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Spray combustion has been used very widely as engine energy, especially in the
worldwide development of transportation, providing high performance of aircrafts and diesel
engines. Oil-fired furnaces also employ spray combustion. In the hydrocarbon spray combustion,
there is a problem on exhaust emission: large amount of NOx is exhausted if the combustion is
enhanced, but CO and THC emissions are increased if NOx emission is reduced by some
method. Hydrogen is one of the promising alternative fuels. Hydrogen has no carbon content,
faster flame speed and smaller quenching distance, thus incorporating hydrogen should improve
the combustion performance without deterioration of the exhaust emission characteristics. Since
the heating value of hydrogen is about three times as large as that of diesel fuel, the addition of
small amount of hydrogen also has a possibility to improve hydrocarbon fuel spray combustion.

In the present research, the experiments were carried out in three steps. The first step is
to investigate basic characteristics of combustion and exhaust emission from spray combustion,
the second step is to understand the influence of hydrogen addition method on the spray
combustion, and the third step is to confirm the effect of hydrogen addition in the emulsion fuel.

The experimental apparatus employed a rich-premixed spray burner similar to the
Bunsen burner used for gaseous fuels. The liquid fuel was atomized by the atomizing air through
a twin-fluid atomizer which was placed below the exit of the burner. The fuel spray, atomizing
air and supplementary air were mixed to generate a rich-premixed spray jet where was issued
from the burner exit. The atomization condition was varied by an atomizing air flow rate.
Supplementary air was supplied to keep the equivalence ratio of the spray jet constant at
different atomization conditions. The equivalence ratio of spray jet was varied by the fuel flow
rate. The ambient air was supplied to the outside of the flame to complete diffusion combustion.
The spray flame was observed using a video camera. Exhaust gas components, CO, THC, NO
and CO, were measured using a motor exhaust gas analyzer. '

In the first experiment, basic characteristics of spray combustion and exhaust emission
were investigated by n-decane as fuel. Data of the flame height, and exhaust gas emission were
taken for different equivalence ratios of the spray jet and different atomization conditions. The
result shows that the spray flame consist of the internal flame and the external flame. The height
of internal flame increase with decreasing spray jet equivalence ratio, while the height of
external flame decreases. When the portion of internal flame in the external flame is higher, i.e.,
at smaller spray-jet equivalence ratio, CO emission is higher at the same atomizing air flow rate
if the combustion efficiency is high enough. Since the internal flame is a rich premixed flame,




much CO is produced at the internal flame. CO, and H,O are also produced at the internal flame.
CO; and H;0 act as dilution gases and slow CO oxidation reaction at the external flame,
resulting in much CO emission. This is more significant when the portion of the internal flame in
the external flame is greater. CO oxidation and NO production at the external flame are enhanced
by the combustion enhancement at higher atomizing air flow rate and/or higher spray-jet
equivalence ratio.

The second experiment was conducted with n-decane as a pure fuel and diesel fuel as a
practical fuel to investigate the effect of hydrogen addition. As a preliminary test for hydrogen
addition to rich-premixed spray-jet combustion, two hydrogen addition methods were compared
using n-decane as a fuel; hydrogen addition to the spray jet and near the flame base. The method
of hydrogen addition to the spray jet has a limitation in the amount of hydrogen. Beyond the
threshold, the fire back occurs. The method of hydrogen addition near flame base allowed more
hydrogen addition than to the spray jet method. Thus, the effect of hydrogen on rich-premixed
spray-jet combustion was investigated with hydrogen addition near flame base. The internal
flame disappears by H, addition in most cases. The heat generated by H> combustion also
enhances vaporization of droplets passing through the external flame and leads to lower THC.
The trends of emission index with diesel fuel as a practical fuel is similar to those with n-decane.

The third experiment was done to investigate combustion and emission characteristics
with hydrogen added to emulsion fuel spray combustion. The water percentage of 5 vol% in
W/O emulsion fuel was used. The content of water in the emulsion fuel leads to the lower
combustion temperature, resulting in low NO emission but high CO and THC emissions
decrease significantly, while NO emission is still less than that with diesel fuel. The
dependencies of emission index with the emulsion fuel on hydrogen fraction are also similar to
those with n-decane. By adding a small amount hydrogen, CO and THC emission decrease
significantly, while NO emission is still less than that with diesel fuel.
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