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INTRODUCTION

The improvement of combustors and engine performances and the reduction of pollutant emissions require a better understanding of the vaporization process inside the spray. Commercial fuels are blends composed of hundreds components with different boiling point and combustion behavior (ignition, flame propagation and stability, pollutant emissions…). Most works on multi-component droplets assume only a few components, which cannot accurately reproduce the evaporation of a complex liquid mixture with components covering a wide range of boiling points.

The first models of vaporizing multi-component droplets1,2, called "Discrete Components Models" (DCM), consider each individual species. Since the computation time increases considerably with the number of components inside the droplet, these models are not appropriated to simulate the evaporation of a real fuel spray. To overcome this problem, Tamim and Hallett3 and Hallett4 proposed the "Continuous Thermodynamics Models" (CTM) to simplify the mixture by describing the composition by a Probability Distribution Function (PDF) of the molecular weight. However, a PDF represents only one group of homogenous components, each having different distribution parameters and physical properties. Hallett and Grimwood5 and Abdel-Qadar and Hallett6 improved the CTM to describe the mixture with as many PDF as the number of groups of homogenous components, and the composition profile inside the drop is governed by infinite or limit/effective diffusion models.

In the litterature, DCM and CTM are rarely compared7,8 and the liquid blend is only represented by only one PDF. Moreover, to find all the properties for each component is quite difficult. This paper proposes to compare the DCM and CTM with multiple PDF for gasoline, kerosene and Diesel droplets and to give all the correlations used to calculate all the properties for the different group of components.

MODELLING

The classical simplification assumption1,2 are used: spherically-symmetric system, quasi-steady gas phase, 1/3 rule for the calculation of the gas phase properties …

Composition modelling

Both approaches to represent the composition of a liquid mixture are investigated:

· The "Discrete Components" model (DCM), which considers each individual species and its mass (or molar) fraction

· The "Continuous Thermodynamics" Model (CTM) where a group of homogeneous components is represented by a global molar fraction and a Probability Density Function.

Figure 1 presents the initial composition of three groups of components with both liquid modelling.

Species and energy transport inside the droplet

For both liquid composition modellings, two diffusion models are used to predict the temperature and composition profiles inside the droplet:

· The infinite diffusion model, the temperature and the composition are uniform but time dependant.

· The diffusion limit model, which assumes a spherical distribution of the temperature and composition governed by diffusion equations (Fourier's law and Fick's law).
INITIAL AND AMBIENT CONDITIONS

Gasoline, kerosene and Diesel droplets whose initial diameter is 100 µm and initial temperature is 300 K are placed in air at 600, 800 and 1000 K. Different ambient pressures (between 1 and 20 bar) are also studied.

These droplets are initially composed of several dozens of surrogate components (representing all the isomeric components) from different groups: n-alcanes, iso-alcanes, olefines, alkylbenzenes, alkylnaphtalenes, cyclopentanes and cyclohexanes.
results

The results given by all the models are very close for the droplet diameter and the surface temperature, except for the heating phase when the uniformity of the temperature inside the droplet with the infinite diffusion model underestimates the surface temperature (Figure 2).

The most important results are the overall flow rates of vapor and their distribution, since a bad prediction of the vapor composition could affect the combustion behavior. For kerosene, the DCM and the CTM fit well but discrepancies for the distribution variables appear between the infinite diffusion and diffusion limit models. However, the results given by these models cross after the half of the droplet lifetime, when the major components of each group mainly vaporizes. That implies all the models predict close flow rates of vapor for these major components. The PDF are discretized and Figure 3 clearly demonstrates that the mole flow rate of n-undecane (a major component of the n-alcanes group) vapor fit for all models, that is not the case with n-heptane, which is a minor component of the n-alcane group.

The results best fit with the increase of the ambient pressure and the decrease of the ambient temperature.

The paper will also present results for gasoline (in which major components are the more volatile components of the liquid) and Diesel.

The three fuels covering different range of components (gasoline components are very volatile, contrary to the Diesel ones), the correlations used for a group of homogenous components are different for each fuels. These correlations and the values of their coefficients will be given in the paper for each group: n-alcanes, iso-alcanes, olefines, alkylbenzenes, alkylnaphtalenes, cyclopentanes and cyclohexanes.
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Figure 1: composition of three groups with both models
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Figure 2: temporal evolution of the droplet size (left) and the surface temperature (right)
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Figure 3: temporal evolution of the mole flow rate of vapor for individual components for P∞ = 10 atm







