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Fundamental Study on Promotion of Liquid Breakup and
Control of Spray Characteristics

Hitoshi FURUDATE

Abstract

Spray Technology is widely used in industrial applications such as internal combustion.
Thus, the performance of atomization is strongly affected by the breakup process of liquid, and
control of spray characteristics has been needed.

The main purpose of this study is control of spray characteristics and promotion of liquid
breakup. The objective of this study is to investigate the spray characteristics of the airblast
atomizer embedding fluid amplifier system and to investigate the effect of the generation and
collapse of cavitation in a nozzle on the breakup of liquid.

This dissertation consists of the following chapters.

The chapter 1 is introduction, and in the chapter 2, Experimental setup, y-jet type airblast
atomizer embedding fluid amplifier system, dimensions of cylindrical nozzle and 2D nozzle is
described.

In chapter 3, the spray characteristics of the Y-jet-type airblast atomizer which uses an
embedded fluid amplifier system to control mean droplet diameter are described. The fluid
amplifier has high reliability and durability for controlling the liquid flow since it has no moving
part. The atomizer has two kinds of port, one with a smaller inner diameter which discharges
fine droplets and the other with a larger inner diameter which discharges relatively coarse
droplets. A bistable fluid amplifier was adopted which controls liquid distribution to the two
ports so that the amount of liquid flowing into the smaller port increases as the total liquid flow
rate increases. It was demonstrated that the fluid amplifier is effective in adjusting the liquid
distribution to the respective ports, and that the atomizer can maintain the Sauter mean
diameter at a constant value. Comparing atomizers with different amplifier dimensions, a
constant mean diameter of 70 microns was obtained with a turndown ratio of 4 while the
splitter offsets of the first and second amplifiers were —0.5 mm and +0.6 mm, respectively.

In chapter 4, the effects of a cylindrical nozzle dimensions on liquid breakup and behavior
inside nozzle are described. When length-to-diameter ratios is high (L/D =20), cavitation
bubbles generate only upstream of the nozzle passage. The absence of cavitation bubbles
downstream results in a relatively undisturbed jet issuing from the nozzle. In contrast, at L/
D =3 bubbles generate throughout the nozzle, and the flow inside the nozzle is significantly
disturbed by cavitation from the inlet to the outlet of the nozzle. This situation effectively
promotes breakup of the issuing jet. It is also found that at low L/D, the transition velocity
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from wavy jet to spray is low due to the generation and the collapse of cavitation bubbles.

In chapter 5, the effects of the 2D nozzle dimensions on the liquid breakup and pressure
variation are investigated. When L/ W of the 2D nozzle is low, disturbance of the liquid flow
due to cavitation inside nozzle is maintained from the inlet to the outlet of the nozzle,
significantly promoting breakup of the issuing jet. The similarity between the cylindrical
nozzle and the 2D nozzle are found for the disturbance inside the nozzle and the breakup of
issuing liquid jet.

Next, effect of pressure inside nozzle on disturbance of liquid flow inside nozzle and
disintegration of liquid jet is investigated. It is found that at a large L/ W (length-to-width
ratio), the pressure in the nozzle entrance region is lower than atmospheric pressure and
cavitation bubbles no longer appear in the middle of the nozzle. The smaller pressure varia-
tion value in the nozzle outlet results in less disturbance of the liquid flow inside the nozzle and
liquid breakup. At a small L/ W, the pressure in the nozzle entrance region becomes lower,
approaching the saturated pressure of water. Furthermore, the pressure throughout the nozzle
is lower than atmospheric pressure, with a larger pressure variation than for the former case.
Thus, disturbance of the liquid flow due to cavitation is maintained from the inlet to the outlet
of the nozzle, significantly promoting breakup of the issuing jet.

Chapter 6 concludes and summarizes the results of this study. The main points are as
follows :

(1) It is possible to control spray characteristics by using twin fluid atomizer embedding
fluid amplifier.

(2) Control of liquid distribution by the fluid amplifier is effective in keeping the mean
diameter constant.

(3) It is possible to promote liquid breakup by cavitation inside nozzle.

(4) Disturbance of liquid flow caused by generation and collapse of cavitation inside the
nozzle are maintained if nozzle dimensions are suitable. In this case, breakup of issuing liquid
jet is promoted.
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