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Abstract

Combustion generated soot appears as fractal aggregates formed by polydisperse nearly spherical primary particles.
Knowledge of their radiative properties is a prerequisite for laser based diagnostics of soot. In this parametric study,
the effect of primary particle polydispersity on soot aggregate absorption and scattering properties is investigated nu-
merically. Two series of fractal aggregates formed by normal and lognormal distributed primary particles of different
levels of standard deviation were numerically generated for typical flame soot with a fractal dimension and prefactor
fixed to Dy = 1.73 and ky = 1.5, respectively. Three aggregate sizes consisting of N, = 15, 50 and 150 monomers per
aggregate were investigated. Due to the uncertainty in soot refractive index, radiative properties were calculated by
considering two different refractive indices at A =~ 532 nm recommended in the literature using the Discrete Dipoles
Approximation and the Generalized multi-sphere Mie method. The results are interpreted in terms of correction fac-
tors to the Rayleigh-Debye-Gans theory for fractal aggregates (RDG-FA) for the forward scattering cross section A
and for the absorption cross section /. It is shown that differential cross section for vertically polarized incident light,
total scattering and absorption cross sections are well predicted by the RDG-FA theory for all considered aggregates
formed by normally (o'/Jp < 30%) and lognormally (074, < 1.6) distributed primary particles. The refractive index is
found to be of greater impact than primary particle polydispersity on the importance of multiple scattering. The radia-
tive force per unit laser power experienced by the soot aggregates was found primarily determined by the aggregate
volume, regardless of the level of primary particle polydispersity.
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1. Introduction

Accurate knowledge of the optical properties of soot
aerosol is essential to interpret the detected signals in
terms of soot properties, such as concentration, primary
particle (PP) and aggregate sizes, in laser based mea-
surements, to assess the role of soot aerosol in atmo-
spheric chemistry and combustion processes. In this
context it is highly desirable to develop relatively simple
yet sufficiently accurate models for the radiative prop-
erties of fractal-like soot aggregates. The Rayleigh-
Debye-Gans theory for fractal aggregates (RDG-FA)
is very simple to use but suffers some drawbacks and
poor accuracies under certain conditions, mainly due to
the neglect of internal coupling or multiple scattering
within an aggregate.

Many studies have been performed to evaluate the ac-
curacy of RDG-FA theory [1, 2]. In addition, a few
studies have been carried out to introduce correction
factors or to propose some alternatives to the RDG-FA
theory to extend its applicability and/or improve its ac-
curacy. In almost all light scattering experiments, the
results were interpreted using the RDG-FA theory as-
suming that soot aggregates are formed by monodis-
perse PP in point-contact, though in reality these par-
ticles are formed by polydisperse PP with a certain de-
gree of overlapping. In consequence, some efforts have
been attempted to investigate the effects of different pa-
rameters on soot radiative properties, such as PP poly-
dispersity [3-6], number of PP per aggregate and wave-
lengths [7], necking and overlapping [8]. Although it
has been demonstrated that the PP polydispersity has a
significant impact on soot radiative properties [9-11],
there is currently a lack of adequate quantitative under-
standing of the consequence of applying the RDG-FA
theory to soot aggregates formed by polydisperse PP
and only a few relevant studies have been conducted.

Farias et al. [3] used the Iskander-Chen-Penner (ICP)
method to compare numerical results of RDG-FA for
normal primary particle size distribution (NPPSD). The
authors observed that the forward and total scattering
cross sections are increased by an amount of 14 and
41%, respectively, for o-/@ = 0.15 and 0.25. They
also demonstrated that this effect can be reasonably pre-
dicted by RDG-FA if the volume equivalent PP size is
considered. However, the assumptions on ICP method
limit the validity of their results. Liu et al. [4] used
the Multi Sphere T-matrix method to study the ra-
diative properties of aggregates consisting of lognor-
mal primary particle size distribution (LNPPSD) with
Ogeo < 1.5. They found that RDG-FA is significantly

challenged for approximating the scattering and absorp-

tion cross sections of the aggregates with polydisperse
PP at 4 = 650 nm and a complex refractive index
m = 1.75 + i0.435. Finally, Wu et al. [5] used the
Superposition T-matrix method to calculate the radia-
tive properties of aggregates for LNPPSD (o, < 4.0),
A = 550 nm, and m = 1.95 + i0.79 and found only a
slight effect (< 10%) on the extinction and absorption
cross sections regarding PP polydispersity. Neverthe-
less, no attempt was made to extend RDG-FA to fractal
aggregates formed by polydisperse PP.

Regarding primary particle size distribution (PPSD)
of soot, experimental studies have also found that it can
be well described by a LNPPSD or a NPPSD [12, 13].
Available experimental studies have reported a maxi-
mum polydispersity of o-/@ = 30% (the standard devi-
ation) and 0., = 1.6 (the geometric standard deviation)
for NPPSD [14] and LNPPSD [15], respectively. Addi-
tionally, the effect of PPSD has been the subject of stud-
ies for fractal aggregate physical properties other than
radiative, for instance structure and mobility [13, 16].

In this parametric study, we investigated the effects
of PP polydispersity on the radiative properties of soot
aggregates at 550 and 532 nm, which are typical wave-
lengths used in light scattering experiments, following
the recent studies of Liu et al. [4] and Wu et al. [5].
This research and previous numerical studies form the
indispensable prerequisite to take into account PP poly-
dispersity in the retrieval of soot aggregate properties
based on light scattering experiments. The objectives of
this study are threefold: (1) to investigate the effect of
PP polydispersity on fractal aggregate radiative proper-
ties under conditions relevant to flame soot, (2) to pro-
pose and evaluate corrections to the RDG-FA theory for
calculations of radiative properties of soot aggregates
formed by polydisperse PPs, and (3) to assess the effect
of PP polydispersity on the radiative force experienced
by soot aggregates due to laser irradiance.

2. Numerical Methods

2.1. Generation of fractal-like aggregates

Fractal aggregates were generated numerically by us-
ing the Flage particle-cluster aggregation algorithm de-
scribed by Skorupski et al. [17]. The morphology of
these aggregates is considered to be fractal-like and de-
scribed as N, = kg (Rg/R,,)Df, where N, and R, corre-
spond to the number and average (arithmetic or geomet-
ric for NPPSD and LNPPSD, respectively) radius of pri-
mary particles, respectively, and R, is the radius of gy-
ration calculated as proposed by Dastanpour et al. [13].



Dy and ky stand for the fractal dimension and prefac-
tor, respectively. Because of its simplicity, capability of
generating aggregates of prescribed fractal parameters,
and efficiency, the tunable algorithms have been widely
used to generate fractal aggregates for study of their ra-
diative properties [4, 18, 19]. In the present study, con-
cerning the specific role played by PP polydispersity,
the fractal dimension is retained approximately constant
(Dy =~ 1.73) for all levels of PP polydispersity. The
fractal dimension is selected to be representative of soot
produced from miniCAST [20]. However, the corre-
sponding prefactor, observed to be ~ 1.9 from TEM
image analysis, is slightly reduced because overlapping
is not taken into account in the present study [8]. This
reduction is based on the extrapolation of the relation-
ship found by Brasil et al. [21] between k; and over-
lapping, who proposed ks = 1.5 without overlapping.
It was also found that for oy, > 1.6 the prefactor ex-
periences a small decrease (from ky = 1.50) with in-
creasing level of PP polydispersity. As found by Eg-
gersdorfer and Pratsinis [16], for o4, > 1.6 the struc-
ture of fractal aggregates (regardless of the aggregation
mechanism) is considerably affected by PP polydisper-
sity. It is recognized that the tunable method used to
generate fractal aggregates in this study does not corre-
spond to particle aggregation via any physical or chemi-
cal aggregation mechanisms (including for example sur-
face growth) that could link the PP polydispersity to the
fractal-like morphology [16]. On the other hand, tun-
able algorithms offer the advantages to investigate the
effect of a single parameter, such as PP polydispersity,
while keeping all other parameters constant. The perfor-
mance of such modeling in general involves tuning of
model parameters given the current lack of detailed un-
derstanding of the soot surface growth process. More-
over, the studies of Bushell and Amal [9] and Eggers-
dorfer and Pratsinis [16] showed that the fractal dimen-
sion remains largely unchanged, though the prefactor
decreases, with increasing the level of PP polydisper-
sity (up to 0 = 1.5). For these reasons, we chose to
adopt the tunable method that permits to isolate the ef-
fect of PP polydispersity and we considered a realistic
maximum 0, of 1.6 for the evaluation of the radia-
tive properties. In addition, the strategy chosen in the
present study consists in increasing the PP polydisper-
sity while keeping the mean radius (arithmetic or geo-
metric for NPPSD and LNPPSD, respectively) constant.
Consequently, the increase of PP polydispersity impacts
the aggregate volume. This effect is illustrated in Fig. 1,
where a, sy is the radius of the equivalent sphere having
the same volume as the aggregate (V,g, = 471(126 ; f/3).
Figure 1 shows that the aggregates formed by LNPPSD

with 0., > 2 may have larger levels of PP polydisper-
sity than those formed by NPPSD. In consequence, the
volume is more affected for aggregates in the LNPPSD
series than those in the NPPSD series. Nevertheless, it
is noticed that the fairly high levels of PP polydisper-
sity (STD(Rp)/R, > 0.4) are typically not encountered
in flame-generated soot aggregates. Aggregates formed
by highly polydisperse PPs, with o,, > 1.6 are only
considered for the calculation of the radiative force in
the present study. For lower levels of PP polydispersity,
relatively small increase of a. s is observed in compar-
ison to the change in the number of primary particles.
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Figure 1: Impact of the PP polydispersity on the aggregate volume
equivalent radius. The standard deviation is indicated in the horizontal
axis, 0geo is shown as legend.

2.2. The discrete dipole approximation

The radiative properties of soot aggregates were cal-
culated by using the Discrete Dipole Approximation
(DDA) through the DDSCAT code (version 7.3.2) [22].
This method offers the advantage for dealing with parti-
cles of complex shapes or morphologies. The principle
of DDA is to discretize the particle into a finite array
of polarizable points (dipoles) and to consider their in-
teractions with the local electric field. It is equivalent to
the volume integral equation for the electric field. In this
study, the dipole density was fixed at 15 (correspond-
ing to 15 dipoles per mass equivalent diameter). The
present study concerns the visible domain of the spec-
trum. Since numerous light scattering experiments have
been done with green lasers, 4 = 532 nm is selected in
the present study.

The considered optical index m; = 1.5 + i0.62 was
reported by Bescond et al. [20] for miniCAST soot
characterized by a low amount of organic compounds
(OC/TC= 4.1%) and high degree of graphitization. It



was determined by interpreting extinction spectra mea-
surements based on a modified RDG-FA theory by ap-
plying some correction factors regarding the multiple
scattering effects, using the Drude-Lorentz dispersion
law, by considering the size distribution, bulk density
and specific morphological properties. It is noticed that
the optical index of soot generated under the same con-
ditions was previously reported to be m = 1.66 + i0.76.
However, it was obtained with a simpler size distribu-
tion, neglect of multiple scattering effect, and without
measurement of the bulk density. Nevertheless, the op-
tical index of soot is subject to uncertainties, depend-
ing on the flame conditions and the experimental and
analysis methods. To evaluate the influence of refrac-
tive index, calculations are also conducted with another
refractive index my = 1.95 +i0.79 determined by Smith
et al. [23] for annealed amorphous carbon films and
recommended to be used at similar wavelengths (550
nm) by Bond and Bergstrom [24]. Finally, to deter-
mine the aggregate structure factors without multiple
scattering additional calculations were performed using
m = 1.01 + i0.01. The criterion |m|kd < 0.5 for accu-
rate calculations of the radiative properties using DDA
[22] is ensured in this study (jm|kd < 0.12). The radia-
tive properties of aggregates calculated by DDA were
averaged over 1000 orientations.

2.3. Validation of the DDA results

To validate the results of DDA, calculations were
also carried out using the numerically exact General-
ized Multi-sphere Mie Solution method (GMM). GMM
is an extension of Mie theory for solving exactly the
Maxwell’s equations for a particle system containing
non-overlapping spheres. GMM results were obtained
with averaging over more than 15,000 orientations. Ta-

Table 1: Comparison between DDA and GMM results. Average rela-
tive errors calculated as: ex = 100 - (Xppa — Xomm)/Xcmm-

N % LNPPSD NPPSD
P As32 Ass0 As32 Ass0
Cu/Cy -0,039 -0,015 0,007 0,157
15 Cyu,/C, -3,645 -0,874 0415 3,758
Cups 1,111 4,678 0,547 4411
Cu/C,  -1,261  -2,048 -0,144 -0,145
50 C,,/C,, -5480 -4,684 4294 6,877

Cas 0947 4338 1232 5,100
Cm/Cww 1,193 2,631 -0,234 -0,298

150 Cu/Cy 5,156 7,821 2,584 4264
Cws 0945 4406 1,111 4,872

ble 1 shows the relative error ex = 100 - (Xppa —

Xomm)/Xeum of the DDA results benchmarked by
those of GMM. The error was calculated for three vari-
ables (X): (1) the ratio of polarized angular scattering
cross sections Cy,/C,, (here Cy, denotes the differen-
tial scattering cross section for horizontally incident and
horizontally scattering polarized light, other quantities
are similarly defined), (2) C,;/C,,, and (3) the absorp-
tion cross section Cy;, for the three aggregate sizes with
different levels of PP polydispersity. The agreement be-
tween DDA and GMM is considered very good with
only small deviations (ex < 8% for the two ratios and
€c,,, < 6% for the absorption cross section). It is no-
ticed that when comparing the Cy,/C,, and C,,/C,, ra-
tios, the relatively large relative errors only occur for
C,1/C,,, but not for Cy;,/C,,. This is because the former
is generally very small. Nevertheless, the DDA results
are considered sufficiently accurate for the purposes of
this study.

3. Results and discussion

The structure factor without multiple scattering is
presented in Fig. 2(a) and (b). It represents the angu-
lar dependency of the vertically polarized scattered light
by the aggregates relative to the vertically polarized in-
cident light. It corresponds to the Fourier transform of
the pair-correlation function and bears the morphologi-
cal information of the particle. In the present case, it is
obtained by dividing the Cys® calculated by DDA with
m = 1.01 +i0.01 by the product of the primary particle
C?, based on Rayleigh theory and Nﬁ. For each aggre-
gate, the PP differential scattering cross section C?, is
based on the Rayleigh approximation of a sphere having
a volumetric mean radius (ap3 = d.fys - N;l/ 3 ). Indeed,
in the forward scattering the RDG-theory stipulates that
the scattered intensity is proportional to Vfgg. This
methodology enables a good determination of the the-
oretical value of unity in forward scattering at gR, = 0.
We can distinguish the Guinier regime of small val-
ues of gR, less than unity (exponential decrease, with
q = 4nsin(6/2)/A) from the power-law regime of large
values of gR, (larger than unity). The structure factor
of Dobbins and Megaridis for fractal aggregates [25] is
reported as black dashed lines with Dy = 1.73 initially
imposed during the aggregate generation. For both con-
sidered series of aggregates, corresponding to primary
particles of NPPSD and LNPPSD, the Guinier regime
is well observed, though the decrease is enhanced for
large o g, of the LNPPSD series. For gR, > 1.62, based
on statistics of a large ensemble of aggregates, a linear
behavior is expected with a slope supposed to be -Dy.
For individual aggregates formed by NPPSD and those
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Figure 2: Figs. (a) and (b) present the aggregate structure factors
(without internal coupling) obtained at A = 532nm with m = 1.01 +
i0.01 for NPPSD and LNPPSD. The dashed lines are the structure
factor of Dobbins and Megaridis. Figs. (c) and (d) present the ratio
between angular light scattering patterns computed with (using m =
1.5 4+ i0.62) and without multiple scattering for aggregates of NPPSD
and LNPPSD series at A = 532 nm and N, = 150.

formed by LNPPSD of low levels of polydispersity, this
behavior is essentially preserved with an apparent indi-
vidual fractal dimension slightly different from that ini-
tially imposed (D).

Nevertheless, for the range of PP polydispersity rele-
vant to flame soot (g, < 1.6) the fractal behavior can
largely be ensured.

Let us consider now the structure factors calculated
using the assumed refractive indexes of soot at 532 nm
for aggregates of both series. By using m = 1.5 + i0.62,
the internal coupling or multiple scattering within ag-
gregates is automatically considered in DDA calcu-
lations. To highlight the effect of internal coupling,
Figs. 2(c) and 2(d) present the ratio between both the
structure factors with and without multiple scattering.
This ratio is useful to develop corrections to the RDG-
FA theory to improve its accuracy for the calculation
of vertical-vertical differential scattering cross section
(C,,) of soot aggregates formed by polydisperse PP. In
Figs. 2(c) and 2(d) we can observe that, for the consid-
ered wavelength and refractive index, the ratios remain
at almost unity for aggregates formed by NPPSD and
for those formed by LNPPSD except for backscattering
at large gR,, indicating a good prediction by the RDG-
FA theory.

The correction factor required to bring the RDG-FA
results to those of DDA for the prediction of the forward
scattering A corresponds to the ratios of forward scatter-
ing shown in Figs. 2(c) and 2(d) at gR, = 0. Its repre-

sentation as a function of the standard deviation does
not display a clear trend (see supplementary material
that also contains results for larger geometric standard
deviations). Contrarily, its representation as a function
of the equivalent radius a,.r; shows a more clear trend,
regardless of the aggregate size or the level of PP poly-
dispersity (Fig. 3(a)). This leads to a conclusion that,
for a given optical index, the aggregate size or volume
has a stronger impact on A than PP polydispersity it-
self. To identify the sensitivity of A to PP polydisper-
sity, we also investigated the corresponding ratios for
aggregates formed by monodisperse PP for N, = 50 by
varying the primary particle size (dashed lines in Fig. 3)
and by increasing N, at fixed D, (black dotted lines)
based on previously published results [7] (obtained with
ms = 1.61 + i0.74). The comparison of the tree curves
indicates that, for a given aggregate volume, the devi-
ation of A from unity is enhanced by the increase of
the PP diameter and even more when the polydisper-
sity increases (presence of very large primary spheres
in the aggregate). Nevertheless, the optical index seems
to play a predominant role (the small difference in wave-
length between 532 and 550 nm is not expected to have
a large impact on the ratio). The refractive index pro-
posed by Smith et al. [23] induces a stronger multiple
scattering effect, due to the larger deviations from unity,
even without PP polydispersity (small a.yy). This effect
is mainly due to the larger real part of the optical index
as recently shown in [26]. With regard to the scattering
function F(m), the value of Smith et al. (F(m;) = 0.39)
is 1.7 times that of the refractive index of miniCAST
soot (F'(m;) = 0.23). Thus, stronger scattering and mul-
tiple scattering effects are expected when using the re-
fractive index of Smith et al.

Figure 3(b) presents the corrections to bring the
RDG-FA theory to the DDA results for aggregate ab-
sorption cross section. Similar trends between correc-
tions to the absorption cross section and the forward
scattering cross section can be observed and this point
has already been found in previous studies [6-8, 26, 27].

Figures 4(a) and 4(b) report the ratio Cy;,/C,,, which
is theoretically equal to cos*(d) in the RDG-FA the-
ory. A good agreement between the results of DDA
and RDG-FA is observed. However, such agreement
deteriorates slightly with increasing level of PP poly-
dispersity, especially for LNPPSD around 90°. Once
again, the multiple scattering effect (internal coupling
among primary particles) is suspected to cause the de-
viations. This conjecture is supported by Figs. 4(c) and
4(d) representing the depolarization ratio, i.e., C,;,/C,,.
This ratio is supposed to be null in the RDG-FA theory
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Figure 3: Corrections to bring the RDG-FA theory for the forward
scattering and absorption cross sections for all the aggregates con-
sidered at m; = 1.5 + i0.62 (F(m;) = 0.23), my = 1.95 + i0.79
(F(my) = 0.39) and m3 = 1.61+i0.74: (a) the correction A for forward
scattering cross section and (b) the correction h for absorption cross
section. The dashed lines are for results obtained for scaled aggregates
formed by monodisperse PP and the black dotted line corresponds to
the variation of N, based on the results by [7].

and is shown to generally increase with scattering an-
gle [28]. The present study reveals that the depolariza-
tion is not strongly affected by the degree of PP polydis-
persity. The anisotropy coefficient A3 of each aggregate
was calculated based on the eigenvalues of the inertia
tensor as proposed by Heison et al. [29] and adapted to
polydisperse monomers [30]. The values are reported
in the legend of Figure 4(a) and (b). It is noticed that
the increase in depolarization in backward scattering di-
rections (scattering angles close to 180°) has often been
attributed to an increase of the particle anisotropy. In the
present case, even at very small levels of polydispersity,
a slight increase of the depolarization ratio is observed
without increasing the particle anisotropy.

Integration of the differential scattering cross section
over 4x sr permits to evaluate the effects of PP polydis-
persity on the total scattering cross section ojes. Ac-
cording to the RDG-FA theory, o = N;oht,g, here g

is the aggregate total scattering factor and can be deter-
mined from the DDA results. It is interesting to com-
pare such determined gppy4 to the widely used factor in
the RDG-FA theory gpoppins [25]. Previous similar in-
vestigations concluded that the accordance between the
two factors is good if gpoppins 1s multiplied by the correc-
tion for the forward scattering (cf. Fig. 3(a)). Because
Zpobbins has been obtained by integrating the Dobbins
and Megaridis expression of the structure factor (plain
curves in Fig. 2). This assumption holds as long as
structure factor remains essentially the same. In order to
see if this finding holds for aggregates formed by poly-
disperse PP, we report in Fig. 5 the ratio between gppa
(numerically accurate evaluation) and Agpoppins, 1-€., the
corrected RDG-FA expression. The deviations of this
ratio from unity indicate the error caused by RDG-FA
theory even though part of the multiple scattering ef-
fects is taken into account through the correction fac-
tor A. The obtained ratios are scattered but remain
around unity for the considered range of PP polydisper-
sity and decrease slightly with increasing the PP poly-
dispersity. Nevertheless, it is important to notice that for
the range of PP polydispersity typically encountered in
flame-generated soot (STD(R,)/R, < 0.4), it appears
that the RDG-FA theory, once corrected by the A factor,
is able to predict fairly accurate aggregate total scatter-
ing cross sections. This is shown to be true for both
optical indices considered.

Finally, we report in Fig. 6 the radiative force ex-
perienced by a soot aggregate due to laser irradiance
per unit energy density (radiative pressure cross section
Cpr = Coxy — §Cycq where g represents the asymmetry
parameter [22, 31]). This quantity can be of interest
not only for optical manipulation of soot material [32],
but also for other fields of science, such as astrophysics
concerns for interstellar grains [31]. It can be used for
the evaluation of the photopheretic force caused by a
Planck radiation source [33].

It is interesting to observe a nearly power law rela-
tionship between that radiative force and the volume
equivalent radius. This is also true for larger LN poly-
disersities (up to 0, = 3.0), reported in blue boxes
in Fig. 6. The exponent of that power-law is about
2.97, suggesting that radiative force is essentially gov-
erned by the absorption cross section (proportional to
the aggregate volume) and thus weakly affected by the
PP polydispersity (except for very large geometric stan-
dard deviations). This was confirmed by comparing the
radiative cross sections of the LNPPSD series for the
largest aggregates (N, = 150) by scaling the aggregates
in order to achieve the same volume (a.ry = 0.1um).
It results in a relative standard deviation of C,, of 1%



(a) Norma PPSD

(N o
10°eeosgr—T AT
F \'\;%‘\ & E
L Y il
“
10 % & E
S L ¥ ]
O 2 -
i3 i oR, A
C £ 361% 3.2]
L S'-.’ - 895% 35
10°L H 15.26% 3.3 |
E n 19.39% 3.23
E u 24.66% 2.1
F : 29.50% 4.2
F massssssss DG-| FA
10'4 P RN P R N
0 30 60 90 120 150 180
Angle (°)
(c) Norma PPSD
-1
10— T
0% 3
o [ ]
E} = 4
“ 107 3
y ]
10"';4 =
S N RN R HRI R
0 30 60 90 120 150 180

Angle (°)

(b) Lognormal PPSD

10°¢ R e 5
10" E
3 r ]
10" E
O E E
[ Ggeo A137
10° 118 3.1
E 136 317
F . 155 337
L RDG-FA ]
10'4 NI R -2 P BRI
0O 3 60 9 120 150 180
Angle (°)
. (d) Lognormal PPSD
10" e T T
0% 3
o F ]
~x ]
© 10% .
10°F -
o Lo Loy 1y T B 3
0O 3 60 9 120 150 180
Angle (°)

Figure 4: Impact of the PPSD on the Cj,/C,,, and C,,/C,,, cross sections at A = 532 nm and m = 1.5+i0.62. A3 stand for the anisotropy coefficient
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FA theory for the evaluation of the total scattering cross section s ,
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and 5% for m;y = 1.5 +i0.62 and m, = 1.95 + i0.79,
respectively.
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4. Conclusions

The impact of primary particle polydispersity on the
radiative properties of soot aggregates was numerically
investigated using the discrete dipole approximation by
considering two different refractive indices at 532 nm



recommended in the literature to demonstrate the effect
of uncertainty in soot refractive index on soot radiative
properties. This study intents to gain better understand-
ing of the importance of primary particle polydispersity.
Such knowledge is essential to extend the current capa-
bilities of light scattering experiments to retrieve more
realistic soot aggregate morphological parameters by
taking into account the polydispersity of primary par-
ticles. Calculations were conducted for both normal
and lognormal primary particle size distributions. Frac-
tal aggregates formed by polydisperse spherical primary
particles in point-contact were generated by using the
tunable Flage code with fractal parameters fixed to re-
ported standard flame soot values. It has been shown
that the fractal behavior is not significantly affected by
PP polydispersities, for the range concerned in flame
conditions.

The results are analyzed in terms of the correction
factors required to bring the RDG-FA results to agree
with those of DDA for forward scattering and absorp-
tion cross sections. The main findings of this study
are that for primary particle polydispersity levels rel-
evant to flame-generated soot, the RDG-FA theory is
adequate when the volume mean primary particle di-
ameter is used. The validity range of corrections pro-
posed is dominated by internal multiple scattering and
the magnitude of this effect is mainly influenced by the
refractive index, both the aggregate size and primary
particle polydispersity are of second order effect. This
is true for angular light scattering C,,, Cj;, absorption
cross section cgpg, and total light scattering cross sec-
tion cy,. Only the depolarization ratio C,;/C,, seems to
be slightly increased in the case of lognormal distribu-
tion. Finally, the radiative force acting on soot particles
is evaluated. For the considered two PPSDs, the radia-
tive force is nearly proportional to the particle volume.
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