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Abstract

Studying the combustion of droplets as in a spray by parameter variation, fast tools are
necessary because of the large number of parameters. Therefore new codes will be developed
with high performance but reduced complexity. First step is a code to simulate the burning of
one droplet in one dimension to test the reliability of the model assumptions. Next step is to
implement the model in a three dimensional code for several droplets.

Introduction

Droplet combustion is an interesting field of investigation since a long time. Prior to
computers, the simplified geometry of the combustion environment, along with certain
simplifying assumptions concerning physical and chemical processes, permitted mathematical
simplifications of the problem, and led to simple descriptions of the combustion process. A
classical model of this type is the Spalding model for the combustion and evaporation of a
single droplet. The assumptions of the Spalding model are:

. Spherical symmetry

. Isolated droplet in an infinite medium

. Isobaric process

. Chemical reaction infinitely fast with respect to diffusion

. Constant gas phase transport properties and heat capacity

. Gas phase quasi-steadiness

. Constant, uniform droplet temperature (No droplet heating)

. Neglects Soret effect, Dufour effect and radiation

. Unity Lewis number for all gaseous species

10. Negligible buoyancy

11. Negligible radiation.

A main result is the d*-law for the evaporation time ty of a droplet.
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m” is the mass flux to the gas phase, A, the thermal conductivity, c,, the heat capacity in the
gas phase, p; the liquid density and B the Spalding transfer number.
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Some of the results have been very successful, but there are also shortcomings. The stand-off
distance of the flame is given too large and no transient phenomena can be described.
The availability of fast computers leads to the development of numerical models with a high
degree of complexity, but such codes consume a lot of time and power. Therefore, the aim is a
computer model for multidimensional distributions of evaporating and burning droplets with
lower complexity but high performance for parameter studies. The new model should
overcome some restrictions of the Spalding model, especially the assumptions 2, 4, 7, 9, and it
should work in three dimensions. Spalding and other models will be used for evaluation.

Model Description

1D Single Droplet

The first step in the development is a very fast code for a one dimensional single droplet but
with finite rate chemical kinetics. It solves the differential equations for the heat transport and
the concentrations of the fuel, the oxidiser and the product. Chemical kinetics is an overall
second order reaction of Arrhenius type.
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Density p, heat capacity c,, thermal conductivity A and diffusion coefficients D; are used
without thermal dependence. The phase transition at the droplet surface is implemented by an
artificial high concentration of the fuel.

Figure 1 gives a temperature profile calculated by the new code. Time and radius are given in
arbitrary units, temperature in Kelvin. The droplet position is at the right corner. The decrease
of the droplet can be seen as well as the moving of the flame position as the position of the

highest temperature.
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Figure 1: Temperature profile of a burning droplet
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Figure 2: Droplet radius vs. time

Figure 2 gives the decrease of the droplet vs. time for different initial radii. Figure 3 shows

that the d*-law can be reproduced if the ignition time is subtracted from the total evaporation
time of the droplet.
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Figure 3: Total evaporation time t,, ignition time t;, difference of both t, - t; and fit

The moving of the flame position as the position of highest temperature is given in Figure 4

Comparison with Figures 2 and 3 shows that the burning takes much longer time than the
evaporation.
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Figure 4: Flame position as position of the highest temperature vs. time

Further steps of the development should lead to more realistic units.
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3D Droplet distribution

Another step is the burning of several droplets in a three dimensional environment. The
governing differential equations are in principal the same as in the one dimensional case but
for three dimensions. The representation of the droplets is done by Gaussian functions.
Figure 5 shows in each row the distribution of temperature, fuel concentration, oxidiser
concentration and product concentration. There are eight fuel and eight oxidiser droplets at
equal distance. Ignition is done via a hot spot at the centre. Correspondingly, the combustion
starts from the centre.

Figure 5: Temperature and concentration profiles for eight fuel and eight oxidiser
droplets at a larger distance between the droplets
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Figure 6: One fuel and one oxidiser droplet

26-4



Figure 6 gives the progress of the reaction by the increase of pressure for the combustion of
one fuel and one oxidiser droplet at three different distances. The best burn out can be
achieved for the smallest distance between the droplets.

Figure 7 shows the same for two fuel and oxidiser droplets and Figure 8 for eight droplets.
Compared with Figure 6, there is a step in the pressure curve for the smaller distances.
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Figure 7: Two fuel and two oxidiser droplets
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Figure 8: Eight fuel and eight oxidiser droplets

Conclusion

Studying the combustion of droplets by parameter variation, fast tools are necessary because
of the large number of parameters. Therefore, new codes will be developed with high
performance but reduced complexity. In a first step a one dimension code is development that
simulates the burning of one droplet to test the reliability of the model assumptions. Next step
is to implement the model in a three dimensional code for several droplets. The codes will be
evaluated by comparison with other models and later by comparison with experimental
results. Main purpose is to study the influence of parameters which characterize a spray.
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