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Abstract 
In this paper a new model for Primary Breakup in the Euler-Lagrange framework will be presented. It features 
the consideration of nozzle specific local flow features and a detailed prediction of the development of the very 
dense part of the spray. The latter is achieved by means of a sub-model for the spray core, thus avoiding some of 
the well-known shortcomings of an Euler-Lagrange approach in the near-nozzle region. The model was success-
fully validated against in-house experimental data. It was possible to reproduce various spray properties such as 
spray density and droplet sizes. 

Introduction 
In order to effectively reduce pollutant emissions in direct injection diesel and gasoline engines, an accurate 

simulation of the internal combustion process is needed. This can only be achieved if reliable predictions of the 
spray characteristics and the resulting fuel mixture formation are available. As it is widely accepted that spray 
characteristics are strongly affected by the internal nozzle flow, Primary Breakup models that employ this nozzle 
flow information are essential. While several Primary Breakup models in the Euler-Lagrange framework exist 
that take into account nozzle specific flow features, such as turbulence or cavitation [1,2], only a few are able to 
also capture the spatial effects of the local flow physics [3,4,5], some relying primarily on the local distribution 
of cavitation [6]. Furthermore, all these models suffer from a poor prediction of the behavior and development of 
the very dense part of the spray immediately downstream of the nozzle, in contrast to some alternative models 
[7] in the computationally more expensive Euler-Euler framework. In this paper a new model for Primary 
Breakup in the Euler-Lagrange framework considering nozzle specific local flow features and the development 
of the very dense part of the spray will be presented. This new model is validated against in-house experimental 
data as well as data from the literature. 

Method 
The model comprises the injection of blobs from which secondary droplets will subsequently break up ac-

cording to the breakup mechanism described by Wu et al. [8], Faeth et al. [9] and Sallam et al. [10]. According 
to these studies the breakup consists of three stages: First turbulent fluctuations form surface disturbances with a 
size corresponding to local turbulent eddies. Then these disturbances grow into small ligaments, propagating 
from the core with the characteristic eddy velocity. Eventually these ligaments reach their breakup length at 
which droplets are formed either by a Rayleigh type or an aerodynamic breakup. This whole process of ligament 
creation, development and detachment is modeled for each injected Blob, providing the sizes and radial veloci-
ties of the droplets to be stripped off along the liquid jet propagation. 

To obtain a better representation of the dense spray region near the nozzle exit and to determine radial drop-
let positions and axial droplet velocities, a sub-model for the spray core is applied. This features a one-fluid ap-
proach as described by Demoulin et al. [11], in which the equations for mass, momentum and species conserva-
tion are solved along the spray axis. This approach predicts the development of the spray core satisfactorily and 
the blobs representing this spray core can be distributed accordingly, avoiding the earlier mentioned drawback of 
an Euler-Lagrange approach in the near-nozzle region. As the spatial resolution and time step used within the 
sub-model are independent of grid size and the time step used in the internal combustion calculation, the method 
allows for very accurate predictions of the spray-core development without increasing overall calculation time 
noticeably. This approach was validated against calculations with the ELSA model documented in the literature 
[12], yielding the same results concerning the distribution of the liquid volume fraction. 

Results 
The developed model for Primary Breakup was implemented into the AVL Fire Code (v2008.2) using user 

subroutines. Results obtained with the model for two different nozzle geometries were compared to experimental 
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data supplied by Balewski et al. [13], resulting in very good agreement. Comparisons were made concerning 
spray density and spray angles, as well as droplet locations, sizes, velocities and data rates. The model was able 
to distinguish local differences within the spray of one nozzle as well as the differences between the two nozzles 
with different internal nozzle geometry. Furthermore, the quantitative agreement was very good. 

Calculations using real nozzles and their respective flows at different ambient conditions will follow in fu-
ture work. 

 

Figure 1. Density distribution for one of the two examined nozzle geometries at 5 nozzle 
diameters from the orifice. left: Experiment, right: Simulation 

 

Figure 2. Development of mean droplet sizes along the spray axis for both nozzle geometries 
left: Experiment, right: Simulation. 
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