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Study on Heterogeneous Structure of Unsteady Diesel Spray by Using L2F

Graduate School of Engineering, Nagasaki University
Noritsune Kawaharada

The utilization of bio-fuels in heat engines is promoted for building a sustainable
society. Diesel engine, which is one of internal combustion engines, has a high thermal
efficiency. However, particulate matter (PM) and nitrogen oxides (NOx) are contained in a
discharge gas. Diesel combustion occurs after air/fuel mixture formation process which
begins with fuel injection followed by spray formation, atomization, and vaporization.
Therefore, spatial and temporal control of fuel spray injection is important for reducing the
exhaust emissions and for achieving further improvement of the thermal efficiency of diesel
engine. It is needed to know heterogeneous unsteady diesel spray near the nozzle exit,
which dominates the behavior of whole spray, for realization of appropriate control.
Research works on the spray characteristics have been conducted by many other
researchers. However, there are a few knowledge about a relationship between an injection
condition and a structure inside diesel fuel spray due to high number density and high
velocity droplets near the nozzle exit. The spray model based on the measurement results at
the further downstream from the nozzle exit was proposed by various researchers. It has not
been able to confirm the validity of these spray models.

In this study, a laser 2-focus velocimeter (L2F) was developed for the measurement
of diesel fuel sprays where the droplets exist in high number density and high velocity. The
L2F having micro-scale prove volume was used to the spray measurement of the
heterogeneous structure near the nozzle exit in unsteady diesel spray. In addition, a method
of modeling the dispersion of the spray droplets was proposed. After confirming the validity
of the spray model by comparing with the measurement results of L2F, the spray dispersion
was discussed.

This thesis comprises six sections. The first section is the background and a literature
review about measurement of diesel sprays. The systems of L2F and phase doppler
anemometry(PDA) were explained in the second section.

A new spray model based on dispersion of droplets near the nozzle exit was proposed
for evaluating the number density of droplets in the diesel spray in the third section. The
correlation between the droplet size and the distance between droplets was investigated in

connection with the model. There was a positive correlation between the droplet size and




the distance. In other words, small droplets after the breakup were not mixed with

surrounding large droplets and were not significantly moved from the position before the

breakup. In order to understand the structure of unsteady diesel spray, the time variation of

the velocity, size, and number density of droplets were investigated in the forth section. In

addition, the vortex structure in the spray periphery region was discussed by using the

results of PDA. Conclusions in this section are summarized below,

1.

The effect of time variation of needle lift and injection rate on spray behavior were

strongly appeared in the spray center region.

.It is found that there was a vortex structure composed of radially inward

movement and radially outward movement of droplets in the spray periphery

region.

. The size of droplets with radially inward velocity components was relatively

smaller than that with radially outward velocity components. These smaller
droplets were moved together with the surrounding entrained air. And their

directions of flight were changed to the spray axis.

. It is considered that the effect of needle valve and injection rate on droplet velocity

hardly appeared in spray periphery region because of the vortex structure

mentioned in conclusion 2 and conclusion 3.

In the fifth section, the dispersion and breakup characteristics were investigated by

using proposed droplet dispersion model. Conclusions in this section are summarized

below,

5.

The number density of droplet was highest at the position between spray center

and periphery region.

. It is understood that the spray droplets were dispersed with the decrease in the

spray velocity and the extend in spray width in the spray center region.

. The droplet size in the spray center region was larger at the higher injection

pressure condition. It is understood that the breakup of droplets were suppressed
because of the higher concentration by the higher decreasing rate of droplet

velocity.

. A negative correlation appeared between droplet size and turbulence of droplet

velocity in the spray periphery region. It is considered that the large turbulence in

injector nozzle enhances the breakup of droplets.

The results in this thesis are summarized in the sixth section.
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