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Extended Abstract

The results of recent experimental studies of puffing and micro-explosion and modelling approaches to their analysis
are summarised. In [1] the analysis was focused on non-mixed and premixed Diesel fuel/water and rapeseed oil/water
droplets. Air temperature was in the range 850-1100°C, and initial droplet radii were in the range 0.62-1.34 mm. It was
shown that the time to puffing/micro-explosion decreases with increasing temperature, is weakly dependent upon the volume
fraction of fuel, and increases with increasing droplet sizes. The analysis described in [2] focused on detailed experimental
investigation of puffing and micro-explosions in composite water/rapeseed oil droplets in the presence of lignite and
bituminous coal micro-particles in water. Droplets with radii in the range 1-2 mm were placed in a hot chamber with air
velocities 3—7 m/s and temperatures up to 600°C. The time to puffing/micro-explosion and average radii of child droplets
generated during puffing and micro-explosions were shown to decrease with increasing gas temperature. The above-
mentioned experimental results were analysed using a model described in [3]. This model assumes that a spherical water
sub-droplet is located in the centre of a spherical fuel droplet. The heating of a fuel droplet is described by the heat conduction
equation with the Robin boundary condition at its surface and continuity conditions at the fuel-water interface. The analytical
solution to this equation, obtained at each time step, was incorporated into the numerical code and used for the analysis of
droplet heating and evaporation. The effects of droplet thermal swelling were considered. The results of calculations using
this code allowed the authors of [3] to obtain the time evolution of the temperature at the water/fuel interface (Ty) and the
time evolution of dTw/dt. The latter derivative was used for the estimation of the water nucleation temperature at the
water/fuel interface. It was assumed that puffing/micro-explosion starts when the temperature at this interface is equal to the
water nucleation temperature. This model was generalised in [2] in a non-self-consistent way to consider the relative motion
of droplets. More recently, the models described in [3,2] were generalised to consider the multi-component composition of
fuel, using the analytical solution to the equation for species diffusion incorporated into the numerical code. Work on this
extended abstract was supported by the National Research Tomsk Polytechnic University (project VIU-ISHFVP-60/2019)
(P. Strizhak; planning of the experiments), Scholarships from the President of the Russian Federation (Grants SP-447.2021.1
and MN-7/2260) (D. Antonov and R. Fedorenko; performing the experiment, and applications of the models), and the
Russian Science Foundation (Grant 21-19-00876) (E. Shchepakina, V. Sobolev, S. Sazhin; development of the models,
including analytical solutions).
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