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Extended Abstract

Hydrogen is known to be an efficient energy carrier with high gravimetric energy density.™ Application of hydrogen
as a fuel to power sources has been tried in many different ways.””” Although hydrogen has been experimented
successfully in combustion devices, abnormal combustion such as backfire, pre-ignition and misfire causes deterioration of
thermal efficiency and damage to device safety.’* % Therefore, combustion optimization is necessary to maximize thermal
efficiency and guarantee stable utilization of hydrogen.™! Recently, effort to use liquid hydrogen has been challenged as a
fuel for an unmanned aerial vehicle (UAV) that can fly for days at high altitude. The aim of this study is to find the
optimum condition in combustion to prevent or at least to minimize the occurrence of backfire in medium size hydrogen
engine as a power source of an UAV.

In this study, pure hydrogen was adopted to a 2-liter class reciprocating internal combustion engine with 4 cylinders
varying engine speed from idling to 3,000rpm. Hydrogen was injected into the intake port maintaining the supply pressure
at 8bar and spark ignited inside the cylinder during compression stroke. Due to the rapid reactivity of hydrogen, the
combustion performance of this experimental engine was comparable to that of gasoline engine and even supreme in terms
of thermal efficiency at low load operating conditions. However, severe decrease in engine power was witnessed and
combustion stability has been worsened with the increase of engine load due to backfire. In addition, decrease in
volumetric efficiency caused from the low heating value of hydrogen per unit volume even worsened engine power output
at high load operating conditions.

In order to prevent backfire at high load operating condition, three different approaches were applied throughout this
experiment. First, lean combustion was used. The range of equivalence ratio was from 0.5 to 0.8 at full load operating
condition. Lean combustion lessened the degree of backfire happening through intake. However, torque output was sharply
dropped with the decrease of equivalence ratio. This led to the compromised lean limit at the equivalence ratio of around
0.7. Second, the hydrogen injection timing was varied to the optimal point. Too early injection enhanced mixing between
fresh air and hydrogen leading high chance of backfire. In contrast, injected hydrogen was not fully flowed into the
combustion chamber if injection was too late. Third, opening and closing timing control of both intake and exhaust valve
has been carried out. Hot spots from residual gas inside the cylinder act as an ignition source that could initiate backfire. So,
residual gas was intendedly reduced by valve timing control. The intake and exhaust valve opening and closing timing was
adjusted to minimize valve overlap period. Although the optimum valve opening and closing timing was found at a certain
operating condition, relationship between intake and exhaust valve timing was not generalized due to the different mixture
distribution. In general, flow pattern inside the cylinder is unpredictable because mixture and temperature distribution are
frequently varied by not only intake and exhaust flow but also squish and tumble motion. Above three approaches affected
backfire behavior one another. Therefore, combustion optimization should be carefully considered to prevent backfire and
to guarantee safe operation of hydrogen engine.
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