
guished from gas-solid radiation,

First, the various solution algorithms are described, starting with the gray gas
formulation in the DTRM. Gas property models are considered next, along with
their numerical implementation into the algorithms. Results are then presented for
the complete solutions when applied to parabolic temperature profiles characteris-
tic of nonpremixed burning in the range 800-1800 K. Predictions are made of the
radiative intensity variation for gas-gas radiation across single lines of sight. The
same profiles are then applied to a full DTRM calculation between solid walls, and
the volumetric source variation is presented. Both black and gray walls are
consdered. Only emitting-absorbing-nonscattering media are analyzed comprising
two of the principal combustion products, CO, and H,O.

SOLUTION METHODS

Following the approach of Siegel and Howel [9], integration of the radiative
transfer equation (RTE) aong a single line of sight yields the monochromatic
intensity

. § s A . ; [ , S ‘I :
i,(s) =1i,0) exp[ —J{k,,(s’”) ds"] + fib AB K A3 — 8)exD —Jsfc,,(s +ds Jas'
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)

The first term represents radiance at the start of a path length that is transmitted
across s. The second term is the sum of energy emitted from intermediate points,
s', that is then transmitted across the remaining path to s. Integrating Eq. (1)
across the spectrum and substituting for transmissivity,

7(s' > 5) = exp[—ffk,,(s") ds”] 2

yields the integrodifferential equation
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For a gray, homogeneous medium, Eq. (3) simplifies to a recurrence relation
expressing the intensity at the end of a path in terms of that at the start:

in = iﬂ—lTN + ’:b,N(l - TN) (4)
where 7, is the total transmissivity.

In Eq. (4) is expanded back to the origin of its path, the intensity at a point is
expressed as
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The constant absorption coefficient (CAC) solution used below is represented by
Eqg. (5) with 7. = e=*/ = (1 - &,) and constant values of k. As a new cell in a path
Is traversed, the transmissivity product for each upstream cell is multiplied by the
transmissivity of the new cell.

The ray-tracing process in the DTRM employs Eq. (5)—or Eq. (4) on a
cell-by-cell basis—to evaluate incident radiative fluxes,

M
7= E Waln (6)
m=1
and radiative source terms,
AS= ) wAiAA (7
all rays

where Ai represents the change in intensity of a ray traversing the control volume.
Each ray is assumed to occupy a “pencil” equal to the projection of the area, A 4,
of the surface element from which it is launched. The i,, in Eq. (6) are the incident
radiative intensities evaluated as the final value aong each path from Eqg. (5). The
summation in Eq. (6) is performed for ray directions representing the solid-angle
hemisphere, whereas in Eq. (7) it is for all rays crossng a particular control
volume. The weighting coefficients, w, in Egs. (6) and (7) are functions of ray
directions and the solid angles represented by each ray. They are also dependent
upon the alignment of the axes used to discretize the hemispherical solid angle
relative to a solid surface [10].
The initial intensity at the origin of every path is

- [EOO'T{," + (1 - so)q‘] )

m

Since this is dependent on the initial intensities from other solid locations within
the domain, the calculation procedure is iterative.

Although the gray gas assumption is computationaly attractive, the spectrally
dependent nature of emission and absorption make it physically unrealistic. Equa-
tions (4) and (5) do not take into account the preferential self-absorption of gases
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due to the nongray distribution of absorption and emisson lines. For inhomoge-
neous, nonisothermal paths, the use of total properties in Eq. (4) underestimates
absorption, since high absorptivity in particular regions of the spectrum is averaged
across the whole spectrum.

Other solution techniques are now described, all derived from Eq. (3), which
address the spectral dependence of radiative intensity. A representative value of a
property, ¢, across a path is described by ¢, ., ,, Wwhere a and b signify the initial
and final elements in the path, respectively.

Differential Banded Transmissivity (DBT) Solution
Rewriting Eq. (5), the spectrally correlated intensity across a bandwidth Av is

: 1 v+Av/2] n
=" {t.,(O)I_[,,ﬁ E(lbvru H T” ©
v—Av/2 r=1

Av r'=r+1

The high-resolution structure of the spectrum prohibits a complete representation
of the correlation between intensity and absorptivity for engineering calculations.
However, Taine [11] demonstrates poor performance of a noncorrelated solution,

J N N
int_El:iO,jil;—[\.i} ;(lbjrjr l—[ }r) } (10)

where the strength, shape, and distribution of individual lines are modeled by band
descriptions of the spectrum, and mean values of intensity and transmissivity are

used for each band.
The correlated solution focuses on the recurrence interpretation of the RTE.

If, however, the differential transmissivity in Eq. (3) is expanded, for each spectra
band, as a finite difference at all upstream locations, the intensity becomes

l = E 10;70—>nj+ Elb(Ts,V,)( roan,j ?—lqn,j)Avj (11)
J|=

where the transmissivity difference across an upstream cell is evaluated for paths
from the leading and trailing edges of that cell. The black-body intensity,

2C,V?

i, (T, y) = __czu,/.r,l__ 7 (12
Is evaluated at the centre of a band and midway between each path origin. C; and
C, are Planck’s first and second constants, respectively. Nonuniformities are
treated by either scaling the band parameters used to calculate the transmissivity,
or by evaluating mean thermodynamic properties for an egquivalent homogeneous,
isothermal path. The transmissivity for bands comprising more than one species is
calculated as the product of the individual species transmissivities.
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The first term in Eg. (11) represents the gas transmission of solid wall
radiation. The initial intensty of the jth band is

(1_..)

M
fo,; = €olp,;j AV + — E Wi, (13
—\

nm

where the summation represents the total incident radiation within the band for all
rays.

Differential Total Transmissivity (DTT) Solution

If the order of integration is reversed in Eq. (3), the spectraly resolved
transmissivities are replaced by total transmissivities,

— [wib(T;‘i V)Tr—bn(T: ﬁc,ﬁh,l, V] dV
7 T P B B =2 - )
j ib(rs-’ v)dv
0

and the differential total transmissivity SOl ution is expressed as

{ = Y
5 nl )
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_-TrT—l—'H(Tr—-l—rn’ﬁc,r—lﬁn’ﬁh,r-—-l-—vnalr—l—»n)] (15)

To calculate the total radiative properties for nonhomogeneous, nonisothermal
paths, Grosshandler [12] recommends concentration-weighted temperatures and
partial pressures in the total transmittance nonhomogeneous (TTNH) model:

‘/"s[pw(s") + p.(s")]ds"

Ts’—u‘ = 5
J Lp(s") +pAs"/T(s")) ds"

[’[ (s /T(s") ds”
(17)

pi,s‘—-s =

[ UpsY/T(s") ds”

Within the TTNH model a correction is applied to the transmissivities in order to
account for the different temperature dependence in Eq. (14) of the black-body
intensity and the total transmissivity.
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Differential Total Absorptivity (DTA) Solution
The corrections in the TTNH model can be avoided if Eq. (3) is rewritten as

e s )

Rnas

iu)=£ﬁﬂm1—a10qnhw—jﬂ”4y) ds dv (18)
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and if a total absorptivity is defined as

arT—-n(Ts)Tv ﬁc’ph:l) = f:-'fb(i'}, v)ar—»n(];7T’ Des Parls V) dv/fowib(Ts’ v)dv

(19)

Now, the source temperature dependence of absorption is treated explicitly and the
differential total absorptivity solution is given by

iy = io[l - aor—»n(To,To—.mﬁc,o—»nsﬁh,o—m:lo—m)]

n
— £ — Y
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—ar:r—bn(T;'—l/Z!i—bn’ﬁc,r—»n’ﬁh,r—»n’lr—vn)] (20)

In the DTT solution, transmissivities are evaluated from the trailing edge of each
element along a path as a function of the mean temperature for that path. These
transmissivities are then used in the finite-difference calculation for the leading
edge of the adjacent element. In contrast, the source temperature dependence of
absorption in the DTA solution requires that both trailing- and leading-edge
absorptivitics are evaluated for each element as a function of each element's
temperature, 7,_, ,,, as weli as the mean thermodynamic properties for the path.
The computational penalty of this double calculation is approximately equal to that
for the corrections required in the DTT solution.

Weighted Sum of Gray Gases (WSGG) Solution

It can be shown [13] that Eq. (10) also represents the solution for the WSGG
solution in the band summation is replaced by a summation for each gray gas, and
if the black-body intensity is premultiplied by the corresponding weighting coeffi-
cients. The initial intensity of the jth gray gas is

M
ai{(T)ego Ty + 11 — &5] X Wals
_ no1 @

w

to,;

where the summation represents the total incident intensity for the jth gas.
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Homogeneous Isothermal Path Solution (HIP)

The evaluation of all downstream transmissivities due to upstream emission
can be avoided by replacing every st of downstream cells by equivalent homoge-
neous paths. Alternatively, this equivalence can be applied to every path such that
the intensity at the end of a line of dght is due to emission from a single
homogeneous path, combined with the transmission of initial intensity across that
path. The latter description represents the HIP solution.

GAS PROPERTY MODELS

A hierarchy of gas property models can be described based upon the level of
gpectral resolution employed. At the highest end of this hierarchy for molecutar
gases are line-by-line models [11], which use high-resolution spectrnscopic data to
generate integrated line intengties and spectra absorptivities. Despite their high
accuracy, calculation times are prohibitive for engineering problems, making line-
by-line models unsuitable for the present study. However, the data generated by
line-by-line models are used, together with experimental data, to calculate mean
band parameters for narrow- and wide-band models. Of the various narrow-band
models, the single line group (SLG) method due to Ludwig et al. [14] is used here
(with the differential banded transmissivity solution) as the basis for comparisons.
Whereas narrow-band models typically divide the spectrum into 25-cm ™! intervals,
wide-band models require over an order of magnitude fewer divisions [15].

Many other gas property models do not treat the spectral variation of
absorptivity explicitly, since they employ curve-fitting strategies to spectrally calcu-
lated total properties. Of these, the weighted sum of gray gases modd [16] is
especialy useful, since it links the physical redism of Beer's law with the smplicity
of the gray gas approximation. Other curve-fitting models—also known as tota
absorptivity-emissivity models—include those due to Modak [17] and Leckner [18].

Curve fits to mean absorption coefficient data have dso been made by
Hubbard and Tien {19].

The single gray gas approximation, which assumes a constant absorption
coefficient across an inhomogeneous path, is at the lowest end of the hierarchy.

Statistical Narrow-Band Model

Narrow-band models describe the spectral variation of radiative properties by
assuming that the distribution of lines, their shape, and their intensity can be
represented mathematically. According to these representations, the mean trans-
missivity within a band can be calculated. The Goody statistical model assumes that
lines within a band are randomly located. If line strengths and widths are assumed
to be equal, the mean band transmissivity for species ¢ is then given by

[ - - .\—1/2
L+ kv iov iPy

Tr,,,.-=exp[—(k,,,,-p,-r)[ o 22)

v, i

Cr e S g e e ey



DIFFERENTIAL TOTAL ABSORPTIVITY SOLUTION 339

Ludwig et al. {14] apply an approximation to the opticél depth, which accounts for
combined Doppler and collision broadening. Alternative narrow-band models are

described elsewhere [20].

For a single homogeneous element, the band transmissivity is evaluated as
the product of transmissivities for al species. Band transmissivities for nonuniform
paths are calculated by using an equivalent homogeneous, isothermal path. Thisis
achieved through the calculation of effective thermodynamic properties by Eq. (16)
and (17) or of scaed band parameters using, for example, Curtis-Godson scaling
[9].

Total Absorptivity-Emissivity Models

Curve-fitting models are designed to calculate radiative properties for homo-
geneous, isothermal media. However, they can be applied to noruniform media
using differential total property solutions or equivalent homogeneous path approxi-
mations. Modak’s model [17], incorporating Chebyshev polynomial curve fits to
wide-band total emissivity data, is used for the present analysis. The total absorptiv-
ity is evaluated from

al = ET(—]:

0.65-02p,./(p.—p.)
) (23)

The method has been derived for the following range of gas parameters:

300 < T< 200K
0.0011 < p < 10 atm (24)

0.0011 < pl < 5.989 atmm

Weighted Sum of Gray Gases Models

Weighted sum of gray gases models comprise curve fits—normally to total
emissivity data—assuming the real gas to be composed of a number of gray gases
with windows in the spectrum represented by a single clear gas. Total emissivity is
defined by

7
£= 3, a{TX1 - e kirl) (25)
=0

where absorption coefficients, k;, independent of temperature are assumed and the
temperature dependence is carried by polynomia weighting factors, a{T). The
coefficients for each gas are applied in the WSGG solution described in Eg. (10).
Values have been generated for absorption and polynomia coefficients by many
authors {21]. Truelove’s coefficients [22] are adopted in the present analysis, since
they are derived from the narrow-band Ludwig data. They are tabulated for the
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0.01 < /< 10.0m

RESULTS AND DISCUSSION

It is impractical to address all radiative property dependencies in a single
article. Therefore, only two temperature profiles are considered: a parabolic
maximum varying between 800 and 1,800 K—configuration A—and a parabolic
minimum varying between 1800 and 800 K—configuration B. In both cases the
homogeneous mixture comprises only CO, and H,O in the ratio 1:2, and the total
path length of 1.0 m is divided into 20 equal elements.

First, comparisons are made without the interaction of solid boundaries. A
single line-of-sight calculation is made for the intensity variation across the two
configurations described above. Second, the same configurations are adopted for a
one-dimensional property variation with solid wall temperatures equal to the
endpoint values of the parabolic profiles. Both black (s = 10) and low-emissivity
gray walls (#= 0.25) are considered. In these cases volumetric sources are evalu-
ated in a full discrete transfer radiation model calculation. Sixteen rays are
launched from each side of the dab.

The mean absolute percentage errors relative to the differential banded
transmissivity solution are evaluated as

N C £y
E =100 £ BBT'J’; "

n=1

2

where / represents radiative intensity or volumetric radiative sources. Table 1
summarizes the permutations of solution algorithms and gas property models, and
errors are presented in Table 2.

Table 1 Permutations of solution methods and gas property models

DBT Differential banded transmissivity solution using the
. SLG narrow-band model due to Ludwig et al.
DTT Differential total transmissivity solution using Modak’s
total emissivity data
DTA Differential total absorptivity solution using Modak’s

totai emissivity data

WSGG Weighted sum of gray gases solution using Truelove’s
coefficients

HIP Homogeneous isothermal path solution using the SLG
narrow-band mode) due to Ludwig et al.

CAC Constant absorption coefficient solution
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Table 2. Mean absolute percentage errors relative to DBT solution

DTT DTA WSGG HIP
A—line of sight 593 5.06 1135 27.22
B—line of sight 14.77 1057 21.80 1804
A-—solid wall (e = 10) 2934 1556 1610 69.15
A —solid wall (e = 0.25) 1669 1260 21.28 6104
B—solidwall (e = 10) 949 6.74 20.39 56.63
B—solid wall (e = 0.25) 2033 2076 1019 3241

Configuration A— Single Line of Sight

391

The radiative intensity variation across configuration A—shown in Figure 1—
initially increases with temperature as the hotter elements emit more than they
absorb. However, the intensity continues to increase beyond the midpoint of the
configuration but at a decreasing rate. Absorption by the increasingly cooler gas
only rises above further emisson about three-tenths from the end of the line of

sight.

The CAC solutions are shown for absorption coefficients between 0.25 and
0.75. Although it is possible to identify a single absorption coefficient that yields
the intensity at the end of the line of sght, none of them predicts the complete
intensity variation accurately. Similarly, the HIP solution predicts a good final
value but has large errors elsawhere.

The WSGG solution has a dightly larger final error than the HIP solution,
but produces a better overal prediction of the intensity variation.

radiative intensity (kW/m2/sr)

70

60 *« DTA

HIP
— — — CAC (k=0.25)
5¢ F[------ CAC {k=0.50)
— - — - CAC({k=0.75)

40 |

30 |-

20 | i /
.'k //
¥ . Vs
10 I ' ,/ ) //
L e
e /. -
- -
FaRar
L
0 s Ty i 1 !
0 0.2 0.4 0.6 0.8
distance (m)

Figure 1L Radiative intensity across con-

figuration A.
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Both total property solutions follow the DBT solution very closdy for the
majority of the path. However, the DTT solution overpredicts absorption at the
end of the line of sight. The best performance is produced by the DTA solution,
with a mean percentage error of 5.06%.

Configuration B — Single Line of Sight

In configuration B the hot gas at the start of the path emits more than it
absorbs—cf. Figure 2. Absorption soon increases above emission to yield a de-
creasing intensity variation for approximately the next 50% of the path. Then the
increasingly hotter gas reverses the process again and the intensity increases to its
largest value at the end of the line of sight.

The same CAC solutions again fail to capture the shape of the intensity
variation. In contrast, the HIP solution exhibits good accuracy for the first half of
the path. It is expected that the process of averaging properties without adopting a
differential representation of the RTE leads to larger errors across the lengthening
nonuniform path.

The relative performance between the differential total property solutions
and the WSGG solution is the same as it is for configuration A. However, the
errors in each case are approximately double the previous values. This is dueto the
difficulty of capturing the source temperature dependence of absorption, combined
with the fact that, in configuration B, the whole path "sees' the hot gas at the start
of the path.

Configuration A with Solid Walls

Figures 3 and 4 show the radiative source variation across configuration A
between solid walls that are black (e = 10) and gray (e = 0.25), respectively. Both

30

DBT

DTT

25 | DTA

< WSGG

HIP
— — - CAC (k=0.25)
20F |- CAC (k=0.50)
, |-+~ CACk=0.75)

radia’ive intensity (kW/m2/sn)

0 02 04 06 0s T Figure 2. Radiative intensity across cor-
distance (m) figuration B.
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Figure 3. Radiative source across config-
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walls are at 800 K. The radiative source represents a balance between absorption
and emission, and is considered positive for a cdl that is an overall absorber. In
contrast to the single lines of sight, each element "sees' radiation from alt other
elements as well as from the walls.

In both cases the gas adjacent to the walls is a net absorber while the bulk
core is a net emitter. The hot gas at the center of the slab is the strongest emitting
region. The main difference between the two cases is that the high reflection of the
low-emissivity walls produces a higher level of absorption throughout the gas. For
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black walls none of the high-temperature radiation at the center of the dab is
reflected back into the ges.

Qualitatively, the CAC solution with an absorption coefficient of approxi-
mately 0.3 predict the volumetric source variation reasonably well. This is egpe-
cially so at the center of the slab, but there is an increasing error at the edges

The HIP solution exhibits poor performance, underpredicting net emisson at
the center of the slab and underpredicting net absorption at the edges.

Although the WSGG solution follows the DBT solution closely across the
path, the absolute relative error is large in regions of low net emisson. This
inflates the mean percentage error in both Figures 3 and 4. The total property
solutions overpredict absorption at the edges of the slab and underpredict it at the
center. However, they exhibit good accuracy in regions of low net emission. These
methods are weakened by the modeling of absorption from wall radiation usng a
total absorptivity calculated from mean thermodynamic properties for each path.

Configuration B with Solid Walls

When configuration B is applied between solid walls, the bulk of the gasis a
net absorber of radiative energy. In the black wall case only one element adjacent
to the walls is a net emitter—cf. Figure 5. The depth of emitting gas is dightly
deeper for the low-emissivity walls, as shown in Figure 6. Due to the walls being at
the highest temperature, high wall emissivity produces greater gas absorption than
high wall reflectivity. Another feature of these hot wall configurations is that the
greatest net absorption does not occur in the coolest region, but at points almost
one-quarter of the total path length from each wall. This is due to the coolest
region being farthest from the high-temperature walls and adjacent gas.
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The CAC solutions fail to capture the double maximum of the volumetric
source variation. For black walls they also fail to predict the net emission from the
gas adjacent to the wall.

The HIP solution does capture the two maxima, but only predicts net
emission from the gas adjacent to the wall for the gray wall case.

In contrast to configuration A between cool walls, the total property solutions
produce lower mean percentage errors for high-emissivity walls. The reverse is true
for the WSGG solution. All the solutions overestimate net absorption.

CONCLUSIONS

A differential total absorptivity solution (DTA) to the radiative transfer
equation has been assessed for application in the discrete transfer radiation model.
The DTA solution explicitly addresses the source temperature dependence of
absorption. Relative to the narrow-band solution (DBT), it provides the best
representation of gas-gas radiation.

Both differential total property solutions and the weighted sum of gray gases
solution produce good qualitative predictions for radiative intensity and volumetric
sources for the configurations considered. Generally, the constant absorption
coefficient (CAC) solution and the homogeneous isothermal path solution do not.
Additionaliy, the most suitable absorption coefficient for the CAC solution is not
known in advance of calculation.

However, al the approximate solutions, including the DTA, require improved
treatment of solid-gas radiation.

With respect to computational effort, the WSGG solution is approximately an
order of magnitude faster than the differential total property solutions, which are
over two orders of magnitude faster than the DBT solution. Considering current
levels of computing power, the greater accuracy offered by the DTA solution more
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than compensates for the greater CPU penalty relative to the WSGG solution.
Hence, the DTA solution is recommended for use in the discrete transfer radiation
model when it is applied in nonuniform-property CFD heat transfer calculations.
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