Effects of overlapping in the evaluation of volume and surface
area of complex soot aggregates in flames

J. Mordn'*, A. Poux!, F. Liu?, F. Escudero3d, A. Fuentes3, and J. Yon!**

'Normandie Univ., UNIROUEN, INSA Rouen, CNRS, CORIA, 76000 Rouen, France, 2Metrology Research Centre, National Research Council of Canada, Ottawa,
Ontario, Canada, 3Departamento de Industrias, Universidad Técnica Federico Santa Maria, Av. Espana 1680, Casilla 110-V, Valparaiso, Chile

1. Challenge
Monte Carlo simulations have shown soot particles are
formed under the competition of agglomeration and
surface growth! o
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* No codes (excepting mesoscale simulations)
considers primary particle overlapping.

« Total volume and surface area should be
corrected.

* Impact: particle dynamics and coagulation
kinetics. Surface reaction and mass transfer
modeling.

Overlapping
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2. Methods
2.1. Aggregates generation
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3. Results
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3.1. Test case: ethylene premixed flame (C/0=0.94)

2.3. Determining overlapping

Parameters: Df = 1.78, kr = 1.30,
N, = [2,1000], ¢o, = [0, 0.95]
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Neglecting overlapping:
maximum error total:
Volume 91%
Surface area 218% for total

o

e Calculated
Neglecting overlapping
s1 ---- Proposed approach

2.2. Aggregates processing
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Volume 0.6%
Surface area 5.75%
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3. Conclusions

« A new method to determine the volume and surface area of aggregates with
overlapping primary particles is infroduced. This method is in good agreement
and extends the works of! 2,

 These methods are combined to accurately predict total soot volume (<0.6%
error) and surface area (<5.75% error) in a premixed ethylene flame.

« This method can be easily implemented in current Population Balance
(macroscopic) or discrete element (mesoscale) codes to improve accuracy
and/or computational time.
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A. Volume and Surface area correction factors

a

d(Np) = +c N, = 2
o =1~ et T b + (a — b) exp|—a(N, — 2)] e = 2(1 — 1/N,)
- a = 0.0642
b = 0.0565
ag=1—=TCopp c = 0.00§1 .
2 In the case of surface area ¢ is quite close to the one
— proposed by Brasil et al.tin the limit N, —» oo

B. Determining overlapping
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