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Preface

Cavitation activity within the droplets is of great significance in improving the perfor-
mance of fuel atomization and other industrial applications. In this book, the char-
acteristics of the cavitation bubble and the droplet dynamics are investigated based
on the high-speed photography experiments, the bubble dynamics theory, and the
numerical simulations. For the cavitation bubble dynamics, firstly, the movement
trajectory of the cavitation bubble from the nucleation to the collapse is introduced.
Secondly, the influence of droplets on the formation of cavitation bubble jets is
analyzed. Thirdly, the paramount parameters dominating the collapse are theoreti-
cally given together with the propagation of shock waves within droplets. For the
droplet splash dynamics, the droplet splash patterns are investigated with different
eccentricities and radius ratio of bubbles and droplets. Based on the analysis of the
flow field, the critical stability of the droplet surface is discussed, and the droplet
breaking mechanism induced by cavitation bubble collapse is revealed. In addition,
taking the vapor bubble and the diesel droplet as examples, the dynamic characteris-
tics of several typical types of the droplet containing bubbles are analyzed. For vapor
bubbles, the influences of vapor condensation on the propagation behaviors of gas
flow and shock waves are discussed in detail together with the collapse mechanism
of vapor bubbles. For diesel droplets, the influences of droplet viscosity, density,
surface tension, and other physical properties on the growth, and the collapse stages
of the cavitation bubble are analyzed.
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Chapter 1 ®)
Introduction Check for

1.1 Research Background

Atomization technology can convert continuous liquid into discrete droplets. As
shown in Fig. 1.1, the atomization technology has been widely utilized in many
fields, e.g., fuel atomization [ 1], spay extinguishing [2], medical atomization [3], flue
gas desulfurization and denitrification [4], wastewater jet flash evaporation [5], and
atomization dust removal [6]. The introduction of atomization technology can reduce
the particle size of droplets, promote the uniform distribution of small droplets, and
increase the contact area between liquids and gases. Among them, cavitation atom-
ization technology can effectively reduce the particle size of droplets by inducing the
violent oscillation and the rapid collapse of cavitation bubbles within the droplets,
which is worthy of attention.

Other typical atomization technologies include pressure atomization, gas flow
atomization, electrostatic atomization, and so on. Their main characteristics are
shown in Table 1.1. The pressure atomization technology utilizes the way of pressur-
izing the liquid, so that it is sprayed from the nozzle with a high speed forming spray
droplets. To obtain better atomization performance, the selected injection pressure
is constantly increased. Wang [7] found that when the fuel injection pressure was
increased from 200 to 250 MPa, fuel consumption could be saved by 3% with further
8% reduction of NO, emission. However, the high injection pressure increases the
energy consumption of the system. To obtain a higher injection pressure, the nozzle
diameter is greatly reduced. Therefore, the problem of blockage is easy to occur
during the long-term operation. The gas flow atomizing nozzle contains two sets
of pipelines, which spray liquid and gas at the same time respectively. It relies
on the shear effect of gas on the liquid to divide the continuous medium to form
spray droplets. The gas—liquid ratio is an important factor affecting the atomization
performance of this technology. Yao et al. [8] found that when the gas—liquid mass
ratio approaches two, the particle size of spray droplets reaches the minimum value.
Hence, the working of the gas flow atomizing nozzle requires a great amount of gas
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