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Abstract—Increasing emphasis on gaseous fuels as clean, economical and abundant fuels encourages
the search for optimum operating conditions of gas-fueled internal combustion engines. In this context,
this paper presents the experimental results of a parametric study on the lean operational limits of a
Ricardo E6 engine using propane and liquefied petroleum gas (LPG) as fuels. Three different criteria
for defining the engine lean limit are used. The first is associated with the first detectable misfire on
leaning the mixture, the second is the first detectable firing under motoring conditions when the mixture
is being enriched slowly, while the third is when the torque reaches zero on leaning the mixture. In ad-
dition, the lean knocking limit for some experiments is presented.

The effects of speed, spark timing, compression ratio, intake temperature, intake pressure (superchar-
ging), and relative humidity of intake air on the engine operational limits are presented and discussed
in relation to chemical reaction rates, ignition delay, amount of residual gases. turbulence, and heat
transfer. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

In the current effort of designing internal combustion engines which produce lower exhaust
emissions while maintaining power output and high efficiency, engine developers have turned
increasingly to the use of alternative fuels. Gaseous fuels in general and natural gas in par-
ticular are promising alternative fuels due to their large natural supply, economical cost, and
adaptability as engine fuels. It is reported that in the transport sector, world wide, more than
700000 vehicles (passenger cars, buses and trucks) are running on gaseous fuels [1].
Moreover, in 1990 in the Netherlands alone, about 2500 stationary engines with a total power
of almost 300 MW were operating as natural gas-fueled cogeneration units [2]. With the incen-
tives of high fuel prices, exhaust emission regulations and focus on guaranteed fuel supplies,
considerable research has been conducted in utilizing lean combustion potentials and overcom-
ing its associated problems. Over the years, lean combustion engines have shown lower emis-
sions and fuel consumption though unburned hydrocarbon emissions sometimes increased [3, 4].
Practically, a real engine reaches an optimal operating point much richer than predicted due
to the onset of erratic combustion and misfire [5]. As the intake mixture of a spark ignition
engine is made leaner a limit is reached when cyclic variations become excessive due to ig-
nition failure and/or very low flame speeds [6,7]. To achieve the demand of smooth perform-
ance and good acceleration, the above-mentioned problems coupled with problems in evenly
distributing liquid fuels in multi-cylinder engines have made it difficult and challenging to uti-
lize the benefits of lean mixtures [§] unless changeover to gaseous fuels is made. In this aspect,
some effort has been devoted to the study of the problems limiting the application of the lean
burn technique, particularly ignition failure [5,9] and the increase in engine losses due to
lower flame speeds [10].
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