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In this dissertation, a study of group combustion excitation in randomly distributed droplet
clouds using percolation approach based on flame-spread characteristics in microgravity is
presented.

One of the most important issues in spray combustion science is how to understanding the
mechanism of the group combustion of liquid fuel spray, especially the excitation mechanism of
the group combustion and the role of fuel droplets in it. The group combustion is required in
stable spray combustion. Flame spread among fuel droplets plays an important role in excitation
of the group combustion. The investigation on the flame-spread phenomenon has been
performed in a simplified system of fuel droplets. Experiments of flame-spread of fuel droplets
have been performed in microgravity actively. However, the experiment has limitation in the
number of droplets due to relatively short microgravity durations in the ground based facilities. It
is difficult to conduct flame spread experiments of large scale droplet clouds in microgravity.

This study has simulated the flame-spread behavior in randomly distributed large-scale
droplet clouds with a low-volatility fuel equal size droplets and group combustion excitation by
using a percolation approach. This study created a percolation model based on so-called “Mode
3” flame-spread with paying attention to the flame-spread limit distance (S/dg)smi: which was
obtained in microgravity experiment of flame-spread droplet array and droplet cloud element
with n-decane as a fuel. The simulation applies a simple flame-spread rule that the flame can
spread to droplets existing within the flame-spread limit distance (S/dp)sinu which varies with the
flame-spread direction and droplet interaction. Therefore, the study is classified as follows: 1)



Simulating flame-spread behavior of randomly distributed droplet clouds without considering
droplet interaction. These simulations were created based on microgravity experimental results
of evenly spaced droplet array. 2) Simulating flame-spread behavior of randomly disttibuted
droplet clouds considering two-droplet interaction. This simulation was created based on
microgravity experiments of droplet-cloud clements.

The percolation theory describes macroscopic connection characteristics in randomly distributed
particle cloud with near field connection rule. When the percolation theory is applied to fuel
spray combustion, the droplet is characterized as the particle. The flame spread rule between
droplets is characterized as the connection rule. Droplets are arranged at lattice points in
two-dimensional (2D) lattice or three-dimensional (3D} lattice. The group combustion of droplet
cloud is defined to appear if the flame starting from a side in 2D droplet arrangements and a face
in 3D droplet arrangements reaches the other sides in 2D droplet arrangements and the other
faces in 3D droplet arrangements.

Mean droplet spacing (S/dg)m of droplet cloud, lattice size NL/dyp and lattice point interval
L/dy were varied in order to investigate their effects on the occurrence probability of group
combustion (OPGC) and the flame-spread behavior in large-scale droplet clouds. (S/dp),, for 0.5
OPGC is defined as the critical mean droplet spacing (S/dp)erinicar, Which separates the droplet
cloud into two groups if the lattice size becomes infinity; relatively dense droplet clouds in
which the group combustion is excited through flame spread and dilute droplet clouds in which
the group combustion is never excited.

The main conclusions of flame-spread simulation of randomly distributed droplet clouds
without and with considering two-droplet interaction are as follows:

1. The occurrence probability of group combustion, OPGC, rapidly decreases around the
critical mean droplet spacing (S/dp)eriticar @s the mean droplet spacing (S/dp)m is increased.
When the lattice size, NI/dy, is increased, the OPGC graph approaches a step function in
which OPGC is unity for (S/dp)m less than the threshold value and zero for (S/dg)n greater
than the threshold value, and the critical mean droplet spacing (S/dg)eriticat @pproaches the
threshold value.

2. (Sdp)crisical 18 affected by the ambient temperature and pressure. (S/dg)criticas is greater at higher
temperature and at lower pressure.

3. (Ydp)critics in 3D droplet arrangement is greater than that in 2D droplet arrangement.

4. The (S/dp)cruicst considering two-droplet interaction is higher than that without considering
two-droplets interaction. The effect of two-droplet interaction on (S/dp)erineas in 2D droplet
arrangements is almost similar to that in 3D droplet arrangements.

5. Even when the group combustion occurs, a portion of the droplets remains unburned. The
number of unburned droplets attains maximum for the mean droplet spacing slightly greater
than the critical mean droplet spacing.

6. The ignition time of the last burned droplet has a wide range of values, and the averaged
ignition time attains maximum around the critical mean droplet spacing, showing the
characteristic time of flame spread in randomly distributed droplet cloud attains maximum.
Thus, the flame spread rate over the droplet cloud also has a wide range of values around the
critical mean droplet spacing.
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