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Abstract

Because the numerical simulation of soot production in turbulent flames is

quite challenging, it is useful to consider simpler aerodynamic configurations

retaining unsteady strain rate and curvature effects. The present article

reports detailed numerical simulations of a planar vortex interacting with a

sooting laminar diffusion flame formed by a parallel flow of acetylene and air.

Calculations are carried out to reproduce the experimental data reported by

Cetegen and Basu (Combust. Flame, 2006). Compared to previous numer-

ical works on this configuration based on simple two-equations soot models,

a detailed numerical mechanism, accounting for 97 gaseous species and 59

solid BINs, is considered here to represent the chemistry in the gas phase

and the production and oxidation of soot particles. Three different vortex

strengths are considered and vortices are formed by pulsing the air or the

fuel streams, allowing comparisons between the calculated soot-vortex-flame
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interactions with LII images. Calculations adequately retrieve experimental

data when the vortex is initiated at the fuel side. Differences are observed

when the vortex is formed on the air side. The simulations, however, are use-

ful for examining strain rate and curvature effects on soot volume fractions

of small spherical particles and large aggregates, and to study physical pro-

cesses underlying the soot production. It is shown that the variability of the

soot volume fraction is highly correlated to the response of soot precursors

to flame curvature. Soot variability in the mixture fraction space depends on

the behavior of large aggregates that, being characterized by high Schmidt

numbers, are more sensitive to the convective motion imposed by the vortex

compared to the gaseous phase. The observed behavior has to be repro-

duced by the models developed for numerical simulations in order to obtain

an accurate prediction of soot production in turbulent flames.

Keywords: Soot; Curvature; Vortex; Strain rate; Heavy PAHs
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1. Introduction

Reducing soot emissions is of considerable importance for many practical

applications due to their negative effects on the environment and on public

health. In this context, substantial experimental and numerical efforts have

been made to understand, characterize, and model the complex processes

leading to soot formation and oxidation [1, 2, 3, 4].

Soot production1 in turbulent flames, which are most relevant in prac-

tice, is a complex process which depends on chemistry, flow history and local

turbulence properties. The analysis of soot in fully turbulent flames is then

extremely challenging. The experimental investigation requires the use of

combined diagnostics to obtain quantitative measurements of soot distribu-

tion, its relation with respect to flow and flame quantities [5, 6, 7, 8]. On

the numerical level, Direct Numerical Simulations (DNS) of turbulent flames

have been used to investigate the dependence of soot production on the flow

history and local turbulence properties [9, 10, 11, 12, 13, 14, 15, 16].

Alternatively, simpler configurations may be used to study flame-flow-

soot interactions for a reduced computational cost. This is exemplified in

the cases of a laminar pulsed flame [17] or a diffusion flame wrapped-up by a

line vortex [5]. In these two cases, measurements are more easily carried out

than in fully turbulent flames because the phenomenon can be periodically

reproduced. From a numerical standpoint, these configurations are attractive

because they can be simulated using detailed models so that complex pro-

1Soot production indicates the net process comprising both formation and consumption

contributions.
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cesses underlying soot production can be accurately described. Obviously,

these fundamental studies do not replace the need for fully-turbulent simula-

tions, but provide crucial information on the instantaneous and local effect of

a vortex eddy on soot production that could be used to clarify the turbulent

flame behavior and to guide the modeling efforts.

The flame-vortex interaction is specifically useful and has been exten-

sively explored to investigate the effects of unsteady strain rate and curvature

induced by vortices on the flame front [18]. Among various generic configu-

rations, the case of a planar diffusion flame wrapped-up by a line vortex is

considered in the present investigation and simulated with a detailed model

for gas dynamics and soot particle production that cannot be afforded in

DNS of turbulent flames. Using an elegant experimental design, Cetegen

and Basu [5] were able to obtain soot volume fraction distributions from LII

imaging. Previous numerical studies of this configuration [19, 20] have used

simplified gaseous mechanisms and soot models based on semi-empirical two-

equation representations, with a limited degree of generality. In the present

work, we propose a detailed numerical simulation of soot-flame-vortex inter-

action based on a detailed description of both gas and soot, together with

a direct comparison between experiments and simulations on the effect of

vortices on soot production.

Calculations are carried out to examine effects related to the injection side

and to the vortex strength. The paper begins with a review of the detailed

kinetic mechanism (Section 2). The numerical setup is briefly presented in

Section 3. The interaction of a vortex with soot is analyzed in Section 4.

The analysis focuses on the influence of curvature on the flame quantities
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governing soot production and on the effect of the flow field induced by the

vortex on the soot layer.

2. Detailed kinetic mechanism

The kinetic scheme combines a detailed gas-phase mechanism (DGM) and

a detailed soot mechanism (DSM) for the description of the formation and

oxidation of soot.

The DGM consists of ∼170 species and ∼6000 reactions, describing the

high-temperature pyrolysis and oxidation for a wide range of hydrocarbon

fuels [21]. The mechanism has been tested over a wide range of conditions

[22, 23].

The DSM was developed using the discrete sectional method [24]. Only

the most relevant details are provided in what follows. PAHs (Polycyclic aro-

matic hydrocarbons considered soot precursors) are organized in two classes:

light PAHs, including species up to pyrene, and heavy PAHs, including

species with more than 4 aromatic rings. Heavy PAHs and particles are

discretized into 20 classes of pseudo-species (called BINs) with their masses

doubled from one class to the next. PAHs of more than 20 carbon atoms

constitute the first four BINs. The first soot particles (BIN5) are modeled

as clusters containing 320 carbon atoms. Particles between BIN5 and BIN12

are assumed to be spherical in shape with a mass density of 1500 kg m−3

[25]. BIN13 to BIN20 are treated as monodisperse aggregates, with frac-

tal dimension of 1.8 [26]. The DSM features a total number of 100 lumped

pseudo-species organized in 20 BINs, each of which has two or three sub-

classes (different H/C ratios), split into radical or molecular surfaces. Six
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Figure 1: Schematic view of the computational domain: a planar diffusion acethylene/air

flame is wrapped by a line vortex.

heterogeneous reaction classes are accounted for with appropriate kinetic

parameters: hydrogen-abstraction-carbon-addition (HACA) mechanism; in-

ception; oxidation; surface growth; dehydrogenation; coalescence and aggre-

gation. The total number of reactions for the DSM scheme is ∼ 10500.

To enable computational simulations, the mechanism was reduced with

the Species-Targeted Sensitivity Analysis (STSA) technique [27]. The final

mechanism, provided in the supplementary material, includes 156 species

(97 gaseous species and 59 BINs) and ∼5600 reactions. Species transport

properties are calculated from the standard molecular theory of gases. Soot

particles and aggregates are treated as gaseous species, so that their binary

mass diffusion coefficients are calculated on the basis of a proper extrapo-

lation from the binary mass diffusion coefficients of larger PAHs. Typical

values of the Schmidt number for the soot particles range from 4 to 50 (at

1000 K).

3. Numerical setup

The computational domain (Fig. 1) reproduces an experimental config-

uration [5], consisting of a 2D channel with length equal to (3L + Lw) and
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width equal to L, where L = 40 mm and Lw = 12 mm. The two incoming

streams, a mixture of acetylene and nitrogen (0.25/0.75 on a molar basis)

on one side and air on the other side, are separated by a splitter plate of

thickness dw = 1.2 mm. Both streams are injected at atmospheric pressure

and temperature of 300 K. The velocity of the incoming streams was fixed at

uc = 0.15 m s−1 with a flat profile at the channel inlet. Vortices are created

by modifying the velocity-time profile at injection:

uinj (τ)

uc
= 1 + βV0 exp

[
−
(

ln
τ

0.1

)2
]

with β = 4.5 (1)

where τ = uct/L is the dimensionless time. The value of V0 = 1.5, 2.0, 2.5

governs the circulation level and, consequently, the strength of the vortex

induced by the velocity pulse. Details on the derivation and validation of the

velocity boundary conditions are provided as supplementary materials.

Numerical simulations were carried out using the laminarSMOKE frame-

work [28, 29], a CFD code specifically designed to solve multidimensional

laminar reacting flows with detailed kinetic mechanisms. A passive scalar

Z (Z=0 in the air stream and Z=1 in fuel stream) was also transported,

assuming a diffusivity equal to that of N2. This passive scalar Z measures

the degree of mixing between air and fuel streams. The thermophoretic and

Soret effects are accounted for in the calculation. A uniform spatial dis-

cretization of 100 µm is used on the first 3/4 of the configuration where the

soot-vortex-flame evolution is evaluated, resulting in more than 20 grid points

to describe the flame reaction zone. The resolution is halved in the last part

of the grid, necessary to evacuate the vortex. Second-order centered spatial

discretization schemes were applied, while the time step, after a convergence

study, was fixed to 2× 10−5 s. Grid convergence was investigated by halving
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Figure 2: Soot topology for V0 = 2.0 at τ = 0.34 for air-injection (top) and fuel-injection

(bottom). First column: LII soot experimental results [5]. Second column: numerical soot

volume fraction. Third column: numerical soot number density. Last column: Iso-contours

of spherical soot particles (copper colormap) and of soot aggregates (blue colormap).

the number of cells, and noting that differences in soot volume fraction and

particle number density remained below 5%.

4. Flame-soot-vortex interaction

Experimental and numerical results representative for the vortex inter-

action with the soot field are shown in Fig. 2 for both air (top) and fuel

(bottom) vortex injections. They correspond to the case V0 = 2.0 at time

τ = 0.34. For these conditions, the numerical soot volume fraction fv field

(second column) can be compared with experimental LII data [5] (first col-

umn).2 It can be observed that soot particles form a layer that is rolled-up

by the vortical field. A more pronounced roll-up of the soot layer is observed

2Following the notation given in [5], the experimental results correspond to a reduced

time τD = t− τR = 62 ms, where τR ≈ 28 ms is the piston rise time.
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when the vortex is injected on the fuel side, which shows a fairly good agree-

ment with the experimental results. In contrast, in the case of air vortex

injection, the soot layer is less well wrapped by the vortex and there are

noticeable differences between calculations and experimental data. Possible

reasons for this difference will be discussed in Section 4.2, but it is important

to highlight the fact that this is the first time that a comparison between

experiments and numerical simulations based on a detailed soot description

is attempted for a configuration describing the instantaneous and local effect

of vortices on soot production. Results show that a simulation using state-

of-the-art soot modeling has qualitative agreement with experimental data,

but that additional modeling efforts are still needed to improve the accuracy

of detailed soot descriptions. Nevertheless, it is valuable to use these state-

of-the-art data to examine the effects of vortex interactions on soot yield due

to the reasonable agreement between experiments and numerical data.

In agreement with previous numerical and experimental results [5, 19, 20],

it can be seen that the total soot volume fraction is slightly higher in the

case where the vortex is injected on the air side, even if both flames are

subjected to similar vortex strength. The spatial distribution of fv is not

homogeneous along the soot layer and differs in the two cases considered

in Fig. 2, showing that soot production is strongly dependent on the local

interaction with the vortex. This is also valid for the soot number density

field (Fig. 2, third column). Indeed, the soot particle distribution varies in

space along the soot layer and differs in the two cases as can be deduced

by examining the concentration of small spherical particles and aggregates

(Fig. 2, last column).
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4.1. Temporal evolution of soot-flame-vortex interaction

Simulations for smaller and higher vortex strengths (V0 = 1.5 and V0 =

2.5, respectively) were also carried out for both injection sides. The to-

tal soot mass Qs is obtained by integrating the soot mass over the whole

computational domain. The evolution of the normalised total soot mass

Q∗
s = Qs/Q

steady
s (where Qsteady

s is the total soot mass of the steady flame)

indicates that similar behaviors are observed for the six cases (Fig. 3). Clas-

sically, the stretch k imposed by the vortex to the flame front can be decom-

posed into strain rate a and curvature contributions:

k = (δij − ninj)∂xj
ui + Sd∂xi

ni = a+ Sd∇ · n (2)

where δij is the Kronecker delta, u is the velocity, Sd is the displacement

speed and n = ∇Z/|∇Z| is the normal to the flame front. Initially, the

injection velocity drastically increases so that a strong strain rate is imposed

to the flame by the vortex passage and the soot yield rapidly decreases. The

soot volume fraction suppression is more effective for the strongest vortex

in the first phase of the soot-vortex-flame interaction. Then, the injection

velocity decreases to its initial state and the curvature becomes the main

contributor to stretch since the flame is wrinkled by the rotating motion

induced by the vortex. The soot yield increases and eventually exceeds its

steady-state value. In this phase, the stronger the vortex, the higher the total

soot production rate so that more soot is finally produced by the vortex than

in the steady case. For higher values of τ (τ > 0.5), results are affected by the

vortex interaction with walls and are less meaningful. Globally, the stronger

the vortex is, the more important its effect on soot production will be for
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both the initial consumption and the second formation phases. Moreover,

for a given vortex strength, the soot yield is slightly higher in the case where

the vortex is formed on the air side. These findings are in general agreement

with the experimental results.

Figure 3: Time evolution of the normalized total soot mass. Air-side and fuel-side injec-

tions have been considered for the three experimental voltages (V0 = 1.5, 2.0, 2.5,[5]).

4.2. Curvature effect on soot production

As already indicated, a high strain rate is imposed to the flame during

the initial soot-vortex interaction phase so that the soot volume fraction is

drastically diminished. Now, it is known that the soot volume fraction of dif-

fusion flames decreases with increasing strain rates [30, 31]. Unsteady effects

of strain rate are commonly investigated by examining unsteady counterflow

diffusion flames [32, 33, 34]. In contrast, the effect of flame curvature on

soot production is less well documented and can be easily characterized by

looking at the interaction of the formed vortex with the soot layer, i.e. for

τ > 0.2. Soot volume fraction iso-contours colored by flame curvature are

plotted in Fig. 4 for V0 = 2.0 at τ = 0.34. An isoline of Zsoot, defined as the

Z value where the maximum of fv is located in the steady flame, is added

to this graph and arrows indicate the flow direction. Isoline of ZOH, i.e. the
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Z-value where the maximum of OH radical is located in the steady flame, is

also included to better locate lean (Z < ZOH) and rich (Z > ZOH) mixtures.

High formation and oxidation regions are also identified.

The vortex passage strongly modifies the spatial distribution of soot vol-

ume fraction and number density, depending on the side of the vortex injec-

tion. The observed variations can be understood by looking at the effect of

the flame curvature on soot processes and of the flow field on the soot layer.

Considering the case with air-injection (Fig. 4, top), regions A and A∗

are characterized by a negligible flame front curvature. Due to the flow field,

soot produced at this point is convected outside this region, so that the soot

population is mainly characterized by nuclei and small spherical particles

which have no time to growth or agglomerate. As a consequence, the num-

Figure 4: Soot-flame-vortex interaction for air (bottom) and fuel (top) vortex injection

for case V0 = 2.0 at τ = 0.34. Soot volume fraction iso-contours are colored by curvature

(red-concave, blue-convex). The soot mass formation and oxidation regions are presented

in gray and black, respectively. The iso-contour of Zsoot is shown in black, where arrows

indicate the flow direction, and of ZOH is shown in dashed green.
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ber density and the spherical particle concentrations are highest in these

zones. Point B presents a smaller value of the number density and of fv.

Due to the velocity field imposed by the vortex, the flame front at this point

is characterized by a high concavity towards the fuel side. Soot production is

almost zero and the soot volume fraction is mainly convected in this region.

Aggregation is the only process occurring for the solid phase, so that the

number density decreases with the collision of smaller particles into bigger

aggregates. On the contrary, region C is characterized by a strong convexity

of the flame front towards the fuel side. Due to differential diffusion effects

on PAHs, the soot precursors concentration is higher in this region so that

an high soot mass formation is observed. In addition, due to the flow field in-

duced by the vortex, this zone presents a strong preferential concentration of

soot which enhance the number of collisions, i.e. the agglomeration process.

The preferential concentration, together with increasing soot formation rate,

explains the high concentrations of both aggregates and spherical particles.

The convective motion of the vortex pushes the soot layer, whose diffusivity

is negligible compared to the gaseous species, to penetrate the OH front at

region D, where it is strongly oxidized explaining the drastically decreasing

of fv. Only large aggregates, which survives after passing through the OH-

front, reaches region E. These large particles hardly diffuse so that they can

be convected by the flow field motion inside the vortex.

The soot volume fraction field is markedly different when the vortex is in-

jected on the fuel side (Fig. 4, bottom) but the soot behavior is a consequence

of the same features observed for the air-side case. Once again, nucleation is

the main soot formation process at points F and F∗, characterized by a neg-
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ligible curvature. In the convex region G, the soot volume fraction increases

rapidly due to a high PAH concentration. Point H is characterized by a high

concavity of the flame and the soot mass formation is negligible here as for

the air-injection case. The flow field generates a strong preferential concen-

tration of soot in this point, characterized by a decrease of the soot number

density due to aggregation. Due to the flow field induced by the vortex and

the low diffusivity of the solid phase, point I is characterized by the presence

of soot aggregates that are convected towards the vortex center.

From the presented cases, some conclusions can be drawn. The vortex

passage only slightly increases the flame surface and the region where soot for-

mation occurs, whereas soot occupies a wider region. The interaction of the

soot layer with the vortex depends on the vortex-injection side and leads to

different soot topologies and inhomogenous soot layer characteristics, which

can be explained by looking to the flame curvature. Two different sources

of variability can be recognized. First, it exists a differential diffusion effect

between gaseous and solid phases. A concave/convex curvature is the result

of a convective motion towards lean/rich regions acting on both the gaseous

and the solid phase. The solid phase and in particular large aggregates

characterized by high Schmidt numbers are mainly governed by convection

compared to the more diffusive gaseous species. As a consequence, the soot

volume fraction will be found at leaner/richer mixture under the effect of the

convective motion of the vortex, generating a variability of fv in the Z-space.

The second effect is caused by a differential diffusion effects on PAHs. The

flame front convexity enhances the heat transport from the flame towards

the preheat region, increasing the PAHs concentration and, consequently,
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soot production. The spatial variability of the soot layer is governed by the

flow field induced by the vortex and the way the flame front is deformed by it.

This qualitative analysis can be further supported by examining scatter-

plots of the fv as a function of the passive scalar Z presented in Fig. 5. Here,

the contributions of flat, convex and concave profiles are identified, as well

as the results for the steady solution. It should be noted that both the maxi-

mum and the total fv are smaller than the steady values for both cases, since

at τ = 0.34 the destructive effect of the strain rate has just become negligible

compared to the curvature effect (Fig. 3). Compared to the steady case, the

soot volume fraction presents a sizable variability, occupying a wide zone in

the fv − Z manifold. Variations are not only observed in fv values, but also

in their position in Z-space. Moreover, the two scatterplots notably differ,

highlighting the strong effect of vortex-side injection on soot.

The reasons of this variability may be understood by examining scatter-

plots of the soot mass production rate plotted in Fig. 6 (top). Soot mass

Figure 5: Scatterplot of soot volume fraction for air (left) and fuel (right) injection for

case V0 = 2.0 at τ = 0.34. Contributions for flat (black), concave (red) and convex (blue)

zones are represented. Results for the steady flame are presented by grey lines. Vertical

continuous and dashed lines indicate ZOH and Zsoot, respectively.
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Figure 6: Scatterplot of soot mass production rate (top), heavy PAHs mass fraction (cen-

ter) and spherical particles volume fraction (bottom) for air (left) and fuel (right) injection

for case V0 = 2.0 at τ = 0.34. Captions are the same as in Fig. 5.

formation rate is mainly localized at the same Z observed at steady state

condition, so that no greater variability in the unsteady case is observed in

the Z-space for this quantity. Compared to the flat profile, concavity seems to

have a negative effect on the formation of soot, whereas convexity increases

the soot production in both injection cases. The unsteady values exceed

the steady state, proving that curvature, and in particular convexity, is the

source of a total soot mass production in the flame-vortex-soot configuration

higher than the steady case. A strong destruction rate characterizes the air-

injection case in the convex region, corresponding to the region close to zone
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D in Fig. 4, where the soot layer is pushed against the OH front. The positive

formation rate observed for the air-injection case is higher than that obtained

in the fuel-case leading to a higher total fv in Fig. 3. As deduced experimen-

tally [5, 17], the cause lies in the effect of flame curvature on the production

of PAHs, which are necessary for nucleation and surface growth. Looking

at results for heavy PAHs (Fig.6, center), one observes that convexity to-

wards the fuel strongly enhances their production due to the concentration

of heat, transported from the flame towards the preheat region. A higher

PAH concentration is observed in the air-injection case, since the convexity

radius is considerably smaller at point C than at point G. This explanation,

proposed in Ref. [5] to account for the higher levels of fv close to convex

zones, is confirmed by the present calculations. Heavy PAHs seem to be less

sensitive to concavity. The maximum values of light and heavy PAH mass

fractions normalized by the maximum steady value are reported in Table 1

for both injection sides and the three vortex strenghts. From this analysis, it

appears that there is a direct correlation between the weight of PAH and its

sensitivity to curvature. The sole response of naphthalene (which is included

in the light PAH class) and of the soot production rate are also added to

the table. It can be concluded that whenever the heavy PAH concentration

is not negligible, as in these calculations, their response to flame curvature

plays a non-negligible role in the soot production process. In these cases,

the reduced models should account for heavy PAHs to reproduce the flame

curvature effect on soot production rate.

The marked sensitivity of PAHs to flame curvature is expected to have a

direct consequence on the volume fraction of small spherical particles, whose
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Air-side Fuel-side

V0 1.5 2.0 2.5 1.5 2.0 2.5

C10H8 1.16 1.2 1.2 0.84 0.96 1.1

Light PAHs 1.37 1.37 1.37 1.13 1.24 1.34

Heavy PAHs 2.35 3.47 3.64 1.58 1.7 1.94

Soot prod. rate 1.58 1.8 1.92 1.33 1.35 1.33

Table 1: Maximum values of PAHs mass fractions and soot production rate at τ = 0.34

normalized by the maximum corresponding steady values.

level strongly depends on surface growth processes (Fig.6, bottom). The

instantaneous soot particle volume fraction depends on the flame curvature

and is higher than the steady value in both cases. However, it should be

noticed that the large variability of heavy PAHs is not completely reflected

by spherical soot particles. The reason is threefold. First, the production of

spherical particles is governed also by the presence of small PAHs, which are

less sensitive to curvature. Second, the higher positive soot formation due to

high heavy PAHs concentration observed for the air-side injection is balanced

by the strong negative destruction rate due to the flow field motion pushing

the soot layer against the OH front. Third, soot formation is characterized

by long chemical time scales so that the PAHs behaviour is not yet reflected

on soot spherical concentrations. As a consequence, the spherical partical

concentration is similar for both injection sides. For the same reason, more

time is still necessary to observe an increase of the soot volume fraction.

The behavior of heavy PAHs and small soot particles is not sufficient to
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explain the variability in the Z-space observed for the soot volume fraction

(Fig. 5). Results for the large aggregates (not shown) indicate a strong

analogy with the scatterplots of fv, since they are the main contributors to

soot volume fraction. Even if flat zones locate the maximum value at Zsoot

in the steady case, the concave (convex) zone is characterized by a strong

variability for Z > Zsoot (Z < Zsoot) for the fuel (air)-injection case. This can

be explained by looking at the soot-flame-vortex interaction in Fig. 4. Due

to differential diffusion between the solid particles and the gaseous species,

soot aggregates are mainly driven by convection and affected to a lesser

extent by diffusion, so that in the concave (convex) regions soot particles

are pushed towards richer (leaner) zones due to vortex motion. This is even

more pronounced when soot penetrates the vortex in richer zones in the

case of fuel-injection and leaner zone for air-injection (points E and I in

Fig. 4, respectively). The relevance of the high Schmidt number on the

soot variability has already been observed in DNS of turbulent flames in the

scalar dissipation rate space [14]. Here, it is possible to identify the effect of

convexity and concavity on this variability by studying a simpler soot-flame-

vortex interaction. This effect is not observed on small spherical particles

since their diffusivity is higher than that of aggregates and also because

in the penetration zones the soot volume fraction is mainly determined by

aggregates.

5. Conclusions

To improve the understanding of soot formation and oxidation in tur-

bulent flames, it is useful to examine soot-vortex-flame interactions. This is
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accomplished in this article by detailed numerical modeling of the interaction

between a line vortex and an acetylene-air laminar diffusion flame configura-

tion, investigated experimentally in Ref. [5]. Results of soot volume fraction

are compared to the soot LII data and the general experimental trends are

reproduced. The proposed numerical strategy allows to examine effects of

strain rate and flame curvature on soot production. The initial negative ef-

fect of strain rate, leading to a strong reduction of soot, is quickly balanced

by the globally positive effects of curvature, so that the total soot volume

fraction exceeds the steady value. Concentrations of heavy PAHs are strongly

affected by flame curvature (convexity towards fuel increases their concen-

tration), causing a strong variability in the soot production rate. The effect

of curvature on PAHs increases with their sizes. Moreover, the flow field

induced by the vortes is responsible for the variability of fv in Z-space since

large aggregates, characterized by large Schmidt numbers, penetrate deeper

into the vortex and are pushed towards leaner or richer regions depending

on the vortex motion.

Findings from soot-flame-vortex interaction could be relevant to soot

modeling in turbulent flames, which are know to be characterized by large

curvature effects and strong and intermittent strain rates. For example, the

behavior of reduced models could be usefully verified in this configuration in

terms of curvature and strain rate effects on heavy PAHs, soot particles and

aggregates.
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