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Abstract 

A numerical study of axisymmetric laminar coflow non-smoking (NS) and smoking (S) 

ethylene diffusion flames is conducted. The study was carried out considering the Steady 

Laminar Flamelet (SLF) concept and a modified acetylene-based two-equation soot model. 

Radiative heat transfer is calculated, in one hand by using the Finite Volume Method (FVM) 

with Planck-mean absorption coefficients, and in another hand by considering the Optically 

Thin Approximation (OTA). The predicted velocity, temperature, OH and C2H2 mole 

fractions, soot volume fraction (fs), soot number density and soot diameter are in reasonable 

agreement with available experimental data. It is demonstrated that the optically thin radiation 

model affects significantly the soot prediction in the upper part of both flames. Then, 

predicted fields of temperature, mole fractions of gaseous species, and soot volume fractions 

are used to carry out decoupled radiative heat transfer computations in order to assess the 

accuracy and the computational efficiency of different radiative property models. Results 

suggest that gray models improve the predictions of the OTA but should be avoided. In order 

to save CPU time it is found that the Statistical Narrow Band Correlated K (SNBCK) model 

can be coupled with efficient and accurate mixing models and can be run with a 2-point 

Gauss-Legendre quadrature scheme without altering the quality of the predictions. In 

addition, numerical results reveal that the Full Spectrum Scaled k-distribution (FSSK) method 

and the Full Spectrum Correlated k-distribution (FSCK) method can be used as alternative to 

the SNBCK.  

 

Introduction 

The importance of the coupling between radiative heat transfer and soot kinetics in laminar 

coflow is well recognized [1-3]. Liu et al. [1] quantified the relative importance of gas and 

soot radiation in a laminar ethylene-air coflow jet diffusion flame, showing that both 

contributions must be accounted for in order to provide an accurate radiative field. Smoke et 

al. [3] investigated a less sooting methane-air flame and draw the same conclusion. They 

found that neglecting radiative loss induces a sufficient increase in temperature to affect 

predicted soot and species concentration levels. In laminar coflows radiative heat transfer are 

generally modeled by using the OTA due to their relatively small optical dimension [3-4]. Liu 

et al. [5] demonstrated that this assumption is relatively correct for methane flames, leading to 

underpredictions of the temperature of about 17K and of the integrated soot volume fractions 

of about 6% as compared to the SNBCK model with 367 uniform narrow bands (NB). In the 

case of more sooting non-smoking and smoking ethylene flames they demonstrated that the 

OTA significantly underpredicts the temperature in the upper portion of both flames, which 

affects soot predictions [6]. Smoke et al. showed also that re-absorption is an important 

feature in ethylene flames [7]. Different levels of modeling of radiative heat transfer to 

account for re-absorption effects were reported in the literature. Simple gray models were 

used by Lautenberger et al. [8] and Beji et al. [9] while Liu et al. [1, 5, 6] used a SNBCK 

model. In order to decrease the computational requirements Liu et al. reduced the number of 

bands as well as the number of quadrature points to integrate the k-distribution, demonstrating 



that a radiative model with 9 nonuniform wide bands using 4 quadrature point may be 

sufficient to achieve accurate results [5]. The aim of the present study is to assess the accuracy 

and the computational efficiency of different radiative property models in the framework of 

axisymmetric laminar coflow ethylene flames. This analysis is accomplished by carrying out 

decoupled radiative computations. Input data of the radiative models, i.e. the fields of 

temperature, mole fractions of gaseous species and soot volume fraction were calculated from 

a CFD model in the case of NS and S flames. The CFD model is based on the SLF model [10] 

and on an acetylene-based semiempirical two-equation model [6].  

 

Numerical Model 

The numerical simulation of the laminar flow field includes the solution of the overall 

continuity equation, the Navier–Stokes equations in low Mach number formulation, and 

transport equations for the mixture fraction, Z, for the soot mass fraction, Ys, for the soot 

number density per unit mass of mixture, Ns, and for total enthalpy. The conservation 

equations are solved in cylindrical coordinates using a finite volume method. For the 

convective terms, the ULTRASHARP approach [11] is applied. A second-order central 

difference scheme is used for diffusion terms. The pressure-velocity coupling is solved using 

the Iterative PISO algorithm [12]. The radiative source term in the transport equation of 

enthalpy is calculated with the Finite Volume Method (FVM) [13] and Planck-mean 

absorption coefficients for gaseous species (CO2, H2O, CO) and soot. Planck absorption 

coefficients are calculated from the narrow band (NB) database of Soufiani and Taine [14] for 

the gaseous species and by assuming that the spectral absorption coefficient for soot is given 

by 5.5fs. fs is defined as sss Yf   with  and s being the density of the gas mixture and 

of the soot respectively, and  the wavenumber. Unless explicitly mentioned, this radiation 

model is used in the calculations but runs using the OTA are also performed for comparison. 

The soot model used in the present study is the acetylene soot based model proposed by 

Leung and Lindstedt [15] and modified later by Liu et al. [6]. Thermophoretic velocities in 

direction i are expressed as: iiT xTTV  55.0, . The source term, SYs, for Ys accounts 

for the contributions of soot nucleation, surface growth and oxidation. The nucleation and 

surface growth processes are expressed as: 

 

   221222 7448exp71 with 2 HC/T)(.rHsCHC        (1) 

 

       222222 )/6038exp(6r with 2 HCATHsCnsnCHC s     (2) 

 

where [C2H2] is the acetylene molar concentration and As is the soot surface area per unit 

volume. Soot oxidation by OH and O2 are based on the NSC model [16] and on the Fenimore 

and Jones [17] model respectively: 
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 In the previous expressions, xi represents the mole fraction of the species i, whereas the 

collision efficiency factor, OH is assumed to be equal to 0.2 [6]. In agreement with the works 

of Liu et al. [6] the NSC and OH soot oxidation rates are modified introducing two 



temperature correction factors, fO2 and fOH. The net mass source term for soot, SYs, is then 

expressed as: 

 ssssssY ArAMrMrMrS 4321 22            (5) 

where Ms is the soot molecular weight. Neglecting the influence of agglomeration on the 

production/destruction of the number density [6], the source term for soot number density is 

given by: 

 

min12 CrNS AsN                (6) 

 

where NA is the Avogadro‟s number and Cmin is the number of carbon atoms in the incipient 

carbon particle (here the number used is 700).  

 State relationships are used to obtain the scalars (T, Yi, , Dth involved in the transport 

equations. The steady laminar flamelet (SLF) model is implemented, which considers that 

combustion takes place in a thin layer in the vicinity of the surface of the stoichiometric 

mixture. In the flamelet regime of combustion and accounting for the radiative loss, all scalars 

are unique functions of the mixture fraction (Z) of the scalar dissipation 

rate,  ZZDth 


2  and of an enthalpy defect parameter,    aduadR hhhhX   [10]. 

In the previous expressions, Dth is the thermal diffusivity and had and hu are the adiabatic and 

unburned enthalpies, respectively. The flamelet library was generated using the GRIMECH 

3.0 chemical reaction mechanism [18]. The enthalpy defect parameterization is introduced by 

using the methodology described by Carbonel et al. [10]. In the CFD code, the local values of 

the mixture viscosity, density, , diffusion coefficient, Dth, temperature and species mass 

fraction are extracted interactively based on the local values of the mixture fraction, Z, of the 

scalar dissipation rate, , and of the enthalpy defect parameter, XR 
 The experimental data of the two laminar coflow ethylene-air diffusion flames simulated 

here are taken from the works of Santoro et al. [19], Kennedy et al. [4], Megaridis and 

Dobbins [20, 21], and Smyth [22]. Experiments used pure ethylene flows through a 11.1mm 

inner diameter vertical steel tube and the air flows from the annular region between the fuel 

tube and a 101.6mm inner diameter tube. The mean velocities for the fuel and air streams are 

of 3.98 cm.s
-1

 and 8.9cm.s
-1

 for the NS flame and 5.05cm.s
-1

 and 13.3cm.s
-1

 for the S flame. 

The sizes of the computational domain are 5cm×15cm. A non-uniform grid, refined near the 

fuel nozzle exit, with 89×400 meshes is used. Convergence is achieved when the maximum 

relative error for all the computed variables is less than 10
-4

.  

Figure 1 shows comparisons between experimental data and predictions concerning the gas 

phase for the NS flame. Overall predictions have a fairly good agreement with measurements. 

Vertical velocities are found in excellent accordance with the experimental data. The 

agreement is less satisfactory for horizontal velocities especially in the lower part of the flame 

(z=1cm) where a shift is observed between predicted and measured peaks. The temperature in 

the lower part of the flame (z=2cm) matches remarkably with the experiments. Nevertheless, 

in the centerline region the model underpredicts the experiments. As underlined by Liu et al. 

[6], these discrepancies can be attributed to the fact of neglecting the preheating of the fuel 

caused by conduction with the pipe flow. At z=7cm the computed temperature are higher than 

the experimental data and the model does not reproduce the experimental cone-shaped radial 

profile. This behavior cannot be attributed to the use of the SLF model since Liu et al. [6] 

drew the same conclusions while considering direct flow/chemistry coupling. The prediction 

of acetylene concentration is of primary interest due to its importance in the soot growth 

process. Figure 1d shows that it is reasonably reproduced especially in the region where 

surface growth occurs (0.2<r/D<0.4). Figures 1e and f show the radial profiles of OH at two 

axial positions. It should be first pointed out that the errors associated with OH measurements 



could be as high as 50% as mentioned by Kennedy et al. [4]. The numerical model predicts 

only qualitatively the level of OH, which may be somewhat artificially compensated by 

introducing the temperature correction factor, fOH, to achieve reasonable predictions in soot 

oxidation. As for temperatures, the inaccuracies concerning OH predictions cannot be also 

attributed to the use of the SLF model since Kennedy et al. [4] obtained similar discrepancies 

while performing coupled flow/chemistry simulations. 
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Figure 1. Prediction vs. measurements for the gas phase in the case of the NS flame: a) 

vertical velocity [19], b) horizontal velocity [19], c) temperature [19], d) C2H2 mole fraction 

at z=2cm [4], e) OH mole fraction at z=0.7cm [4], and f) OH mole fraction at z=7cm [4]. 

 

 Figure 2 show comparisons relative to soot features. The overall agreement is also 

reasonable. fs at different heights for the NS flame are generally consistent with 

measurements; the maximum soot yield and its location being well captured (Fig. 2a). 

However the present C2H2 soot model fails to predict the amount of soot in the centerline 

region. These observations are similar to those of Liu et al. [6] and Kennedy et al. [4]. As 

mentioned by Lautenberger et al. [8] an additional growth mechanism, involving soot growth 

by condensation of PAH, may be required to improve this behavior. The predicted peak soot 

volume fractions in the NS and S are 13.2ppm and 16.4ppm. The experimental results of 

Santoro et al. [19] are of about 9ppm for the NS flame and 15.9ppm for the S flame. It should 

be noted that Smyth reported 10.3ppm for the NS flame [22]. Figure 2b reveals that the soot 

number density is also correctly reproduced. The same result is observed in Figs. 2 d and e 

where the overall soot production is well captured by the model as well as the transition from 

NS to S flame. However the integrated fs is overpredicted in the upper regions where soot 

oxidation occurs. This induces an overprediction in the primary particle diameter in this 

region as observed in Fig. 2c. Figures 2d and 2e evidence also that the use of the FVM model 

with Planck-mean absorption coefficients and of the OTA provides a comparable agreement 

in regions where soot are produced but that both simulations are significantly different in the 



oxidation regions: the OTA results in an taller visible flame for the NS flame and in an higher 

amount of soot released by the S fame of about 12% as compared to the FVM simulations. 

Liu et al. [6] found the same trends by comparing the DOM + SNBCK model and the OTA; 

however the differences between these two models are higher than those found here between 

FVM and OTA. These results demonstrate that absorption of radiation is an important feature, 

affecting drastically the soot oxidation process. As a consequence, the following parts of this 

paper are devoted to determine what kind of radiative model should be used to provide 

accurate predictions of the radiative fields. For this purpose, decoupled radiative 

computations will be carried out using the present predicted temperature, species and fs fields. 

The radiative models considered will be presented in the next section. 
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Figure 2. Comparison between predictions and measurements: a) fs in the S flame [19, 22], b) 

and c) ns and ds, respectively along the annular region exhibiting maximum fs for both NS and 

S flames (M&D for Megaridis and Dobbins [20, 21]), d) and e) ) horizontally-integrated fs 

along the flame height in NS (d) [19, 22] and S (e) [19] flames. 

 

Radiative Models 

The property radiative models used in the present study are briefly described but more details 

can be found in [23]. 

Statistical Narrow Band Correlated-k (SNBCK) Model 

 The SNBCK model is based on subdividing the entire spectrum into NBs and introduces 

the concept of k-distribution, which is basically a reordering of the erratic spectral absorption 

coefficient into a monotonically increasing function, called the NB cumulative k-distribution 

g(k). Since the function g(k) increases monotonically, integration over the g-space can be 

performed by using a Gauss-Legendre quadrature scheme. A parametric study will be carried 

out on the number of quadrature points considered for this integration. The cumulative 

distribution is obtained by considering a Malkmus model where the SNB parameters are taken 



from the 43 NB databases of Soufiani and Taine [14]. Gas mixture is treated using the „exact‟ 

mixing scheme developed by Modest and Riazzi [24, 25]. 

 

Weighted-Sum-of-Gray-Gases (WSGG) Model 

 The original formulation of the WSGG model consists in expressing the total gas 

emissivity as a weighted sum of gray gas emissivities. The emission weighted factors, aj(T), 

and the absorption coefficients, j, for the jth gray gas were determined from the best fit of the 

total emissivity with the constraint that the aj must sum to 1. From a more general point of 

view the WSGG [23] can be applied as a non-gray gas model, solving the RTE for the NG 

gray gas plus one (j=0) for a clear gas. The functional dependence of weighted factors on 

temperature is generally fitted by polynomials, the polynomial coefficients as well as the 

absorption coefficients for each gray gas being tabulated. For CO2/H2O mixtures, these 

coefficients were established for particular ratios of the partial pressure, 
22 COOH pp , which 

limits the application of the method. In this study, the formulation of Smith is considered for 

1
22
COOH pp  based on the complete combustion of ethylene [26]. The contribution of soot 

is added by considering the Planck-mean absorption coefficient. Considering the WSGG in its 

gray formulation, the absorption coefficient can be calculated from the total emissivity as: 

         lκTal   ε    with  llεκ j

N

j

j

G

 


exp11ln
1

. In the previous expressions, andl 

represent the total emissivity and the characteristic mean beam length respectively. Following 

Lautenberger et al. [8], l is taken as twice the characteristic radius of the flames, rf, and is 

obtained from the expression:   4/1213.82 glDrl ff  . lf is the flame length and D∞ is the 

ambient diffusivity. The gray version of the WSGG model will be denoted WSGGg hereafter. 

 

Gray-Wide-Band (GWB) Model 

 The GWB model is the model used in FDS [27]. For a mixture composed of CO2, H2O and 

soot, this model consists in solving the RTE on 6 bands. On each band the Planck-mean 

absorption coefficient, pj, is computed from the RADCAL database [28]. It should be noted 

that Planck coefficients computed from RADCAL [28] and the database of Soufiani and 

Taine [14] are in close agreement. In consequence the use of these different databases, to 

compute radiative properties, should not be a great source of discrepancies. In addition the 

part of the spectrum considered in RADCAL has been restricted to be consistent with that of 

the database of Soufiani and Taine. In FDS a gray model is also implemented. In this case the 

absorption coefficient is computed from   
pe  ,min   where e and p are an effective 

absorption coefficient and the Planck mean absorption coefficient respectively. e is 

determined to match the total radiative intensity, I, leaving a uniform medium bounded by 

black walls, this intensity being computed with the SNB model from RADCAL: 

 

     44 expexp1)( wee TlTllI 



          (7) 

 

where  is the Stefan-Bolzmann constant and Tw is the wall temperature. In the following this 

model will be referred to as FDSg and l is computed in a similar manner as for the WSGGg. 

 

Full Spectrum Correlated-k (FSCK) and Full Spectrum Scaled-k (FSSK) Models 

 These methods extend the NB CK distribution method by reordering the absorption 

coefficient on the entire spectrum. This task is accomplished by defining a FS Planck-



weighted k-distribution function,  kTf ,, , and its Planck-weighted cumulative k-distribution 

function,    
k

dkkTfkTg
0

,,,,  .

 

 Due to the smooth nature of the cumulative function, the 

integration of the reordered wavenumber can be easily achieved with a simple integration 

scheme. In this study a 10-point Gauss-Legendre quadrature scheme is used. In the case of 

non-homogeneous and/or non-isothermal media, as for SNBCK model, the assumption that 

the absorption coefficient is scaled (FSSK) or correlated (FSCK) is applied introducing errors 

in the methods [23]. Both models require the definition of a reference state: for the molar 

fractions of the gas species and the soot volume fraction an average over the flame volume V 

is considered, while an emission weighted temperature is chosen for the reference 

temperature.  

 FS k-distributions are assembled by using the Modest and Riazzi [24] mixing scheme to 

obtain single k-distributions. These distributions can be constructed in two formats, namely, 

the FS and the NB k-distributions [29]. In the NB format, the procedure to generate the single 

FS k-distributions can then be summarized as follows: firstly on each NB the single k-

distributions for the gas mixture are generated by using: 
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Secondly the absorption coefficient of soot is added to the NB cumulative k-distributions. 

Finally the single FS k-distributions are assembled from the previously computed single NB 

k-distributions by using the following relationship [24]: 
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This procedure allows treating soot as non-gray particles. In the FS format, the mixing of 

gaseous components (Eq. 8) is performed at the FS level by using predatabased single-gas FS 

k-distributions. In the FS format, the soot particle must be treated as gray and the mean 

property is then spectrally averaged. This procedure allows introducing soot particle directly 

to FS k-distributions of the gas mixture. Mixing at the NB level is demanding computationally 

whereas mixing at the FS level is much faster by almost a factor of the number of the NBs. 

Therefore, to achieve better efficiency, the computational domain is divided into two regions 

according to a threshold value of soot volume fraction (fs=10
-8

): a soot-gas region and a gas-

only region. For the gas-only region, FS k-distributions are generated by considering gaseous 

component mixed at the FS level. Instead for the gas-soot region FS k-distributions are 

generated considering gaseous component mixing at the NB level. In order to reduce further 

the CPU time, mixture NB k-distributions (MNB) are predatabased for different values of 

OHCO xxR
22

  (0.1, 0.2, 0.4, 0.6, 0.8, 1.0) based on the observation that this ratio lies 

between 0.1 and 1.0 in the soot region. Indeed if one neglects the weak dependence of spectral 

line broadening on species mole fractions the absorption coefficients varies linearly with 

species mole fractions, implying that, for a given value of R=xCO2/xH2O and T, the absorption 

coefficient scales with xH2O:  

 

        TRkTkxTkxTkx COOHOHOHOHCOCO 2222222
      (10) 

 



MNB k-distributions were generated for 23 temperatures in the range between 300 and 2500K 

by considering the value of H2O mole fraction in stoichiometric combustion for ethylene in 

air (xH2O=0.131). The single-gas FS k-distributions and MNB k-distributions are precalculated 

from the 43 NB databases of Soufiani and Taine [14]. 

 

Results and Discussions 

The accuracy of the different radiative property models is assessed using the SNBCK with a 

7-point Gauss Legendre quadrature scheme as a reference. Previous numerical studies have 

demonstrated that the SNBCK can be used as a reference solution and that the 43 NB 

database provides solutions in close agreement with the 367 NB database [5,25]. Local 

relative errors between the current model and the reference are estimated by: 
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where i represents the current mesh point. In order to avoid interpreting discrepancies 

encountered in regions where the radiative source term is insignificant, points where 
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respectively. Er,max and Er,mean (in %) are summarized in Table 1for the S flame. This table 

also summarizes the CPU time ratio between the current model and the SNBCK with NG=7. 

 

Table 1. Error estimations on the radiative source term for S flame. The SNBCK43 model 

with NG=7 is used as a reference. The second column represents the ratio between the CPU 

time of the current model and the SNBCK43 model with NG=7. 
Model CPU Ratio Er,max (%) Er,mean (%) 

Gray 

OTA - 43.2 15.53 

Planck 1/216 37.5 6.94 

FDSg 1/58 32.3 7.81 

WSGGg 1/66 60.5 16.78 

Wide Band GWB 1/38 24.9 4.83 

Global 

WSGG 1/52 6.25 1.81 

FSCK 1/21 13.73 1.46 

FSSK 1/20 12.21 1.25 

Narrow Band 
SNBCK43 NG=4 1/3.5 1.99 0.38 

SNBCK43 NG=2 1/9.5 4.48 0.97 

  

 Figure 3 shows the divergence of the radiative flux predicted by the reference model for 

the S and NS flames. The fields of relative errors induced by the OTA and by solving the 

RTE with Planck absorption coefficients for gas and soot are also represented. These results 

show large discrepancies between the OTA and the SNBCK, with mean and maximum 

deviations of about 16% and 43% respectively (see Table 1). Predictions are widely improved 

by using the FVM with Planck absorption coefficients. In this case the mean discrepancy is 

reduced to about 7% but large local errors, greater than 30%, are still observed. As mentioned 

previously, Liu et al. [6] found bigger differences for the integrated soot volume fraction 

between the OTA and the DOM/SNBCK than those reported here by considering the OTA 

and the FVM with Planck-mean absorption coefficients. This suggests that the level of 

discrepancies introduced by considering the Planck-mean absorption coefficients are too large 

to predict accurately the temperature field, especially in the soot oxidation region where 

physical processes are very sensitive to temperature.  



 
Figure 3. a) Divergence of the radiative flux, and b) relative error (Er,i) for the OTA, c) 

relative error (Er,i) for the FVM + Planck-mean absorption coefficients, d) relative errors 

induced by ignoring the contribution of CO, and e) relative errors induced by using Planck-

mean absorption coefficient for soot. Indices 1 and 2 refer to the S and NS flames 

respectively. 

 

 Due to their inherent nature or due to simplification, some of the other models considered 

in the present study treat soot as gray particles by using Planck mean-absorption coefficients 

(gray models, WSGG, ..) and/or ignore the contribution of CO (gray models, WSGG, 

GWB,..). It appears then important to quantify the discrepancies generated by these 

approximations. In order to accomplish this task, the SNBCK 43 was run by considering soot 

as gray particle and by ignoring the contribution of CO. These approximations are compared 

with the reference solution in the diagrams d) and e) of Fig. 3. The results show that the 

contribution of CO is marginal, inducing discrepancies of less than 1.5% at the periphery of 

the region where soot particles are located. The assumption of gray soot influences the 

prediction in a more significant manner with errors of the order of 2% in region where soot 

volume fraction is the most important.  

 Figure 4 shows the fields of relative error for the different radiative property models in the 

case of the S flame. The first important results is that considering only 2 quadrature points for 

the SNBCK does not alter significantly the spectrally-integrated divergence of the radiative 

flux while reducing the computational efficiency by a factor of about 10. This result is in 

agreement with previous conclusions drawn from simulations of radiative benchmarks 

involving non-sooting and sooting media [5, 25]. The second important result is that gray 

models, i.e. the FDSg and the WSGGg, present globally larger discrepancies than those 

reported for Planck-mean absorption coefficients. 



 
Figure 4. Relative errors for different radiative property models. 

 

As a consequence gray models, although being very efficient on the computational point of 

view, are not sufficiently accurate to be used in such simulations. The predictions achieved 

with the GWB are more satisfactory than those obtained with the gray models with a 

moderate increase in CPU time. The mean error is of about 5% and acceptable discrepancies 

are observed along the annular region where soot is confined. However large local 

discrepancies greater than 20% are encountered at the periphery of the soot region. The results 

obtained with the WSGG are surprisingly good. Nevertheless they are somewhat fortuitous 

due to the fact that the parameters of the model, i.e. aj and j, are obtained for 1
22
COOH pp , 

this condition being never encountered in the computational domain as a consequence of 

incomplete combustion and differential diffusion. The FSCK and the FSSK models are slower 

than the GWB model with increases in CPU time by factors of 1.8 and 1.9 respectively. 

Nevertheless they provide accurate solutions with mean discrepancies of less than 1.5%. 

Table 1 shows that the FSSK is slightly more accurate than the FSCK, this result is in 

agreement with the conclusions drawn by Modest [23]. Both model provide relatively 

accurate results with a reduction in CPU time by about a factor 2 as compared to the 

SNBCK43 with NG=2. As a consequence, these methods seem to be a good alternative to 

SNBCK. 

 



Conclusions 

A numerical study was conducted to assess the accuracy and the computational efficiency of 

different radiative property models to be used in the modeling of heavily sooting 

axisymmetric laminar coflow diffusion flames. A first series of calculations were performed 

on a sooting and on a non-sooting flame using a two-equation soot model based on acetylene 

and either the OTA or a FVM with Planck-mean absorption coefficients. In agreement with 

existing literature, these calculations highlighted the importance of the radiaton absorption, 

especially in the oxidation-quenching process in the upper part of the flame. Then, decoupled 

radiative computations were carried out by using these predicted fields of temperature, molar 

fractions of gasous species and soot volume fraction. The following conclusions can be 

drawn: 

- The OTA is not appropriate to predict radiative heat transfer, and in turn soot oxidation, in 

heavily sooting laminar coflow diffusion flame. Also, gray models improve the predictions 

compared to OTA but should be also avoided. 

- The radiative contribution of CO can be ignored and treating soot as gray particles through 

Planck-mean absorption coefficients can lead to errors of the order of 2%. 

- The computational efficiency of the SNBCK model can be considerably improved without 

altering the quality of the solutions by using the 43 NB database, the „exact‟ gas mixing 

scheme of Modest and Riazzi [24] and a two-point Gauss-Legendre quadrature scheme.  

- The GWB provides acceptable results. Instead, the WSGG provides accurate results. 

However this conclusion must be used with caution since this agreement is rather fortuitous as 

discussed in the results and discussion section.  

- The FSCK and the FSSK are good alternative to the SNBCK. They are found to be the best 

compromise between accuracy and computational efficiency, and widely outperform gray 

models and the GWB. The next stage is to implement these models in CFD code.  
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