
Large Eddy Simulation of soot evolution in
turbulent nonpremixed bluff body flames
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Abstract

Large Eddy Simulation (LES) is utilized to investigate soot evolution in a series of turbulent nonpremixed bluff
body flames featuring different bluff body diameters. The modeling framework relies on recent development in the
soot subfilter Probability Density Function (PDF) model that can correctly account for the distribution of soot with
respect to mixture fraction, correcting errors in previous soot subfilter PDF models that significantly overpredict
soot oxidation. With the previous soot subfilter PDF model, no soot was observed outside of the recirculation zone
in past studies on similar bluff body flames. Results obtained with the current LES modeling approach compare
favorably with the experimental measurements of the flow field and the soot volume fraction. Notably, the current
LES modeling approach correctly predicts large soot volume fractions in the recirculation zone, a decrease in the
soot volume fraction through the high-strain neck region, and then an increase again in the downstream jet-like
region. Consistent with the experimental measurements, the larger bluff body diameter, with its larger recirculation
zone with longer residence times, generates more soot in the recirculation zone and also more soot in the high-
strain neck region. Analysis of the soot volume fraction source terms lead to mechanistic understanding of soot
evolution in the entirety of the bluff body flames. Most of the soot generated in the recirculation zone is oxidized
but some escapes unoxidized and is passively transported through the neck region. Virtually no new soot forms
in the downstream jet-like region, and the increase in the soot volume fraction in the jet-like region is due to
acetylene-based surface growth of the soot transported through the neck region. This mechanism could not be
predicted with the previous soot subfilter PDF model, with the recent soot subfilter PDF model being critical in
the understanding of this basic mechanism.
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1. Introduction

Many practical combustion systems feature fuel-
rich regions of recirculating flow, whose long res-
idence times promote the undesired formation of
soot particulates. To better understand such flows,
laboratory-scale configurations with similar flow fea-
tures have been developed and investigated both ex-
perimentally and computationally. Such configura-
tions include swirl flames in confined combustion
chambers or bluff body flames. While the former
configuration has been studied computationally by
numerous groups recently (e.g., [1, 2]), bluff body
flames have received far less attention [3, 4].

Mueller et al. [3] conducted for the first time a joint
experimental-computational study of a turbulent non-
premixed bluff body flame. In that work, while the
experimental measurement campaign considered both
the upstream recirculation zone and the downstream
jet-like region, the computational component, utiliz-
ing Large Eddy Simulation (LES), only considered
the upstream recirculation zone. The computational
results correctly predicted the low soot intermittency
in the recirculation zone and compared favorably for
the soot volume fraction with the experimental mea-
surements. Deng et al. [4] conducted a similar joint
experimental-computational study in the same config-
uration and investigated the influence of hydrogen ad-
dition to the fuel. Here again, the LES focused ex-
clusively on the recirculation zone and was in good
agreement with the corresponding experimental mea-
surements, showing a substantial soot reduction in the
recirculation zone compared to the previous case from
Mueller et al. [3]. Further analyses lead to the conclu-
sion that the reduction of soot in the recirculation zone
was only in part due to the chemical effect of hydro-
gen addition but more substantially due to the change
in the mixture fraction within the recirculation zone,
which was considerably leaner with the addition of
hydrogen and corresponding increase in the jet veloc-
ity to maintain the same Reynolds number.

However, these two previous works did not com-
putationally investigate soot evolution further down-
stream in the jet-like region, and the reason is sim-
ple: their computational model [5] was not capa-
ble of correctly capturing soot evolution in turbulent
nonpremixed jet flames. Indeed, a later work from
Yang et al. [6] showed that the soot subfilter Prob-
ability Density Function (PDF) model from Mueller
and Pitsch [5] overpredicts soot oxidation in turbu-
lent nonpremixed jet flames and further modeling was
needed. Therefore, Yang et al. [6] proposed a soot
subfilter PDF model that accounts for the fact that
soot oxidation is very fast (in fact, infinitely fast) and
observed a substantial increase in the soot volume
fraction in turbulent nonpremixed jet flames. More
recently, Maldonado Colmán et al. [7] improved this
soot subfilter PDF model to consider instead finite-
rate oxidation of soot, which is able to capture soot
leakage across the flame when local turbulent trans-
port rates are fast relative to the soot oxidation rate

(e.g., in smoking flames).
In parallel with these model developments, new ex-

perimental studies have been carried out by Rowhani
and coworkers [8, 9] on three new turbulent non-
premixed bluff body flames fueled by an ethy-
lene/nitrogen mixture. The three flames have burners
featuring three different bluff body diameters but are
otherwise identical. In their first work, they focused
on the influence of the bluff body diameter on the
flow field characteristics and the overall characteris-
tics of the flame and recirculation zone. In the second
work, they concentrated on the interactions between
soot and the flow field and evaluated the impact of the
bluff body diameters on these features.

The availability of these new experimental data and
the flame series has provided the motivation to revisit
the bluff body configuration from a computational
perspective. Additionally, the new soot subfilter PDF
model for finite-rate oxidation will be employed to
model the turbulence-chemistry-soot interactions in
order to capture soot phenomena in the jet-like re-
gion of the bluff body flames. The objective of this
work then is to further challenge the combustion and
soot models in LES of these turbulent nonpremixed
bluff body flames and provide further insights into the
mechanisms of soot evolution in both the recircula-
tion zone and jet-like region, including the effect of
the bluff body diameter.

The organization of the manuscript is as follows.
First, the LES modeling framework is briefly intro-
duced. The experimental configuration is then pre-
sented along with the simulation details. The compu-
tational results that follow focus on validation against
experimental measurements of velocity and soot vol-
ume fraction in the flame series and a mechanistic
understanding of soot evolution in these bluff body
flames.

2. Modeling framework

This section introduces the LES modeling frame-
work for soot evolution in turbulent nonpremixed
flames.

2.1. Soot model

An ensemble of soot particles is statistically rep-
resented by a Number Density Function (NDF). In
this work, a bivariate NDF is chosen to describe
the soot particles through their volume and surface
area [10]. The Method of Moments is used to solve
(the moments of) the Population Balance Equation
(PBE), and closure of the moment transport equa-
tions is achieved with the Hybrid Method of Moments
(HMOM) [10, 11]. The soot model considers source
terms from nucleation from Polycyclic Aromatic Hy-
drocarbons (PAH), condensation of PAH, particle co-
agulation, acetylene-based surface growth, and oxi-
dation (and oxidation-induced fragmentation) and has
been validated in a variety of laminar flames [10–12].
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2.2. Combustion model

Combustion is modeled using the Radiation
Flamelet/Progress Variable (RFPV) approach for
sooting flames [6, 13], which parameterizes the ther-
mochemical state, obtained from the solution of the
steady nonpremixed flamelet equations, in terms of
the mixture fraction Z, a progress variable C, and
a heat loss parameter H . The mixture fraction has
a source term ṁZ to compensate for the local lean-
ing of the mixture due to the removal of PAH species
from the gas-phase to form soot, and the source term
for the progress variable is modified to account for
the local change in the effective fuel due to the re-
moval of PAH species from the gas-phase to form
soot [13]. The source term for the heat loss param-
eter accounts for the removal of PAH from the gas-
phase (such that H = 0 corresponds to the adiabatic
state) as well as radiative heat losses; the latter is mod-
eled using an optically thin gray approach for both
gas [14] and soot [15] radiation. The Strain-Sensitive
Transport Approach (SSTA) is considered to take into
account different effective Lewis for species depend-
ing on their characteristic length scales [16]. An ad-
ditional lumped PAH transport equation is solved to
account for their slow chemistry compared to other
combustion products in the thermochemical database;
the lumped PAH source term is subdivided into chem-
ical production, chemical consumption, and soot for-
mation contributions for closure following the work
of Mueller and Pitsch [13].

2.3. Soot-turbulence-chemistry interactions model

The LES governing equations are closed follow-
ing Mueller and Pitsch [13] by the convolution of the
source terms Q̇ (or other quantities) against a joint
subfilter PDF P̃ (ξk,Mj) of thermochemical scalars
ξk (∈ {Z,C,H}) and soot scalars Mj :

Q̇(ξk,Mj)=ρ

∫∫
1

ρ
Q̇(ξk,Mj)P̃ (ξk,Mj)dξkdMj .

(1)
Using Bayes’ theorem, the joint subfilter PDF is split
into two terms: P̃ (ξk,Mj) = P̃ (ξk)P̃ (Mj |ξk). The
first term P̃ (ξk) is the subfilter PDF for the thermo-
chemical variables, which is modeled as a beta distri-
bution for the mixture fraction [17, 18]. The second
term P̃ (Mj |ξk) is the conditional subfilter PDF for
soot described below.

Maldonado Colmán et al. [7] recently developed
a new soot subfilter PDF model for finite-rate oxida-
tion and validated the model both a priori using DNS
data and a posteriori in an LES of a turbulent non-
premixed piloted jet flame. The soot subfilter PDF
model is based on the bimodal PDF of Mueller and
Pitsch [5], in which the subfilter PDF is decomposed
into non-sooting and sooting modes represented by

delta functions:

P̃ (Mj |ξk)=ωδ(Mj)+(1−ω)δ
(
Mj−M?

j (Z, χst)
)
,

(2)
where ω is the subfilter intermittency. M?

j (Z, χst)

is chosen such that Ṁ j is obtained upon convolution
against the joint subfilter PDF. To account for the dis-
tribution of soot with respect to mixture fraction in
the presence of finite-rate soot oxidation, the sooting
mode is modeled as M?

j (Z, χst) = M??
j G(Z, χst),

where

G =
1

2
+

1

2
tanh

(
Z − (Zsoot + δZ/2)

δZ/2

)
. (3)

This profile represents a gradual transition from no
soot in lean mixtures to soot in rich mixtures, de-
marcated by Zsoot, which is the location in mixture
fraction space where the rates of soot oxidation and
surface growth are equal and varies with the local
mixture fraction dissipation rate χ. The width of
this transition δZ = vZ |∇Z|/kox, where vZ is the
mixture fraction iso-surface displacement speed [19]
and kox is the soot oxidation rate coefficient, is nar-
rower when soot oxidation is very fast compared to
turbulent transport of soot and wider when soot ox-
idation is slower compared to turbulent transport of
soot. When oxidation is infinitely fast, this model re-
covers the model of Yang et al. [6] with a sharp tran-
sition at Zsoot. Compared to the previous model of
Yang et al. [6], the new model of Maldonado Colmán
et al. [7] can accommodate soot leakage into leaner
mixtures (i.e., smoking flames).

The subfilter intermittency is obtained with a simi-
lar expression to Yang et al. [6]:

ω = 1− 1∫
G(Z, χst)P̃ (Z)dZ

·
M

2
0,0

M2
0,0

, (4)

where the integral in the denominator is precomputed
and stored in the RFPV database. Note that the subfil-
ter intermittency requires the solution of an additional
transport equation for the filtered square of the soot
number density [5].

3. Configuration and computational details

In this section, a brief overview of the experimental
configuration and computational setup is presented.

3.1. Experimental configuration

Three bluff body burners are considered, which
differ only in the bluff body diameter (DBB): 38 mm,
50 mm, and 68 mm. The three cases investigated
are referred to as ENB-1, ENB-2 and ENB-3, respec-
tively, as in Refs. [8, 9]. The central fuel jet has a
diameter of 4.6 mm. In all three cases, the flow pa-
rameters are the same. The central fuel jet consists
of an ethylene/nitrogen mixture (4:1 in volume) with
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a bulk jet velocity of 32.1 m/s and a corresponding
Reynolds number Re = 15, 000. An air coflow has a
bulk velocity of 20 m/s. Experimental measurements
of both velocity using PIV [8] and soot volume frac-
tion using LII [9] are available for comparison with
the computational results.

For further details about the geometry of the burn-
ers, flow conditions, or experimental measurements,
refer to Refs. [8, 9].

3.2. Computational setup

The LES calculations are performed using the
NGA code [20, 21], a structured finite difference
solver for low Mach number turbulent reacting flows.
The grid-filtered LES calculations are conducted in
cylindrical coordinates with the same domain for all
three flames. The dimensions of the domain are
0.96 m in the streamwise direction and 0.24 m in
the radial direction, and the domain is discretized
with 384 × 192 × 64 points in the streamwise, ra-
dial, and circumferential directions, respectively. The
grid is stretched in both the streamwise and the ra-
dial directions. The inlet boundary condition for
the central jet is generated from a separate simula-
tion of non-reacting periodic pipe flow with the same
bulk velocity. A uniform velocity profile without any
turbulent fluctuations is considered for the coflow.
This approach follows the basic strategy of previous
work [3], and further analysis of the sensitivity to
the inflows characteristics are warranted but beyond
scope of this work.

The subfilter stress and scalar flux terms are closed
using Lagrangian dynamic Smagorinsky(-like) mod-
els [22, 23].

The RFPV thermochemical database consists of
solutions to the nonpremixed steady flamelet equa-
tions and precomputed using FlameMaster [24]. The
gas-phase kinetics consists of 1804 reactions and 158
species, including PAH species up to four aromatic
rings (C18H10), which are all utilized for soot incep-
tion [25, 26].

4. Results

The results are divided into three parts. In the first
two parts, the results are validated against the experi-
mental measurements of the flow field [8] and of the
soot volume fraction [9]. In the final part, the source
terms are analyzed to understand how soot evolves in
the different regions of the bluff body flame and how
this varies with the bluff body diameter.

4.1. Flow field

Figure 1 shows the comparison between the com-
putational results and the experimental measure-
ments [8] of the mean axial and radial velocities; the
corresponding root-mean-square velocities are com-
pared in Fig. 2. The first two stations are within the

Fig. 1: Radial profiles of the mean axial (left) and radial
(right) velocities at three streamwise locations: x/DBB =
0.3 (top), x/DBB = 0.9 (middle), and x/DBB = 1.8
(bottom). The LES results are indicated with lines and the
experimental measurements with symbols.

Fig. 2: Radial profiles of the axial (left) and radial (right)
root-mean-square velocity fluctuations at three streamwise
locations: x/DBB = 0.3 (top), x/DBB = 0.9 (middle),
and x/DBB = 1.8 (bottom). The lines and symbols are the
same as in Fig. 1.

recirculation zone, and the third station is just down-
stream of the recirculation zone.

Overall, the LES results agree well with the ex-
perimental measurements. For the mean axial ve-
locities, the most significant deviations occur at the
most downstream station, and this is a result of the
slight underprediction of the length of the recircula-
tion zone, as discussed further below. In terms of the
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Fig. 3: Radial profiles of the mean soot volume fraction at two streamwise locations: x/DBB = 0.5 (top) and x/DBB = 3
(bottom). The columns correspond to the flames ENB-1 (left), ENB-2 (middle), and ENB-3 (right). The LES results are indicated
with lines and the experimental measurements with symbols.

velocity fluctuations, the most upstream stations tend
to be overpredicted, especially within the recircula-
tion zone and in the outer shear layer between the re-
circulation zone and the coflow. The overprediction of
the fluctuations in the outer shear layer at the most up-
stream station may be due to the excessive shear from
the bulk inflow profile in the coflow: some boundary
layer profile would reduce the shear so the production
of turbulence in the outer shear layer.

In terms of the trends between the three flames,
both the computations and the experiments predict
more or less the same velocity profiles for the three
flames. As discussed by Rowhani et al. [8], the most
significant difference between the three cases then is
the longer residence time in the larger recirculation
zone in ENB-3, which has substantial effects on soot,
as discussed next.

4.2. Soot volume fraction

Figure 3 shows the radial profiles of mean soot
volume fraction in the three burners at two stream-
wise locations, one within the recirculation zone at
x/DBB = 0.5 and one just toward the beginning of
the jet-like region at x/DBB = 3. Figure 4 shows
the corresponding root-mean-square (rms) soot vol-
ume fraction fluctuations at those locations. Overall,
at both locations, the qualitative structure of the mean
and rms soot volume fraction profiles is well captured,
but the magnitude is overpredicted by a factor of a few
(in the recirculation zone) up to an order of magnitude
(at the beginning of the jet-like region). The overpre-
diction of soot by a factor of a few is not inconsistent
with previous results using the same modeling frame-

work in turbulent nonpremixed jet flames [6, 7, 16].
In the recirculation zone (x/DBB = 0.5), in the

experiments, the mean soot volume fraction increases
radially outward and reaches its peak near r/DBB ∼
0.5. The LES results tend to predict, on average,
a more uniform radial profile of soot (〈fv〉 ' 0.5
ppm) within the recirculation zone, but the structure
is overall quite similar. The trend of rms fluctuations,
however, is better reproduced, and the discrepancies
of the LES results with the measurements decrease
with radial distance. As the bluff body diameter DBB

increases (ENB-1 to ENB-3) so the residence time
within the recirculation zone, the volume fraction in-
creases, and this increase is reproduced by the LES
model. On the other hand, for all three flames, the
LES results exhibit a much sharper decrease in the
mean soot volume fraction near the outer shear layer,
although this is not the case with the rms fluctuations.
In previous work, Mueller et al. [3] attributed a simi-
lar sharp decrease to the use of a bulk velocity profile
for the coflow. However, such a trend seems inconsis-
tent with the overpredicted velocity fluctuations, and
additional investigations into the sensitivity of pre-
dictions to the coflow boundary condition is certainly
warranted, as mentioned above.

In the jet-like region (x/DBB = 3), both mean and
rms soot volume fraction radially decrease, and the
computational results capture this trend. In addition,
as the bluff body diameter DBB increases, both mean
and rms soot volume fraction increase, and this quan-
titative trend is well captured by the LES model. At
this location, soot is significantly reduced compared
to the recirculation zone due to the high-strain envi-
ronment of the neck region; this coupling between the
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Fig. 4: Radial profiles of the root-mean-square soot volume fraction fluctuations at two streamwise locations: x/DBB = 0.5
(top) and x/DBB = 3 (bottom). The lines and symbols are the same as in Fig. 3.

Fig. 5: Centerline profile of the mean soot volume fraction
in flame ENB-2. The LES results are indicated with lines
and the experimental measurements with symbols.

flow field and soot is discussed further below in the
context of the source terms.

The centerline profiles of the mean and rms soot
volume fraction are shown in Figs. 5 and 6 for ENB-
2, respectively. The other two flames exhibit simi-
lar features and are not shown here for the sake of
brevity. The soot volume fraction is large in the re-
circulation zone (up to x/DBB ∼ 1.5), decreases in
the high-strain neck region (1.5 . x/DBB . 3.0),
and then increases again in the downstream jet-like
region (beyond x/DBB ∼ 3.0). These trends are
captured by the LES model, although the computa-
tions, compared to the experiments, do tend to predict
rather larger soot volume fractions in the downstream
jet-like region relative to the recirculation zone. The
rms fluctuations of the soot volume fraction exhibit

Fig. 6: Centerline profile of the root-mean-square soot vol-
ume fraction fluctuations in flame ENB-2. The lines and
symbols are the same as in Fig. 5.

a similar, albeit smaller, overprediction. Clearly, the
new soot subfilter PDF model for finite-rate oxidation
of soot developed by Maldonado Colmán et al. [7]
properly predicts significant soot in the downstream
jet-like region, addressing the severe underprediction
of soot with the model utilized in previous bluff body
flames by Mueller et al. [3] and Deng et al. [4].

4.3. Soot source terms

With a model capable of predicting soot volume
fraction in all regions of these bluff body flames, the
results can be used to provide insights into the evolu-
tion of soot in the different regions of the flame and
how this is influenced by the bluff body diameter.

To further characterize the turbulent nonpremixed
bluff body flames, several soot-related quantities are
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Fig. 7: Contours in ENB-1: (a) mixture fraction Z, (b) mixture fraction dissipation rate χ [s−1]; (c) soot volume fraction fv ;
and soot source terms dfv/dt [s−1] for (d) nucleation and condensation, (e) surface growth, and (f) oxidation (magnitude).
The solid line corresponds to the iso-contour of zero axial velocity, and the dashed line corresponds to the iso-contour of
stoichiometric mixture fraction.

Fig. 8: Contours in ENB-2. The images correspond to the same quantities as in Fig. 7.

Fig. 9: Contours in ENB-3. The images correspond to the same quantities as in Fig. 7.

shown in Figs. 7–9 including the mixture fraction dis-
sipation rate, the soot volume fraction, and the soot
volume fraction source terms. In each figure, the con-
tinuous line delimits the contour where 〈u〉 = 0 and
defines the extent of the recirculation zone, while the
dashed line is the stoichiometric mixture fraction con-
tour (Zst = 0.078).

The mean lengths of the recirculation zone ob-
tained by LES in ENB-1, ENB-2, and ENB-3 corre-
spond to the most downstream location of the 〈u〉 = 0
contour and are 48 mm, 62 mm, and 82 mm, respec-
tively. These recirculation zone lengths are approx-
imately 25% shorter than the experimental measure-
ments of Rowhani et al. [8]. The sensitivity of the re-
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circulation zone length to the inflow profile requires
additional investigation.

The mixture fraction fields are shown in the (a)
column of Figs. 7-9, where the fuel-rich mixtures
that promote soot formation and growth spread fur-
ther downstream and accumulate less in the recircu-
lation zone as the diameter decreases. The mixture
fraction dissipation rate fields are shown in the (b)
column of Figs. 7-9. As observed also in the experi-
ments [9], the regions of highest strain occur near the
inner shear layer between the central jet and the re-
circulation zone. Despite the rich mixture fractions in
this region, the high scalar dissipation rates suppress
the formation of PAH, as indicated by the combined
source term of nucleation and condensation (which is
proportional to the square of the PAH mass fraction
in the model) shown in the (d) column of Figs. 7-
9. Conversely, near the outer shear layer, the dissipa-
tion rates are much smaller, and the combined rates
of nucleation and condensation are larger, despite the
leaner mixture fractions. Furthermore, with decreas-
ing bluff body diameter, the dissipation rate increases
and suppresses the formation of PAH so the combined
rates of nucleation and condensation.

The mean soot volume fraction is shown in the (c)
column of Figs. 7-9. Despite the very high mixture
fraction dissipation rates, the soot volume fraction is
actually relatively large near the inner shear layer and
into the highly strained neck region just downstream
of the recirculation zone. This indicates that soot
is passively transported from the recirculation zone
through the neck region (note that all source terms are
zero in the neck region), a mechanism supported by
the experimental measurements [9]. However, since
there is a precipitous decrease in the soot volume frac-
tion from the recirculation zone into the neck region
(see Fig. 5), only a small portion of the soot formed
in the recirculation zone escapes through the neck re-
gion; the remainder is oxidized near the outer shear
layer, as indicated by the oxidation source term shown
in the (f) column of Figs. 7-9. Since more soot forms
in the larger recirculation zone of the ENB-3 flame
with the larger bluff body, more soot also escapes the
recirculation zone into the neck region.

Consistent with the previous bluff body flames [3,
4], both surface growth (the (e) column of Figs. 7-9)
and oxidation peak near the outer shear layer. How-
ever, different from the previous bluff body flames [3,
4], the combined rates of nucleation and condensa-
tion peak not near the inner shear layer but rather
the outer shear layer, as discussed above. This dif-
ference speaks to the sensitivity of bluff body flames
to the inflow conditions including the fuel composi-
tion. Additionally, comparing the flame series, the
surface growth (and oxidation) source term is actu-
ally faster with a smaller bluff body, but this is not
sufficient to overcome the residence time advantage
with the larger bluff body in terms of the production
of soot.

Downstream of the neck region in the jet-like
region, the soot volume fraction increases again

(Fig. 5). In the jet-like region, surface growth is the
primary growth mechanism, and the combined rate
of nucleation and condensation is negligible. This is
contrary to previous computational results in turbu-
lent nonpremixed jet flames [16] where the combined
rates of nucleation and condensation are at least com-
parable to the surface growth rate. This means that
the soot growth mechanism is very different in the
jet-like region of the bluff body flames compared to
jet flames. Expanding upon the soot dynamics in the
recirculation zone and the neck region, the soot that
escapes through the neck region then grows again by
surface growth in jet-like region; very little soot is
formed in the jet-like region. In other words, the in-
crease in the soot volume fraction in the jet-like region
occurs only because soot is present that escaped from
the recirculation zone to then grow again by surface
growth. The source terms are largest in the flames
with the largest bluff body diameter (note that the
maximum occurs beyond an axial distance of 400mm
in ENB-3) since more soot escapes the recirculation
zone and the source terms of surface growth and oxi-
dation proportional to the amount of soot.

With the previously considered soot subfilter PDF
model that overpredicts oxidation [5], no soot was
able to escape the recirculation zone into the neck re-
gion and ultimately the jet-like region where it grows
again. The advances in the soot subfilter PDF to cor-
rect the overprediction of oxidation [6, 7] actually en-
able the prediction of soot escaping the recirculation
zone to evolve downstream, consistent with the exper-
imental measurements.

5. Conclusions

LES was used to investigate soot evolution in a se-
ries of three new turbulent nonpremixed bluff body
flames with different bluff body diameters. The LES
relies on a new soot subfilter PDF model that accounts
for the influence of finite-rate oxidation of soot on
its distribution with respect to mixture fraction and
corrects a significant overprediction of oxidation with
previous soot subfilter PDF models that have been
used to investigate soot evolution in turbulent non-
premixed bluff body flames.

Compared to the experimental measurements, the
LES results showed generally good agreement with
experimental measurements of both the flow field and
the soot volume fraction, although the latter was mod-
erately overpredicted across the flame series. Con-
sistent with the experimental measurements, for the
flame with the largest bluff body diameter, the large
recirculation zone with long residence times pro-
moted the most soot formation in the recirculation
zone. A small fraction of this soot escapes the recir-
culation zone unoxidized where it is passively trans-
ported through the high-strain neck region and into
the downstream jet-like region. In the jet-like re-
gion, virtually no new soot is formed; instead, the
soot that escapes from the recirculation zone grows
via acetylene-based surface growth, a very differ-
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ent mechanism than most turbulent nonpremixed jet
flames.

Prediction of this soot evolution mechanism re-
lies on the accurate prediction of the oxidation of
soot in the recirculation zone and could not be pre-
dicted without the new soot subfilter PDF model that
has been utilized in this work. This conclusion rein-
forces the notion that soot evolution in turbulent re-
acting flows requires very accurate models for small-
scale soot-turbulence-chemistry interactions for not
only accurate predictions but also even discovering
basic mechanisms.
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