
Partners 

The two-equation model originally proposed by Leung2 and extended by Kronenburg3 

has been employed in this study. Additional transport equations are solved for the soot 

mass fraction (Ys) and particle number density (Ns). Monodisperse distribution and 

spherical shape are assumed for the soot particles.  

The model accounts for simultaneous particle inception, surface growth by C2H2 

adsorption, oxidation by O2, oxidation by OH and agglomeration (Table 2). Accordingly, 

the source terms of the two equations read: 

• ωYs = 2RINCP + 2RSGRW − ROxO2 − ROxOH 

• ωNs
= 2RINCPNAV nC,min − RAG 

The reaction rate constants in I to IV follow Arrhenius-like expressions of the form: 

k = ATβe−
Ta
T Ssoot

c . The last term represents the functional dependence of the respective 

process on soot surface density, Ssoot. 
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3 Results and Discussion 

1 Introduction 

Modelling of soot formation in diesel engines is a challenging task, because it depends 

on the accurate description of a long chain of complex processes such as break-up, 

atomization and evaporation of the liquid fuel, mixture formation, auto-ignition and 

combustion in a turbulent flow-field as well as the interaction of chemistry and 

turbulence with the soot dynamics themselves. 

In this study, the spatially filtered conservation equations are solved numerically and a 

semi-empirical soot model is implemented in order to simulate a reacting n-dodecane 

spray. The simulation pertains to experiments conducted in the cube-shaped, pre-burn 

combustion vessel of Sandia National Laboratories1 (Fig 1.a). The corresponding 

computational grid, which consists of 1.8 million cells, is shown in Fig 1.b. The test case 

considered (Table 1) represents engine-relevant conditions with moderate EGR. 

 

2 The Soot Model 

Table 1: Operating conditions for Spray A 

Ambient Temperature 900 K Injection Duration 6 ms 

Ambient O2 mol fraction 15% Fuel Type n-dodecane 

Ambient Density 22.8 kg/m3 Fuel Temperature 363 K 

Injection Pressure Difference 150 MPa Orifice Diameter 0.091 mm 

Vapor penetration shows excellent agreement with the experiment, while global soot 

mass is underestimated by one order of magnitude (Fig 2.a). This discrepancy can be 

addressed by tuning ASGRW, which has originally been calibrated for CH4-air flames at 

atmospheric pressure. 

The time-averaged4 soot volume fraction contours also show a very similar distribution 

of sooting areas with the experiment (Figure 2.b). Soot presence is confined to the fuel-

rich areas of the spray and downstream of the flame lift-off length, in the vicinity of which 

formation of C2H2 is favored. High intermittency is correctly reproduced. 

Conceptually the soot cloud (defined as 2%fvsoot,max) can be divided in three distinct 

zones of soot evolution (Figure 2.c). The first zone extends from the onset of soot 

formation until the location of peak net formation. The second zone marks the transition 

from maximum net formation to maximum net oxidation. The last zone tracks the 

oxidation of soot, with inception and surface growth fading in the absence of C2H2, as 

the mixture leans out and the flame tip is approached. Particle inception contributes little 

to soot mass per se, but it is important for creating the sites where the bulk of formation 

will take place by surface growth, slightly upstream of peak soot volume fraction. O2-

oxidation takes place in a very thin layer across the flame, mostly on the fuel-rich side 

(see also Fig 2.d). OH-oxidation extends over a much wider area than O2-oxidation 

because of the greater extent of OH presence in the fuel rich zone and is therefore 

ultimately more dominant. 

Analysis of azimuthally and radially integrated quantities along the spray axis (Fig 2.e) 

yields that surface growth rate is affected more by the distribution of soot (correlation 

coefficient: r = 0.876) than by the soot precursor ( r = 0.651), which is itself controlled 

by mixture with equivalence ratio over 1.5 ( r = 0.955). O2 mass encompassed by the 

soot cloud agrees very well with O2-oxidation r = 0.879, even though only 40% takes 

place within the cloud. Finally,  correlation between OH and OH-oxidation is even higher 

( r = 0.964), because about 90% of soot oxidation by OH takes place within the soot 

cloud. 

Overall, LES offers a framework capable of predicting accurately the spatial distribution 

of soot as well as capturing transient and intermittent processes with a simple model. 
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